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INTRODUCTION

Bhindi (Abftlmoschus asculentus (L>*) Mosnch) is 
one of the most important vegetable crops grown in tropical 
conditions • It is extensively grown all over India due to 
its wide range of adaptability and ease of cultivation. 
However# the widespread incidence of a destructive virus 
disease# the yellow vein mosaic# in this crop has very 
much affected its successful cultivation*

Yellow vein mosaic is the most serious disease of 
bhindi which can lead to heavy yield loss# Being a virus 
disease transmitted by the whitefly (Bemlsia tabact Germ.) 
a possible method of control is the use of insecticides 
to kill the vector# However# since the bhindi fruits. ' t

are continuously harvested every second or third day 
from the time the first pods are formed# application of 
insecticides has to be restricted# The problem of pesticide 
residue is acute# in view of indiscriminate use of the 
pesticides and their adulteration* Also# there is practi­
cally no insecticide that will kill whiterlies rapidly 
enough to prevent inoculation of tha virus (Costa# 1976) • 
Hence the development of varieties resistant to this 
disease assumes great importance# The first tolerant 
variety released# Fusa Sawanl# has not sustained its 
tolerance and a new stable resistant variety is an imminent 
neceseity#
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Adequate levels of resistance to the yellow vein 
mosaic virus have not so far been located in the cultivated 
species* But several related species of bhindi like a* 
tubarculatus» A. manihot var* punqens< a» crinltus etc* 
were found to show high degree of resistance (Nariani 
and Seth# 1953}» However* they could not be made use of 
in resistance breeding with A* esculentus owing to sterility 
barriers•

There are many reports in recent literature on 
the resistance of the semi-wild species# A* manihot to 
yellow vein mosaic disease and the transference of this 
character to generation* Unnlkrishna Filial (1984) 
have reported that the F1 hybrids of the crosses between 
A# manihot and four susceptible cultivars of A# esculentus 
wore completely resistant to yellow vein mosaic disease# 
while all the parents except A* manihot ware susceptible to 
the disease at varying levels under natural infection 
condition as well as artificial grafting trials* However# 
none of these hybrids outyielded the highest yielding 
parent variety* Hence it was suggested that further improve­
ment of these resistant hybrids could be brought about by 
selection for betcer recombinants with resistance to , 
yellow vein mosaic and higher yield among the segregating 
generations* The present investigation was taken up with 
the objective of evaluating the populations derived
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from Interspecific crosses involving A*manihot (L.) Medik# 
resistant to yellow vein mosaic and two susceptible 
cultivars namely# Co•1 and Kilichundon Selection 17 and 
selecting desirable F^ recombinants* If some useful 
recombinants with resistance and yield combined# are 
obtained they can be carried through further segregating 
generations to evolve a resistant variety. The study 
also aims at toe genetic analysis of the F^ populations 
of crosses involving this 5®mi-wild species, and susceptible 
cultivars# so that it may reveal the genetic nature of 
yellow vein mosaic resistance observed in the semi-wild 
species# a* manihot. The methods used for this study 
and the results obtained are presented and discussed in 
the following chapters.
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REVIEW OF LITERATURE

I. Breeding for resistance to yellow vein mosaic of bhindi

1. History and nature of the disease

Yellow vein mosaic was first reported by Kulkarni 
In 1924 from the Bombay region* Later# the viral nature 
of the disease was established by Uppal at gl* in 1940 and 
gave it its present name - yellow vein mosaic* The sympto­
matology and host range were described by Capoor and Varma 
(1950)• Transmission of the virus by the whitefly#
Bemlsla tabaci Genn* was also established by these workers* 
The virus is neither seed nor sap transmissible but is 
readily transmitted through the whiteflies and also by 
grafting*

Varma (1952# 1955) studied the virus-vector rela­
tionship and found that though a single vjhitefly could 
transmit the virus# the transmission was more when large 
number of insects were employed* Ability and efficiency of 
the whiteflies to acquire and transmit the virus was found 
to increase when the vectors were pre—fasted for one hour 
before acquisition feeding* The incubation period of the 
virus was reported to be seven hours (Varma# 1952)•
Sangappa (1966) reported that though the whiteflies do not 
occur in a pest form on bhindi a few viruliferous insects 
in a field could do incalculable damage to the crop*
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2* Effect of the viral infection on growth and yield of 
bhindi

The disease occurs all over the plains and also in 
the lower hills of India* It is more prevalent during the 
rainy season and in years of heavy infection# the crop 
fails badly (Singh et al*, 1962).

The virus can infect at all stages of growth of the 
crop. The loos in yield depends on the stage of growth of 
crop at which infection occurs (sastry and Singh, 1974). 
They have reported a loss of 93.8 per cent in yield when 
the Infection occurred 35 days after germination. Cheliiah 
and Murugesan (1975) also reported that infection by the 
virus in 30 days old crop resulted in 08 per cent loss in 
yield* In an investigation by Sinha and Chakrobarti (1978) 
it was seen that the disease had an adverse effect on plant 
height, number of branches, number and oise of fruits and 
seed yield*

3* Sources of resistance

An essential pre-requisite for breeding for disease 
resistance is the availability of a suitable source of 
resistance* Attempts to locate resistance sources to yellow 
vein mosaic were made after the viral nature of the disease 
was established by Uppal et al*(1940). The variability in 
genus Abelmoachus In respect of mosaic resistance has been
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studied extensively at the Indian Agricultural Research 
Institute, Hew Delhi in 1948, None of the cultivars of 
Afoelraoschus eaculentus showed true resistance to the 
disease, one variety from West Bengal accessioned as 1C 1542, 
which consistently showed freedom from the disease under 
field conditions, was found to he a symptomless carrier 
of the virus (Singh et al,, 1962), In 1952, a survey of 
over hundred cultivated varieties and hybrids of bhindi 
grown In IARI was made, but all were found to be suscepti­
ble (Narionl and Seth, 1953)• Varma and rtukherjee (1955) 
screened 43 varieties of bhindi in West Bengal and reported 
that pink types appeared to be resistant.

Different species of Abalmoschus and Hibiscus were 
screened for their reaction to yellow vein mosaic virus 
by graft inoculation as well as by feeding viruliferous /
whiteflies (Nariani and Seth, 1958)« Results of the inocula­
tion showed that A, manihot var* puncens. A, crinltus, H, 
vltifollus and H, panduraeformis could not be infected 
by either method and this indicated that they were immune 
to infection. However, the other species of Abelmoachus 
and Hibiscus which were infected with the virus showed 
great variation in symptoms from the typical mosaic to 
mild forms. Some species like A, tuberculatus. a , manihot.
A* anquloaus, H.Gannabinus and H,sgibdc*ri£f̂  carry the virus
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without showing symptonB such as veinal chlorosis# 
although numerous vain swellings on the undsrsurface of 
leaves are noticed* A, esculentus. A* raoschatus and 
A. flculneus showed vain clearing and veinal mosaic*

Fremnath (1970) reported that resistance to the 
yellow vein mosaic virus was noticed among 267 indigenous 
collections of H* esculentus and the lines IHR-2Q- 1  and 
IHR-15-1 showed high resistance* Three lines of £• esculentus 
and five wild species of Hibiscus were found to show 
field resistance to yellow vein mosaic under conditions of 
heavy natural Infection in a screening trial conducted 
by Sandhu et al* (1974) * They have also reported that an 
accession of okra received from Ghana ( identified as a* 
manihot (Zi») Medlcus Ssp* manihot) has shown considerable 
amount of resistance to yellow vein mosaic*

Two forms of a * manihot introduced from Africa 
and Japan proved to be highly resistant to the yellow vein
tmosaic as reported by Arumugam at al. (1975) • However# the 
African accession was found to be a symptoralass carrier as 
revealed by further studies* Singh ot al. (1975) identified 
on accession from. Ghana as being immune to yellow vein 
mosaic# from among a number of cultivars from West Africa*
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Singh and Thakur (1979) conclusively proved that 
A. manihot Ssp* manihot is a symptomless carrier of yellow 
vein mosaic virus based on graft inoculation studies* .

Forty six strains of a . esculentus were assessed 
for yield and virus infection under unsprayed field condi­
tions by Chauhan et gtl. (1981) • They found no strains stow­
ing resistance and the supposedly resistant “Pusa Sawani* 
had a mean infection rate of 75.8 per cent.

Atiri (1983) reported from Nigeria some cultivars 
of A.(H*) esculentus with high yield and resistance to the 
&* esculentus mosaic virus* A high degree of the symptom- 
less carrier type of resistance was identified in the 
esculentus vsr* EC 31830 (“ Asuntemkolo) from Ghana 
(Sharman and Sharma, 1984) ■

Che H i  eh and Srinivasan (1983) reported that 
resistance to yellow vein mosaic virus transroitted by 
Bemiala tabaci was found in A* rnanitot: and A* manihot Ssp.

tetraohvllus *

The preliminary evaluation of Bhindi types under the 
research project on "Maintenance and ©valuation of gerra- 
plosra of crop plants” in the Department of Plant Breeding, 
College of Agriculture, Vellayani have revealed that a serai-
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wiId species, manihot; is completely resistant to 
yellow vein mosaic disease while twenty other cultures 
in the gerntplasra were severely affected by the disease 
(Anon*, 1983)«

4* Genetics of resistance

The genetic basis of resistance to yellow vain 
mosaic was studied by many workers* Inheritance studies 
by Singh et al.(1962) in crosses between the Abelmoachus 
esculentus stocks, IC 1542, as the resistant parent and 
Pusa Makhmali# S-91 and S-72 as susceptible parents sugges­
ted that two loci are involved in controlling resistance, 
the presence of dominant alleles at both loci being nece­
ssary to cause susceptibility to the disease* The field 
resistant variety XC 1542 was assigned the genotype yv^ 
yv1 yv2 yv2 and the susceptible parents Yv^ yv^ Yv2 ^v2*

Thakur (1976) reported that resistance was eondi- 
tioned by complementary dominant genes, after studying a 
cross between esculentus variety Pus a Sawani and A* 
manihot Ssp* manihot* According to him, a* aaculfmtua 
is having the genotype yv^ / yv^ yv2 / yv2 and A* manihot 
Yvx / Yvl Yv2/YV2*

Pl" ^3 s®9r®9ation data from crosses involving 2 

resistant wild forms of a* manihot and susceptible varieties
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of A* esculentus revealed that resistance was conditioned 
by a single dominant gene designated as 9 Y ‘ (Arumugam and 
Mufchukrishnan, 1980). similarly* Jambhale and fclerkar (1981) 
reported the involvement of a single dominant gene in 
conferring resistance to the virus in A* manihot and a» 
manihot Ssp* manihot* (Jnnikrishna Pillai (1984) also 
suggested that resistance to yellow vein raosaic is contro­
lled by dominant nuclear gene(s).

Sharrna and Dhilloa (1983) studied the genetics of 
resistance to yellow vein mosaic in crosses between a 
resistant cultivated form of a * manihot Sip* manihot from 
Ghana and two susceptible cultivars of A» esculentus.
They hypothesized that resistance is controlled by two 
complementary dominant genes with additive effects* Sharman 
and Sharma (1934) based on limited inheritance studies have 
suggested that tolerance to the virus is controlled by two 
dominant complementary genes or is under polygenic control*

5* exploitation of resistance within the species 
A* esculentus .

The earlier attempts in India to breed a field 
tolerant variety led to the evolution of Pusa Sawani 
(Singh et pi»e 1962). It was developed at I Aft I from a 
cross between IC 1542* a svesfc Bengal stock with symptomless



carrier type of resistance and Pus a Makhraali# an otherwise 
superior but susceptible commercial variety of bhindi# 
However# this widely cultivated variety# which had been 
reported to be a symptoniless carrier of the virus (Singh 
et al** 1962) has lost this reaction due to various genetic 
and agroclimatic factors (Singh and Thakur* 1979)»

It was reported from SciLanka that h-63 derived 
from a backcrossing programme involving the mosaic virus 
tolerant strain VT (« Jaffna Local* a strain of the Indian 
Introduction Pusa Sawani) and H10# a high yielding strain# 
although giving lower yields than two standard varieties 
MIS and HI7, was more resistant than these varieties and 
had fruits of better quality (Regunathan# 1980)#

6# Interspecific transfer of resistance

When resistance to yellow vein mosaic was located 
in wild species of Abelmoschus* attempts were made to 
incorporate the resistant genes from these wild species 
to the cultivated species* Interspecific hybridisation# 
aimed at understanding the evolutionary stages in the 
origin of cultivated bhindi# has been carried out in the 
genus Abelmoschus for the last half a century* The 
reports of the earlier works include the success of a 
cross between H* esculentus and H* manihot by Teshima (1933)*
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Chizoki (1934) # 5kov3ted (1935), Ustinova (1937# 1949) 
and Singh et al# (1938) as reviewed by Dhillon and 
Sharma (1982)• However during the recant past# crosses 
have been attempted amongst the different species of 
okra mainly for transferring genes for resistance to 
pests and diseases from suitable sources to the cultivated 
species#

Attempts were made at IARI to transfer the true 
resistance of A* manihot var. punaens and "Symptomlesa" 
type resistance of tuberculatus. These species were 
crossed with Pus a Makhmall# a variety of a # esculentus#
In tha case of crosses with tuberculatus, the hybrids 
were completely sterile and no viable seeds were obtained 
even from backcrosses (Pal at al«# 1952) • The chromosomes 
of the hybrid were doubled by colchicine treatment but 
the amphidlploid ( 2n » 188) although seed fertile was 
not free from yellow vein mosaic (Singh et al»# 1962)• 
Similarly# the true resistance discovered in A# pungans 
could not ba made use of owing to the high sterility of 
the hybrids ( 2n » 134) with a * esculentus#

uoshi and Hardas (1956) made cytogenetic investi­
gations in a# esculentus x A# tuberculatus hybrids# based 
on which they established that A# esculentus has an allo- 
ploid origin with 2 genomes# one genome being contributed
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by A a tuberculatus.

Kuwada (1963.) reported -that; the hybrid between 
A. egculentus and a * manihot was partially sterile*
Ovule and embryo culture techniques were employed to 
raise viable hybrids in crosses involving a* esculentus 
and two related species vis., £• moschatus and a. fioulneus 
(Gadwal at 3 I. i960). Kuwada (1974) reported that the 
hybridisation between a, tuberculatus and A, manihot 
was successful only when A, fcuberculatue was the female 
parent but the hybrid was completely sterile*

Singh et al. (1975) reported that the hybrids of an 
accession from Ghana, which was identified as being immune 
to yellow vein mosaic, with Indian okra ware only partially 
fertile while those between the Ghanaian accession and a* 
tetraohvllus were completely sterile.

interopecif ic hybrids of li. esculentus and H* 
flcalneua studied by Hossain and Ghattopadhyay (1976) 
were resistant to yellow vein mosaic. But they were self 
sterile and produced many fruits without seeds or with 
only rudimentary seeds and resembled their wild parent in 
several morphological characters.

Hair and Kurlachan (1976) reported a spontaneous 
hybrid between a . tubarculatus and A* esculentus which 
Was highly pollen sterile and totally seed sterile in
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- which selfing, open-polllnation and beckcrossing produced 
only fruits with empty seeds*

Morphological characters of the hybrid between 
H, esculentus and H* tetraphyllus were intermediate 
between those of the parents and it was resistant to virus 
and wilt diseases (Ugale et £1*1976)* They'have suggested 
that the factors governing the resistance to virus and 
wilt diseases in genome B of H* tetraphyllus . could te 
incorporated into the cultivated H, esculentus by backcross- 
ing«

Arumugam and Muthukrishftan (1973a) reported that 
all £*jS from four crosses involving two wild forms of 
£* manihot and two susceptible cultivars of £« esculentus 
namely# Pusa Qawaai and Co*l were resistant to the virus*
They have noted remarkable recovery of the cultlvar build 
in the recombinants obtained from and segregation 
generations■

Mamidwar at al* (1979) have studied crosses between 
esculentus and wild forms of A. manihot and A* tetraphyllus 

and found that fruit set was highest whan a , esculentus 
was the female parent* The hybrids produced seedless fruits 
or fruits with shriveHad seeds*

m«b hr am and Dhapake (1981) reported that tha hybrid 
between A. esculentus and fratraphvllus was spreading in
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habit and dwarf in stature* Thq; hybrid was highly male 
sterile*

Dhilion and sharma (1982) reported successful 
interspecific crosses between two cultivars of A. aaculantus. 
susceptible to yellow vein mosaic virus and one resistant 
cultivar of A# manihot* The hybrids showed resistance to 
the virus*

Interspecific hybrids between an unnamed west African 
species of Abelreoschus (Hibiscus) and a* £h *) esculentus 
were studied by Martin (1982)* The hybrids were comparatively 
sterile but a few produced germinable seeds* Baciicrosaes 
were more fertile with almost complete fertility In the 
BC^e It is suggested that transfer of genes from the new 
species to common ofcra is possible*

Transfer of resistance from ̂ * manihot to A* esculentus 
var* Pus a Sawani was effected by Jambhale and Herhar in 
1933* The hybrids from crosses between the resistant wild’ i

species with A* esculentus var* Pusa Sawani, though resis­
tant, were partially sterile* Resistant segregates from the 
Fj. generation could not be carried further due to complete 
seed sterility* However, the bac&crose of hybrid to Pusa 
Sawani was successful* Soma plants resistant to yellow w i n  
mosaic virus were obtained from the bacltcros© generations.



16

which had about; 58 to 88 per cent seed fertility 
(Jambhale and Nerkar, 1983)*

UnniKrishna Pillai (1984) obtained hybrids with 
complete resistance to yellow vein mosaic by crossing A. 
manihot with four susceptible cultivars of a . esculentus 
viz., AS-87, Pus a Sawani# Oo*l and Kilichundan Selection 17*
But none of them outyielded the highest yielding parent 
variety (K*S• 17) • For further improvement of the resistant 
hybrids, selection for better recombinants with resistance 
to yellow vein mosaic disease and higher yield among tha 
segregation populations in the backcross or selfing series 
was suggested*

Varying degrees of sterility was observed by many 
workers in the different interspecific hybrids of Abeltnoachua* 
In soma cases, fertile amphidlploids were developed by 
doubling the chromosomes of the sterile hybrids* An 
amphidiploid plant named Abelrooschus tubercular esculentus 
(2n <=» 182) was bred by Kuwada (1966) from a cross between 
A* tubarculatus (2n <=» 58) and A. esculentus (2n » 114)•

A spontaneous amphidiploid of A* esculentus and 
A. tetraphyllus was reported by Jambhale and iSerKor (1981)* 
They suggested that the amphidiploid evolved by the fusion 
of unreduced gametes in the F *
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Two very distinct types» provisionally called 
Soadanien and Guin^een* were distinguished among 314 
cultivated okras from Ivory coast on the basis of morpho­
logy* chromosome number and interspecific crossing 
behaviour (Siemonsraa# 1932)• soudanien corresponded to 
botanical descriptions and previously reported chromo­
some numbers of A, esculentus» Guineen type is thought 
to be a natural amphidiploid of A# esculentus (2n 32 130-140) 
and A*(H*) manihot (2n » 60—68) with 185-199 chromosomes• 
soudanien and Guineen lines crossed readily and the 
progeny were intermediate in appearance*

An amphidiploid was produced from the F of the
<L

cross A* esculentus (2n * 130) x A* manihot <2n ® 194) 
by colchicine treatment by Jambhale and Kerkar (1982 a#b) • 
The amphidiploid differed from the in several chara­
cteristics* seed fertility of the amphidiploid was 88*1 

per cent while that of the F^ was 7*1 per cent* Field 
screening under artificial eplohytotics of yellow vein 
mosaic and graft inoculation studies indicated that the 
amphidiploid was resistant to yellow vain mosaic (symptom- 
less carrier) like F^ and the wild parent*

7* Mechanism of resistance

Ramiah (1970) and Potty and Wilson (1973) working 
on the physiology of yellow vein mosaic disease of okra
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reported a higher total nitrogen and protein nitrogen 
in the leaves of susceptible cultivars after infection* 
Studies by Arumugam and Muthukrishnan (1973c) also showed 
that A* manihot and its hybrids with A* esculentus 
cultivars which were resistant# had lower contents of 
total nitrogen# total crude protein# protein nitrogen# 
ammoniacal nitrogen and nitrite nitrogen and higher 
contents of amide nitrogen and nitrate nitrogen than the 
susceptible types*

All fractions of sugars were higher in the resis­
tant parents and F^ hybrids than in susceptible parents 
(Arumugam and Kuthukriehnan# 1978 d)* Vidhyasekharan (1971) 
opined that increase in the sugar content of the leaves 
might cause accumulation of phonolies toxic to the patho­
gens* Arumugam and fftithukrl3hnan (1977) reported higher 
total phonolies in A* manihot resistant to yellow vein 
mosaic disease while Ramiah (1970) recorded higher phenolic 
compounds in the healthy plants of bhindi*

Arumugam and Muthukrishnan (1973b) found that the 
total amino acid content was relatively higher in the 
resistant parents than the susceptible cultivars while the 
F^ progenies were inconsistent in this respect* Aspartic 
acid and glutamic acid were higher in the resistant wild 
parents and the progenies compared to the susceptible
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cultivar parents, the increase being two fold*. They 
have opined that the unidentified amino acids present 
in the resistant wild parents and inherited by the S', 
progenies might play a greater role in conferring resistance 
to yellow vein mosaic disease of bhindi*

II* Breeding for resistance to important pests of Bhindi 
1* Shoot and fruit borer (Earias vitella Fabric!us)

The shoot and fruit borer is one of the most 
serious pests of bhindi which causes considerable damage 
to tender shoots, buds and fruits* The extent of damage 
has been reported to vary from 3*5 to 90 per cent (Kashyap 
and Varma, 1983)• In recent years, attempts are being 
made to evolve insect resistant varieties* Shehata (1966) 
tested four varieties of okra against cotton boll worm 
and reported that none of the varieties was resistant to 
this pest but infestation was heavier on late flowering 
varieties...Dahatonde (1970) and Patil (1975) have screened 
24 varieties of okra against this pest and - concluded 
that the variety with more hair density on fruits showed 
more fruit infestation. However, screening trials of 
okra varieties under the All India Co-ordinated Vegetable 
Improvement Project at Rahuri revealed that there was no 
shoot borer infestation on a wild species# A. manihot 
(Anon-, 1977) •
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Teii and Dalaya (1981) screened fourteen varieties 
of okra for resistance to shoot and fruit borer* Store 
number of eggs wore laid on fruits having maximum hair 
density and vice versa* The hard-skinned, tough and 
sparsely haired varieties showed more resistance to the 
larval entry which was easier in soft-skinned, smooth- 
surfaced and dense-haired varieties*

However, Mote (1982) found that varieties like 
AS—79, AS-72, ae-57, ae-3 and Wonderful Pink, all with 
dense, and long hairs, had the best resistance with the 
least number of Qggs laid and least entry of larvae into 
fruits, as well as tha lowest fruit infestation in the 
field*

Relative susceptibility of seventy two okra geno­
types to shoot and fruit borer was studied by Kashyap 
and Verms (1933)* it wa3 found that fruit Infestation was 
less than 10 per cent Con weight basis) In some varieties 
compared to more than 50 per cent in some others* Ki share 
efc^l*(1983) also observed significant difference of infesta­
tion among 44 P5 lines of A*. esculentus in the field.

Chelliah and Srinivasan (19B3) reported that five 
varieties of esculentus and the wild species A. manihot 
proved to be resistant to Sarlaa species*



2* Leaf hopper (amrasca blauttula folautfcula (Ishida) )

Bhindi. is ravaged by many insects of which the leaf 
hopper is one of the most serious* The extent of damage 
varies a great deal with weather conditions and populations 
of pest and .attorn at a hosts available. According to Kawat 
and Sahu (1973)« the extent of leaf hopper damage to number 
and weight of fruits would approach 54 per cent.

Screening trials by Tell and Dalaya (1961) showed that 
leaf hopper population decreased with an increase in hair 
density and such varieties wore less preferred for ovipool- 
tion* some varieties like Sel-22 showed more hopper infesta­
tion, but tolerated higher population as they exhibited less 
hopper burn (chlorotic) symptoms •

CheHiah and Srinivasan (1933) found that esculentus 
cultivars, AE—22 and AS-3LQ4 were resistant to leaf hopper 
and had a higher density of long hairs on the leaf mid rib 
and lamina than the susceptible varieties•

Genetics of tolerance to the leaf hopper was studied 
by Mahal and Singh (1932) in crosses involving the resistant 
H*. esculentus varieties Mew selection, IC 7194 and sel 2-2 
and susceptible Pusa Sawani.Segregation studies indicated 
that tolerance is governed by a single dominant gene in New 
Selection and IG 7194. Tolerance was lacking in Sel 2-2,
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Genetic analysis of data from crosses between five 
resistant inbred lines and two susceptible lines of a * 
egculentus Indicated that resistance involved dominant 
genes (Sharma and Gill, 1984).

Utharaasamy and Subramoniam (1985) suggested that a 
single gene governs the resistance, as the plants 
segregated in a 3 i 1 (susceptible! Resistant) pattern*

III, Genetic variability and correlation studies in bhindi
1, Phenotypic and genotypic variability, heritability 

and genetic advance for yield and its components•

. Trivadi and Prakosh (1969) observed greater variabi­
lity end haritability values in the yield contributing fruit 
characters, length and thickness of pods.

High estimates of phenotypic and genotypic variances 
ware observed for yellow vein mosaic infection, yield per 
plant and plant height by Psdda et al. (1970)„ High geno­
typic coefficient of variation in case of seeds per pod, 
yield per plant and mosaic infection indicated high degree 
of genetic variability in these characters. Heritability 
values were high for mosaic infection, plant height* days 
to flower and yield per plant.
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Kqo (1972) reported that plant height and number 
of days to flowering showed high genetic coefficient of 
variation coupled with high estimates of heritability and 
genetic advance. Length of fruit offered less scope for 
selection as it was greatly influenced by environment*
Hgah and Graham (1973) found the highest heritability 
value of as'much as 04 per cent for fruit length and 
lowest value of 43 per cent for weight of fruits*

Fruit diameter followed by sugar content* number 
of flowers* fruit yield and number of fruits per plant 
exhibited high values phenotypic coefficient of variation 
ae reported by Singh et al* (1974)* The genotypic coeffici­
ent of variation was high for fruit diameter and yield*
High values of heritability and genetic advance were 
recorded for fruit diameter and fruit length* while the 
number of fruits per branch* number of fruits per plant* 
weight of fruit and stem diameter showed low values of 
genetic advance*

Genetic studies in bhindi by Lai at al*(1977) 
showed high phenotypic and genotypic variability and horita- 
bility estimates for all characters studied except for 
yield par plant* Days to flowering* intemodal length* 
fruit length and fruit thickness had the highest estimates 
of heritability* The low heritability values for yield
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per plant indicated that yield in this material is largely 
influenced by environmental factors* High estimates of 
genetic advance were noted for internodal lengthe number 
of branches per plant and number of fruits per plant and 
the lowest estimates of genetic advance was exhibited by 
fruit thickness and yield per plant*

Estimates of her!tability and expected genetic 
advance were highest for number of fruits per plant as 
reported by Rao and Kulkarni (1977)• In a study with twenty 
varieties of bhindi# Rao ot gl«(1977) observed good amount 
of genetic variability in the population for all the quanti­
tative characters under study* They obtained high herita- 
bility values for days to flowering# plant height# number 
of pods and yield per plant* Expected genetic advance was 
moderate for number of pods and yield per plant# whereas 
it was very low for other characters ■ Rao and Sathyavathi 
(1977) observed high herit ability values for number of 
days to flowering and number of pods par plant but it was 
low for height of plant in the Expected genetic advance 
was high for number of pods per plant and height of plant# 
but low for number of days to flowering*

Rao and Kulkami (1978) found that the contribution 
of height to the total variability was 57 to 75 per cent 
higher than that of days to flowering* Singh and Singh (1978)
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reported that broad seas© harit ability estimates and 
expected genetic advance were greatest for days to flower­
ing# yield per plant and number of fruits per plant*

Kaul at al» (1979) observed considerable genetic 
variation for yellow vein mosaic virus infection# pod 
yield per plant and numb or of pods per plant in the twenty 
genotypes of bhindi studied* tlahajan and Sharraa (1979) 
noticed high heritability estimates for number of fruits# 
fruit length and fruit diameter*

In a study of Mishra and Chhonkaff (1979)# maximum 
genotypic Variance was shown by yield per plant followed 
by yellow vein mosaic infection and plant height and 
minimum by fruit girth* The genotypic coefficient of 
Variation ranged from 2.73 for days to Slower to 29*00 
for yellow vein mosaic infection* Branches per plant# 
yield per plant and pod length indicated higher degrees 
of genetic variability* Heritability estimates and expected 
genetic advance were found to be high for number of branches 
per plant# pods per plant# seeds per pod# pod length# plant 
height and percentage of plants infected with yellow vein 
mosaic virus# indicating scope for improvement of these 
characters by ©election and breeding* Singh and Singh (1979a) 
found that days to flower# number of fruits per plant 
end fruit bearing branches ware found to ba important
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contributors to genetic divergence and hone© the importance 
of these characters in increasing yield is emphasised.

Considerable amount of variability in case of fruit 
length* number of fruits and fruit yield per plant was 
reported by rturthy and Bavaji (I960)* Plant height# days 
to flowering# fruit length and yield displayed high herita- 
bility# Yield exhibited high estimate of genetic advance 
while days to flowering had very low genetic advance*

Partap ©t al* (1960) reported that high heritability 
in the narrow sense was found for ail characters except 
yield par plant# number of fruits per plant and plant 
height*

Tholcer et al* (1991) observed wide range of pheno­
typic variability for most of the plant characters studied. 
The genetic coefficient of variation was high for plant 
height# leaf area# fruits per plant# fruit weight and yield 
per plant* The heritability values were moderate for plant 
height# fruits per plant and fruit length whereas it was 
low for leaf area# fruit weight' and yield* High genetic 
advance was found for five characters namely# plant height# 
loaf area# fruits par plant* fruit weight and yield per 
plant* £>ince plant height and fruits per plant possessed
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high genetic coefficient of variation along with high genetic 
advance and moderate heritability# improvement in these 
characters could be brought about by practising phenotypic 
selection*

In a study of 56 hybrids of A. esculentus from 
crosses involving fourteen lines and four testers# Palani- 
valuchamy et al* (1982) found the highest estimate of herita­
bility and genetic advance for plant height* Vashistha, et 
(1982) reported high values for heritability and genetic 
advance for fruits per plant# plant height and root length 
indicating scope for improving these characters by selection* 
field variability was dependent primarily on the above 
characters* Balochandran (1984) reported that total yield 
and its prime component# number of fruits per plant 
displayed maximum phenotypic and environmental coefficient 
of variation* The genotypic coefficient of variation was 
maximum for percentage of fruit set* bays to 50 per cent 
flowering# flowering duration# number of branches per plant 
and percentage of fruit set displayed relative high 
heritability* Plant yield and its major components# number 
of fruits per plant and weight of single fruit registered 
low estimates of heritability and genetic advance*
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2* Correlation studios on yield and its components

Padda et al* (1970) found positive correlation of 
plant height with mosaic infection# yield per plant and 
needs per pod* Similarly mosaic infection was positively 
correlated with days to flower* Significant correlation co­
efficients were observed between days to flower and seeds 
par pod (positive) and between days to flower and yield per 
plant (negative) only* The other correlation coefficients 
were statistically non-significant indicating non-usefulness 
of selection of one character for the improvement of the 
other*

Majuradar et al* (1974) repo reed that days to flowering 
wct3 negatively correlated with yield per plant* Inter-relations 
between yield and other contributing character© like number of 
flowers# height# number of branches# leaves per plant and 
fruits per plant were found to be positive and significant 
(Singh et al*# 1974)* Variability for yield ’was primarily 
dependent on weight of fruit# number of. fruits per plant and 
number of flowers per plant* '

ilao and Harau (1975) found that yield per plant was 
significantly correlated with pod and node number and plant 
height/ pod number par plant with node number and plant 
height; node number with plant height; and seed number with 
pod rldga number per plant* from a study of the relationship
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of yield with different growth characters in okra* Roy 
and Chhonkar (1976) concluded that fruit number per plant 
and branch per plant were the most important yield contri­
buting characters*

Rao et al*(1977) opined that number of pods per plant 
and plant height should be given major emphasis in bhindi 
selection programmes to increase yield* according to 
Kawthalkar and Kunte (1976) the height of plant was more 
useful for the prediction of yield til an the number of 
leaves per plant*

Correlation and path coefficient study by Korla and 
Rastogi (1978) revealed that yield was correlated with 
number of fruits per plant and days to flowering and could 
be Inproved by selecting early flowering types that produce 
a large number of fruits* Rao and Kulkorni (1978) observed 
a highly significant positive correlation between height . 
and number of pods per plant* Singh and Singh (1978) reported 
that yield was positively correlated with fruits per plant, 
branches per plant, plant height and fruit length*

Ajiraal et ftl*(1979) reported that fruit yield was 
positively correlated with fruit number and number and 
length of nodes* Number of days to first flowering made the 
greatest direct contribution to yield followed by node 
number* iiahajan and Sharma (1979) observed a positive and
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significant association between yield and plant height# 
number of fruits per plant and fruit length in both parents 
and hybrids# in a parent-offspring correlation study* It 
was suggested that number of fruits per plant and fruit 
length and diameter should be considered as selection 
criteria*

The main characters contributing to yield were stem 
diameter# flower number per plant# fruit number per branch 
and plant# fruit length and weight (Partap et ,§1*1979)* An 
analysis of nine quantitative characters in thirty A*esculentus. 
varieties by Singh and Singh (1979b) indicated that fruit 
yield was positively and significantly correlated with 
number of fruits per plant# number of branches per plant# 
fruit length and plant height# followed by internode length* 
Fruit number per plant had the greatest direct effect on 
fruit yield*

Arumugam and Muthukrishnan (1979) studied the .
association of resistance to yellow vein mosaic .with econo­
mic characters in okra in the F^# and back cross genera­
tions of crosses between the H* esculentus varieties Co *1 
and Pusa Sawani and an African and a Japanese form of H* 
manihot* It was found that there was no association between 
disease reaction and plant height# number of branches# 
days to flowering# fruit length and girth# number of 3oeds



per fruit and number of fruits per plant# indicating the 
scope for effective selection for resistance*

Slangovan ©t al* (1980) from a study of correlation 
analysis in bhindi reported that number of fruits per plant# 
fruit length,fruit width and number of branches could be 
considered as the primary yield determining components for 
exercising selection in bhindi. Murthy and Bavaji (1980) 
observed that fruit numb or per plant and number of days to 
flowering had the greatest direct effect on yield*

Arumugam and Muthukrishnan (1981) reported that 
fruit yield was highly correlated with number# length and 
seed coatentof fruit# and to a lower degree with plant 
height and days to flowering*

Correlation studies by Balachandran (1984) unveiled 
that number of limits per plant# earliness in flowering# 
flowering duration and length of fruit ware the important 
contributing characters of yield* Number of branches per 
plant was found to contribute negatively to total yield*
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materials and methods

The present study was conducted at the Department 
of Plant Breeding# College of Agriculture# Vellayani 
during the period from September 1984 to November 19QS*

A# Materials

Two yellow vein mosaic susceptible cultivars of 
bhindi (Ablemoschus esculentus (L.) Moench) viz*# Co.l <xni 
Kilichundan Selection 17 and A. manihot (L.) Medik, a - 
aarai-wild species resistant to yellow vein mosaic were 
used for the study* Pure seeds of these were collected 
from the germplasm of bhindi maintained at the Department 
of Plant Breeding# College of Agriculture# Vellayani.

B* Experimental Methods

The following experiments were conducted for the
study.
X. crossing A. manihot with the two A. asculentus culti—
Vara without reciprocals to produce two hybrids.

A crossing plot consisting of three rows of seven 
plants each of a* manihot# Co.l and Kilichundan selection 17 
was raised* Since a. manihot is having a longer pre-flower­
ing period compared to the other two parents# phased plant­
ing was adopted for synchronisation of flowering. The 
following cross-combinations were attempted and F^ seeds 
were collected.
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(1} Co*l x A. manihot 
(11) Kilichundan Selection 17 x A* manihot

So reciprocal difference was reported in these 
crosses (Unniftrishna Pillai# 1934) and hence reciprocal 
crosses were not made*

Technique of crossing '

The technique of crossing suggested by Giriraj and 
Rao (1973) was followed* The mature flower buds which would 
open the next day morning were selected in the previous 
evening* A shallow circular cut was made around the fused 
calyx# at about one cm from its base* The calyx cup along 
with corolla were removed as a hood exposing the stigma 
and staminal tube* The staminal tuba was cut open length­
wise without injuring the ovary or style# and removed 
carefully* The calyx cone which was removed earlier was 
used for protecting the emasculated flower* As an additional 
protection# it was covered with a butter paper cover also*

Mature flower buds of the pollen parent* A* manihot* 
were protected by butter paper covers on the previous day 
of blooming# Pollination was done on the next day morning 
between 3 a«m* to 9*30 a«m* by rubbing.the stigma of the 
emasculated flowers with the staminal column taften from the 
male parent* The pollinated flowers were again protected 
and labelled*
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The mature dry fruits were collected 30 to 40 days 
after pollination and seeds were extracted after sundrying 
the fruits for three days*

II* Raising the F^ plants and selfing them to produce F2 
seeds# along with a crossing plot consisting of the three 
parents to produce fresh seeds*

Thirty F^ plants from each of the crosses in the 
first experiment were grown and selfed to produce sufficient 
?2 seeds* The parents were also raised to repeat the crosses 
and to produce fresh seels*

Technique of selfing

Mature flower buds which would open the next day 
were covered with butter paper covers in the previous evening* 
Tha covers were retained for two days* The mature dry fruits 
were harvested 30 to 40 days after pollination and dried in 
sun for three days and seeds were extracted*

III*. Evaluation of the F^ generation along with parents 
and FjS

The evaluation trial was conducted in four Randomised 
Blocks during May to September 1933* The seven treatments 
were i ,

1* (P^
2* Kilichundan selection 17 (P,j)
3* A* manihot (P̂ )
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4 * *1 o f P1 X P3
5 * *1 o f P2 X  P3

6 * *2 o f P1 X p3
7 . F2 o f P2 X P3

A population strength o£ 30 plants par plot was 
maintained for the parents and F^e where as a larger popula­
tion of 60 plants per plot was maintained for F^a for 
studying the segregation pattern* Tha planting was done in 
trench system with a spacing of 0*8 x 0*5 m* Unsprayed 
field condition was provided for natural Incidence of 
yellow vein mosaic(chauhan fit al** 198l) • a single row 
of tha highly susceptible variety Kilichundan Selection 17 
was grown around each replication as a border row to 
counter the border effect and to enhance the yellow vein 
mosaic disease incidence* All agronomic practices except 
insecticidal sprays were followed as per the Package of 
Practices Recommendations of the Kerale Agricultural 
University (Anon*# 1982)•

Observations recorded

The following observations were taken on ten randomly 
selected plants for each of the parents and F^s* But in 
F2 all the available plants were used for taking observations*
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1 * Germination

The gorminability of the seeds in each treatment 
i<?as observed, both under laboratory and field conditions.
In th© laboratory# the number of seeds germinated in petri- 
dishes provided with moist blotting paper (20/ dish) was '
counted every day for a period of eight days* In the 
field# tha number of seeds germinated was counted every - 
day for 15 days.

2. Height of plant
Height of plant from the ground level to the tip 

was measured using a metre scale after the final harvest 
and ©Kprossed in centimetres.

3. Humber of branches per plant

Total number of primary branches were counted after 
the final harvest and were recorded.

4* Humber of leaves per plant -
Total number of leaves from the base to the tip of 

the plant including th© branches were counted after the 
final harvest. Dropped leaves were counted by their respec­
tive nodes*
3. intemodal length

Length of five internodes from the fifth node was 
measured in each plant* their mean was calculated and expressed 
in centimetres.



37

6* Days to flowering
dumber of days taken from sowing to the opening of 

first flower in each plant was recorded*

7* dumber of flowers per plant

The total number of flowers produced per plant was 
counted everyday and recorded*

8* number of fruits per plant

The total number of fruits produced by each plant 
was counted at every harvest and recorded*

9* weight of fruits per plant

. The fruits produced by each plant at each harvest 
werê  weighed and the total yield per plant calculated after 
the final harvest and expressed in grams*

10* bength of fruits
A random sample of three fruits were taken from third, 

sixth and nineth harvest and length of fruits were measured 
from base to tip, averaged and expressed in centimetres*

11* Girth of fruits
Tho fruits used for recording length were also used 

for measuring girth* Maximum girth of the fruit was measured 
and expressed in centimetres*
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12* Diseases and pest soaring
(i) Yellow vain mosaic intensity

The rating scale suggested by Arumugam et al# (1975) 
was used for scoring yellow vein mosaic disease intensity 
(Table 1)» The synptoms were noted on all plant© in the

j
generation and on observational plants in parents and

F^s e The scoring was done according to the characteristic
symptom appeared on the leaves or fruits of each plant#

The mean disease rating for each treatment in a
replication was calculated as follows s

sum of disease scores of plants observed
Mean disease rating «* — ——  ..........      ■

Humber of plants

(11) Fruit borer incidence
Observations on fruit infestation by the borer 

( 5ariaa vitella F*) was recorded at each picking by count­
ing healthy and infested fruits separately for each treat­
ment and percentage of infestation of fruits was worked out 
(Tell and Dalaya* 1981)•

(iii) Deaf hopper population and hopper burn
The first observation on the population count was 

taken as soon as the leaf hopper nymphs (Amrasca biquttula 
biquttula Ishida*) wore noticed on the plants. Subsequent 
observations were taken at an interval of seven days till 
harvest* All the available plants were examined while in
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Table 1. Yellow vein mocalc disease rating scale

Symptoms ? Grad© Rating
scale

1* Ho visible symptoms character!- Highly 
stic o£ tlie disease* resistant

11»Very mild symptoms# basal half 
of the primary veins greeny 
mild yellowing of anterior
half of primary veins# Resistant 2
secondary veins and veinlets*
infection is also seen latein the season under field
conditions•

iii Veins and veinlets turn 
completely yellow* 
Intervoinal areas green 
and normal*

i-^oderatoly
resistant

iv*Pronounced yellowing of veins 
and veinlets? 5034 of the leaf 
lamina turned yellow; fruits 
e&hlbit slight yellowing.

Susceptible

v* Petiole# veins# veinlets and 
Intervelnal area turn yellow 
in colour; Leaves start 
drying from the margin*
Fruits turn yellow in colour*

Highly
susceptible
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parents and five plants were selected randomly from
among the observational plants and in each plant# six 
leaves- two each from top# middle and bottom of the plants 
were examined* The average population per plant was worked 
out (Tell and Dalaya# 1981)*

Hopper burn was assessed by taking observations on 
the third# fourth and fifth leaves from the terminal end# 
as described by Jayaraj <1966), by placing a glass plat© 
marked with square centimetres on the leaf surface and 
observing the affected leaf area* The hopper burn area was 
expressed as a percentage to the total leaf area*

In assessing susceptibility or otherwise of a treat­
ment# the quantum of damage exhibited and the population 
were considered as criterion* In classifying the treat­
ments based on these criteria# those which showed hopper 
burn of (1) less than 20 per cent with low population of
upfco 10 per plant unit ware grouped as resistant (ii) 21 to
50 per cent damage with medium population of 10-15 per plant 
unit as tolerant and (Hi) 51 per cent and above hopper b u m
with medium to high incidence of 10-20 and above per plant
unit as susceptible varieties (Uthamaswamy at al*# 1973). 
This classification was based on a similar pattern of 
classification of castor varieties susceptible to Empoasca 
jLLeyescans adopted by Jayaraj (1967).



XV. Grafting trial to study the segregation of yellow 
vain mosaic resistance*

A sample population of 50 plants of the combina­
tion x was raised In pots* When the plants attained 
the age of 30 to 40 days# they wore grafted on with diseased 
scions g by wedge grafting method as described earlier*
The inoculated plants were scored after one month using 
the rating scale developed by Arumugam et al* (1975)•

V* Grafting trial to confirm the resistance of desirable 
recombinants

The resistance of the selected recombinants were 
confirmed by. grafting trials (unnikrishna Filial# 1964)* 
Diseased shoots collected from yellow vein mosaic affected 
plants were grafted,on to the selected recombinants by 
wedge grafting method (Herlani and Seth# 1953)* In order 
to prevent slipping over of cut ends due to mucilage# bits 
of sharpened coconut midribs were punctured through the 
junction of stock and scion before tying up with polythene 
strips* Hew shoots arising from the stock portion were 
observed for symptoms of the disease at weekly intervals*

c* Statistical analysis
The data collected from the evaluation trial and 

screening trial were subjected to statistical analysis*
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I Analysis of variance

The V « 7 treatments wera replicated r =* 4 times 
and observations were recorded for each character from 
k * 10 plants per experimental plot* The data were subjected 
to the following analysis of variance (Federer, 1967)•

m OVA ,

Source df MS
Replication r-l ** 3
Treatments v-1 « 6
Plot error (r«l) (v-1) = 1 8  ms

Sampling error rv (k-1) ■* 252 KS<E2 ■
Total rvk - l » 279

* 2The sampling error is estimated as a
' 2 .

The plot error is estimated as Jl.—  * - msb2
5 G a k

A * ,when ^— —  is negative* it is taken as aero* The mean square
per plot (MSE^) is first tested against MSE2» and if (1)
is significant* then the treatments are tested against MSE.iL
and if (2) M5£k is not significant* the treatments are tested 
against the pooled mean square of MSE, and MSS*X Sj

The standard error (S.£) of the difference of two
treatment means » / 1 if plot error significant/

^  rk ■
otherwise MsE^ is replaced by pooled mean square*
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XI* Test for proportions

The plants were classified into five classes and 
the proportion of plants that come under each class was 
tested by the test criterion given by

- J Z l  * P2*

Where SB (p - P^) ** •1 ‘2
A Qlgl * fl2?2 A ■* Ap “ —  ,r ■— :mn  ' 3 13 t-P* n ® ni + nonX + n2 1 2

(Pans© and Sukhatraa* 1957)

III* Estimation of phenotypic variance* genotypic variance 
and genetic parameters

1* Phenotypic variance, 

v (p) “ v (a) + v (e)
i ■

Where v (g ) “ G®notypic variance
V je j « fkivironmental variance

2* Genotypic variance*
Mean square (Treatment) - Mean square (Error)V( -  ;—

Number of replications
Tha genetic parameters were worked out as per 

Allard (1960) and Jain (1982).

(a) Phenotypic coefficient of variation (i?*G,V.)

\A l a X 100' X
Where V  ^  =j Phenotypic variance and 

X °* Mean of the character
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(b) Genotypic coefficient of variation (G.c*V«)

x 100
X

(c) Haritability in broad sense
H2 ™ x 100# where

V (P)
■ 2H « Heritability in broad sense

a Genotypic variance and
u “ Phenotypic variance 
V<P)

(d) fetpecued genetic advance under selection#

OA « &. H2 ^ ( P )
where ft ® selection differential expressed in phenotypic

standard deviation# whose value is 2*06 for 
5 per cent selection in large samples»

IV* lest for correlation coefficients
Correlation coefficients were t̂ orfted out among pairs 

Of characters under study and their significance were tested 
(Fisher and Xates, 1965).

The significance of the difference between correla­
tion coefficients for all characters under parents* Fts and 
F^s was tested by the test criterion*



where Z^ and Zj are the transformed values of correlation 
coefficients (Panse and Sicuhatme# 1957) and

g e  ( z .  -  Z . )  «• - — =— - — =*1 y  I n^«3 + ^

V. Motroglyph analysis

The uistroglyph method of analysis proposed by 
Anderson (1957) was followed* assigning scores for express­
ion of characters* The scatter diagram was constructed 
using height of plant as ordinate and weight of fruits per 
plant as abscissa. The absence of a ray# the presence of a 
short ray or a long ray on a metroglyph designates low# 
medium or high values respectively of each character*
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RESULTS

X* Evaluation of parents and hybrids

The analysis of variance pertaining to the different 
characters studied showed that the genotypes differed 
significantly for all the characters* The abstract of 
a w o v a is presented in Appendix x and XX*

The variation and frequency distribution of the 
Various traits in the different generations were studied*

1* Germination '

The results are presented in Table 2*
There was significant difference between the treat­

ments in respect of this character* however# the difference 
was not significant within the parents* F^s and F^s* 
Germination was round drastically reduced in the F^s 
(29*17 and 27*30 per cent) when compared to the parents 
and F^s*

2* Height of plant

The results are presented in Tables 3 and 4* 
Significant difference was observed for height of 

plant among parents* F^s and F^s* However# the plant 
height was not significantly different among the three 
parents and between the two FgS* The height of of
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Table 2* Percentage of germination of parents and hybrids

Moan percentage of germination 
(transformed values in parantheses)

Laboratory Field

Co*1 (P1) 85*00 (67.21) 82.50(65.27)
K.S.17 (P2) @5.00 (67.21) 80.33 (63.65)
A* manihot (P3) 90.00 (71.56) 33.50 (66.03)

P1 Pl x P3 60.00 (63.44) 78.00(62.03)

J 1 of ? 2 * P3 80*00 (63.44) 77.67(61.32)

p2 of P1 x P3 35.00 (36.27) 29.17(32.71)

F2 of P2 x P3 30.00 (33.21) 27.30(31.50)

CD (for transformed values) at 5% « 2*89



Plate 1* Co»l - (P̂ )

Plate 2* Kilichundan Selection 17
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Table 3* Variations for height of plant (cm) 
in different generations

Genera- Treatments 
tions

Ms an t S.E.
Per cent
over
control

cv
(in %)

B.

P1 95*60 4.63 ioo.oo 31.88

p2 84.65 2.82 88.36 21.10

P3 92.83 2.29 86.46 17.45

Px Of P3 163.05 5.22 170.20 20.24
Of PaX P3 114.28 3.68 119.29 20.37

F2 of Pxx P3 74.53 4.05 77.80 34.41
of PgX P3 78.53 4*42 81,97 35.61

CD at 5% = 22*739
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Table 4* Distribution of height of plant (cni) 
in parents and hybrida

Treatments Range
Humber of plants under each class 

(per cent in parantheses) Total 
number of 
plants 
observed46 46—90 91-135 136-180 > 180

P1 56-180 Nil 23
(57.5)

12
(30.0)

5
(12.5)

Nil 40

P2 46-115 till 25
(62.5)

15
(37.5)

Nil Nil 40

P3 50-116 Hil 27
(67.5)

13
(32.5)

Nil Nil 40

Fi Of P^X T»“3 75-242 nil 1
(2.5)

5
(12.5)

25
(62.5)

9
(22.5) 40

pi Of P2X P3 69-158 Mil 6
(15.0)

25
(62.5)

9
(22.5)

Nil 40

Of ?jX ?3 27-141 10
(7*14)

97
(69.29)

29
(20.71) 4

(2.86)
Nil 140

p2 Of P2X P3 26-136 17
(12,98)

79
(60.31) (25*19)

2
(1.52)

Nil 131
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x (163*05 cm) was found to be significantly higher 
when compared to the F1 of x (114.28 cm)*

The variation for this trait among plants of of
x P3 and F^ of P2 x were almost same (20.24 and 20*37

per cent)* The two F^s also showed a similar trend in
variation (34*41 and 35*61 per cent) except that it was
higher when compared to that of • The variation among
the plants of P, was more than that of P~. Variation wasX d
minimum in P.* d

Majority of the plants of the parents and F^s came
m

under the height group of 46-90 cm* However* there were only 
very few plants under this group, mora than 60 per cent 
of the plants of Fj of P^ x P3 were under the 136-100 cm 
group* son® positive variants ( greater than 180 cm) wore 
also observed for this hybrid* However* in the F of P„ x P-*X w O
62*5 per cent of the plants belonged to the 91-135 cm group 
and 22*5 per cent plants were observed in 136-180 cm group* 
though neither of its parents had plants under this height 
group* Negative Variants for height were present in both the

v *  • '

3* Number of branches per plant

The results are presented In Tables 5 and 6*
The parents* and f2s differed significantly with 

respect to this character* The of P2 x P3 had significantly
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Table 5* Variation for number of branches per 
plant in different generations

Genera­
tions Treatments ftaan i S,E.

Per cent 
over con­
trol (P2)

CV
(In %)

P1 2.05 0.17 74.55 52.25

Parents P2 2.75 0.18 100.00 40 .45

P3 2.20 0 .2 0 eo.oo 57.68

Hybrids
pi of v1 JC P3 3.13 o . to 113.82 41.84

1
pi of P2 X P3 3.68 0.24 141.09 39.64

P2 P2 Of P1 y. P3 2.28 0.28 02.91 76.76

P2 of P2 X P3 3.65 0.37 132.73 63.05

CD at 5% * 0.690



Plate 3* Abalmoschus manihot - (P̂ )

Plate 4« A high yielding plant of the 
cross Co.l x maul hot
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Table 6, Distribution of number of branches par plant in 
parents anti hybrids

Treatments Range
Number of plants under each ( per cent in parantheses)

class Total 
number of 

• plants 
observed0 -1 2-3 4-5 > 5

P1 0-4 11 26 3 Nil 40
(27*5) (65.0) (7.5)

P2 0-5 4
(10.0 )

27
(67,5)

9
(22.5)

Nil 40

P3 0-4 12
(30.0)

21
(52.5)

7
(17.5)

Nil 40

*1 °£ P1 X P3 0-5 5(12.5) 19(47.5) 16
(40.0)

Nil 40

P1 0£ P2 X P3 1-9 1(2*5)
16
(40.0)

18
(45.0)

5
(12,5) 40

P2 Of X P3 0-7 50
(35.71)

44
(31.43) (27.86)

7
(5,00)

140

P2 o£ P2 X P3 0-14 30
(22.90)

37
(23.24)

45
(34,35)

9 <S
(14.50)

131
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higher number of branches (3*38) than ita parents (2*75 and 
2*20) while it was on par with its F^(3*65) for this character*

Large variation for number of branches existed in the 
two populations* The variation in ^  x ^3 Was 76*76
per cent while that of the other F2 was 63*05 per cent* The 
parents and F^s also showed considerable variation for this 
character*

The distribution of plants under different classes of 
branching (table 5) showed the preponderance of highly branch­
ing plants among P2# F^ of x and of P2 x P^* Almost
15 per cent of the plants of P2 x P3 were having more than 
five branches per plant while no such plants appeared among 
the FjS of P^ x P^ and their proportion was limited to five 
per cent among P2s of P^ x P3*

4* Number of leaves per plant

The results are presented in Tables 7 and 8*
There was significant difference between the parents* 

ff̂ s and F2s for number of leaves per plant* However# the 
parents did not differ significantly among themselves* The 

s had significantly higher number of leaves (52*68 and 
61*60) than their corresponding parents and F2s except in 
case of and F^ of thQ cross P2 x which were on par for 
this character*
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Table 7© Variations for number of leaves per 
plant in different generations

Genera­
tions Treatments Mean * S *£•- Per cent 

over con­
trol (P3)

07
( in %)

Pi 22.93 1.31 63.91 36.09
Parents p 2 35.38 1.34 93*61 32.81

P3 • 35.88 1.95 100.00 34.46

Hybrids
p<j Fi Of P1 X P 3 52.68 2.75 146.82 33.01
X

Fi of p2 * p3 61.60 3.77 171*68 38.70

P2 *2 of Pl, X P3 33.50 2.56 93.37 43*35

P2 of P2 x P3 50.63 3.65 141*11 45*60

CD at 5% » 11.392



Plate 5* Tlie highest yielding plant of 
the cross Co.l x A. manlhot

Plate 6« A sterile F2 plant of the Co »1 x A« manilxot.
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Table 8. Distribution of number of leaves per 
plant in parents and hybrids

Treatments Range
Humber of plants under each 
( per cent in parentheses)

class Total
number
of

<  12 12-31 32-51 52-71 >71 plants
obser­
ved.

pi 12*49 Nil (sl«5) (1?.5) Hil Hil 40
P„ 16-70 Nil 17 22 1 Hil 40

2 (42*5) (55.0) (2.5)
P_ 14-60 Mil 14 21 5 Hil 403 (32.0) (52; 5) (12.5)

P1 06 P1 X P3

P1 °f P2 55 P3

18-96 £311

25-139 Hil

6
i »C 
1

11 18 5 40
(27.5) (45.0) (12.5)
15 13 11 40
(37.5) (32.5) (27.5)

F2 of x P3

p2 of P2 x P3

11-78 4 69 40 24 3 140
(2*86) (49.29) (28.57) (17.14) (2.14)

11-124 1 47 32 28 23 131
(0.76) (35.38) (24.43) (21.37) (17.56)
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The variation Cor this character was found ranging 
from 32*81 to 38*70 par cent in the parents and hybrids 
while it showed much higher values (45*60 and 4Q*35 ) for 
the two P,, populations*

The frequency distribution of plants for this chara­
cter, showed a definite tendency of gradual increase of the 
proportion of more leafy plants from parents to hybrids and - 
from to Pg within parents and to F2 within hybrids*
The Fj of x Pg showed the maximum proportion . (27*50 per 
cent) of plants with more than 71 leaves per plant*

5* Infcernodal length '
i *The results are presented in Tables 9 and 10*

The treatments differed significantly for this chara­
cter* /anong the parents* the shortest internodal length was 
observed for ?2 (4.66 cm) and it was significantly lower than 
that of (6*54 cm) and (5*93 cm) which were on par* This 
reduction in internodal length was seen in both F^s and F^s 
involving the parent P„.

The variation for internodal length among the plants 
of the parents and P^s ranged from 15*27 to 21.39 per cent 
while that of F23 WaS 34.30 per cent (P̂  x P3> and 37*62 
per cent (p2 x P3) •

The frequency distribution showed that P. and p, hadX W

moot of the plants in the group with 5*3 —7*5 cm internodal 
length while bad majority of its plants in the group of
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Table 9. Variations for infcemodai length (cm) la 
different generations

Genera­
tions Treatments Mean

Per cent 
over con­
trol (P̂ J

CV
(in %)

P1 6.54 0 .2 0 100.00 19.68
Parents P2 4.66 0 .1 2 71.25 16.54

P3 5.93 0 .2 0 90.67 21.39
Hvbrids

of P1 P3 . 8.01 0.19 122.48 15.27
1

Fi of P_
M
x P3 6.46 0.18 93.73 18.04

F2 *2 of Px X P3 5.03 0.27 76.91 34.30

*3 of P2 X P3 4.46 0.27 68.20 37.62

CD at 5% - 0.838



Plate 7* A profusely branching plant of 
the cross Co. 1 x mgnihpt

fLPlate 8® A resistant low yiolding^of the 
Cross Co.l x A. manihot.
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Table 10* Distribution of intemodai length (cm) 
in parents and hybrids

Treatments Range
Number of plants under each class 
( per cent in parantheses)

Total
number

^3.0 3.0-5.2 5.3-7*5 7.6-9.8 >9.8 plants
observed

P1 4*0-9.2 Nil 8
(2 0*0)

24
(60*0)

3
(2 0*0)

Nil 40

P2 3.0-6,2 Nil 30 10 Nil Nil 40
(75.0) (25*0)

P3 3.6-9,6 Nil 13
(32*5)

23
(57.5)

4
(10*0)

Nil 40

?x Of P1 x P3 5*2-10*6 Nil 1
(2*5)

15
(37.5)

21
(52.5)

3
(7.5)

40

F1 of P2 X P3 4.4- 9.8 Nil 6
(15*0)

26
(65*0)

8
(20-0)

Nil 40

F2 °f P1 X p3 2*5-10.5 3
(2*14)

87
(62*14)

39
(27,86)

6
(4.29)

5
(3.57)

140

F2 °f P2 X P3 2*5-10*5 20(15*27)
84

(64.12)
22

(16.79)
3

(2.29)
2

(1.53)
131
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3*0 - 5*2 era* Among the F^s of % S?3# three positive 
variants were observed* Both positive and negative variants 
were observed in both F^s * i'tore than 60 par cent of the 
plants of til© F^s had shorter internodes of the range 3*0 - 
5*2 cm*

6* Days to flowering .

tho results are presented in Tablas ll and 1 2. .

The parents and hybrids showed significant difference 
for days to flowering* and showed earliness in flower­
ing and wore on par* But showed a significantly higher 
number of days to flowering (71*23)• The FjS were late in 
flowering compared to their cultivated parents. Both F^s 
took longer periods to flower compared to parents and F^s•

Barge variation was noticed for days to £ lowering 
among the plants of the populations compared to the parents 
and P^s* Among the two J?2s, th© of P^ x showed more
variation (21*30 per cant) for this character*

/

The frequency distribution of this character in the 
three generations showed that all th© plants of P. and 92*50X
par cent plants of came under the range of 47-56 days to 
flowering* However* the P^s were distributed more in the 
57-66 days group# to which majority of the plants of the semi­
wild parent (P3) also belonged* The F^s showed more late
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Table 11® Variations for days to flowering in 
different generations

Genera­
tions Treatrnents Mean + S * 8*

Per cent 
over con­
trol (P̂ )

CV
(in 54)

■
P1 50*30 0*34 100.00 4.22

Parents P2 53*40 0 *28 106*16 3.37
i P3 71.28 0*33 141*71 2*89

Hybrids

F.
of X P3 58*75 0*43 116*80 4*58

1 of P2 X P3 60*43 0*36 120*14 3.79

*2 *2 of X P3 78.83 2*72 156*72 21*80

P2 of P2 X P3 72*39 1.56 143*92 13*62

CD at 5% « 3®267



Plato 9* A high yielding F* plant of tho 
Cross K*S.l7 x Ae ingnihot

Plate 10* The highest yielding Pg plant of 
the Cross K*s »17 x. a* manihofc



Plate 9 (x 0.10)
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Sable 1-2 • . Distribution of days to flowering in
' parents and hybrids

Treatments Range
Number of plants under each Total
class ( per cent in parentheses) number

^ 4 7 47-56 57-66 67-76 >76 “ of 
plants 
observed

P1 47-34 Nil 40
(100.00)

Nil Nil Nil 40

P2 SO -57 Nil 37
(92.5) 3

(7.5)
Nil Nil 40

P3 63—75 Nil 1
(2.5)

39
(97.5)

Nil Nil 40

F! 0f P1 X P3 53-65 Nil 3(2 0.0) (8§?0) Nil Nil 40
F1 of P2 * P3 56*65 Nil 3

(7.5)
37

(92.5)
Nil Nil 40

F2 of P^ x 50*112 Nil 1 4 62 60 127
(0.79) (3.IS) (40.32) (47.24)

F~ of P x P 54-115 Nil 4 13 65 24 106
* * a (3.77) (12.26) (61.32) (22.64)
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flowering habit and they were mainly distributed in the 67-76 
and greater than 76 days groups.

7. Humber of flowers per plant

The results are presented in Tables 13 and 14*

Significant difference was noticed for this character 
among the parents# and F^c * Among the parents# had 
significantly higher number of flowers per plant (13*73) 
than end • The F^s also differed significantly and
P^ of x P^ produced higher number of flowers per plant
(23*35) than its parents (15*33 and 12*63)* However* the F^ 
of P2 x P3 was inferior to its cultivar parent (P2> with 
respect to this character* Similarly# both the F2 populations 
produced only lesser number of £lowers per plant (8*15 and 
10*60) compared to parents and F^s*

There was wide variation for number of flowers per 
plant among the plants of the F^s <• It was as high as 81*87 
per cent in the F^ of x P^ and 65*18 per cent in the 
of P2 x P3* However* in the F^s the variation was much 
lesser (21*02 and 26*83 per cent)* Among the parents# P^ 
showed more variation (52*41 per cent) than the other two 
parents *

£3osfc of the P1 and P^ plants produced flowers in the
range 8—17 while in P2 there was almost equal distribution
of plants in the 8-17 and 18-27 groups* The F of P., x P­' 1 1 j
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Table 13* Variations for number of flowers per 
plant in different generations

Genera­
tions

Treatments Mean
Per cent 
over con­
trol (p2)

CV
(in Si)

P1 15*33 1*27 77.50 52.41
Parents P2 19*78 0.93 100.00 29.63

p3 12*63 0.34 63.65 17.14
Hybrids

F, Fi of P1 X P3 23*85 0.79 120.58 2 1.0 2

1
fi of P2 X P3 15.30 0*65 77.35 26*38

F„ P2 of P1 X P3r.

8.15 1.03 41.20 81.87
3

E2 of P2 X P3 ' 10*60 1.09 53*59 65.13

CD at 5/i a 4*441



Plato 11* a resistant low yielding plant 
of the Cross K.S.17 x A. manihot

Plate 12. a non-branching plant of the 
Cross K.6* 17 x A., manihot
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Table 14* Distribution of number of flowers per
plant in parents and hybrids

Treatments Range
Number of plants under each class 
( per cent in parentheses)

Total
number

<T 8 8-17 18-27 28-37 ^ 37
Ow
plants
observed

P1 8-37 Nil 32
(60.0)

3
(7.5)

5
(12.5)

Nil 40

P2 10-32 Nil 17
(42*5)

21
(52,5)

2
(5.0)

M l 40

P
3 -

8-10 M l 39
(97.5)

1
(2.5)

Nil Nil 40

'l o£ P1 X '* 16-35 Nil 5
(12.5)

25
(62.5) 10(25.0)

Nil 40

F1 o£ P2 x p3 9-27 Nil 31
(77.5)

9
(22*5)

Nil M l 40

F2 of Px x P,

F0 Of P0 X P„ 2 -i 3

0-35 72 62 5 1 Nil 140
(51.43) (44.29) (3.57) (0.71)

0-38 60 62 8 Nil 1 131
(45.SO) (47.33) (6.11) (0.76) ~

I
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had more plants In the 18-27 group while the 8-17 group 
predominated in the F^ of x £3 * In the F^ generation,
plants with fewer number of flowers (lower than th© parental 
values) ware more compared to parents and F1s* However# one‘ a
F^ plant of the cross x produced more number of 
flowers than the parents*

8* Humber of fruits per plant

The results are presented In Sables 15 and 18*

The parents# F^s and F^b showed significant difference 
for number of fruits per plant* Both the cultivar parents#
P^ and ?2 were found superior to the serai-wild parent# 
in this character* The F^ of x ? 3 produced significantly 
higher number of fruits per plant than its parents* However# 
the F^ of x Pg Was far inferior to its cultivar parent?
P„ in this character though it was on par with P-* The F„■ ' dr
progenies of both crosses produced significantly lesser number 
of fruits per plant compared to the cultivar parents but

i

were on par with the semi-wild parent P„** < ’ "
^he two f2 populations registered very high coefficient 

of variation (130• 34 and 132*43 per cent) compared to parents 
and £\̂ s (23*6l to 64*41 per cent)*

The frequency distribution of plants for number of 
fruits produced per plant (Table 16) showed distinct pattern
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Table 15* Variations for number of fruits per plant, 
in different generations

Genera­
tions

Treatments Mean i Sofi.m Per cent 
over con­trol (P2)

CV
(in %)

P,1 11*55 1*18 78.31 64.41
F„ 14.75 0*34 100.00 35.96Parents 2

P3 7.35 0.32 49.33 27.13
Hybrids

K
Of 91 x P3 15.BO 0.59 107.12 23.61

1 pi of P2 X. P3 6.05 0.32 41.02 33.25

wz *2 of Px X P3 3 *93 0.81 26.98 130.84

*2 of P2 X P3 3.93 0.32 26,64 132.43

CD at B% “ 3.791



Plate

Plate

13* The fruits of the parents and 
hybrids of the Cross Co.-lCP^ x 
A» manlhpt (P̂ )

* The fruits of the parents and hybrids
of the Cross K*s.l7 (P2) :t tnanihot fc>3)



Plate 13 (x 0.32)

PJate 14 (x 0.33)
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Table 16. Distribution of number of fruits per
plant in parents and hybrids

Treatments Range
Number of plants under each class 
( per cent in parentheses)

Total 
number 
of plants 
observed^  4 4-12 13-21 22-30 >30

pi 5-30 Nil 32
(82*0)

2
(5.0)

6
(15.0)

Nil 40

P2 7*28 Nil 15
(37.5)

21
(52.5)

4
(1 0.0 )

Nil 40

P3 4-12 Nil 40
(100.0)

Nil Nil Nil 40

Fj Of pi X P3 9-22 Nil 9
(22.5)

30
(75.0) 1(2.5)

Nil 40

F, Of p2 X P3 3-12 1(2.5)
39

(97.5)
Nil Nil Nil 40

F2 Of P1 X P3 0-30 75 64 
(53.57) (45.71)

Nil 1
(0.71)

Nil 140

P2 of P2 X P3 0-29 84 45 
(64*12) (34*35) 1(C.76) 1

(0.76)
Nil 131
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for parents and hybrids* Among the 40 plants under each 
parent studied# all the ? 3 plants were found in the range of
4 -1 2 fruits per plant* She F^ of x P3 showed an inter­
mediate pattern with 75 per cent of plants belonging to 13-21 
range while the F^ of P2 x P3 showed a pattern vary similar 
to that of P3 with 97*5 per cent of plants belonging to 4-12 
range# Both F^s have showed more or less a similar pattern 
with most of the plants belonging to 4-12 and less than 4 
range•

9* Walght of fruits per plant

The results presented In Tables17 and 13*

Among the parents# gave the highest yield (347*63 g) 
with highly significant superiority over others* Between the 
two FjS# x P3 gave the best yield (254 g) which was well 
ahead of 9- x P,* However# the F„ of P. x P- was not slgni-£ 3 X 1 O
ficantly different from its cultivar parent# (193*88 g)*
But the F^ of P3 x ? 3 was far inferior to its cultivar parent#
?2# Both the F^s were far inferior compared to their cultivar
parents *

Great variation for weight of fruits per plant was
registered by the P2 populations* It was as high as 155 per
cent in F_ of P„ x P~ and 150 per cent in F* of P- x P_* The- d X o d d 3
variation in F^s v/as comparatively low (22*57 and 34*17 par
cent) • Among the parents# P^ showed considerable variation
for this character (59*75 per cent)*
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Table 17. Variations for weight of fruits per plant(g) 
in different generations

Genera— Treatments 
tions

Mean + S • £*
Per cant 
over con­
trol (P2)

GV
(in %)

Parents

Hybrids

FX

P1
198.88 18.79 57.21 59.75

P2 347.63 19.32 100.00 35.15

P3 150.50 - 6.69 43.29 23.11

pi of P1 X. ?3 254.00 9.07 73.07 22.57

F1 of P2 X P3 99.75 5.39 28.69 34.17

P2 of P1 X P3 78.00 19.13 22.44 155.12

*2 of P2 X P3 66.38 15.67 19.10 149.33

CD at 5?o = 72.845
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Table 18* Distribution of weight of fruits per plant(g)
In parents and hybrids

Hange

Humber o f  plants under each class 
(per cent in parentheses}

Total
nuirberfcSwt?

<  05 85-265 266-446 447-627 >627
■ ox 
plants 
observed

pi 85-510 Nil 33
(82.5}

3
(7 .S )

4
(1 0.0)

Nil 40

P2 . 135-625 Mil 11(27*5} (55.0)
7

(17.5)
Nil 40

P3 85-250 Nil 40 
(100 .0}

M l Nil Nil 40

of P^X
p3 155-345 M l 20

(50 .0}
20
(50.0)

Nil Nil 40

Fi ©£ P^35 P3 45-180 16 24
(40.0)

M l

(60.0)
Nil Nil 40

F2 ox £* x
X P3 0-745 70

(63*64}
39
(35.45}

Nil Nil 1
(Q .91)

110

F2 Of p£x P3 0-600 (62,65) 30
(36.14)

m i 1
(1.20)

Nil 33
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All the plants of the semi-wild parent# and 82.5 
per cent plants of P^, belonged to the low yield range of 
85-265 g of fruits per plant* But In tha case of P^#1 55 per 
cent of the plants belonged to the medium range of 266-446 g 
of fruits per plant* The F^ of P^ x P^ was equally distributed 
in the low and medium ranges# while in the F^ of ? 2 x ?3*
40 per cent of the plants showed a negative trend in weight 
of fruits per plant compared to parents* Similarly both the 
FgS clearly showed a reduction in yield with majority of the 
plants being distributed in the group with less than 35 g of 
fruits per plant (lesser than the parental values)* However# 
one plant of F2 of x P^ gave higher yield than either of 
its parents*

1 0* Length of fruits

The results ore presented in Tables 19 and 20*

The three parents differed significantly for length of 
fruits* P2 was found superior to P^ and ? 3 with 22*6 cm fruit 
length* However# tha F^s did not differ significantly with 
respect to this character* The of P2 x P3 was inferior to 
its cultivar parent* P2* Both F2 were found significantly 
inferior in fruit length to parents and F^s except the semi­
wild parent# P3 which was found to be significantly Inferior 
to the S of P» x P0* .4 4 3 .
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habits 19* Variations for length of fruits (cm) 
in different generations

Per cant
Genera- Treatments Mean -f S.J3* over CV
tions ” control ( in %)

(p2)

-
P1 15*64 0*20 69.20 8*15

22*60 0.27 100*00 7.57Parents 2

p3 13.08 0.17 57.88 8.14

Hybrids ■ ■
*1 Of P1 x P3 15.54 0.13 63.76 5*56

Ei of P2 X P3 16*03 0.19 70.93 7.32

*2 of P1 X P3 12*31 0.29 54.47 14.55
2

F2 of P2 X P3 14*08 1*55 62*30 6.97

CD at 554 “ 0.963
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Table 20* Distribution of length of fruits (an)
in parents and hybrids

Treatments
Number of plants under each close 
(per cent in parentheses) Total 

number 
of plants 
observed11.5 11.5-16. 1 16.2-20*8 20*9- "̂ >25.5 25.5 ^ " • s»

»i '
13*8-19.5 m u 28

(70.0)
12
(30.0)

Mil Mil 40

**2 13.5-25*5 Mil Mil , 6 . -  34 
(15.0) (85.0)

Mil 40

P3 11.5-15.5 Mil 40
(100*0)

Mil Mil Mil 40

*1 of *l*>3 13*0-16.5 Mil 39
(97.5) 1(2;S) Mil Mil 40

P1 o£ V * 3 14*0-19.0 Mil 26
(65.0)

14
(35.0)

Mil Mil 4°

P of 9.0-19#59 24 84 2 Mil Mil 110
2 i J .(21*32) (76*36) (1*82)

F» of 9*0-16.5 2 79 2 Nil Mil 83
J (2.41) (95.18) (2.41)
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The coefficient of variation was comparatively low 
for all the treatments* Maximum variation (14*55 per cent) 
was shown by the Fg population of x Pg which was twice 
that of ? 2 of Pg x Pg (6*9? per cent) • The variation in the 
parents and F^b was within the range of 5«56 to 8*15 per cent*

The frequency distribution of length of fruits within 
each population (Table 20) has shown that all the plants of 
P^ and 70 per cent plants of were having fruit length in 
the range of 11*5 - 16*1 cm, while 85 per cent plants of Pg 
were having long fruits with length in the range of 2 0*9 .to 
25*5 cm* The F^e had majority of their plants in the 11*5 - 
16*1 cm group* Though most of the Fg plants also came under 
this group, some negative variants with fruit length lesser 
than the parental value of 11®5 cm were noticed* The propor­
tion of such negative variants was significantly higher in 
the Fg of x P3 than the Fg of Pg x Pg* None of the F^ or 
Fg plants showed positive transgression for this character.

11* Girth of fruits

The results are presented in Tables 21 and 22*

There was significant difference among the thro© parents 
for this character® The maximum girth of fruits was exhibited 
by the semi-wild parent, Pg* However, there was no significant 
difference in girth of fruits within or between the F^3 and

v
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Table 21m Variations for girth of fruits ( cm) in 
different generations

Parents

Hybrids

P-

Genera- Treatments 
fions

Mean * s.E.
Per cent1 
over con­
trol (?3)

CV
( in %)

P1
6*24 0 .2 0 77.13 10 .21

P2 7.09 0 .1 0 87.64. 8.55

p3 8.09 0 .1 2 100.00 9*47

P1 Of P1 X P-.3 7.24 0.07 89.49 6.53

E1 of P2 >: P3 7.31 0.08 90.36 7.12

*2 of P1 X P3 7.45 0 .1 2 92.09 10.32

F 2 of P2 X P3 6.97 0.09 86.16 8.36

CD at 554 = 0*558
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Table 22. Distribution or girth of fruits (cm)
in parents and hybrids

Treatments
/ Kumber of plants under each class 

( per cent in parantheses)
Total
number

5.0 5.0-6.5 6.6-8.1 @.2-9.7 >9.7 plants
observed

ei 5.0-3.0 Mil 30
(75.0)

10
(25.0)

Mil Mil 40

P2 6,0-8 .2 Mil 9
(22.5)

30
(75.0)

1
(2.5)

Mil 40

P3 6.5-9.5 Mil 2
(5.0)

22
(55.0)

16
(40.0)

Mil 40

E1 04 P1XP3 6.5-8.5 Mil 3(7.5)
35

(87.5)
2

(5.0)
Mil 40

h  o£ P2XP3 6.5-3.5 Mil 7
(17.5) (80?0)

1(2.5)
Mil 40

^2 Plx p3 5.75-9.5 Mil 22
(20.0 )

72
(65.45)

16
(14.55)

Mil 110

F2 Of P̂ ac P3 5.5—9.5 Mil
(39.76)

47
(56.63)

3
(3.61)

Mil 83
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The variation among the plants of the different 
treatments was comparatively low in respect of girth of 
fruits# The variation was less in the P^s compared to the 
parents and F2S *

The distribution of this character among the different 
populations was found somewhat uniform with majority of the 
plants belonging to the 6.6 - B«1 cm range except in P^ in 
which 75 per cent of plants were having fruit girth in 5-6.5 cm 
range. About 40 per cent of the P2 plants ? 2 x combina­
tion also showed this trend of producing slender fruits of
5-6.5 cm range. Xn the semi-wild parent# 40 per cent of 
plants belonged to the thicker group of fruits in the range
of Q.2 -9.7 cm. About 15 per cent of plants in the F2 of

x P3 also showed this trend.

1 2. Yellow vein no sale intensity .

The results are presented in Tables 23 and 24.

There was significant difference among the treatments
for yellow vein mosaic intensity. Among the parents# the
highest disease intensity was shown by P„ which was signi—
ficantly higher to that of P . The semi-wild parent P_# F,s1 3 1
and F2 of Pj x P3 were completely free from any disease symp­
toms with a score of one.- The of P^ x showed a mean 
intensity of 1 .2 which was not significantly different from 
the score of one.



Plate 15* A graft Inoculated plant of tha 
Cross K*S# 17 A* mgnihot showing 
no disease symptoms*



Plate 15 (x 0.28)
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Table 23. Variations for yellow vain mosaic 
intensity in different generations

Genera­
tions Treatments lie an

Per cent 
over con­
trol (P^)

CV
( in %)

P1 1.30 0.09 130.00 46.15

P2 3.43 0 .2 1 343.00 30.01

P3 1.00 0 100.00 0

h  px x p3 1.00 0 100.00 0

F1 of P2 * P3 1.00 0 100.00 0

F2 Of 9X x P3 1.00 0 100.00 0

F2 °f P2 X P3 1.20 0.14 120.00 72.65

Parents

Hybrids

pi

CD at S5i a 0.500
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Table 24* Distribution of yellow vein mosaic
intensity in parents and hybrids

Treatments Range
Humber of plants under each 
class ( per cent in parantheses)

Score Score Score Score Score 
1 2 3 4 5

Total 
number 
of plants 
observed

Pi 1-4 29
(72*5)

9
(22.5) 1(2.5)

1
(2.5)

Mil 40

P2 1-5 2
(5,0)

10
(25.0)

10
(25.0)

5
(12.5)

13
(32.5)

40

P3 1 40
(100.0)

1311 Mil Mil Mil 40

of P1 X P3 1 40
(100.0 )

Nil Mil Mil Mil 40

of P2 X P3 1 40
(100.0)

£311 Mil Mil Mil 40

f2 of P1 X p3 1 140
(100.0 )

Mil Mil Mil Mil 140

*2 °£ P2 X P3 1-5 126
(96.18)

Mil Mil Mil 5
(3.82)

131
i
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There was no variation among the plants of
r„s and F„ of P. x P_ for the disease incidence* F„ of x P~ 1 2  1 3  2 2 3
showed maximum variation for this character (72*65 per cent)
followed by P̂  and P^*

The frequency distribution (Table 24) for this chara­
cter has shown the high susceptibility of P2 tor yellow vein 
mosaic disease* 32*5 per cent Of its population was under 
the score 5 indicating the maximum expression of symptoms 
whereas there were only 5 per cent of plants which was com­
pletely free from the disease* Among the other treatments 
P^# F^s end F,> of x P^ have shown complete resistance 
against the disease as 100 per cent of plants were having the 
score one* Of the total 131 plants grown under i>'2 of P2 K P3# 
five have shown intense symptoms of the disease and got a 
score of five*

13* Pest scoring

(a)* Fruit borer incidence
The results are presented in Table 25*
The treatments differed significantly for fruit borer 

infestation* The semi-wild parent* P^ showed the least infesta­
tion by the fruit borer (9*22 per cent)* The cultivar parents, 

and P2 were on par and showed significantly higher percentage 
of infestation than P^* The highest percentage of fruit infesta­
tion was noticed on the two F^ populations (55*06 and 43*61 per



Table 25. Fruit borer incidence on parents and hybrids

Treatments Mean percentage of fruit
infestation(transformed values 
in parentheses)

Co.l < v 19,74 (26.35)
K.S. 17 (P2) 21.54 (27.69)

Ai, manihot (P.) 9.22 (17.66)

Fi o£ X P3 55.06 (47.93)

'i of P2 X P3 43.61 (41.32)

*2 of P x X P3 33.13 (35.18)

'a of P2 X P3 52.63 (34.32)

CD ( for transformed values) at 5% * 6.93



Plate 16. a graft inoculated F plant of the 
cross K.S. 17 x A. manihot showing 
disease symptoms*

Plate 17. An plant of the cross K.s. 17 x A.manihot
with unsuccessful graft union showing 
disease symptoms *



Plate ]6 ( x 0.3o)
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centJ• However the P^s showed lesser infestation than the 
F^s (33 per cent)• .

(b) Leaf hopper infestation and hopper burn damage

The results are presented in Table 26 (a)•

There was significant difference among the treatments
for this character* Among the parents* the maximum leaf
hopper count (24*1 per plant) and hopper b u m  damage (30*17
per cent) was recorded by the Semi-wild parent, P^*
Considering the classification system suggested by
Uthamasamy et al* (1973) the cultivar parents, and were
found resistant to this pest since the population of hoppers
and hopper b u m  percentage was low* However, the had the
highest hopper incidence and hopper b u m  and were classified
as tolerant types* Both the also belonged to the same
group though the population count and hopper burn damage were
less than that Of the F^s* Tk*. ŝ hzcjcdtbn- of ifca Fi pê »ulo.-k«v
<£r kfrfjps*. QoMicV) h-dln’cL̂ et IS jjivew vr» "WjjG 2.G(&) p̂ -e lD̂0 ‘
II* Genotypic and phenotypic variance and coefficients of 

variation for the different characters

The results are presented in Table 27*

a) Genotypic variance
The maximum genotypic variance was shown by weight of 

fruits per plant (100354*03) followed by height of plant, 
number of leaves per plant and days to flowering* The lowest 
value for genotypic variance (2*74) was given by girth of 
fruits •
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Table 26 (a) • Population of leaf iiopper ana hopper burn
percentage on parents and hybrids*

Mean population Hopper burn percentage Remarks 
Treatments count per plant (transformed values is (Uthamasamy

(transformed paronthases) at £1*1973)
values in paran 
theses)

00.1 (P^ 4.3 (2.07)
K.S.17 <P2) 4.7 (2.17)
A. manihot (P3) 24*1 (4.91)

F1 of pi * P3 22*8 (4.77)
Of P*, X P3 21.2 (4.60)

?2 ^  5C P3 18*4 (4.29)
F^ of J?2 x p3 16.4 (4.05)

14.63 (22.46) Resistant
13.86 (21.89) Resistant
30.17 (33.34) Tolerant
32.62 (34.32) Tolerant
26,93 (31.24) Tolerant

20.54 (26.92) Tolerant
18.71 (25.62) Tolerant

CD (for transformed 
values) at 5%

0 *6? 4*66
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Table 27* Genotypic anci Phenotypic Variances (GV and PV) 
and Coefficients of Variation (GCV St PCV) of 
different characters*

SI*
Ho* Characters Mean GV PV GCV PCV

1* Height of plant 
2* Number of bran-

99.10 9133.82 11476*63 96.44 108*10

ches per plant 2.85 4*74 6*90 76.39 92*17
3* Number of leaves 

per plant 41*8 1669*21 2257.24 97.74 113*66
4. Intemodai length 5*87 15.10 18.28 66*20 72.84
5* Days to flower­

ing* 63*63 1125.67 1174,02 52*73 53*85

6* Number of flowers 
per plant 15*09 266*31 355*65 103.14 124.97

7. Number of fruits 
per plant 9*06 230*75 295.86 167.67 189*85

Q* Weight of fruits 
per plant 170.73 100354*03 124396*21 185.55 206*58

9* Length of fruits 15*58 116,66 120*86 69*33 70*56
10* Girth of fruits 7.20 2.74 4*15 22*99 28.29
11* Yellow veinMrt an f i*"* 4 nfawn 4 4>n* 1*42 7.67 8.84 1*95 2.09
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b) Phenotypic variance

Weight of fruits per plant registered the maximum 
phenotypic variance (124396*21) followed by height of plant 
(11476*63)* The lowest value was given by girth of fruits 
(4*15)*

c) Genotypic coefficient of variation (GCV)

The genotypic coefficient of Variation was very 
high for weight of fruits per plant (105*55)* number of 
fruits par plant (167*67)# and number of flowers per plant 
(100*14)* Number of leaves per plant (97.74) and height of 
plant (96*44) also exhibited high values of GCV. The minimum 
GCV was shown by yellow vein mosaic intensity (1*95)*

d) Phenotypic coefficient of variation (PCV)

Weight of fruits per plant (206*58) exhibited the 
maximum phenotypic coefficient of variation followed by 
number of fruits per plant (189*85)# number of flowers per 
plant (124*97)* number of leaves per plant (1 13*66) and 
height of plant (108*10)* The lowest PCV Wes given by yellow 
vein mosaic intensity (2*09)* Girth of fruits also exhibited 
low PCV (28*29).
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XXX Estimates oi herltability la broad sense and expected
genetic advance of different characters

The results are presented in Table 23*

a) Her!tability in broad sense

Very high values of herltabllity were exhibited by 
length of fruits 196.S per cent) and days to flowering (95.9 
par cent)» Yellow vein mosaic intensity* intemodai length 
and weight of. fruits per plant also showed high estimates of 
heritability* The lowest value was registered by girth of 
fruits (66 per cent)*

b) Expected genetic advance

The'highest estimate of expected genetic advance 
was given by weight of fruits par plant (586*12) followed by 
the height of plant (175.64). t-taderate values were noticed for 
number of leaves per plant (72.38) and days to flowering (67.63)« 
Girth of fruits exhibited the lowest value for genetic advance 
(2.77).

IV. Correlations among the Various characters in different 
generations

The results aim presented in Table 29.
The test of significance of the correlation coefficients 

between weight of fruits per plant and its contributing chara­
cters are given in Table 30*
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Table 28, Heritability in broad sens© and expected 
genetic advance o£ different characters

Characters Heritability inspected
. (%) genetic

advance

1# Height of the plant 79*59 175.64
2« Number of branches per plant 63.70 3.72

j '
3* Dunbar of leaves per plant 73.95 72.33
4. internodal length 32.60 7.23
5* Days to flowering • 95.8Q 67.68
6* Number of £lowers per plant 74.88 29.09
7« Number of fruits per plant 77.99 27.63
8« Weight of fruits per plant , 80.67 . 586.12
9a Length of fruits 96 « 52 21.86

10a Girth of fruits 66*02 2*77
11a Yellow vein mosaic intensity 86.76 5.31
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Height of plant

Height of plant was significantly correlated with 
number of leaves per plant, intemodal length, number of 
flowers per plant, number of fruits per plant and weight of 
fruits per plant in all the three generations* Though this 
character exhibited significant positive correlation with 
number of branches in the parental and generations* It
was negative and nonsignificant in the generation. The
correlation with days to flowering was negative and signi­
ficant in the three groups except in the case of parents.

The test of significance of the correlation coeffi­
cients between weight of fruits per plant and height of the 
plant in the three generations,revealed significant differences.
The correlation in the F. generation was significantly higher

' *+

than that of parents and l\> generation.

Humber of branches per plant

dumber of branches par plant displayed significant 
positive association with number of loaves per plant and 
length of fruits in all tile three generations, whereas its 
Correlation with height, number of flowers per plant, number 
of fruits par olamfc and weight of fruits per plant was 
significant only in parents and F^n. in the case of parents, 
the character was found to be significantly and positively 
correlated with yellow vein mosaic intensity.
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' Though the association of number of branches per 
plant with weight of fruits per plant was significant in the 
parental and P^ generations* the correlation in parents was 
significantly higher than that of F^s•

Humber of leaves per plant

This character was found to show significant positive 
correlation with height of plant* number of branches per 
plant and length of fruits when all the three generations were 
considered together* But in the case of parents and P^6* 
was significantly correlated with number of flowers per plant* 
number of fruits per plant and weight of fruits per plant* 
whereas the association was significant with days to flowering 
and girth of fruits in th© parents only* Significant negative 
association of the character with intemodai length was 
observed in the F generation*

The correlation with weight of fruits per plant was 
significantly higher in the parents than that of the P^s* 
while there was no significant difference between the correla­
tions in attd ^2 generations*

Xnternodal length

Intemodai length exhibited significant positive 
correlation only with height of the plant in all the three 
generations* whereas it was significantly correlated with
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number of flowers per plant in the F^ and F^ generations 
and with number of fruits per plant and weight of fruits per 
plant in the F s* However* the character showed significantI •
negative association with days to flowering in the F^s and 
P^s and with length of fruits in parents and F^s • In the 
case of the generation# intemodai length had significant 
negative correlation with number of branches per plant* number 
of leaves per plant and girth of fruits* There was negative 
correlation with yellow vein mosaic intensity in the parents*

The correlation of intemodai length with weight of 
fruits per plant was positive and significant in the PjS and 
non-significant in the F^s whereas it was negative and signi­
ficant in the parents* The test of significance of these corre­
lation coefficients showed that all the three are significantly 
different*

bays to flowering
The character had significant negative correlation with 

number of flowers per plant# number of fruits per plant and 
weight of fruits per plant in all the three generations and 
with height of plant and intemodai length in the F^ and F^ 
generations# and length of fruits in parents and F^s• Xn the 
case of parents* there was significant positive association
with number of leaves per plant and girth of fruits while it\
was negatively and significantly associated with yellow vain 
mosaic intensity*
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The correlation with weight of fruits per plant 
was negative and significant in all the generations and 
they did not differ significantly*

dumber of flowers per plant

There was significant positive association of this 
character with height of plant* number of fruits per plant 
and weight of fruits per plant in the three generations, 
whereas such an association with number of branches per 
plant# number of leaves per plant and length of fruits was 
seen in parents and F only* The association was positive 
and significant with intemodal length in and ff2 genera­
tions and with yellow vein mosaic intensity in parents#
However# the character was significantly and negatively 
correlated with days to flowering in all the three generations*

Significant positive association of this character 
with weight of fruits per plant was noticed in tho three 
generations# However# tho correlations in parents and E^s 
were not significantly different though both tho estimates 
were superior to that of the F„s.

Humber of fruits per plant

xhis character exhibited significant positive corre­
lation with height of plant# number of flowers per plant and 
weight of fruits per plant in all the generations# whereas
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its correlation with number of branches per plant and 
number of leaves per plant was positive and significant 
only in the case of parents and F2b * Though there was 
significant positive association of this character with 
length of fruits in the parental and generations# it 
was however# negative and significant in the F s. The 
character also exhibited positive and significant associa­
tion with intemodai length in F^ and with yellow vein mosaic 
intensity in parents# The correlation with days to flowering 
was negative and significant in all the three generations*

The association of this character with weight of 
fruits per plant was positive and significant in the three 
generations* However# the correlation in the F^s was signi­
ficantly higher than that of tha parents and F^s#

Weight of fruitB per plant

The character was significantly and positively 
correlated with height of plant# number of flowers per plant 
and number of fruits per plant in all the generations# 
whereas such an association with number of branches per 
plant and number of leaves per plant existed only in parents 
and F^s* The character displayed significant negative 
correlation with days to flowering in the throe generations* 
Intemodai length showed a significant negative association 
with yield in parents whereas the association was positive



Table 30• Significance of the correlation coefficients between 
weight of f ruits per plant and tho contributing 

^ characters among parents# F^s and P2s

P '

Height Humber Humber Inter-
of of bra- of lea- nodal
plant nches vas per length

per plant plant

rP Vs rPA
it3.75

bays to 
flower­
ing.

*3.98 *4.47 4.75 1.07

Humber Humber
of of
flowers fruits
per per
plant plant

Length.
of
fruits

1.82 *5.71 10.08

Girth Yellow of vein 
fruits mosaic 

inten­sity.
0.02

it3.4a

rP Vs rP2 *•*“ 3 .46 3.59 2.98 1.07 5.90 1.12 7.84 0.16 *4.74

is5.10 1.41 1.84 2.dl 0.26 tir3.14 if7.28 *4.37 0 . 1 6 0.25

CDCJ1
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and significant in F^s« Yellow vein mosaic intensity had 
a significant positive association with yield in parents*

Length of fruits

The character was found to be positively and signi­
ficantly correlated with number of branches per plant and 
number of leaves per plant in all the generations* whereas 
the correlation with number of flowers per plant* number 
of fruits per plant and weight of fruits per plant was 
positive and significant only in case of parents and F s*
The correlation was positive and significant with plant 
height in the generation* and with yellow vein mosaic 
intensity in parents* The character showed significant 
negative association with intemodai length in parents and 
F^s and with days to flowering in parents and F^s* in the 
F^ generation* the character was found to be significantly 
and negatively correlated with number of fruits per plant 
and yield of fruits per plant* There was positive and signi­
ficant association with girth of fruits in F^s while it was
negative and significant in F s.

«

There was significant positive correlation with 
weight of fruits per plant in the parental and F^ generations* 
But the correlation in parents was significantly higher than 
that of F^s* The significant negative correlation noticed in 
*̂1 9enerQtion was significantly different from the other two 
correlations•



Table 30* Significance of the correlation coefficients between 
weight of fruits per plant and the contributing 
characters among parents* F s  and F s

Height Humber Humber Inter™ Days to
of of bra- of lea- nodal flower-
plant nches ves per length ing.

per plant plant

rP vs rFx
*3.75 A3.93 4 ®47

N um ber N um ber

flowers fruits 
per per
plant plant

of fruits
Girth Yellow 
of vein 

fruits mosaic 
inten­sity®

A4.76 1®07 1.82 a
5 .7 1 10.08 0.02

it
3 .4 3

rP Vs rF, 1.10
A3 .46 A3.59 A2.93 1.07 5.96 1.12

A7.84 0.16 A4.74

rFiVs CF2 5.10 1.41 1.34 2.83 0.26 A3.14 7.28 4.37 0.16 0.25

CD
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Girth of fruits .

This character was found to have no significant 
and positive association 'with any of the characters when 
all the three generations wore considered together* However* 
the association with number of leaves per plant and days to 
flowering was positive and significant in case of parouts* 
in case of generations* there was significant negative 
association with intemodai length* The character had signi­
ficant correlation with length of fruits in F^e and i’2s of 
which the association in P^s was negative*

There was no significant correlation with weight of 
fruits per plant in any of the three generations*

Yellow vein mosaic intensity

Thi3 character displayed significant associations 
only in parents* The correlation was positive and significant 
with number of branches per plant* number of flowers per plant* 
number of fruits per plant* weight of fruits per plant and 
length of fruits* whereas the character showed negative and 
significant correlation with intemodai length and days to 
flowering*

V* iletroglyph analysis of parents and. hybrids

Table 31 shows the index scores and position of rays 
for the different characters*



Table 3i. Index scores and signs for the different traits

SI. Characters 2??®® o£ 
BO. 123303

Score 1 Score 2 Score 3
Value Sign Value from — to — Sign Value

1.07 to 4.90 Below 2.351 Humber of 
branches per plant

2 Humber of
leaves per 19*1 to 83.3 Belov 40*50 
plant

3 Intomodal 
length (cm) 3*40 to 8*22 Above 6*62

4 Days to
flowering 49*20 to 31*50 Above 70*74

5 Number of 
flowers 
per plant

6 Number of 
- fruits
per plant

4.50 to 24.50 Below 11.17 

1.41 to 21.00 Below 7*94

7 Length of
fruits (cm) 11*38 to 23*5 Below 15*42

8 Girth of 
fruits (cm) 5*88 to 8*60 Below 6*79

O 2*35 to 3*63

O 40.50 to 61.90

O 5.01 to 6.62

0 59.97 to 70*74

O 11.17 to 17.84

O 7.94 to 14.47

O 15.42 to 19.46

O 6.79 to 7.70

o Above 3.63

Above 61.90 

O— Below 5.01

?

Below 59.97 

Above 17.84

Above 14.47

— 0 Above 19.46

'b Above 7.70

Sign

i

\

N

CD~vl
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The scatter diagram of the 2 cross combinations 
are presented in Fig. 1 and 2* The relative position of 
the parents and hybrids based on their performance is given 
by this diagram* The frequency diagram (Fig.l) in respect 
of the cross P^ x showed that among the parents and hybrids 
the maximum score was for of x while the P2 got the 
least score* But in the other cross# the cultivar parent 
(Pg) obtained the maximum score followed by its F^(Fig*2)*
The lowest score was recorded by the semi-wild parent P» and 
the I1 g *

On comparing the two crosses# it was found that the 
highest score (19) was recorded by P2 followed by of P^ x 

(17)* The least score was shown by P2 of x P^ (12)*

VI# Grafting trial to study the segregation of yellow vein 
mosaic resistance

Results of the screening trial to study the segregation 
of yellow vein mosaic resistance in the plants of the cross 
between K*S*17 G^) and a * man!hot (P̂ ) are presented in 
Table 3X* Gut of the 50 plants inoculated by grafting# graft 
union was established in 23 plants with 46 per cent success*

Majority of the inoculated plants scored a disease 
rating of one indicative of high resistance and the dominance 
of resistance over susceptibility to the disease* Only 7 out. 
of the 50 plants inoculated# developed severe yellow vein



Table Rasuits of screening -the S’* of P? x p_ for yellow vela
mosaic resistance by graft inoculation

Condition 
of the 
graft

Humber Humber of plants scored under 
of each yellow vein mosaic

grafts disease score____________

Mean Humber Humber of 
disease of 3 us cep tit­
rating resistant ble plants 

plant
X2

Pro­
bability

Successful 23 19 2

Unsuccess- 27 IQ 3ful

1.43

1.93

21

22 5

3.27 0.05-0.10

0.60 0.30-0.50

Total 50 37 1.70 43 3.23 0.05-0.10

CD
CD
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mosaic symptoms. Severe disease symptoms developed, in £iv® 
coses where the graft union was not successful*

The segregation in this cross was found to agree 
well with the expected 3 *1 ratio of resistant and susceptible 
plants*

VII. Grafting trial to confirm the resistance of desirable 
2*2 recombinants

On evaluation of S',, plants for fruit yield, only twoA
plants, one each from the two cross combinations gave fruit.4• '* : Ti
yields significantly higher than that of the beat parent namely, 
KS.17* /ifter the last harvest of fruits, including those 
retained for seed purpose« these two plants were specially 
nurtured to prolong their life period and subjected to graft­
ing trial* Eventhough th© scions remained alive for one week 
they failed to establish probably due to the overthickness and 
maturity of the root stock* Many new sprouts appeared from 
the portion below the graft point which ware completely free 
from any yellow vein mosaic symptoms*
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Discussion

Qn« of the basic objectives of plant breeding is 
the incorporation of resistance genes for protection from 
pests# diseases and environmental extremes into existing 
susceptible cultlvara• The effective execution of this 
objective through conventional breeding methods is always 
difficult since the breeder has to see that he improves or 
at least maintains the important agronomic characters that 
very during the breeding programme* The task becomes more 
difficult if the source of resistance is of a wild type 
with many undesirable genes under recombination circuit*

In the present study a semi-wild bhindi species 
jSbelrposchus manihot was found to be highly resistant to 
the destructive disease of yellow vein mosaic* This was 
used as one parent to cross with two susceptible cultlvara 
vis* Co—1 and £C*S*17* The and J?2® these crosses 
along with the parents were evaluated for resistance to 
yellow vein mosaic disease end various other characters 
which are associated with yield. The results are discussed 
in the following pages. ,
I. Evaluation of parents and hybrids 
1. Variations for different traits

A programme of breeding aimed at the improvement of 
yield and disease resistance characters requires adequate
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i n f o r m a t io n  on t h e  e x t e n t  o f  V a r i a t i o n  a v a i l a b l e  i n  t h e  

p o p u la t io n *  T h e  s c o p e  f o r  s e l e c t i o n  i n  t h e  b r e e d in g  p o p u la ­

t i o n  d e p e n d s  o n  t h e  e x t e n t  o f  a l t e r e d  m ean v a lu e s  an d  

g e n e t i c  v a r i a b i l i t y  p r e s e n t  i n  t h e  e e g r e g a t in g  g e n e r a t i o n .

&• £lean values

The mean values for the second generation showed a 
decreasing trend for germination# height of plant, incer- 
nodal length, number of flowers per plant, number of fruits 
per plant and weight of fruits per plant coa^arad to the 
parents and first generation hybrids. However, the mean 
values for days to flowering in both the F2s showed an • 
increase over that of the parents and F^s. The decreased 
mean values in the case of most of the important characters 
and the Increased mean value for days to flowering indicate 
the presence of a genetic phenomenon which lead to a general 
shift of the characters towards the genotype of the wild 
parent. P3 which was Inferior to the cultivar parents P^ 
and P2 in most of the economic traits. In the case of 
number of branches per plant, number of leaves per plant and 
length of fruits# though there was no such definite trend, 
a decrease in the mean values of F2 generation compared to 
idle was noticed. But the ?2 x ^3 showed an increase
in mean value for girth of fruits over its F^ while the 
other F2 showed a decreasing trend. This decrease in mean
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values when compared to F^ generation may be th© result of 
inbreeding depression in the i’2 generation*

Yellow vein mosaic intensity showed a distinct
pattern over generations# The were completely free from
the disease with a mean score of one# The of p x p also* 1 3
showed the same score# However, the F2 of th© cross involving 
the highly.susceptible parent, P2 (K*b*i7) showed an increase 
In the mean value of disease score over F^s (Table 24) due 
to the presence of five plants in the population with severe 
disease symptoms* Those results show the influence of the 
background genome of each individual F2 plant for the 
expression of disease symptom under field conditions*

t

The mean percentage of fruit borer infestation was 
higher in both the P^s (Table 25)* sut the P2s showed a 
significant decrease in moan value for this character* The 
semi-wild parent showed maximum resistance (9*22 per., cent) 
to this pest* This result is in agreement with the anony­
mous report of 1977 and that of Chelliah and Srinivasan (1983)• 
The lesser infestation in F2 populations is probably due to 
the preponderance of plant3 with fruit characters closely 
resembling the semi-wild parent*

in the case of leaf hoppsr Incidence also, a decrease 
in mean values of F2s compared to the F^s was noticed 
(Tgble 26a)* The population of hopper and the extent of '
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hopper burn was maximum in the semi-wild species. man!hot 
(P3). The cultivar parents and P^ were grouped as resis­
tant types since the population count and hopper burn percen­
tage were low in them. The susceptible nature of the semi­
wild parent. P3 to this pest was found fully inherited by 
the F* and segregated into 4 s2si tolerant# resistant and 
susceptible in the F2 of x P3 and 4  #2 *1 resistant^ tolerant 
and susceptible types in the F2 ^2 31 ^3 26b).
This suggests a complex inheritance pattern for the incidence 
of this pest in the plant materials under study, in general 
the susceptibility to this pest can be considered as recessive 
to the resistant/tolerant nature*

The tolerance to this pest was reported to be governed 
by a single dominant gene (Mahal and Singh. 1982). According 
to Sharma and Gill (1984). resistance to this pest involve 
dominant genes. However. Uthamaswaray and Subramoniam (1985) 
suggested that a single recessive gene governs the resistance*

b. Variability

The coefficient of variation worked out for the 
different populations has given a statistical measure of 
the extent or variability present in the populations. In 
general, the variability was higher in the populations 
compared to the parents and F^s* Such a diversity of types 
appearing in F2 Qti<a later generations is the result of
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Table 26(b)* Segregation of jasBid resistance in the 
?2 populations, '

Humber of plants under each class Total
Cross combination ( per cent in parentheses) number of

'   plantsResistant Tolerant Susceptible observed

Ep Of 2 x P~ 49 71 20 140
* 1 J (35,00) (50*71) (14.29)

F2 Of P x P3 60 45 18 131
(51.91) (34.35) (13.74)
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extrema heterosygocifcy of interspecific hybrids (Allard# 
I960)* However# in both crosses the F^ populations never 
revealed the full recombination potential of the extremes 
of various traits in the parents involved* There was a 
preponderance of low yielding plants with resistance to 
yellow vein mosaic similar to the semi-wild parent# •
This suggests the presence of powerful genetic mechanisms 
which restrict free recombinations* Anderson (1939) believed 
that these restrictions are caused by genetic or sygotic 
elimination# plelotropy and linkage. The restrictive effect 
of linkage on recombination was found to be severe*
Stephens (1949) found that the viable fraction of hybrids 
of Q»hirsutum and G»barbadence consists primarily of plants 
resembling the parental species or the F^ hybrid* In 
several other plant genera# F^ and later generation hybrids 
have frequency distribution of phenotypes skewed towards

ia parental type (Hick# 1963)*

Siddlqui (X97l) opined that interspecific crosses in 
Gossypium both at the diploid and tetraploid. level mostly 
fail to yield desirable recombinants owing to a rapid rever­
sion of the hybrid population to one or other of the parental 
genotypes * .

Another expression of restricted recombination in 
species crosses is the large proportion of inviable and
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abnormal segregates In the population (bavin# 1979) *
In the present study# the F,, populations showed various 
degrees of breakdown# Thera was considerable reduction 
in germination of the F2 seeds while the parents and F^s 
recorded high germination (Sable 2)* This indicates the 
elimination of hybrid progenies in the post zygotic stage 
'(Hussain# 1972) • Various degrees of sterility# including 
the presence of plants which did not flower at all# were 
observed in the Fg populations# Such hybrid breakdown 
(Stebbins, 1950) leading to reduction in the productivity 
of F„ generation has been reported in different species of

a

piants (Hussain# 1972). Muller (1940) attributed the degenera­
tion in the P2 results segregation of comple­
mentary gen© systems of parental species. Stephens (1950) 
observed that recombination in later generations of G. 
hirsutum x G* barbadense are accompanied by reduction in 
fertility and departures from expected Kendelian ratios.
He concluded that due to cryptic structural differentiation, 
selfing in interspecific hybrids results in most of the 
segregates resembling either parental species or the F^«
This is because# the cross over gametes are at a seiectiv© 
disadvantage resulting from duplications and deficiencies 
in the gametes due to cryptic structural differentiation#
The true causes of drastic reduction in fertility in the 
hybrids in the present study could be ascertained only
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through on Indepth cytogenetic study of the species 
involved which has not been attempted here*

2• Genetic parameters

the progress in breeding depend© upon tho magnitude 
and nature of genetic variability* Hence a knowledge of 
total variability and the magnitude of heritable and non- 
heritable components is important* The total variability 
can be partitioned into its heritable and non-heritable 
components with tho help of genetic parameters like geno­
typic coefficient of variation# heritability and genetic 
advance*

yellow vein mosaic intensity recorded the lowest 
phenotypic and genotypic coefficient of variation indicating 
little scope for improvement of this trait through selection* 
This observation differs from those of Padda et ala (1970)# 
Kaul et al», (1979) and Hishra and Chhonkar (1979) who 
obtained high genotypic coefficient of variation for mosaic 
infection* This difference may be due to the difference 
in the populations involved in the studies*

High value© of phenotypic and genotypic coefficients 
of variation were observed for weight of fruits par plant# 
number of fruits par plant# number of flowers par plant# 
number of leaves per plant and height of plant. The high
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genotypic coefficient of variation values indicate the high 
degree of genetic variability in these characters and 
suggests scop© for better selection for these characters 
in breeding programmes. The high values of phenotypic and 
genotypic coefficient of variation observed for yield and 
number of fruits was in conformity with the findings of 
Kaul et ^1*(1979J# Mishra and Chhonkar (1979) and Thaker 
ot gl. (1981) and contrary to the observations of bal et al.
(1977) and flalachandran (1984)• High genetic variability 
for height of plant was reported by Padda at gl.(1970)#
Hao (1972)# Rao_et (1977), Rao and Kulkarni (1978)#
Hi3hra and Chhonkar (1979) and Thaker at £±„ (1981),

The characters like number of branches per plant# 
intemodai length and length of fruits also showed moderately 
high phenotypic and genotypic coefficient of variation 
values# indicating scope for selection. This was in agreement 
with the observations of wishra and Chhonkar (1979) who 
obtained high degree of genetic Variability for branches 
por plant and fruit length. High genetic variability for 
length of fruits was. also reported by Trivedi and Prakash 
(1969). However, this was contrary to the results obtained 
for Qalachandran (1984) who found low genotypic coefficient 
of variation for longth of fruits# number of flowers per 
plant and height of plant.
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Among the eleven characters studied# the horlta- 
bility values wore moderately high for all the characters 
indicating the low influence of environment. Length of 
fruits and days to flowering recorded the highest values 
of heritability. High heritability values for fruit length 
was reported by Trivedi and Prakash (1969) y tlgah and Graham 
(1973), Singh efc al. (1974), Lai et al.(1977), Wahajan and
Sharma (1979), Hishra and Chhonkor (1979) and Aurthy and
Bavaji (1980). Padda et $1* (1970), Lai et si.. (1977), Hao
at al. (1977), Rao and Sathyavathi (1977), Singh and Singh
(1978), Murthy ana flavaji (1980), Partap et g.1. (i960) 
Balachandran (1984) also reported high estimates of herita- 
bility for number of days to flowering# an important attri­
bute having vital influence on the number of fruits produced 
and the total fruit yield.

The high haritability values for most of the characters 
studied show that one can attempt selection for these chara­
cters directly based on phenotypic performance* Similar 
results were reported by Padda ©t pi. (1970) for mosaic 
infection, plant height and yield par plant, Rao (1972) 
for plant height, Lai ot al.(1977) for all th© characters 
studied except yield per plant, Rao and Kulkarni (1977) for 
number of fruits per plant, Rao et al.(1977) for plant 
height, number of fruits and yield per plant, Hao and



Sathyavathi (1977) for number of fruit® per plant# Singh 
and Singh (1978) for yield par plant and number of fruits 
per plant# riahajan and shartna (1979) for number of fruits, 
tfishra and Chhonkar (1979) for number of branches per 
plant# pods per plant# plant height and percentage of 
plants infected with yellow vein mosaic virus, Murthy 
and Davaji (1990) for plant height and yield, Palonivelu- 
chemy et al. (1982) for plant height, Vashistha et ^l. (1982) 
for fruits per plant and plant height. However, hal et gl, 
(1977) and Balachandran (1984) reported that yield per 
plant is having low herltability since it is largely 
influenced by environmental factors. Similarly# Rao (1972) 
found that length of fruit offered less scope for selection 
as it v/ac greatly influenced by environment.

It has been suggested by Johnson et ^1. (1955) that 
herltability together with genetic advance will bring out 
the advance expected from selection* High herltability 
together with high genetic advance was observed for weight 
of fruits per plant and height of plant* a  high herltability 
and genetic advance suggests that the character is governed 
by additive genes (Panse, 1957). This observation regarding 
yield of fruits par plant was in agreement with those of 
Singh and Singh (1978), Mishra and Chhonkar (1979) and 
Murthy and Bavaji (1960) but contrary to the results of



Lai ot (1977) and Balachandran (1984). High herita- 
bility and genetic advance for plant height was reported 
by many workers like Rao (1972), Mishra and Chhonkar (1979), 
Shaker et ojU  (1981), Palaniveluchamy et al. (1962) and 
Vashistha et g_l* (1932)

Days to flowering and number of leaves per plant 
also recorded high herltability and genetic advance 
estimates# indicating additive gene effects in the expression 
of these characters. Similar results were reported by ftao 
(1972) and Singh and singh (197Q) for days to flowering. 
However# ftao et al* (1977)# Rao and Sathyavathi (1977)#
Murthy and Bavaji (l980)^ Balachandran (1984) found that 
days to flowering was under the influence of non-additive 
genes.

Though herltability estimates were high# the 
expected genetic advance was low for number of branches 
per plant# intemodai length# number of flowers per plant# 
number of fruits per plant# length and girth of fruits and 
yellow vein mosaic intensity* This suggests the role 
played by non-additive genes in the expression of the 
above characters. Balachandran (1984) also suggested the 
involvement of non-additive gene effect for number of 
flowers per plant# number of fruits per plant and length 
and girth of fruits. However# Singh at gl. <1974) reported
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high heri t abi1ity and ganetlc advance for fruit diameter 
and fruit length* Similar observations were made by Lai 
nt al* (1977) for intemodal length, number of branches 
par plant and number of fruits par plant*. Rao and Kulkarni 
(1977)* Singh and Singh (1978), Thaker et al*(19Q1) and 
Vashistha at al*(1982) for number of fruits per plant, 
l-lis hr a and Ghhonkar (1979) for number of branches per 
plant, fruits per plant, fruit length and percentage of 
plants infected with yellow vein mosaic virus*

3* Correlation studios

In order to obtain information on the association 
of traits in different generations, simple correlation 
coefficients were worked out among the eleven characters 
separately for each generation. The results are presented 
in Table 29*

Number of fruits per plant, number of flowers per 
plant and height of plant were found to be the most important 
yield contributing characters in all tho throe generations* 
Singh et $1, (1974) reported positive and significant associa­
tion of yield with these characters. The studies by Rao 
and Rarau (1975), Rao ®t al* (1977), Singh and Singh (1978, 
1979b) and wahajon and Sharma (1979), showed that number 
of fruits per plant and height of plant should be given 
more emphasis in bhindl selection programmes to increase the



yield* The importance of fruit number per plant as a 
selection criterion was stressed by many other workers 
like Roy and chhonkar (1976), Karla and Rastogl (1978),
Ajlmal et al* (1979), Partap ©fc al* (1979), iHangovan et al*
(1980), Murthy and Bavaji (1980), Arumugam and ttuthukrishnan
(1981) and Balachandran (1984)*

, Positive and significant association of yield 
with number of branches per plant and number of leaves 
per plant was exhibited by parents and while in F,s
there was non-significant association of yield with number 
of branches per plant (negative) and number of leaves per 
plant (positive)* Such a positive and significant associa­
tion of yield with number of branches and number of leaves 
per plant ivaa reported by Singh et al, (1974) • Branches per 
plant was found to be an important yield contributing 
character in the studies conducted by Roy and Chhonkar (1976), 
Singh and Singh (1978, 1979 b), Elangovan et al*(1980) 
while contrary views were requested by Balachandran (1984)•

There was significant negative correlation of yield 
with days to flowering in the three generations* The reports 
by Padda et al*(197Q), Majumdar et §1*(1974), Korla and 
Rastogi (1978), Ajlmal at #1, (1979), tiurthy and Bavaji 
(1980), Aruraugam and Muthukrishnan (1931) and Balachandran 
(1984) are in agreement with this finding* Hence days to

114
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f lower log could bo considered as an important, yield 
determining component for exercising selection in bhindi* 
Korla and Rastogi (1978) suggested that yield could be 
improved by selecting early flowering types producing a 
large number of fruits*

Length and girth of fruits were reported to be 
important, in selection programmes by many workers * In 
the present study# positive and significant association 
of length of fruits with yield was observed only in parents 
and F2s # while in the the association was found to be 
significantly negative* Girth of fruits was not correlated 
with yield in any of the generations*

yield was found to b© negatively and significantly 
correlated with intemodal length in parents while the 
association was positive and significant in the case of 
F1 generation and non-significant in the F2 generation*

Breeding for disease resistance employing wild 
species require information on the association of resistance 
with other economic characters. The progress in breeding may 
be hampered if there i3 association between desirable and 
undesirable traits which is commonly seen in resistance 
breeding programmes involving wild relatives* Based on 
the study of segregating generations of crosses between
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H. escuiantus varieties and u. manihot forms, Aruraugam 
and ttuthukrishnan (1979) reported that there was no 
association of yellow vein mosaic resistance with any 
of the economic characters like plant height, number of 
branches, days to flowering, fruit length and girth, 
number of fruits per plant and number of seeds per fruits 
indicating the scope for effective selection for resistance. 
However, in tho present study it was found that signi­
ficant associations between yellow vein mosaic intensity 
and other characters existed in parents. The correlation 
was positive and significant with number of branches per 
plant, number of flowers per plant, number of fruits 
per plant, weight of fruits per plant, and length of fruits. 
However there was significant negative correlation with 
internodal length and days to flowering, such anomalous 
associations of important yield characters like number of 
branches per plant, number of flowers per plant, number of 
fruits per plant, length of fruits, internodal length and 
days to flowering with disease reaction are the result of 
high incidence of the disease in the highest yielding 
parent, P2 <K.S.17).

. Interrelations between characters given an idea 
about the effect of selection for one character on the 
improvement of the others. The major yield components
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recognised in the present study wore plant height, number 
of flowers per plant, number of fruits per plant and days 
to flowering* It was found that the first three characters 
exhibited significant positive association among themselves 
In the three generations* Hence the selection for any one 
of these characters is sure to bring about an Improvement 
of the other two characters* Height of plant also displayed 
significant positive association with number of leaves 
per plant and intemodai length*

Negative association of days to flowering was found 
to be significant with number of flowers per plant and 
number of fruits per plant apart from yield of fruits per 
plant, in all the generations* Though the association of 
days to flowering with height of plant was negative, it 
was significant only in the case of F^s and F^s* .

4* Hetroglyph analysis

The frequency diagrams (Fig.l and 2) show that 
is getting the highest score of 19 among the parents and the 
hybrids when subjected to the classificatory analysis done 
on the basis of index score method suggested by Anderson 
(1957)* This clearly indicates the superiority of over 
all the other treatmentsc
IX* Segregation of yellow vein mosaic resistance*.

The disease rating scale (Table 3*1) stowed that out 
of the 50 plants inoculated 37 plants came under the highly
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resistant category without showing any symptoms characteri­
stic of the disease while six plants produced mild symptoms 
and were hence# grouped as resistant and moderately resistant 
types. However# from a genetic point of view it can be 
seen that these six plants are susceptible to the disease 
since they developed disease symptoms. Hence the actual 
ratio in the F^ becomes 37 resistant* 13 susceptible plants 
which is a close fit to the expected 3 #1 ratio of resistant 
and susceptible plants. Such a segregation would suggest that 
resistance to yellow vein mosaic is controlled by a single 
dominant gene. This is in agreement with the views of 
Arumugam and Muthukrishnan (1900)# Jambhalo and Nerkar (1981) 
and Unnikrishna Pillai (1984). .

III. Selection of desirable recombinants

The distribution of weight of fruits per plant among 
the populations of parents and hybrids presented in Table 18 
indicates a definite reversal of the plants towards the 
semi-wild parent in this character. Only one plant each in 
the two F2s showed an yield level above 447 g per plant.
All other F2 plants gave fruit yield only upto 265 g per 
plant like the serai-wild parent A. manihot. Those two F^ 
plants one each from the two cross combinations were selected 
on the basis of their superior performance, after confirming 
their resistant nature by grafting trials. Though the scions
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failed to establish in both the cases, the new sprouts 
from the rootstock portion did not show any symptoms 
characteristic of yellow vein mosaic*

Further back, crossing of the selfed progeny of 
these two resistant F2 plants with the cultivar parents 
talcing the latter as male parent is suggested as future 
line of work* .
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The exoerimant on evaluation of the F-, generation 
derived from an interspecific hybridisation programme." 
involving two yellow vein mosaic susceptible cultivars 
of Abelmoschus esculentus viz,, Co«. 1 and K,S,17 and a 
semi-wild species A, manihot resistant to tho disease 
was conducted at the Department of Plant Breeding, College 
of Agriculture, Vellayani during 1984-05,

The cultiv^r parents were crossed with A® manihot 
taking the latter as male parent and F^ seeds were collected 
t'elfed seeds from F^ plants were used to raise the next 
generation. The populations were grown along with the 
parents and F^s in a field trial in Randomised Block 
Design with four replications and evaluated for resistance 
to yellow vein mosaic disease and various other characters 
associated with yield.

The anlysis of variance revealed significant 
difference fox* all the characters among the seven treatments 
The variations for the different traits were studied based 
on the extent of alteration in mean values and amount of 
variability present in the populations.



A decreasing trend in the mean values ox the two 
£* populations was noticed for most of the characters 
studied. A drastic reduction in the germination of both 
f^s was observed both under field and laboratory condi­
tions* This is attributed to the elimination of hybrid 
progenies in the post zygotic stage* There was a pre­
ponderance of low yielding plants with resistance to 
yellow vein mosaic in the « 2 generation* i-Jajority of the 
I?2 progenies were inferior to the cultivar parents in 
most of the economic characters indicating the presence 
of a genetic mechanism leading to a strong reversal to 
the semi-wild parent. A, m'anitot* The inferiority of
generation when compared to the 3?̂  is explained as due
to inbreeding depression.

The parents and hybrids were evaluated for yellow 
vein mosaic resistance# fruit borer Infestation and leaf 
hopper incidence under natural infection conditions.

The highest yielding parent# P2 <K.S.17) showed the 
maximum susceptibility to the yellow vein mosaic disease. 
The semi“Wild parent# P3 (A.manlhot)* the F^s and the ?2
of P4 x P, exhibited freedom from the disease. But in the

1 3 .

F2 of the cross involving the highly susceptible parent P2 
five plants showed severe disease symptoms while all the 
other plants did not show any mosaic symptoms*
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• The serai-wild parents was found to show maximum
resistance to the fruit borer# Tue percentage of infesta­
tion was found to decrease from to P^ generation due to 
the reversion to the semi-wild parent type*

She Incidence of leaf hopper in the plant materials 
under study was found to he under the control of complex 
inheritance mechanisms* Based on the F^ segregation ratios# 
it is inferred that susceptibility to this pest is recessive 
to the resistant/tolerant nature*

Tho variability in both the F,, populations was higher 
when compared to that of the parents and P^s* However# this 
was only a narrow segment of the total diversity of types 
that could have originated from free genetic recombinations* 
Such a restriction to recombinationis believed to be due 
to gametic or zygotic elimination# pleiotropy and linkage*

The Fg generation exhibited various degree of 
sterility Including the presence of completely sterile 
plants* The exact cause of this reduction in fertility can 
be understood only through cytogenetical studies which have 
not been attempted here*

The appearance of positive transgressors was observed 
in both populations for number of branches per plant# 
number of leaves per plant# internodal length and days to
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flowering* Positive transgression for number of flowers 
per plant was exhibited by one plant. in the J?2 p2 x P3 
(38 flowers per plant) while one F2 plant of the cross 

x P^ gave higher weight of fruits par plant (745 g) 
than either of its parents. The proportion of negative 
Variants for height of plant# number of leaves per plant# 
intemodai length# number of flowers per plant# number of 
fruits per plant# weight of fruits per plant and length of 
fruits was considerable in the F2 populations.

The genetic parameters like genotypic coefficient 
of variation# herltability and expected genetic advance were 
estimated for olevent characters. Among the characters 
studied# weight of fruits per plant# number of fruits per 
plant# number of leaves per plant and height of plant 
displayed high phenotypic and genotypic coefficients of 
variation indicating the scope for selection, '/allow vein 
mosaic intensity recorded the lowest phenotypic and geno­
typic coefficients of variation suggesting little scope for 
improvement of this trait through selection. The contrary 
results obtained for many other workers may be because of 
the different populations involved in the studies*

Herltability values were moderately high for all 
the characters indicating the low influence of environment 
and the scope for direct selection of these characters 
based on phenotypic performance.
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Weight of fruits per plant# height of plant# days 
to flowering and number of leaves per plant recorded high 
heritability and genetic advance estimates indicating that 
these characters are under the control of additive genes* 
Tho involvement of non-additive gene effects was observed 
for number of branches per plant# internodal length# 
number of flowers per plant# number of fruits per plant# 
length and girth of fruits and yellow vein mosaic intensity*

Correlation studios showed that number of fruits 
per plant# number of flowers per plant# height of plant 
and Qarllness In flowering were the major yield contri­
buting characters In all tho three generations studied# 
namely parents# P^s and • Positive and significant 
association of important yield characters like number of 
branches per plant# number of flowers per plant# number of 
fruits per plant# weight of fruits per plant and length 
of fruits with yellow vein mosaic intensity was observed 
in the parents* This anomalous result is supposod to be 
due to the high incidence of disease in the highest yield­
ing parent# P2 (K*S*17)*

Prom the P2 generation, two i?2 plants, one each 
from tho tvjo cross combinations were selected based on their 
superior performance* The resistance of these plants to
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yallow vein mosaic was confirmed by graft inoculation* 
Further back crossing of the selfed progeny of these 
resistant Eg plants with the cultivar parents is suggested 
as future line of work.

The inheritance of yellow vein mosaic resistance 
was studied by screening the Fj of ?2 x P3 under artifi­
cial inoculation by grafting. Th© segregation of the 
plants into a 3*1 ratio of resistant! susceptible plants 
indicate the involvement of a single dominant gene in 
governing resistance to tho disease.
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Appendix X — Abstract of analysis of variance table

Mean squares
Source df Height of 

plant
Number of Number of Inter-* 
branches leaves per nodal 
per plant plant lengh

Days to 
flowering

Number of 
flowers 
per plant

Replication
Treatment

3
6

6131*5667**
38878*0809

44.3750
21.1286

6931.5655
7264.8536

6.3746**
63*5698

67.1161**
4551.0228

570.3560**
1154.5738

Plot Error 18 2342*3111 2.1556 588.0266 3.1781 48.3430 69.3421
Sampling Error 

Total
252
279

478.9278 1.9353 196.4091 1.6828 35.9253 24.2147

Mean squares
Source df Number of fruits 

per plant Weight of 
fruits per 
plant

Length of 
fruits

Girth of 
fruits

Yellow vein
mosaic
intensity

Replication
Treatment

3
6

438*1429
ftft

988.0893
164792.9460

ftft
425458.3330

13.0625
**470.8544

3.8306
**

12.3560
1.8417

ft-ft
31.8593

Plot Error 18 65.1067 24042.1825 ' 4.2024 1.4093 1.1694
Sampling Error 252 15.2548 5863.0853 1.5454 0.2637 0.35198

** Significant at 1 per cent level of probability*



Appendix—II. Abstract of analysis of variance for germination and 
pest scoring

Sourco d£

Mean squares

Percentage of 
germination in 

field
fruit borer 
incidence

Leaf hopper incidence

Population
count

Hopper burn 
percentage

Replication 3 9.4734 47.6754 0.3176 23.4953
** ** *-*

Treatment 6 970.3226 413.4677 5.7886 103.0140

Error 18 3.7855 21.7319 0.2023 9.8598

Total 27

** significant at 1 per cent level of probability
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abstract

a  s t u d y  w as c o n d u c t e d  a t  t h a  C o l l a g e  o f  A g r i c u l t u r e *  

V e l l a y a n i  d u r in g  1 9 8 4 - * 3 5  a im e d  a t  e v a l u a t i n g  t h e  F g  9®n * r * "  

t l o n  o f  I n t e r s p e c i f i c  h y b r id s  b e tw e e n  tw o  y e l lo w  v e i n  m o s a ic  

s u s c e p t i b l e  c u l t l v a r s  o f  A b eirao ech u a  e s c u l e n t u s  an d  t h a  r e s i s ­

t a n t  s e r a i - w i ld  s p e c i e s *  A* m a n !h o t  f o r  y e l lo i / ^ v e in  m o s a ic  

r e s i s t a n c e  an d  y i e l d  an d  s e l e c t i n g  d e s i r a b l e  Fg  r e c o m b in a n t s *  

S t u d y  o £  t h e  g e n e t i c  n a t u r e  o f  y e l lo w  v e i n  m o s a ic  r e s i s t a n c e  

o b s e r v e d  i n  A« m a n ih o t  w as a n o t h e r  o b j e c t i v e *  T h e  e s t i m a t io n  

o f  g e n e t i c  p a r a m e t e r s  o f  im p o r t a n t  e c o n o m ic  c h a r a c t e r s  and  

t h e  a s s o c i a t i o n  among t h e s e  c h a r a c t e r s  w a r e ' a l s o  s t u d ie d *

T h e  F g  p o p u la t io n s  a lo n g  w i t h  t h e  p a r e n t s  v  

w e re  e v a lu a t e d  i n  a n  RBD w i t h  f o u r  r e p l i c a t i o n s *  A  p r e p o n d e r a n c e  

o f  lo w  y i e l d i n g  y e l lo w  v e i n  m o s a ic  r e s i s t a n t  p l a n t s  s i m i l a r  

t o  t h e  s e r a i - w i ld  p a r e n t  w as o b s e r v e d  among th e  Fg  p o p u la t io n s *  

s u g g e s t in g  t h e  p r e s e n c e  o f  p o w e r f u l  g e n e t i c  m e ch a n ism s w h ic h  

r e s t r i c t  f r e e  r e c o m b in a t io n s « V a r y in g  d e g r e e s  o f  s t e r i l i t y  

w e re  e x h i b i t e d  b y  t h e  Fg  p r o g e n ie s *  B o t h  p o s i t i v e  an d  n e g a t iv e  

v a r i a n t s  ( t r a n s g r e s s o r s )  f o r  t h e  d i f f e r e n t  c h a r a c t e r s  w e re  s e e n  

i n  t h e  Fg  g e n e r a t io n *  B a s e d  o n  t h e  s u p e r i o r i t y  i n  p e r fo rm a n c e *  

tw o F g  p l a n t s *  o n e  e a c h  f ro m  t h e  tw o  c r o s s  c o m b in a t io n s  w e re  

s e l e c t e d  a n d  t h e i r  r e s i s t a n c e  w as c o n f ir m e d  b y  g r a f t  i n o c u l a t i o n *  

T h e  s a l f e d  s e e d s  o f  t h e s e  p l a n t s  w e re  c o l l e c t e d  s o  t h a t  t h e y  

c a n  b e  u s e d  f o r  f u r t h e r  b a c k  c r o s s i n g  p ro g ram m es w i t h  t h e  

c u l t l v a r  p a r e n t s *



High phenotypic end genotypic coefficients of variation 
were exhibited by weight of fruits per plant, nuntoer of fruits 
per plant, number of flowers per plant, number of leave* per 
plant and height of plant, indicating scope for selection.
Yellow vein mosaic intensity registered the lowest phenotypic 
and genotypic coefficients of variation suggesting little scope 
for improvement of this character through selection* Hoderately 
high heritability values were recorded by all the characters. 
Weight of fruits per plant, height of plant, days to flowering 
and number of leaves per plant were found to be under additive 
gene action as they recorded high heritability values together 
with high genetic advance whereas all the other characters like 
number of branches per plant, internodal length, number of 
flowers per plant, number of fruits per plant, length and girth 
of fruits and yellow vein mosaic intensity showed non-additive 
gene action.

Correlation studies revealed that number of fruits per 
plant, number of f lowers per plant, height of plant and ear lines* 
in flowering could be considered as the major characters con­
tributing to yield in the different generations studied.
Anomalous associations of important yield character* with yellow 
vein mosaic intensity was observed in the parental generation.

Artificial inoculation of the 5^ K,S, 17 x manihot 
by grafting revealed the single gene dominance of resistance 
over susceptibility as one fourth of the i?2 plants succumbed to 
the yellow vein mosaic diseaoe.




