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INTROLUCTION

Bhindl (Abelmoschus ssculentus (Le) Mosnch) is
one of the most important vegetable crops grown in tropilcal
condltions. It is extensively grown all over India due to
itswide range of adaptability and ease of cultivation.
However, the wideapread incidence of a destructive virus
disesse, the yollow vain mosale, in this crop has very

much affected its successful cultivation.

Yellow vein mosaic is the most serious disease oOf
bhindi which can lead to heavy yield loss. Being a virus
disease transmitted by the whitefly (Bemisia tgbaci Genn.)
a possible method of control is the use Of insecticides
to kill the vector. Howevsr, sincg the bpipdi fruitﬁ
are continuously harvested every second or thirxrd day
from the time the first pods axe formed, gpplication of
insecticides has to be restricted. The problem of pesticide
residue is acute, in view of indiscriminate use of the
pesticides and their asdulterations Also, there is practi-
cally no insecticide that wiil kill whitailies rapidly
enocugh to prevent inoculation of the virus (Coata, 1976)s
Hence the developmant of varisties resistant to this
disease assumes grest importence. The f£irst tolesrant
variety roleased, Pusa Sawanl, has not sustained its
tolerance and a new stable reaistant variety is an imninent

necesplitys



Adeguate levels of resistance to the yellow vein
mosaic virus have not so £ar been located in the cultivated
species. But several related species of bhindi like A.
tubexgulatus, A. manihot vare pungens, 4. grinitus etc.
were found to show high degrea of resistance (Nariani
and seth, 1958). However, they could not be made use of
in resistance breeding with A. esculentus owing to scexrility

barriers.

Thare are many reports in recgent literature on
the resistance of the semi~wild species.'ﬁ. manihok to
yellow vein mosaic disease and the transference of this
character to F, generation. Unnikrishna Pillai (1584)
have reported that the Fl hybrids of the crosses baetween
Ae manihot and four susceptible cultivars of A. @sculentus
were completely resistant to yellow vein mosaic disease,
while all the parents exgapt Ae. manihot ware susceptible to
the disease at varying levels under natural infection
condition am well as artificial grafting trials. However,
none of these hybrids outylelded the highest ylelding
parent varlety. Hence it was suggested that further improve-
ment of these resisgtant hybrids could be brought about by
selection for betcer recombinants with resistance to
- yellow veln mosaic and higher yield among the segregating
generationse. The present investigatlon was taken up with

the objective of avaluating the F, populations derived



from interspecific crosses involving A.maninot (L) Medik,
resistant to yellow veln mosalc and two susceptible ‘
cultivars namely, Co.l ang Kilichundan Selaction 17 and

selecting desirable F, recombinants. If soms usaful

2
recombinants with resistance and yield combined, are
obtained they can be carriad’fhrough further segregating
generations to evolve a resistant variety. The study

also aims at the genetic analysis of the F, populations

of crasses involving this Semi-~wild species and susceptible
cultivars, so that it may raveal the geneatic nature of
yallow vein mosalc resistance observad in the semi-wilad
speclas, 4. menihots Tho methods used for this study

and the results obtalned are presented and discussed in

the following chapterse.
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REVIE® OF LITERATURE

1. Breeding for resistance to yellow vein mosalc of bhindi

1. History and nature of the disease

Yollow vein mosalc was f£irst reported by Kulkarni
in 1924 from the Bombay regione Later, the wviral nature
of the disease was established by Uppal gt ale. in 1940 and
gave it its present nameé = yellow vein mosalce. The sympto-
matology and hoat range were described by Capoor and Varma
(1950) . Transmission of the virus by the whitefly,

Bemisia tabacl Genn. was also established by these workers.

The virus is neilthar 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 whitefly could
transmit the virus, the transmission was mors when large
number of insects were employed. Abllity and efficlcncy of
the whiteflles to acqguire and transmit the virus was found
£0 incrzase when the vectors were pre=fasted for one hour
befors acquisition feedinge. The incubation period of the
virus was creported to ba 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.



2. Effect of the viral lnfection on growth and yield of
bhindi
The disease occurs all over the plains and also in
the lower hills of Indiae It is more prevalent during the
rainy season and in years of heavy infection, the crop

f£alls badly (singh et al., 1962).

The virus can infect at all stages of growth Of the
crops The loss in yield depends on the stage of growth of
crop at which infection occurs (Sastry and Singhﬂ 1974) .
They have reported a loass of 93.8 per cent in yield when
the infection occurrad 35 days after germinatione Chelligh
and turugesan (1975) also reported that infection by the
virus in 30 days old crop resulted in 88 per cent loss in
yield. In an investigaticn by Sinha and Chakrabarti (1978)
it was seen that the disease had an adverse sffect on plant
height, number of branches, number and size of fruits and

seed yleld.

3. Sourcesof resistance

An essential pre-requisite for breeding for disease
resistance is the avallability of a sultable source of
resistanca. Attempts to locate resistance sources to yellow
-vein mosaic were made after the viral naturs of the disease
was established by Uppal gt gle(1940)« The variability in

genus abelmoschus in respect of mosaic resistance has been



studied extensively at the Indian #gricultural Research
Institute, New Delhl in 1948. None of the cultivars of
abelmoschus eaculentus showed true resistance to the
disaase. One variety from viest Bengal accessloned as IC 1542,
which consistently showed freaedom £rom thg dlsease undaer
field condlitions, was found to be a symptomlaess 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 (Nariani and Seth, 1953). Varma and sukherjea (1955)
scraened 43 variecles of bhindl in vwest Bengal and reported

that pink types gppeared to be resistant.

Different spocies of abelmoschus and Hibiscus woare
screenad for their reaction to 'ycllow veln mosale virus
by graft inoculation as wéll as by feeding viruliferous/
whiteflies (Nariani and Sath, 1958). Results of the 1nocula~.
tion showed that A. menihot vare. pungens, Ae. grinitus, He.
vitifolius and H. ganéqrgeformis could not be infected
by either method and this indicated that they were immune
to infection. fHowever, the other species of Abelmoschus
and Hibiscus which were infected with the virus showed
great variaticon in symptoms f£rom the typlcal mosaic to
mild £orms. Some species like A. tuberculgtus, A. manihot,
Ae ulosus, HeCznnabinus and Hessbdarlffa carry the virus



without showing symptoms such as veinal chlorosis,
although numerous vain swellings on the undersurface of
leaves are noticeds As asculentus, A. moschatus and

Ae ficulneus showed vein clearing and veinal mosaic.

Prampnath (1970) reported that resistance to the
yallow vein mosalc virus w@ noticed among 267 indigenous
collections of He gsculentus and the lines IHR-20-) and
IHR=15~1 showed high resistance. Three lines of A. esculentus
and f£ive wild species of Hibiscus ware found to show
field resistance to yellow vein mosaic under conditions of
heavy natural infection in a screening trial conducted
by Sandhu st gle (1974)+ They have also reported that an
accession of okra received from Ghana ( identified as A.
ggn:l.hqt (Ls) Medicus Sspe magnihot) has shown considerable

amount of resistance to yellow veln mosalc.

Two forms Oof A. manihot introduced from Africa
and Japen proved to be highly resistant to the yellow vein
mosalc as reported by Arumugam @t gl. (1975). Howsver, the
African accession was found to be & symptomlass carrier as
revealed by further studies. Singh at al.(1975) identified
an accassion from Chana as baing immne to yellow vein

mosaic, f£rom a:ﬁcng 8 number Of cultivars from West Africa.

L g



Singh and Thakur (1579) conclusively provad that
Ae manlhot Sspe monihot 1s a symptomless carrier of yellow

vein mosale virus based on graft lnoculation studles.

FPorty six strains of A. esculentus were assessed
for yield and virus infection under uncprayed field condie
tions by Chauhan gt al. (1981). They found no strains show-
ing resistance and the supposedly resistant “"Pusa Sawani®

head 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
ide esculentus mosalc viruses A high dagree of the symptom=
leso carrisr type of reslstance was ldentiiled 1n the A.
esculentus vare IEC 31830 (= Asuntemicolo) £rom Ghana

(Sharman and Sharma, 1984).

Chelliah and Srinivasan (1983) reported that
resistance to yellow veln mosalc virus transmitted by

Bemisla tabaci was found in A. manihot and A. manihot Sspe
tetrgghg lluz,

The preliminary evaluation of Enindi types under the
research project on "ialatenance and evaluation of gernm-
plasm of crop plants® in the Department of Plant Sreeding,

College of Agriculture, Vellayani have rovealed that a semi-



wild speciaes, A. mgnihot is completely resistant to
yellow vein mosalc disease while twenty other cultures
in the germplasm were severcly affected by the disease
(anon., 1983),

4. Gensties of presistance

The genetic basin of resistance to yesllow vain
mosalc was studied by many workers. Inheritance studles
by Singh et gl.(1962) in crosses between the Abelmoschug
gsgulentus astocks, IC 1562, as the resistant parent and
Pusa Makhmall, S5=21 and S-72 as susceptible parents suggese
ted that two locl are involved in controlling resistance,
the presence of dominant alleles at both loci being ncce=-
ssary to cause susceptiblility to the dizease. The field
resistant varlety IC 1542 was assigned the genotype ¥y

yv, yv, yv, and the suscaptible parents Yvi Xy, ¥, Yvye

Thakur (1976) reported that resistance was condi=--
tioned by complementacy dominant genes, after studying a
cross hetweon A. gsculentus varlety Pusa Sawéni and Ae
manihot Sspe manihot. According to him, A. gsculentus
1s having the genotype ¥V, / yv, ¥V, / ¥v, end A. mgnibot
v, [/ ¥v, Y,/ /tv,.

Fl- 33 segraegation data from crosses involving 2

resiotant wild forms of Ae. mgnibot and susceptible varietias
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of Ae gsculentus revea-led that resistance was conditioned
by a single dominant gene designated as °®¥! (Arumugam and
fmthukrishnan, 1980). Similarly, Jambhale and Nerkar (1981)
reported the involvement of é single dominant gene in
conferring résistanca to the virus in A« mgnihot and A.
manihot Sspe manihot. Unnikrishna Pillal (1984) also
suggested that resistance to yellow vein mosalc 1s controe

lled by dominant nuclear gens(s).

Sharma and Dhillon (1983) studicd the genetics of
resistance to yellow vein mosalc in crosses between a
resistant cultivated form of A« manihot Sip; manihot from
Ghana and two susceptible cultivars of a4« esculentus. |
They hypothesized that resistance is controlled by two
complementary dominant genes with additive efiects. Sharman
and sharma (1984) based on limited inheritance studies have
suggested that tolerance to the virus is coatrolled by two
dominant complementary genes or is under polygenic control.

S5« Bploitation of resistance within the spacies
As g8sculentus
The earlier attempts in Indig to breed a fiela
tolerant variety led to ths evolution of Pusa Sawand
(5ingh et al., 1962). It was developed at IARLI from a

cross batwaeen IC 1542, a iwest Bengal stock with syinptomless



carrier type oOf resistance and Pusa Makhmali, an otherwise
superior but susceptible commercial variety of bhindd.
Hoyever, this widely cultivated variety, which had been
reported to be a symptomless carrier of the virus (Singh
et als, 1962) has lost this reaction due to various genetic

and agroclimatic factors (Singh and Thakur, 1979).

It was reported from SrilLanka that L=63 derived
from o backcrossing programme involving the moseic virus
tolerant straln VT (= Jaffna Local, a strailn of the Indian
Introduction Pusa Sawanl) and #H10, a high yilelding strain,
although giving lower yilelds than two standard varieties
M15 and M17, was more resistant than these varieties and

had fruits of better quality (Regunathan, 1983).
6. Interspecific trahsfer of resistance

Wnen resistance to yellow vein mosalc was located
in wild species of Abelmoschus, attempts were made to
incorporate the resistant genes f£rom these wild specles
to the cultivated spaecies. Interspecific hybridisation,
aimed at understanding the evolutionary stages in the
-origin of cultivated bhindi, has been carried out in the
genus Abelmoschus £or the last half a centurye. The
reports of the earlier works include the success of a

cross between H. gsculentus end He manlhot by Teshima (1933),



Chizeki (1934), Skovsted (1935), Ustinova (1937, 1949)
and Singh at al. (1938) as reviewed by Dhillon and
sharma (1982), Howevar during the racent past, crosses
have been attempted amongst the different species of
okra mainly for transferring genes for resistance to
pests and diseasss f£rom sultable sources to the cultivated
spaciess

Attempts ware madolat IARI to trensfer the trus
résistance of A. manihot var. pungens and “3ymptomlesa®
type resistance of Aes tuberculastus. These speclies were
crossed with Pusa takhmall, a varlety of Ae. gsculentuge.
In tha case of crosses with A. tubgsrculgtus, the ¥, hybrids
ware completely sterile and no viable seeds were obtalned
even from backcrosses (Pal et zl., 1952). The chromosomas

of the F, hybrid were doubled by colchicine treatment but

1
the amphidiploid ( 2n = 188) although seed fertile was
not £res from yellow vein mozalec (Singh et gl., 1962).
Similarly, the true resistance discovered in A. pungens
could not ba made use of owing to the high sterility of

the hybrids ( 2n = 134) with 4. gsculentus.

Joshi and Hardas (1956) made cytogenetic investi=-
gations in A. gsculentus x A« tuberculatus hybrids, baged
on which they established that As gscgulentus has an allo-

plold origin with 2 genomes, one genome being contributed
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by As tubegculgtus;

Kuwada (1961) reported that the hybrid between
Ae @gculentus and He maninot was partially steﬁile.
Ovule and embryo culture technigues were employed to
ralse viable hybrids in crosses involving A. @sculentus
and two relgted species vize, Zs Moschatus and A« ficulpeus
(Gadwal gt ale 1968)« Kuwada (1974) reported that the
hybridisation between A. Lubsrgulatus oand Ae. manihot
was succesaful only when 3. fuberculatus was the female

parent but the hyb:id'was completely sterileo.

8ingh st al. (1975) reported that the hybrids of am
accession from Ghana, which was identified as being immune
to yallow vein mosalc, with Indian okra were only partially
fertile while those between the Chanalan accession and Ae

tetraphyllus wers completely sterile.

interspecific hybrids of He gsculentus and H.
ficulneus studlied by Hossain and Chattopadhyay (1976)
werc rosistant to yellow vein wosaics But they were self
aterile and produced many £rulis without seeds or with
only rudimentary soeds and resembled their wild parent in
several morphsologlcal charactarse

Nair and Kuriachan (1976) séported a spontanecus
hybrid betwecn Ae tubsrculatus and A. esculentus which
was highly pollen sterile and totally seed sterile in
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- which selfing, open-pollination and backcrossing produced
only fruits with empty sseds,

Morphological characters of the hybrid between
He @sculentus and ;_l_; tetraphyllus wera intermedlate
betwsen those of the parents and it was rosistant to virus
and wilt dizeases (Ugale et 31¢1976). They ‘ﬁaw suggested
that the :Eemi;ors governing the resistance to vicus and
wilt diseases in genome B of He fotraphyllus could be
incorporated into the éultivd:sd Hs @sculentus by backcross-
ing.

Arumugam and Muthukrishhan (19738s) reported that
ail .!5‘15 from four crosses involving two wild forms of
Ae. mgnihot and two susceptible cultivars of A« gsculentus '
namely, Pusa Sawand and Co.l were resistant to the virus.
They have noted remarkable recovery of the cultivar build
in the rewrfbinant;s obtained f£rom 5’2 e;nd 5’3 segregation

generations,

Mamidwar et ale {1979) have studled crosses betwsen
Aes eaculontus and wild forms of A. mgnihot and Ae. _t_of_ggghxlluﬂ
and found that fruit set was highest when A. esculentus
was the femals parent. Ths hybrids produced ocedless fruits
or frults with shrivellad seeds.

Meshram and Dhapake (1981) reported that tha hybrid
botween A. ssculontus and Ae Lotraphyllus was spreading in



-
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habit and dwarf in stature. Tho hybrid was highly male

stariles

Dhillon and Sharma (1982) reported successful
inteorspecific crosses bstwaen two cultivars of Ae. asculentus,
susceptible 0 yellow valn mosaic virus and cne rassistant
cultivar of A. mgnihot. The hybrids showed resistance to

the virus,

Interspecific hybrids between an unnamed vest African

species of aAbsglmoschus (Hibiscus) and A. (He) esculentus

were studied by Martin (1982). The hybrids were comparatively
sterile but a few produced germinable secds. Backcrosses

were more f£ertile with almost complete £ertility in the

que It is suggested that transfer ¢f genes from the new

speclies €0 commwon okra is possible.

Transfer of resistance £rom He manihot to Ae g@sgulentus

vars Pusa Sawanl was effacted by Jambhale and Nerkar in

1983« The hybrids from crosses between the resistant wild
species with A. gsculentus wvare. Pusa Sawani, though resis=
tant, wera éartially sterile. Resistant segregates f£rom the

Fs generation could not be carried further due to complete
seed sterility. However, the backcross of Fl hybrid to Pusa
Sawani was successfule. Some plants resistant to yellow vein

mosaic virus were obtained from the backecross generations,
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which had about 58 to 88 per cent seed fertility

(Jambhaie and Nerkar, 1983).

Unnikrishna Pillal (1984) obtained hybrids with
complete resistance to yellow vein mosaic by crossing As
manihot with four susceptible cultivars of A. gsculentus
vizs, AE-87 Pusa Sawani, (0.1 and Kilichundan Selection 17.
But none 6f them outyielded the highest ylelding parent
varlety (KeS.17)e For further improvement of the resistant
hybrids, selection for better recombinants with reslstancs
to yellow vein mosaic disease and higher yield among the
segregation populations in the backeross or-selilng series

was suggasted.

Varying degrees of sterility was observed by many

workers in the difierent interspecific hybrids cof asbelmoachus.

In soma cases, fertile amphidiploids were developed by
doubling the chromosomes of the sterile hybrids. an

amphidiploid plant named Abelmoschus tubercular esculentus

(2n = 182) was bred by Kuwada (1966) from a cross between

Ae tuberculgtus (2n = 58) and A. gsculentus (2n = 114).

A spontaneous amphldiploid of Ae. ezculentus and
Ae tetraphvllus was reported by Jambhale and Nerkar (1981).
They suggested that the amphlidiplodd evolved by the fusion

of unreduced gamates in the Fl;
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Two very distinct types, provisionally called
Soudanien and Guinéeen, were distinguished among 314
cultivated okras from Ivory coast on the kasis of morpho-
logy, chromoscome number and interspecifiic crossing
behaviour (Siemonsma, 1982)., Soudanien gorresponded 4o
botanical descriptions and previously reported chromo-
somg numbers of A. gsculentus. Guineen type is thought
to be a natural amphidiploid of Ae esculentuz (2n = 130=140)
and Ae(de) manihot (2n = 60=68) with 185-155 chronosomes.
Soudenien end Guineen linss crossed readily and the

progeny were intermediate in appoaranca.

An amphidiploid was produced from thae F, of the
cross As esculentus (2n = 130) x Ae. manihot (2n = 194)
by colchicine treatment by Jambhale and Herkar (1982 a,b)e
The amphldiploid differed £rom the F, in scveral chara-
cteristics. Seed fortility of the amphidiploid was 8841

per cent while that of the F, wes 7.1 per cent. Field

1
screening under artificial epiphytotics of yellow vain
mosalc and graft inoculation studies indlcatad that tha
amphidiploid was resistant to yellow vein mosaic (symptome

lass carrier) like Fl and the wild parent,
7. Machanism Of resistance

Remiah (1970) and Potty and Wilson (1973) working
on the physiology of yellow vein mosalc disease of okra
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reporited a higher total nitrogen and protein nitrogen

in the leaves of susceptible cultivars after infaction.
studies by arumugam and Muthukrishnan (1978c) also showed
that A. manihot and its hybrids with A. esculgntus
cultivars which wera resistant, had lower contents of
total nitrogen, %otal crude protein, protein nltrogen,
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

1
(Arumugem zsnd Muthukrishnan, 1978 d), Vidhyasekharan (1971)
opined that increase in the sugar content of the leaves
might cause accumulation of phenolics toxic to the patho-
gens., Arumugam and Muthulkrishnan (1977) reported higher
total phenolics in A. manihot resistant to yellow vein
mogalc disease while Ramiah (1970) recorded higher phenolic

compounds in the healthy plants of bhindi.

Arumugam and uthukrishnan (1978b) found that the
total amino acid content was relatively higher in the
ragsistant parents than the susceptible cultivers while the
F1 progenies were inconsistent in this respéct. Aspartic
acid and glutamnic acid were higher in the resistant wild

parents and the F, progenies comparad to the susceptible
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cultivar parents, the increase being two folds. They
hava opined that the unidentified awmdno acidg present
in the resistant wild parents and inherited by the El
progenies might play a greater role in conferring resistance

to yellow veln mosaic disease of bhindi.

II. Breading for resistance to important pests of Bhindi

le Shoot and frult borer (Zarias yvitells Fabricius)

The shoot and f£ruit borer is one of the most
gerlous pests of bhindi which causes considerasble damage
to tender shooits, buds and fruits. The extent of damage
has been reported to vary from 3.5 to 90 per cent (Kashyap
and Verma, 1983). In recent years, attempts are being
made to cvolve insect resistant varieties. Shehata (1966)
tested £our varleties of okra against cotton boll worm
and sreported that none of the varieties was resistant to
this pest but infestation was hgavier on late flowerinyg
varieties., Dahatonde (1970) and Patil (1975) have screenad
24 varietiés of okra agalnst this pest and.concluded
that the variety with more hair density on £rults showed
more f£ruit infestation. However, screening trials of
okra varieties under thne all Indié Co-ordinateq Vegetable
improvement Project at Rahuri revealed that thére was no
shocot borer infgstation on a wild species, A. manihot

(anon, 1977).
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Teli and Dalaya (1981) screened fourteen varieties
of okra for resistance to shoot and frult borer. Hore
numdar of vggs were leid on fruits having maximum hair
density and vice versas The hard=skinned, tough and
sparsaly halred varlietles showed more resistance tb the
larval ontry which was easier in softe~skinned, gmooth~

surfacaed and dense-haired varieties.

-Howevar. Mote (1982) found that varieties like
AE=T79, Aag~72, AE-57, AE-3 and Wonderful Pink, all with
dense and long hairs. had the best resiotance with the _
least number of cggs lald and leest entry of larvae into
fruits, as well as the lowest fruit infestation im the

field.

Relative suscaptibility of seventy two okra geno=
types to shoot and £ruit borer was studied by Kashyap
and Verma (1933). It was found that frult infestation was
less than 10 per cent (on weight basis) in soms varieties
compared to more than 50 per cent in some others. ﬁishore
gt al.(1983) also observed significant Aifference of infesta-

tion ameng 44 Fe lines of A. gsculentus in the field.

-Chelliah and Srinivasan (1983) reported that five
varisties of Ao esculentus and the wild cpecles A. ntanihot
proved to be resistent to Barias species,



2« Loaf hopper (amrascg biguttula biguttulg (Ishida) )

Bhindl 1z ravaged by many insects of which the leaf
hopper is one ©f the most serious. The extent of damage
varies a great deal éith weather conditions and populations
of pest and .alternate hosts available. Accoxding to Rawat
and Sahu (1973), the extent of leaf hopper danage to number
and weight of fruitslwould approach 54 per cente.

Sereening trials by Toli and Dalaya (19€1) showed that
loaf hopper population dacreased with an increase in hair
density and such varietles wore lass preferred for oviposi-
tiones Soms vacietlies like 88l-22 showed more hopper infesta-
tion, but tolerated highor population as they exhibited less

hopper burn (chlorotic) symptoms.

Chellish and Srinivasan (1983) found that As esculentus
cu;tivazs. AE=22 and AZ~-104 were resilstant. to leaf hopper
and had a higher density of lonyg halrs on the leaf mid rib
and laming than the susceptible varieties,.

Genetics ©f tolerance o the leaf hopper was studied
by Mahal and singh (1982) in crosses involving the resistant
He asculentus varieties New sslection, IC 7194 snd sel 2-2
and susceptible Pusa Sawani.Segregatiocn studies indicated
that tolerance is governed by a single dominant gene in New

Selection and IC 7i9¢. Tolerancs was lacking in sel 2-2.



Gaznatic analysis of data f£from crosses betwean five
resistant lnbred lines and two susceptible linss of A.
eaculentus indicated that resistance involved dominant

genes (Sharma and Gi1l, 198¢).

Uthamasany and Subramoniam (1985) suggested that a
single gene governs the resistance, as the F, plants

segregated in a 31 1 (Suseeptible: Reslstant) pﬁtterno

ill. CGenetic varlability and correlation studies in bhindi

1. Phenotypic and genotypic variability, heritebility
and gonetic advance for yield and its components,

Trivedi end Prakash (1969) observed greater variabie-
lity and horitability values in the yield contributing frult

characters, length and thickness of pods.

High estimates of phenctypic and genotypic variancas
were observed for yellow vein mosaic infection, yiela per
plent and plant height by Padde et gl. (1970). High geno-
typic coefficient of variation in case of seeds per pod,
vield per plant and aosalc infection indicated high degree
of genetic variabllity in these charactars. Haritebility
values were -high for mosaic infection, plant height, days
to flower snd yield per plante. '
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Rao (1972) reported that plant height and number
of days to flowering showed high genetic coefficient of
variation cpupled-with high estimates of heritebility and
genetic advancm=. Length of frult offered less scope for
selcetion as it was greatly influenced by environment.
lgah and Graham (1973) found the highest heritability
value of asmuch as 84 per cent for fruit length and

lovest value of 48 per cent for weight of fruits.

Fruit diamater followed by sugar content, number
of flowers, fruit yield and number of fruits per plant
exhibited high values phenotypic coefficicnt of variation
ag reported by Singh et zl.(1974). The genotypic coeffici-
ent of varlation was high for fruit diameter and yield.
High values of heritability and genetic advance were
recorded for fruit diameter and fruilt length, while the
number of fruits per branch, number of fruits per plant,
welight of fruit and stem dlameter showed low values of

genetic advance,

Genetic studies in bhindi by Lal et gl.(1977)
showed high phenotyplic and genotyplc variability and herita-
bility estimates for all characters studied except for
yield per plante. Days to flowering, internodal length,
frult length and fruit thickness had the highest estimates
of heritability. The low heritability values for yield
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per plant indicated that yleld in this material is largely
influenced by environmental factors. High estimates of
genstic sdvance were noted for interncdal length, number
of brenches per plant and number of f£rults per plant and
the lowest estimates of genetic advance was exhibited by

fruit thickness and yleld per plant.

Estimates of heritability and expected genetic
advance were highest f£or nuwnmber of fruits per plant as
reportec by Rep and Kulkerni (1977). In a study with twenty
varieties of bhindld, Rao gt gl (1977) cbservad good amount
of genatic variability in the population for all the gquanti-
tative characters under studye They obtained high heritae
bility values for days to flowsrling, plant height, nunber
of pods gnd yield per plant. Expected genetlc advance was
moderate for nuaber of pods and yleld per plant, wheraas
it was very low for other characters. Reo and Sathyavathi
(1977) observed high heritability values for number of
days to flowering ané number of pods par plant but it wos
low for height of plant in the on Zxpectad genetic advance
was high for number of pods per plant and helght of plant,
but low for number of days to floweringe

Rao and Kulkarni (1978) found that the contribution
of height to the total variabllity was 57 to 75 per cent
higher than that of days to flowerings Singh and Singh (1978)



reported that broad sense herltability estimates and
expacted genetic advance wore greatest for days to flower-

ing, yield per plant and number of £rults per plant.

Kaul gt al. (1978) obsarved considerable genetic
variation for yellow vain mosalc virus infection, pod
yield per plant and number of pods per plant in the twenty
genotypes of bhindl studied. tdahajan and Sharma (1979}
noticed high heritability estimates for number of f£ruits,
frulit length and fruit dlamstor.

In a study of Mishra and Chhonkar (1979), maximum
genotyplc varlance was shown by yield per plant followed
by yellow vein mosalic infection and plant helght ard
minimum by fruit girthe The genotypic coefficient of
variation ranged from 2.73 for days to flower to 29.00
for yellow veln mosalc infection. Branches per plant,
. yield per plant and pod length indicated higher degrsas
| of genetic varisbility. ngitability estimates and expected
genotic advance were found to be high for number of branches
per plant, pods paf plant, seeds per pod, pod length, plant
height and percentage of plants infected with yellow vein
mosaic virus, indicating scope for improvament of thesa
characters by Selection and breadings Singh and Singh (1979a)
found that days to flowsr, numbar of f£ruits per plant

and frult bearing branches waera found to be important
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contributors t¢ genetic divergence and hence the importance

of these characters in increasing yield is emphasized.

Conslderable amount of variability in case of fruit
length, number of fruits and fruit yield per'plant was
reported by Murthy and Bavaji (1980). Plant height, days
te f£lowering, frult length and yield displayed high herita-
bility, Yield exhibited high estimate of genotic advance

while days to f£lowering had very low genetlc advance.

Partap ot als (1980) reported that high heritability
in the narrow sense was found éor all characters except
yield per plant, number of f£ruits per plant and pianﬁ
height.

Thaker et ale (1991) cobserved 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, frults per plant, fruit weight and yield
per plantes The heritabillity wvalues were moderata forxr plant
height, fruits per plant and fruit length-whereas it was
low for leaf area, fruit welgnht and yield. High genstic
advancs was found for five characters namely, plant heldght,

lcaf area, f£rulits poer plent, fruit weight and yield per

plante ®ince plant height and frults per plant possessed
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high genetic coefficilent of varlation along with high genetic
advance and mederate heritabllity, improvement in these
characters could be brought about by practising phenotypic

salection.

In a study of 56 F, hybrids of A. gsculentus from
crosses involving fourteen lines and four testers, Palani-
valuchamy gg,gi;(1982) found the highest estimate of herita-
bility and genetic advanca for plant helghta Vashistha et gl
(1982) reported high wvalues for herdtability and genatic
advance for frults per plant, plant height and rocot length
indicating scope for improving these characters by selectione.
Yield varliability was dependeat primarily con the above
charéctars. Balachandran (1984} reported that total yleld
and its prime component, numoer of f£rults per plant
displayed maximum phenotypic and environmental coefficient
of varlation. The genotyplc coefficient of variation was
maxkimum for percentage of frult set. DLays O 50 per cent
£lowering, flowering duratibn. number of brancihes per plant
and percentage of frult set displayed relative high
heritability. Plantyield and ite major components, numoer
of fruits per piant ana wWelght ¢o£f single f£rult reglstered

low estimates of heritabllicy and genetic advancee
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2. Corrslation studies on yield and its components

Padda gt ale (1970) found positive correlation of
plant height with mosale infection, yield per plant and
seeds per pode Similarly mosaic infection was positively
corralated with days to flower., Significant correlation co-
afficlents wara observed batween days to f£lowsr and saedé
par pod (positive) and between days to flower and yleld per
plant (negative) onlye. The other correlation coefficlente
were statistically non-significant indicatiﬁg non=usafulness
of selection ¢f one character for the improvemsnt of the

othar,

Majumdar @t al. (1974) weportcd that days to flowering
was negatively correlated with yleld per plant. Intar-ralations
betwoeh yield znd other contributing characteiss like numbar of
£lowers, height, number of branches, leaves pear plant znd
fruits per plant were found to be positive and significent
(singh gt gle, 1974). Variability for yleld was primorily
dependent on welight of £rult, anumber of f£ruits per plant and

nunber of flowers per plante

Rao and Ramu (1975) founa that yield per plant vas
significantly correlated with pod and nods aunber and plant
heights pod number por plant with node number and plant
height) ncde numbar with plant haight; and seed aumber with

pod ridge number par plante From a study of the relationship
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of yleld with different growth characters in okra, Roy
and Chhonkar (1976) concluded that fruit number per plant
and branch per plant were the most important yleld contri-

buting characterse.

Rao et gla.(1977) opined that number of pods per plant
and plant height should be given major ermphasis in bhindi
selectlion programmes to increase yleld. iAccording to
Kawthalkar and Kunte (1978) the height of plant wse more
useful for thae prediiction of yield than the number of

leaves per plant.

Correlation and path coefficient study by Korla and
Raptogl (1978) revealed that yleld was correlated with
number of frults per plant and days to Z£lowering and could
be improved by selecting early flouering types that produce
a large number of fruits. Rao and Kulkarni (1978) observed
a highly significant positive corralation between height
and number of pods per plant. Singh and Singh (1978) reported
that yield was positively correlated with fruits per plant,
pranches per plant, plant helght and f£ruilt lengthe

Ajimal et gl.(1979) reported that frult yleld wes
positively correlated with fruit number and number and
length of nodes. Number of days to first flowering made the
greatest direct contribution to yleld followed by node

numbers. ahajan and Sharma (1979) observed a positive and
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significant association between yield and plant helght,
nurnber of £ruits per plant and fruit length in both parents
and hybrids, 4in a ﬁarent—offspring correlation study. IC
was suggested that number of gruits per plant and fruit
length and diameter should be considered cos selection

criteria.

The maln characters contributing to yield were stsm
diameter, £lower nunber per plant, £ruit number per branch
and plant, fruit length and weight(Partap gt 21+1979)« An
analysis of nine gquantitative characters im thirty A.ssculentus
varieties by Singh and Sinagh (1979b) indicated that fruit
yield was positively‘and significantly correlated with
nunber of fruits per plant, nunber of pranches per plant,
fruit length and plant height, followed by internode length.
frulit number per plant had the greatest direct effect on

frult yield.

Arumugam and Muthukrishnan (1979) studied the
association 0of resistance to yellow veln mosaic with acono-
mic charactexs in okra in the Ea. F4 and backcross genera-
tions -of crosses betwaen the He gsculentus varieties Co.l
and Pusa Sawani and an Afrlcan and g Japanese form of H.
manihots It was found that there was no association betwsen
disease reaction and plant heignht, numoer of branches,

days to flowering, fruit length and girth, nunber of seeds



per fruit and number of fruits par plant, indicating the

scope for effective selection for resistance.

Elangovan et al. (1980) from a study of correlation
analysis in bhindi reported that number of fruits per plant,
£ruit length,fruit width and number of branches could be
consldered as the primary yield determining components for
exarcilsing selection in bhindi. Murthy and Bavajli (1980)
obsarved that fruit numbor per piant and number of days to

flowaring haed the greatest dicsct effect on ylelde

Arumugam and tuthukrishnan (1981) reported that
fruit yield was hilighly correlated with aumber, length and
seed content-of fruit, and to a lower degfee wlth plant

height and days to f£lowering.

Correlation studies by Balachandran (1984) unvelled
that number of fruits per plant, earliness in f£lowering,
flowering duration and length of fruilt were the important
contributing characters of yleld. Number of branchas per

plant was found to contribute negatively to total yield.
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HMATERIALS AND METHOLS

The present study was coanducted at the Department
of Plant Breeding, Collage of Agriculture, Vellayani
during the period from Septembgr 1984 to Novarber 1985.

Ae Materlals

Two yellow wveln mosalc susceptible cultivars of

bhindi (ablemoschus esculentus (L.) roench) vige, Coel and

Kilichundan Selection 17 and Ae. manihot (Le) Hedik, a
sami-wild species resistant to yellow vein mosaic wara
ugsed for the study. Pure seeds of these were collected
£from the germplasm of bhindl maintaincd at the Department

of Plant Breeding, College of Agriculture, Vellayani.

Be Ixperimental HMathods

The following expuriments ware ccndugted for the
studye.
I. Crossing A. manlhot with the two Ae gsculentus culti-

vars without reclprocals to produce two hybrids,

A crossing plot consisting of three rows of seven
plants each of A. manihot, Co.l and Kilichundan telection 17
was ralsed. Since 4., manihot 1s hzving a lenger pre-flovwer-
ing perlod compared to the other two parents, phased plante
ing was adopted for synchronisation of flowaring. The
following cross=-combinations were attempted and F, seeds

1
vere collacted,
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(1) Cosl x As manihot
(11) Kilichunden Selection 17 x A« manihot

No reciprocal difference was reported in thase
crosses (Unnikrishna Pillai, 19284) and hence reciprocal

Arosses wore not made.

Toechnigue of crossing

The technique of crossing suggested by Giriraj and
Rao (1973) was followeds The mature f£lower buds which would
open the next day morning were selected in the previous
evening. A shgllow circular cut was made around the fused
calyx, at about one cm from its bases. The calyx cup along
with corolla were removed as a hood exposing the étigma
and staminal tubes The staminal tube was cut opéﬁ length~
wise without injuring the ovary or style, and removed
carefullye. The calyx cone which was removed earlier was
used for protacting the emasculatad £flowere. A5 an additional

protection, it was covered with a butter paper covar alsce

#Mature flower buds of the pollen parent, A. manihot,
were protected by butter papar covers on the previous day
of blooming. Pollination was done on the next day morning
between 8 geme 0 930 a«me by rubbing the stigma Of the
emasculated flowers with the staminal column taken f£rom the
male parent. The pollinated flowers were again protecced

and labelled.
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The mature dry frults waere collected 30 to 40 days
after pollination and secds were extracted after sundrylag

the £rults for three days.

Ile Raising tho Fl plants and selifing them to produce F2
seaeds, along with a cross:ng plot consisting of the thres

parents to produce fresh I, seads.

1

Thirty ¥, plants from sach of the crosses in the

i
first experiment were grown and selfed to produce sufficient
F, seeds. The parents were also ralsed to repeat the crosses

sacds.

2
and to produce fresh Fl

Technigue oi selfing

Mature f£lower buds which would open the next day
were covared with butter paper covers in the previous evening.
The 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 seads ware extractsd.

IIX.. Bvaluation of the 92 generation along with parents
and EIS'}
The avaluation trial was conducted in four Randomised
Blocks during May to teptember 1985. The seven treatments
weres
1. “oe1 (°,)

2, Kilichundan Selection 17 (P,)

3+ A+ manihot (Pg)
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de P1 of P1 393

Ge FZ o{ 91 ® 93

A population strength of 30 plants psr plot was
maintained £or the paraents and F,6 where as a larger popula-

tion of 60 plants poer plot was malntained for F.s for

P
studying the segregation pattern. The planting was done in
tranch system with a spacing of 0.8 x 0.5 . Unsprayed
£ield condition was prcviﬁnd for natural inéidenca ofa
yellow vein mosaic(Chauhan gt gl., 1991). A singls row

of tha highly susceptible varisty Kilichund;n Selactién 17
was grown asround each replication as a bordﬁr row to |
counter the border effcct and to enhance the yellow vain
mosaic disease incidence. All agronomic practices except
insecticidal sprays were followsd as per the Package of
Practices Recommendations of the Kerala Agricultural

University (anon., 1982).

Cbsarvations recorded

The following observations were taken on ten randomly
selected plants for each of the parenta and Fls. But in
r2 all the available plants were used for taking observations.

1+
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le Germination

The gorminabllity of the sceds in each treatment
Was observed both under laboratory and f£ield conditions.
in the laboratory, the number of seeds germinated in bétri-
dishes provided with moist blotting paper (20/ cish) was
counted every day ior a period of aeight dayse. In the
field, the number of seeds germinated was counted every =

day for 15 dayse

2. Haeight of plaant
Height of plant £rom the ground level to the tip
was measured usiny a metre scale after the f£inal harvest

and axpressed in centimstres.
3. Humber ©f branches per plant

Total number of primary branches were counted after

the final harvest and wore recorded.

4. Numbor of leaves per plant

Total numbar of leaves from the bass to the tip of
the plant including the branches were counted after the
final harveste Dropped leaves were couakted by thelr LasSpec=
tive nodes.
5. lnteraodal length

Length of flve internodes irom ths £1fth node was
measured in eaech plant, thelr mean was calculated and expressed

in centimegtres.
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G« Days to flowering
Number of days taken from sowing to the opening of

first flower in each plant was recorded.

7+ Number of flowers per plant

The total number of f£lowers produced per plant was

counted everyday ahd recordeds

8, Hnumber 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 frults produced by zach plant at each harvest
were welghed and the total yleld per plant calculated after

the f£inal harvest and exprz=ssed in grams.

10. Length of fruits
A random sample of thiree fruits were taken from third,
sixth and nineth harvest and leagth of Erulis were measured

£rom base to tip, averaged and expressed in centlmetres.

11. Girth of fruits
Tho fruits used for recording length were also used
for measuring girths HaxXimum girth of the fruit was measured

and expressed in centimetres.
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12+ Diseases and pest scoring
(1) Yellow vein mosaic intensity
The rating scale suggested by aArumugam gt al. (1975)
was used for scoring yellow vein mosalc disease intensity
(Tabls 1)« The symptoms were noted on all plants in the
F, generation aﬁd on observational plants in parents and
E‘ls. The georing was done according to the chargcteriatic
symptom appearad ¢n the leaves or fruits of éach plant.
The mean digesse rating for each treagtment in a

raplication was calculated as follows:
Sum of disease scores of plants observed

Maan disegse rating =
Numbar of plants

{ii) Pruit borer incidence
-ObserVationB on fruic infestation by the borer
{ Eariss vitella F.) was recorded at each picking by count-
ing healtgyand infested frults separately for each treat=-
ment and percentage Of infestation of frults was worked out

(Teli and Dalaya, 1981).

(11i) Leaf hopper popuiation and hepper. burn
Tﬁe first observation on the population count was
taken as soon as the leaf hopper nymphs (amraseg biguttula
biguttula lshidae.) wore noticed on the plants. Subseguent
observations wére taken at an interval of seven days till

harvaest. All the avallable Fz plants were examined while in
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Table 1. Yellow vein mosalc disease rating scale

Symptoms | Grade Rating
scale

1. No visible symptoms characteri-  Highly
stic of the disease. reslstant i

i1i.Very mild symptoms, pbasal half
of the primary velns greens
mild yellowing of anterior
half of primary veins, Reslstont 2
secondary velns and veinlets.
Infection iz also seen lato
in the season under field
condltionsa

1ii Veins and veinlets turm

“oderately
completely yellow.
Interveinal areas gxeen resistant 3
and normals’
iv.Pronounced yellowing of velns .
and veinlets: 50% of the leaf o
lLamina turned yellow; £rults Susceptible 4
exhibit slight yellowing.
Ve Petiole, veins, velnlets and
intervelnal gres turn yellow Highly
in colour; Laaves start susceptible 5

drying from the margin.
Fruits twmn yellow in colour.




40

parents and Fla 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 exam;ned. The averaga population per plant was worked

out (Teli and Dalaya, 1981).

Hopper burn was assessed by taking observations on
the third, fourth snd £ifth leaves from the terminal end,
as described by Jayara] (1966), by placing a glass plate
marked with sguare 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 jJuantum of damage exhibited and the population
wore considered as criterione. In classifying the treat-
ments based on these criteria, those which showed hopper
burn of (i) less than 20 per csnt with low population of
upto 10 per plant unit were grouped as resistant (ii) 21 to
50 per cent damage with medium populaticn of 10-15 p;r plant
unit as tolerant and (iii) 51 per cent and above hopper burn
with medium to high incidence of 10-20 and above per plant
unit as susceptible varieties (Uthamaswamy et al., 1973).
This classification was based on a similar pattorn of
clessification Of castor verietles susceptible to BOpogsca

flavescens adopted by Jayarai (1567).



1V. Grafting trial to study the segregation of yellow

vedin mosalc reslstance.

A sample population of 50 F2 plants of the comblina-

tion P, % P, was ralsed ln pots. When the plants attained

2 3
the age of 30 to 40 days, thoy wera grafted on with diseased
selons, b§ wedge grafting method as described earlier.

The inoculated plants were scored after one moath using

the rating scale developed by arumugam gt ale(1975).

Ve Grafting trial to confirm the resistance of desirable
Ez recomblnonts

The resistance of the selected Ez recombinants ware
confirmed by grafting trials (Unnikrishna Pillai, 1984).
Diseased shoots collected from yallow veln moseic affectad
plants were grafted on to the pelected I, racomblnants by
wedge grafting method (Nariaﬁi and Seth, 1958). 1n order
to prevent slipping over af cut ends dus to mucilage, bits
of sharpened coconut midribs ware punctured through the
junction of stock =nd scion before tying up with polythens
stripse. Now shoots arising from the stock portion were

observed for symptoms of the discase at weekly intervals.

oe Statistical gnalvois
The data collected from the evaluation trial and

screening trial were subjectdto statistical analysia-



I aAnalysis of variance

The V= 7 troatments were replicated r = 4 timms
and observations were racorxded for sach character f£rom
k = 10 plants per experimental plots. The data were subjected

to the following analysis o0f vaeriance (Federer, 1967).

ANOVA

Source ag MS
Replication r=1 = 3
Trsatments vl = 6
Plot error (c~2) (v=1) = i8 MSE,
Sampling error rv (k1) = 252 MSEz
Total rvk = 1 = 279

Tha sgampling error is ostimated aﬂ<£-§? = MSE,
The plot error is estimated as . : - MSE, - MSE,
G o K

2
A
when C e is negative, it 1s taken as zero. The mean sguare

per plot (MSEl) is first tested against MSE., and 1f (1) MSE,

is significant, then the treatments are tested agalnst MSE1

and 4£ (2) MSE, is not significant, the treatments are tasted

against the pcoled mean square of MSEi and MSD,

The standard errxor (S.2) of the differenca of two

treatment means = /,zmsmi if plot error significant:
rk : '

otheruise MSE, is5 replaced by poolod maan sSquare.
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II. Test for proportions
The plants were classified into five classes and
the proportion of plants that come under each class was

tested by the teat criterion given by

= IPJ_ - le
SE (91-92)
I'd . ™ - .
Where SE (Pl 92) - YA "'Eg""'—"n ’
p = EREE ¢ @ ®1p, B =ny o+ 0y

(Panse and Sukhatme, 1957)
IIlI. &stimation of phenotypic variance, yenoiypic variance
and genetlc paramaters
1. Phenotypic variancs,

Viey ~ = Ve * Vig)
fWhera V(G) = Cenotyplce varlence

V(E) = Environmental wvarliance
2+ Ganotypic variance,

Mean square (Treatment) - Mean sguare (Error)

Vi =
Number of replications

Thas genstic parameters were worked O%F as per

Allard (19€0) end Jain (1982).

(a) Phenctypic coefficient of variation {ReCeVe)

V. Vip)

= x 100
X
Where V(P) w phenotyplc variance and

X = Maagn of the character
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(b) CGonotypic coefficient of variation (GaC.Ve)

“~1293L~ % 100

X

(c) Heritability in broad sense
v
Hz % -ﬁfgfnn-x 108, where
B

#° = Heritability in broazd sense

V(G) a Genotypic variance and

= Phenotypic varignce
v
{r)

(d) Expecced genetle advance under seleckion,

GA o ke H® §/ V(P)

whera k = galaection differential exp;esse& in phenotypic
standard devigticn, whose valus 1s 2,06 for
S per cent aelection in large samples.
iV. Test for correlation coefficients
Correlation coefficients were worked out among palrs
©f characters under study and thelr siynificance wers tested
(Fisher and Yates, 1965).
The significanca of the difference between corralae
tion coefficients for all characters under parents, F,8 and

F,s was tested by the test criterion,
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lzj_ = ZJI
SE (zi—zj)

whera Zi and zj are the transformed valuas of correlation

coefficlents (Panse and Skunatme, 1957) and
( ) / 1 1
i i n, 3 + n, 3

Ve Motroglyoh analysis

The mstroglyph method of analysls proposed by

- Anderson (1957) was £ollowed, assigning scores £or expresge
lon of characters. The ascatter diagram was constructed
using height of plant a3 ordinate and welght of fruits per
plant as abscisesa. The asbsence of a réy. the presence o a
short ray or a long ray on a metroglyph designates low,

medium ox high values respectively of each charactere



RESULTS



RESULTS

I. Bvaluation Of parents and hybrids

The analysis of variance pertalning to the different
characters studied showad that the genotypes differed
significantly £or all the charactors. The asbstract of

ANOVA is presented in Appendix I and II.

The variaticn and £reguency distribution Of the

various traits in the different generations wera studied.
i+ Cerminaticn

The results ars presented in Table 2.

There was significant difference between the treat-
ments in raespect Of this character. [lowever, the differance
was not significant within the parents, F,5 and Fos.
Germination waé £found drastically rcduced in the Fzs
(29.17 and 27.30 per cent) when cowpared to the parents
and FIE.

2« Height of plant

The results are presented in Tables 3 and 4.

Bignificant difference was observed for height of
plant among parents, Fis anad Ezs. ﬁowever. the plant
height was not significantly different among the three

parents and between the twWo Fzs. The height of P, of

1
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Table 2. Percentage of germination of parencs and hybrids

Maan percentage of germination

Treatments (transformed values in paranthesés

Laboratory Field
Coel (pl) B5.00 (67e21) 82.50(65.27)
KeSel7 (92) 85.00 (67.21) 8033(63.65)
4 manihot  (P,) 90400 (71.56) 83.50 (66403}
F, of P, x Py B0.00 (G3444) 78,00 (62.03)
Fl of P, % Py 80.00 (63.44) 77.67(61.82)
F, of P, x Py 35,00 (36.27) 29.17(32.71)
E’z of 92 b4 93 30.00 (33-21) 27030 (31050’

CDh {for transformed values) ac 5% = 2,89



Plate 1. Coei =~ (?1)

Plate 2., Kilichundan Selection 17 (Pz)






Table 3, Variations for height of plant (cm)
in different generations
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. Per cent
Szg:ra- Treatments Maan T s5.E. over oV
2 control (in %)
(ey)
Pl 95.80 4.83 100.00 31.88
Pgrents P2 84,65 2482 88.36 21.10
Pa 82483 229 B6440 1745
Hybrids
El F1,°f Plx P3 163.05 D.22 17020 20024
Pl of sz P3 114.28 3.68 119,29 20637
F Fz of pl}: &93 7453 4-05 77!8‘0 34-"1
2 .
Fz Gf sz P3 78453 4ed2 81,97 35,61

CD at 5% = 224739



Table 4., Distribution of helght of nlant (cm)
in parents and hybrids

Number of plants under each clasae Total
Preatments Range (per cont in parantheseg) ggggi; of
< 46 46-20 91-135 136=~180 > 180 ohserved
pl 56=180 Wil 23 12 5 Hil 40
(57.5) (30.0) (12.5)
Pz 46=115 il 25 15 N1l Nil 40
(62.5) (37.5) :
Py 50=116 il 27 13 il 1331 40
(67.5) (32,5) :
Fl of P 1 ?3 75~2¢42 N1l 1 5 25 S 40
) (2.5) (12.5) (62.5) (22.5)
Fl of sz P3 69=158 il 6 25 9 Nil 40
(15.0) (62.5) (22.5)
Ez of ?lx Pg 27=141 10 97 29 4 il 140
(7e14) (69429) (20471) (2.86)
Fz of Pax PS 26=136 17 72 32 2 Nil 131

(12.98) (60e31) (25.19) (1.52)




a0

P, X Py (163.05 cm) was found to be gignificantly higher

when compared to the F, of P, x P, (114.28 cm).

1
The variation for this trait among plants of Fl of
P, x Py and F, of P, x P, were almost same (20«24 and 20,37

per cent). The two Fzs also showed a similar trend in
varlation (34.41 and 35.61 per cent) except that it was

higher when compared to tnat of ¥F.se The variation among

1

the plants 0f P, was more than that of P4e Variation was

1
minimum in Pa.

Majority of the plants of the parents and Fas came
under the height group of 46=-90 cm. However, there were only

very few F, plants under this group. ore than 60 per cent

1

of the plants of F, of P, x P, were under the 136~180 cm

1 1
groupe Some positive variants ( greater then 180 cm) were

also observed for this hybride However, in the Fl of P2 x P

625 pe& cent of the plante belonged to the 21=-135 em group

3'

and 2245 per cent plants were observed in 136-180 cm group,
though nelther of its parents had plants under this height
groupe Negative vaeriants for height were present in both the

Fzﬁo

3+ HNumber of branches per plant

The rasults are presented in Tables 5 and 64
The parents, Fle and F,8 differed significantly with

respect to this character. The Fl of P, x Py had significantly



Table 5. Variation for number of branches poer
plant in different generations

Genera Per cant
~  Treatments Mean + o g over con= .
tions - SeEa trol(Pz) (Ln %)
P1 2405 0017 74455 5225
Parents Pz 2475 Q0e18 100,00 40,45
P3 2.20 0.20 83000 5768
Hybridg
Fl of Pl X 93 3.13 Oedl 113.82 41.8‘
by
1 F, of P, X Py 3.88 024 141,09 39,64
Fz P2 of Pl b4 Pa 228 Q.28 82.921 76,76
Fz of 92 b 93 3.65 037 132,73 63405

CD atz 5% = 04650



Plate 3. Abelmoschus mgnihot - (PB)

Plate 4. A high ylelding Fl plant of the
ceross Coel 3 Ae manihot







Table 6. Distribution of number of branches per plant inm
parents and hybrlds

Humber of plants under each class Total
Preatments Range ( per cent in paranthesgses) ;gﬁﬁ:: of
0=1 2=3 4=5 >5 obsacved
Py =4 11 26 3 Nil 40
(2745) (6540) (745) '
B, 0-5 & 27 9 N1l 40
{10.0) (67.5) (22.5)
P, ' O=d 12 a1 7 Nil 40
(30.0) (5245) (17.5)
B, of Py 2 Py 0~5 5 19 .16 Nil - 40
{12.5) (4745) (40,0)
F, of Py x Py 1-9 1 16 18 5 40
(2.5) (40.0) {4540) (12.5)
F, of P, X Py 0-7 50 44 39 7 140
(35.71) (31.43) {27.86) (5.00)
F, of P, x Py 0-14 30 a7 45 19 131

(22,9G) (23,24) (34435) (14450}
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higher number of branches (3.88) than its parents (2.75 and
2.20) while it was on par with lts F2(3.65) for this character.

barge variation for numbsr of branches existed in the

tw6 Fz populationse. The variation in Fz of él X 93 was 76.76

per cent while that of the other F, was 63.05 per cent. The
parents and Fls 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 Pz. Fl of Pa X 93 and F2 of Pa X 93- Almost

15 per ¢ent of the Ez plants of P, x P, were having more than

2 3
five branches per plant while no such plants appeared among

the Fla of E’l X P

per cent among ¥

3 andé their proportlion was limited to £ive

29 of Pl b4 P3o

¢+ Number of leavaes per plant

The results are presented in Tables 7 and 8.

There was significant difference betwaen the parents,
Els and Fas for number of leaves per plant. However, the
parents did not dlffer significantly among themselves. The
F, & had significantly higher number of leaves (52.68 and
. 61.60) than their corresponding parents and F,5 except in
case of Fl and Fz of the crosa P2 % P3 which were on par for

thiz character,
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Pable 7. Variations for number Of leaves per
plant in different generatlicns
QOIS meswmnts  Wesn  goeme Sl o
* zrol (P.) ( in %)
3
P, 2293 1.31 63.91 36.09
Parents Fz 35038 1.84 98461 32.81
Py 35.88 195 100.00 34446
Hybrids
Fl of Pl X 93 52,68 2075 146,82 33.01
P
1 F, Of B, % P3 61460 3477 171468 38470
Fz Fz of Pl,x P3 33.50 2456 93.37 48435
F, 0f P, X Py 5063 365 141.11 45460

QD at 5% = 114392



Plate S. The highest yleldiag Fy plant of
the cross Coe.l x A. mgnihot

Plata 6. A sterile F, plant of the Co.l %X A« mgnihot
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Table Be Distributlon of number of leaves per
plant in parents and hybrids

Number of plants under eaci clags Total

Treatments Range ( per cent in parantheses) ngmber
9
£12 12-31 32-51 52-71 >T plants
veQd e
‘ 1
2, 12,49 Hil (83§5) (1;.5’ Nil ol 40
P, 16=70 N1l 17 22 i Nil 40
(425) (5540) (2.5)
P 14-60  Nil 14 21 5 Nil 40
3 (32.0) (52:5) (1245)
F1 of Py x Py 18=96 Nil 6 11 18 5 40
{15.0) (27.5) (45.0) (12.5)
F, of P, x 93 25«139 il i 15 13 i1 40
(2¢5) (3745) (32.8) (2745)

ﬂﬁﬂ-----“—---.’h‘“--‘--—----ﬂﬂ--ﬂ“-‘--

¥, of P, % Py 11-78 4 69 40 24 3 140
(2.86) (42.29) (2857) (17.34) (2.14)

92-6f P, % Py 11-124 1 47 32 28 23 131
(0+76) (35488) (24.43) (21.37) (17.56)
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The warliation for this character was found ranging
from 32.81 to 38.70 per coent in the parents and hybrids
while it showed much higher values {(45.60 and 46835 ) for

the two ?2 populations.

Tha ﬁrequanéy distribution of pl;nts for this chara=~
cter showsd a definite tendency of gkadual increase of the
proportion of more leafy plants £rom parents 0 hybrids and
te P

£rom P within parents and F, o F, within hybrids,

1 3
The Fl of P, ¥ Py showed the maximum proportion (27.50 per

cent) of plants with more than 71 leaves per plant,

S. Internodal length

The results are praéented in Tables 9 and 10.

The treatments differed significantly for this chara-
cter. Among the parents, the shortest internodal length was
observed for 92(4.66 cm) and it was significantly lower than
that of Pl (Ge54 cm) and 93(5.93 ¢m) which were on pares This

reduction in internodal length was seen in both F,s and F_s

i 2
involving the parent P,.
The variation for internodal length among the plants

of the parents and 7,8 rangaed £rom 15.27 to 21,39 per cent

1
‘while that of F,8 was 34+30 per cent (i?1 x 93) and 37.62
per cent (P, X Py)s _

The frequency distribution showed that P, and P; had
most of the plants in the group with 5.3 -7.5 cm internodal

length while P, had majority of its plants in the group of
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Table 9. Variations for internodal length (cm) in
different generations

G Par cont
enera= mrastments Mean + SeEe over cone v
tions trol (@) (in %)
Pl 654 020 100.00 19,68
Parants Pz 4466 012 71.85 16.54
P3 5493 020 90«67 21.39
Hybrids -
F_of P, x P 801 0.19 122.48 15,27
. 1 OF Fy ¥ Py .
1 F, Of P, x Py ' Gad6 D18 98,78 18.04
Fz Fz f+14 ?1 K'Pa 5.03 D27 7691 3430
F2 of PB X 93 4,46 027 68420 37462

CD gt 5% = (.838



Plate 7. A profusely branching P, plant of
thae cross Co.l x je Ronihot

o
Plate 8. A resintant low yielding,of the
Crose Coel % As Dznihot.
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Table 10. Distribution of internodal length (cm)
in perents and hybrids

Numbaer of plants under each class Total
Traatments Range { per cent in parantheses) ngmber
. Q
2360 300=5.2 5e3=T745 T56=5.8 5.8 plants
. cbserved
Pl 4.0=3,2 Hil 8 24 38 Nil 40
(20.0) (6040) (20 .0)
Pz 3.0=0.2 Hil 30 10 RBil MNil 40
(75.0) (25.0)
93 3.6=9,6 Nil 13 23 4 Nil 40
(32.5) (57.3) {10.0)
Fl o) Pl 4 93 522=10e6 Ril kS 15 21 3 40
_ (2.5) (37.5) (52.5) (7.5)
F1 of Pz b3 93 4.4~ 9,8 NKil &6 26 8 Nil 40
{15.0) (6540) (20.0)
P, OF Py X Py 205-10.5 3 87 39 6 5 140

(Ze2d) (62.14) (27.86) (4.29) (3.57)

Fz of Py x Py ' 2+5=10+5 20 84 22 3 2 131
{15.27) (64.12) (16279) (2:29) (1.53)




340 = 542 cne Among the .8 0L P, 2 P three positive

1 1 3¢
variants were observed. Both positive and negative variants
vere okservad in both Ezs. “ore than 60 por cent of the
plants of the F,g had shorter internodes of the range 3.0 =~

5+2 cme
6o Days to flowering
The results are presented in Tables 11 and 12.

The parents and hybrids showad significant differenca
for days to flowering. P, and P, showed earliness in flower-
ing and were on par. But Pa showed a significantly highsr

anuer of Qays to flowering (71.28). The F,s were lats in

1

flovering compared to their cultivated parents. Both Fzs

took longer pericds to f£lower comparad to parents and Fls'

Large varlatlion was notlced for days to f£lowering
among the plants of the Fz populations compared to the parents

and Fls. arong the Lwo Fz 2 of Pl x 93 shovwed more

variation (21.80 per cent) for this charactsrs

!

The freguency distribution of this character in the

2, the F

three generations showed that all the plants of Pl and 92450
par cent plants of P, came under the range ¢f 47-56 days to
flovering. Howsver, the Pla were distributed more in the
57=66 days group, to which majority of the plants of the semie
wild parent (93) also belongeds The F,s showed moza late
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Table 11. Varlations for days to £lowering in
different genarations

Per ¢ent

Efggga‘ Treatments Mean 4 Ssie 2§§§(g:?- (§§ %)
P, 50030  0.34 100400 4422
Parents . Py 53.40  0.28 106416 3.37
: Py  71.28  0.33 141071 2489
Hybrids
i F, of P, x Py 58,75  0.43 116480 4.58
F1 Fy Of P, % Py 60s43 0436 120414 3.79
F, | Fa of Pl X 93 78483 2472 156.72 21.80
P, Of P, & Py 72.39 1.56 143,92 13462

CD at 5% = 34267



Plate 9« & high ylelding 5‘1 plant of tho
: Cross Ke.S5e17 ® Ao mpnihot

Plate 10« The highest yielding 5'2 plant of
the Cross KsS»17 x A« mgnibot



Plate 9 (x 0.10)



Table 12, Distributlon of days to f£lowering in
- parents and hybrids

. RHumber of plants under each Total
Troatments Range class ( per cent in parantheses) n;mber
- o
Z47 47=56 57«66 67=76 >76 plants
observed
Pl 47=54 Nil 40 Nil Nil Nil 40
- (100.00)
P, 5057 N1l 37 3 Nil Hil 40
(92.5) (7.5
P 6G=75 Nil 1 392 Nil Nil 40
3 (2:5)  (97.5)
F, ofEP, 2P 53=~65 Nil 8 2 Nil Nil 40
1 0% Py % Py (2050)  (85%0)
P, of P,z P 56=65 Nil 3 37 Nil Nil 40

1 ¢” "3 (7+5)  (92.5)

--ﬂ--“l.‘-”_’“ﬂ-u--“--ﬂ-ﬁh-’-------ﬂ--

F, of P, X P, 50=3112 il 1 4 62 60 127
i (0.79) (315)  (48.82) (47.24)
F, Of P, x P, 54~115 Nil 4 13 65 24 106

(3.77) (12.26) (61.32) (22.64)




flowering hapit and they wore meinly distributed in the 67-76

and greater than 76 daya groups.
7« tanber of flowers per plant
' The results are presented in Tables 13 and 14.

Bignificant diiferance was notlced £or this character
among the parengts, Fls and Ezs. Among the parents, P, had
significantly higher number of flowers per plant (19.78)

than P, and P The F.&8 also differed significasntly and

1 3* 1
F1 of 91 x Py produced highsr nurcber 6f £lowere per plant
(23485) -than its parents (15,33 and 12.63). However, the F,
of P, 2% P, was inferior to its cultivar parent (Pz) with
respect to this character. Similarly, both the Fy nopulations
produced only lesser number of flowers per plant (8415 and

10.60) compared to parents and F.s.

1
There was wide varlation for number of £lowers per

plant among the plants of the P,.8. It was as high as 81,87

2
per cent in thae 92 of Pl X PB and 65.18 per cent in the Eg
of P, X Py. Howaver, in the F1$ the variation was much

lesser (21.02 and 26.88 per cent)e. among the parants, Py

shoved more varlation (52.41 per cent) than the other two
parents.

Most of the Py and Pq plants produced flowa:é in the
range 8«17 while in Pz the;e was,almost’equal daldstribution

of plants in the 8=17 and 18«27 groupss The F, of P, x P

|

i 3
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Table 13+ Varlations for number ¢f £louwers per
plant in different generations

Per cent
Gonera- Troatments Mean $ Sels over o= (yn )
tions trol (p,) *
Py 15433 127 77450 52441
Parents P, 19,783 0.93 10000 29.63
Py 12463 034 63,85 1714
Hgbrids
F1 QL Pl X P3 23085 0-79 120958 21.02
¥
1 F, of P, X Py 15430 0465 7735 26488
Fz of Pl » 93 8-15 1003 41-20 81037
P " '
2 F, Of P, X Py 10 .60 1.09 53,59 65018

D at 5% = 4.441



Plate 11. A resistant low yielding F, plant
of tho Cross KeSe17 x A« mpnihot

Plate 12 A non~branching F2 plant of the
Cross Kebe 17 X Al mgnibot






64

Table 14« Distribution of number of f£lowegs psar
plant in parents and hybrids

. Nusbar of plants under each class Total
Traataants Range ( per cent in parantheses) | ngmber
Q
- - - plants
< 8 8=17 18=27 28=37 > 37 observad
P, 8-37 Nil 32 3 5 Nil 40
(8000) (?!5) (12.5)
Pz 10=32 N1l 17 21 2 nNil 40
. (42.5) (5245) (5.0)
P 8«18 N4l a9 1 Nil il 40
3 . (97.5) (2.5)
Fl of P1 X P3 16=35 Hil 5 £5 10 Nil 40
~ (12.8) (62.5) (2500)
F, of P, x Py 9-27 Nil 31 9 Nil Mil 40
. (77.5) (22.5)
F, of P, % P, 0=35 72 62 5 1 N1l 340
(51.43) (44.29) (3.57) (0.71)
F, of P, X Py 0=-38 60 62 8 Nil 1 131
(45.83) (47.33) (G.11) 0.76)
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had more plants in the 18-27 growp while ths 8«17 group

predominated in the Fl of Pa X P3. in the Ez

plants with fewer number of flowers (lower than the parental

generatlon,

values) were more compared to parents and Fls. Howevar, one

Fz plant of the c¢ross PR xP

£flowars than the parents.

3 produced more number of

8. Number of frults per plant

Tha results are presented in Tables 15 ond 16

The parents, Fls and F 8 showed signlflcant dlfferencs
for nunber of frults per plants Both the cultlvar parents,
Py and P, were found superior %o the semi-wild parent, Py
in this character. The Fl of Pl % P; produced significantly
higher number of frults per plant than its parents. Howevar,
the F, of P, x P, weo far inferior to its cultivar parent,

92 in this character though it was on par with P The F

3° P
progenies of both crosses produced significantly lesser number _
of fruits per plant compared to the cultivar parents but

were on par with the seml-wild parent Pyw

ihe two ¥, populations reglstered very high cosfficlent
Oof variation (130.84 and 132.43 per cent) compared to parents
and Fls (23,61 to 64.41 paer cang).

The frequsney distribution of plants for numbor of

fruits produced per plant (Table 16) showed distinct pattern
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Table 15. Variations for number of f£rults per plant
) in diffeorent generations

Genera= Treatinants Maan + Sobe Par cent
tions _ over con- (in %)
trol (Pz)
Pi 11055 .1718 78031 64-41
o m'nts P, 14.75 0.84 100.00 35,96
93 735 (el 49,83 2713
Hybyrids
¥, 0£ P, 2P 1583 D59 107.12 23.61
7 1 1 3
1 F, of Py x Py 6405 032 41,02 33425
Fz Fz of 91 =x 93 3,98 0«81 26,98 130.84
E’z of PZ *x -‘?3 3.93 D82 . 264,64 132.43

CD at 5% = 3.79%1



Plate 13. The frulits of the parents and
hybrids of the Cross Co.l (91) %

Ao, manihot (Py)

Plate 14. The Eruits of the parents and hybrids
of tho Cross Ke3,17 (?,) & A. manihot (P,)



Plate 13 (x 0.32)

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

Number of plants under each class Total
Proatments Range ( per cent in parantheses) 2§m§i§nt3
) 4=-12 13=21 22~30 > 30 obsarved
Pl 5=30 Nil 32 2 6 Nil 40
(82.0) (5.0) (15.0)
P, 7«28 HNil i5 21. 4 Nil 40
(37.5) (52.5) (10.0)
P3 4=12 Nil 40 Nil Nil Nil 40
(100.0)
FI of P1 X Py 8=-22 Nil 9 30 p X Nil 40
(22.5) (75.0) (205)
Fl of Pz 3 93 3=12 1 39 Nil Nil Nil 40
" (245) (97.5)
Fz of P1 X P3 0-=30 75 64 Nil 1 Nil 140
(53¢67) (45.71) (0e71)
Fz of Pz X P 0=29 84 45 i 1 Nil 131

3 (64+412) (34035) (Ge76) (0.76)
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for parents and hybrids. among the 40 plents under each
parent studied, all the Pq plants were found in the range of

4=-12 frults per plant., The Fl of P, X Pq showed an inter=

mediate pattern with 75 per cent of plants belonging to 13-21

range while the F, of Pa X P, showed a pattern very similax

1 3
to that of.93 with 97.5 per cent of plants belonging to 4-12

rangae. Both F,.s have showad more or less a similar pattern

2
with most of the plants belonging to 4-~12 and less than 4

rangse
e HWelght of frults per plant
The results presented in Tablesl? and 18,

among the parents, P, gave the highest yleld (347.63 g)

with highly significant superiority over others. Betwaen the

two F,S, 91 x 93 gave the best yleld (254 g) which was well

i

ahead of P, %X P,e tHowever, the F, of P, x P, was not signi-

2 3 1 1
ficantly different from its cultivar parent, 91(198.88 d)e
But the Fl of P, % Py was far inferior to its cultivar parent,
PZ' Both the Fzs ware far Iinferlor compared to thelr cultivar
parentsa

Great variation for weight of fruits per plant was
registered by the Ez populations. It was as high as 155 per
of P, x P, and 150 per cent in F

2 i 3
varlation in r

2 of 92 X PB. The

5 was comparatively low (22.57 and 34.17 per

cent in F

i
cent). Among the parents, Py showed considerable variation

for this character (59.75 per cent).



Table 17.
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Variations for weight of frults per plant(g)
in different generations

Per cont cv
tions tzol (Pz)
P, 198488 18479 57.21 59,75
garants P, 347.63 19.32 100.00 3515
P, 150450 - 6469 43,29 28011
Hg_br.tds
Fy Of P, x Py 254400 9.07 73407 22457
F
i F, of P, x Py 99,75 5439 28469 34.17
Fz Of Pl - 4 93 73.00 19.13 32044 155012'
Fy
F, of P, X P, 66638 15467 19.10 149.33

CD at 5% = 72.845
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Table 18, Distxibuticn of welght of £ruits per plant(g)

in parents and hybrids

Humber of plants under each class Total
(per cent in parantheses) nurber
Treatments Range of
< 85 83=205 206~446C 447«6027 > 627 plants
Observed
PI 85~510 KHil 33 3 4 Nil 40
(82.5) (7.5) (10.0)
Pg . 135-6285 Nild 11 22 7 Nil 40
(27.5) (5540) (17.5)
PE 85=-250 Nil 40 &1l Nil Nil 40
(10040)
Fl of Plx 93 155=345 Nil 20 20 Nil Nil 40
‘ (50.0) (50.0)
Fl of Pax 93 45-180 16 24 Nil Nil il 40
(40.0) (60.0)
F2 Of Pix 93 0=745 70 39 Nil Nid 1 110
(63+64) (35.45) (0.91)
Py Of Pyx P 0~600 52 30 Nil 1 . HAl 83

3 (62465) (36.14) (1.20)




All the plants of the semi~wild parent, P, and 8245
per cent plants of 91, belonged to the low yleld range of
B5=265 g of frults per plant. But in the case of Pza 55 per
cant of the plants belonged to the medium range of 266-446 g

of fruits per plante. Tha Fl of P1 X Py was equally distributed

in the low and medium ranges, while in the Fl of 92 X Ps.

40 per cent of the plants showed a negative trend in weight
of frults per plant compared to parents. Similarly both the

Ezs clearly showed a reduction in yield with majority of the

plants being distributed in the group with less than 85 g of
fruits per plant (lesser than the parental values). Howaver,

one plant of Fz of P, x 93 gave higher yleld than elther of

1
lts parentse.

10. Length of £ruits
The rasults are presented in Tables 19 and 20.

The three parents differed significantly for length of

frults. 'P, was found puperior to P, and P, with 22.6 cm fruit

2 i 3
lengthe Howaver, tha Fls did not differ significantly with

respect to this character. The Fl of P2 X Pa was inferior to

its cultivar parent, Poe Both EZ were found significantly

inferior in fruit length to parents and F.s except the semi=

i

wild parent, P, which was found to be significantly inferior

3

to the Fz of P2 x 93.
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Table 19 Variations for langth of frults (cm)
in different generations

Par cent
Ganel a= Tragtments Hoan + SeBa ovar cv
tions control ( in <)
(®,)
P, 15464 020 69,20 8015
parents P, 22.60 0e27 100400 Te57
Py 13.08 0e17 57.88 Beld
Hybrids
F, of P, x P, 15454 013 63476 5456
F
1 F, Of P, % Py 16403 0019 70 .93 7432
Fy of Py % Py 1231 0«29 54447 14 .55
e _ _
2 B, OF P, % Py 14,08 1455 62430 6497

CD at 5% = 0.963



Table 20. Distribution of length of fruits (cm)
in parents and hybrids

73

Number of plants under each class Total
(per cent in parantheses) nunber
Treatments Range of plants
< 11e5 1165-16el 1642=20G8 209= . ohsarved
. : - >25.5
3545
y 13.8-19,5 Nil 28 12 Nil Nl 40
' (70.0) (30 00) '
?2 18,5=25.5 Hil Nild B . ~ 34 Nil 40
(15.0) {8540)
93 11.5=-15.5 Nil 40 Hil Nil Nil 40
, (100.0)
¥, of Ples 13.0=16,5 Nil 39 1 Nil Nidl 40
1 (97.5)  (2.5) |
F, OF P,xPy 14,0-19.0 Mil 26 124  nil NiLl 40
{€5.0) (35.0)
¥ of PIZPB 9.0-12,59 24 84 2 Mil Hil 110
2 (21482) (76436) (1.82)
Fz OE P 940=16.5 2 79 2 Nil 8il 83

2773 12441) (55.18) (2.41)
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The coefficlent of varlation was comparatively low
for all the treatments. Mdaximum variation (14.55 per cent)

was shown by the Fz population of 91 X Pé which was twice

that of F, of P, x P, (6+97 per cent). The variation in the

2
parents and F

2 3

48 was within the range of 5.56 o 8.15 per cente

The freoguency distribution of length of fruits within
each population (Table 20) has shown that all the plants of
PB and 70 per cent plants of P1 were having fruit length in
the range ©f 1i.5 - 16.1 cm, while B85 per cent plants of P,
were having long fruits with length in the range of 20.9.t0
255 cime The Els had majority of thelir plants in the 11.5 -
1641 ¢m group. Though tost of the Fz'plants also came under
this group, soma negative varlants with fruit length lesser
than tho parental value of 11.5 cm were noticed. The propor=-
tion of such negative varlants was significantly higher in

the F, of P, x P, than the ¥, of P, % P.. None of the F, or

2 1 3 "2 2 3 i
Fz plants showed positive transgression for this character.

11. Girth of frults
The resultas are present=d in Tables 21 and 22.

Zhere was significent difference among the three parents
for this character. The maximum girth of fruits was exhibitad
by the semi-wild parant, 93% Howevar, thare was no significsnt
difference in girth of fruits within or between the F.s and

1

Ezﬂo
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Table 21. Variations for girth of *:uits ( cm) in
different generations

Per cant'i v
Genera— Traatmants Mean * SebBae over cone ( in %)
tions trol (?3)
Pl Gel% 0190 7713 10.21
Parents Pa 7.09 0,10 8764 8.55
93 8,09 0.12 100,00 Q47
 Hybrids
F oOf P ® P 7'24 0007 89.49 6.53
i 1 3
hoy
1 F, Of P, % Py 7031 0.08 90 ¢36 7012
Fz F2 of Pl X 93 745 0.12 92,09 10.32

CD at 5% = 04558
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Table 22. Distribution of girth of fruits (cm)
in parents and hybrids

umber of plants under each class  Total

‘ ( per cent in parantheses) number
Traatments Range of
2 5.0 S5e0=He5 Ge6=8Bsl 8e2=0a7 8e7 p].ants
observed
91 5.0=8.0 Nil a0 10 Nil Nil 40
(75.0) (25.0)
Pz 6.0=8.2- Nil 9 30 -1 1Ll 490
(22,8) (75.0) (2.5)
PS 6e5=2e5 Hil 2 22 16 Nil 40
(50) (55.0) (40.0)
El Qf P xPB Ee5=8,5 Nil 3 35 P Nil 40
1 (7.5)  (87.5) (540)
Fl of ?szs Ge0=845 Hil 7 32 p Nil 40
(17.5) (80.0) (2.5)
Fz of Plx P3 5.75=9.5 Hil a2 72 16 Nil i
(20.0) (65445) (14.59)
F, of ézx P. S5e5=9¢5 Nil 33 47 3 Nil 83

3 (32.76) (56+63) (3e61)
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The variation among the plants of the different
troatments was comparatively low in respsct of glrth of

fruitse. The variation was less in the F,g compared to the

i

parents and F.s.

2

The distribution of this character among the different
populations was found scmewhat uniform with majority of the
plants belonging to the 6«6 = 8.1 ¢m range excaopt in P1 in
which 75 per cent of plants were having fruit girth in 5~6.5 cm
rangse. aAbocut 40 per cent of the Fz plants Pz X 93 combing-
tion also showed this trend of producling slender £ruilts oOf
546.5 ém rangec. In the semi-wild parent, 40 per cent GE
plants belonged to the thicker group of fruits in tha range

0f 842 =97 cme About 15 per cent of plants in the F, of

2

P, X P

1 also showad this trend.

3
12. Yellow veln mosaic intensity

The results are presented in Tebles 23 and 24.

There was significeont difference among the treatments
for yellow vein mosaic intensity. Among the parents, the

highest disease intensity wes shown by P, which was signi-

2
1.—The semi=-wild parent 93. Fls
and FZ of P1 x 93 were completely free from any disease symp-

£icantly higher to that of P

toms wlth a score Of ones The Fz of Pz X 93 showaed a mean

intensity of 1.2 wiich was not significantly different from

the score of one,



Plate 15. A graft inoculated Fz plant 0f the
Croes Keds. 17 2 Ae mgnihot showing
no disease symptomse.



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

Per cant
Genera= ' - over <on=- cv
tions freatments ean & SeBe yrol ) (in %)
Pl 1.30 0.09 130.C0 46415
Parents Pz 3«43 0«21 343.00 35:01
P3 1.00 0 100 .00 0
Hybrids
7
£
Fl o pz =2 PB 100 0 100.00 0
. Fz of P1 x 93 1.00 0 100.00 Q
2 F, of 2, X P, 1,20  0e1é 120.00 72465

CD at 5% = 0.508
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Table 24« Distribution of yellow vein mosalc
intensity in parents and hybrids

Humber of plants under each Total
class { per cant in parantheses) number

Traeataents Range . s e G of plants
‘ S:orc chre ucgre uczra ...cgre. obsarved
91 1-4 ag 9 1 1 Nil 40
(7245) (22.5) (2.5) (2.5)
92 1=5 2 10 10 5 13 40
(5.0) (25.0) (25.0) (12+5) (32.5)
PS 1 40 il Hil Nil Nil 40
(100.0)
Fl Of Pl X Py 1 40 N1l Hil Nil Ril 40
{(100.0)
F, of P, x Py 1 40 Ril Nil Nil Nil 40
(100.0)
32 of Pl X% 93 1 140 Hil Nil Nil N1l 140
{100.0)
Ez oL Pa hld Pa 1-5 126 MLl Nil Nil 5 131

(96.18) (3.82)
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There was no variation among the plants of 93.

_ ¢ - coagt
Fls and Fz oL P1 x P, for the disease incldenco. E, of Pz x P,
showed maximum variation for this character (72,65 per cent)

followed by P, and Pye

The frequency distribution (Table 24) for this chara=-
cter has shown the high susceptibility of Py for yellow vein
mosalc dlsease. 325 par ceant Of its population wes umnder
the score 5 lndicating the maximum expression of symptoms
whereas thers were only 5 per cent of plants which was coft-
pletely free from the diseases AnOng the other treatments
93. Fls anad Fz of P1 4 93 have shown complete resistance
against the dlscease as 1001per cent of plants vere having ths
score one. Of the total 131 plants grown under Fz of 92 X 93.
five have shown intense symptoms of the diseazse and got a

score of five.

13, Pest scoring

(a)+ Fruit borer incidence

The results are presented in Table 25,

The treatments difiered significantly for £ruit borer
infestation. The semni-wlld parent, 93 showed the lcast infesta-
tion by the fruit borer (9422 por cent)e. The cultivar parents,
Pl and Pa were on par aind showed signilficently higher pesrcantage
of infestatlon than Pge The highest percentzge of fruit infesta-

tion was noticed on ths two F, populaiions (55.06 and 43.61 per



Table 25. Fruit borer incidence on parents and hybrids

Treatmants Maan percentage of f£rult
infestation (transformed values
in parantheses)

Coul (Pl) 19,74 (26.,35)
KeSoel7 (Pz) 21.64 (27.69)
Fl of Pl x Ps 55406 (47.53)
F, Of P, x Pq 43.61 (41.32)
F, of P, x Py 33.18 (35.18)
Fy Of By X Py 3263 (34.82)

@ ( for transformed values) at 5/ = G.93



Plate 16. A graft inoculated F2 plant of the
Cross KeSe 17 % A« mgnihot showing
diseane symptomes.

Plate 17. Aan F, plant of ths cross KeS. 17 x A.manihot

with unsuccessiul graft union showing
discase symptomss



Plate 16 ( x 0.30)



cent). Howaver ths Fzs showed lesser infestatlon thean the

F,s (33 per cent).

(b) Lesaf hopper infestation and hopper burn damago
The results aro presented in Tabla 26 (a).

There was significént difference among the treatments
for this character. Among the parents, the maximum leaf
hopper count (24.1 per plant) and hopper burn damags (30.17
per cent) was recorded by the Senl-wild parent, Pye
Considering the classification system suggested by
tthamasamy et ale (1973) the cultivar parents, P; end P, were
found resistant to this pest siace the bapulation of hoppers

and hopper buri percentage was lowe. However, the ¥.s had the

1
highest hop.,er incidence and hopper burn and were classified
as tolerant types. Both the Fas also belonged to the zams

group though the population count and hepper burn damage wera

less than that of the Fls,‘ﬁas@m@aibn pattoo of e Fa populahin

$r Leaf h;;—ppm (Jossid) fadi clomes 1 given  vn Talbl 26 (0 (Ses page 105)*

IX, Genotypic and phenotypic variance and coefficients of
variation for the different characters

The results ara presantad 1ln Table 27.

a) Genotypic varianca

The maximum genotyplc varilance was shown by weight of
fruits per plant (100354.03) followed by height of plant,
number 0f leaves per plant and days to £flowering. The lowest
value for genotyplc woriance (2.74) wes given by girth of

fruitse.



Table 26 (a)o
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Population of leaf hopper and hopper burn
percentage on parents and hybrids.

Maan population Hopper burn percentage

Remarks

Treatmeants count per plant (transformed values iz (Uthamasamy
(transformed paranthases) et al.1973)
values in paran-
theses)

Cael (91) 4.3 (2.07) 14,63 (22446) Resistant

KoSel7 (Pa) 4.7 (2.17) 13.&6 (21089) Reaigtant

A. monihot (P,)  24.1 (4.91) 30,17 (33.34) Tolerant

Fl oL P1 b4 P3 22,8 (4.77) 32.62 (34.82) Tolerant

Fl of P, X 93 21.2 (4.60) 26493 (31.24) Tolerant

F, of P, x Py 18.4 (4.29) 20454 (26492) Tolerant

F, of Py % Py 16.4 (4.05) 18.71  (35.62) Tolerant

Cb (for transformed 0.67 3466

values) at 5%
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Table 27. Genotypic and Phenotypic Variances (GV and PV)
and Coefficients of Variaticn (GCV & PCV) of
different characters.

Sl.

NO Characters Mman GV PV GQv PCV
1, lisight of plant 99,10 9133.82 11476,.63 96 .44 108,10
2+ Number of brane
ches per plant 2.85 4.74 €.90 76439 92,17
3, Hunber of lecaves .
per plant 41.8 1669.21 2257.24 97.74 113.66
4. Internodal length 5.87  15.10- 18.28 66420 72.84
Se Days to flower- 63,63 1125.67 1174.02 52.73 53.85
ingo
6. Number of flowers
per plant 15.09 266,31 355.65 108.14 124.97
7. Number of fruits
per plant 9.06 23075 295.86 167,67 189.85
Be Weight of frults
per plant 17073 100354.03 124396.,21 185.55 206458
9. Length of fruits 15,58 116,66 120.86 69,33 70.56
10. Girth of fruits 720 274 4415 22.99 28429
11. Yellow vein 1.42 7.6%7 8.84 1.95 2.09

Mosalce intensity
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b) Phenotypic variancs

rieight of frults per plant regilsterxed the maximum
phenotyplc variance (12¢4396.21) followed by height of plant
(11476.63) « The lowest value was given by girth of fruits
(4.15) .

c) Genotypic coefficient of variation (GCV)

7he genotyplc cocfficient of variation was very
high for weight of f£ruits per plant (185.55), number of
£ruits per plant (167.67), and number of f£lowers per plant
(108e1¢) « Number of leaves per plant (97.74) and helght of
plant (96.44) also exiibited high values of GCV. The minimum

GCV was shown by yellow vein mwsalc intensity (1.95).
d) Phanotyﬁic coefficient of variation (PCV)

Weight of frults per plant (206.58) exhibited the

max Lawn phenotypic cocefficient of variation followed by
number of frults per plant (189.85), number of flowers per
plant (124.97), number of leaves per plant (113.66) and
height of plant (108.10). The lowest PCV was given by yellow
vein mosaic intensity (2.09). Girth of £xruits also exhibited
low PCV (28.29).
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IIX Estimates of heritability in broed sense ond expected
genetic advance of different chagracters

The results are presented in Table 28.

a) Heritebility in broad sensse

Very high wvalues of heritabllity were exhiblted by
length of fruits (96.5 per cent) and days to flowering (95.9
per cent). Yellow vein mosalc intensity, internodal iength
and weight of fruits per plant also showed high estimates of
heritability. The lowest value was registered by girth of
frults (66 per cent)e.

k) Expacted genetic advance

The highest estimate of expected genetic advance
was givaen by weight of frults per plant ($86.12) followed by
the height of plant (175.64). loderave values were notlced for
nurmber of leaves per plant (72.38) and days to flowering (67.68).
Girth of fruits exhibited the lowest value for genetic advance
(270 s
IV, Correlations amony the varsdous characters in different

genarations

The resulis are presented ln Tabla 29.

Tha test of cignificanie of the corralation coefficients
batwson weight of frults per plent and its éontributing chara=

ctors are given in Table 30.
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Tabla 28, Heritability in broad sense and axpected
genatlc advance of different characters

Characters Heritabllity  Expected

(z6) genetiec

' advance
1. Helght of the plant " 79659 175.64
2. Number of branches per plant 68,70 3.72
3, Number of leaves per plant . 73,85 72.38
4. Internodal lengﬁh 82.60 7.298
5. Days to f£lowsring - 95,88 67.68
6e Number of f£lowers per plant - 74.88 29.09
7+ Number of f£ruilts per plant 77.99 27463
8. telght of frults per plant . 80.67 . 586.12
9. Length of frults 96452 21.86
10« Girth of £rxuits 66,02 2.77

11, Yellow veln mosalc intensity 86,76 . Se31
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Height of plant

Height of plant was significantly correlated with
number of leaves per plant, internodal length, number of
£lowers per plant..numﬁer 0f frults per plant and weight of
£ruits per plant in all the three generationse Though this
cheragter exhibited significant posltive correlation with
nunber of branches in the parental and F, genarations, 1t
was negaiive and non=significant in the Fl ganeration. The
correlation with dayz to flowering was negative and signie

ficant in the three groups excapt in the case of parentse.

The test of signiificancs of the corralation coeffi-
cients betwaen welght of £ruits per plant and hsilght of the
plant in the three gensrations revealed significant differencaes.
The corrélation in the El generation was significantly higher

than that of parents and Ea generatione.
Number of branches per plant

Humber of brenches per plant displayed significant
positive assoclation with aumber of leavos per plant and
length of fruits in all thae three generatlions, whersas its
gorrxclation with height, number of flowers par plant, numsber
of frults per plank® and weight of fruits per plant was
signlficant only in porcats and Fzs. In the case of parentéa
tihe charzoter was found &0 be gignificantly and positively

correlatad with yellow vein momalc intensity.
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Though the association of number of branches per
plant with weight of frults per plant was significant in the
parental and-Fz generations, the correlation in parents was

significantly higher than that of Fzs.
Number of leaves per plant

This character was found to show significant positive
correlation with heignt of plant, number of branches per
plant and length of f£ruits when all the three generations were
considered togethers But in the case og parents and Fzs. this
was significantly correlated with number of {lowers per plant,
number of f£rults per plent and welght of frults per plant,
wheregs the association was significant with days to Elowering
and glrth of £ruits in the parents only. Significent negative
association of the character with internodal length was

observad in the Fi generation,

The correlation with waight of £rults per plant was
significantly higher in the parents than that of the F255
while there was no significant difference between the correla=

tions in Fi and Fz generations.

Internodal length

Internodal length exhibited significant positive
correlation only with height of the plant in zll the thres

genergtions, whereas it was significantliy correlated with
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number of flowers per plant in the Fl and F, generations
and with number of frults per plant and weight of fruits per

plant in the P, se. Howaver, the character showed signlficant

1
negative assoclation with days to flowering in the Fls and

Fy3 and with length of frults in parents and Fls. In the
caso of the F1 genaration, internodal length had significant
negative correlation with number 0f branches per plant, number
of leaves per plant and glrth of fruits. There was negative

correlation with yellow veln mosalc intensity in the parents.

The corralation of interncdal length with weight of
£ruits per plant was positive and significant in the Flu and
nénwsigniﬁicant in thae ng whereas it was negative and signi-
ficant in the parents. The test of signlficance 9if these corra-
lation coefficients showed thaﬁ all the three are slgnificantly
different. |
Days to flowering

The character had significant negative correlation with
number of £lowers per plant, nurber of £ruits per plant and
weight of fruits per plant in all the three generations and

with height 0f plant and internodal length in the P, and F

1 2
generations, and length of £ruits in parents and F,Se in the
‘case Oof paroents, there was significant positive associgtion
with numbar of legveé per piant and glrth of fruits while it
was negatively ané significantly assoclated with yellow vein

mosaic intensity.



The correlation with weight of f£ruits per plant
was negative and significant in all the generations and

they did not differ significantly.

Sumber of £lowzrs per plant

There wes significant positive aszoclation of this
character with height of plant, number of frulte 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 Fzs onlye The association was positive
and significent with internodal length in Fl anct F, genara-
tions and with yellow vein mosaic intensity in pereonts,
However, the character was significantly and negatively

correlated with days to flowering in all the three genarations,

Significant positiﬁe assoclation of this character
with weight of fruits per plant was noticed in tho thrss
goneraticns. However, the correlations in parents and Fls
vere not significantly different though both the eotimates

were superior to that of the Fzs.

Number of £rults per plant

This charzcter exhibited significant positive corre-
lation with height of plant, number of flowers per plant and

wvelght 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 0f parsnts and Fzs. Though there was
significant positive assoclatlon of this character with
length of fruits in the parental asnd Fz generations, it

was however, negative and significant in the Fla. The
éharacter also exhibited positive and signifigant assocla-
tion with internoda; length in F, and with yellow vein mosaic
intensity in pareants. The correlation with days to flowering

Was negative and significant in all thae three generaticns.

Tho association of this character with welght of
frults per plant was positive and significant in the three
generations. However, the correlation in the Fls was signi-

ficantly higher than that of ths parents and Ezs.

Welght of fruits per plant

The character was significantly and positively
correlated with height of plant, number of flowers per plant
and numder of frults per plant in all the generxations,
wheress such an assoclation with number of branches per
plant and number of leaves per plant existed only in parents
and an. Tne character displayed significant negative
correlation with days to flowering in the three generations.
Internodal length showed a gign;ficant negative association

with yield in parents whereass the associatiocn was positciva
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Table 30. Significance 0f the correlation coefficients between
weight of frults per plant and the contributing
characters among parents, E‘ls and 15’28

ey

Height Number Number  Inter- Days t0 MNurber  Number :
of of bra~ of lea~ nodal flowar- of of Lgxflgth ‘ Gigth 3;;;-01#
plant nches vas per length inge. £lowers £xuits Fruits frults mosaic
per plant plant per per {nten~
plant plant sity.
* e = » * o L3
rp Y rF 375 3.98 4447 4.76 1.07 1.82 571 10.08 0.02 J.48
S 1
ks ® * ® ”® =
Iy Vg Ip 1.10 346 3.59 2.98 1.07 5.96 1.12 7.84 0.16 4.74
2 .
& . * i +r a
r. Vv r 5-10 141 1.84 2283 Q26 3.14 ] Tel8 437 Delb 0«25
E‘l s 1:‘2 .

S6
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and significant in F s. Yellow vein mosaic intensity had

1
a significant positive association with yleld in parents.

Length of fruits

The character was found to be positively and signie-
£icantly correlated with nurber of branches per plant and
numbar of leaves.par plant in all the generations, whercas
the correlation with number of flowers per plant, nuwber
of frults per plant and weight of £ruits per plant was -

positiva and significant only in case of parents and F.S.

2
The correlation was positive and significant with olaat
height 4in the Fz generation, and with yellow vein mosaic
Intensity in parents. The character showed significant
negative assoclation with internodal length in varents and
Els and with days to flowering in parents and Fzs. in the
Fi generation, the character was found to be-significantly
and negatively correlated with nwmber of £ruits per plant
and yield of frults poer plant. There was positive and signi-

£icant assoclation with girth of £ruits in F,s while it was

1
negative and silgnificant in Pas.

There was significant positive correlation with
weight of frults per plant in the parental and F, generations.
But the correlation in parents was significantly higher than
that of Fzs. Tne significant negative correlation noticsd in
Fl generation was significantly different f£rom the other two

correlations,



Table 30« 3ignificancae of the correlation coefficients between

weight of £ruits per plant and the contributing

characters among parents, F 158 and E’Zs
Height Numnber Number  Inter- Days €20 DINumber  Number cth _
of of bra=- of lea~- nodal flower- of of Lﬁggth Ggf g:ixlxow
plant nches vas per length ing. £lowora £rultes Fruits £rules mysaic
per plant plant per per inten-
plant plant sitye
» * b3 x " " w
r, Vy Tp 3.7% 3.98 4047 4.7¢ 1.07 1.82 S5.71 10.08 0.02 3.48
‘ 1
* 1.4 * - * ®
I, Vg £p 110 Je26 3.59 2«98 1.07 5.96 1.12 T7.84 0.16 4.74
2
W% w = »® iy
T v Lo 5.10 1.41 1.84 2483 0«26 3.14 728 437 016 0.25
1" 2

Se
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Girth of frxulis

This character was found to have no significant
and positive assoclation with any of the characters when
all the three generations were considered together. liowaver,
the association with number of leaves per plant and days to
flowering was positive and significant in case of paronisa.
In cane of Fl generatlions, there was slgnificant negatlve
agssoclation with interncdal length. Tho éharacter had signi-
Zicant correlation with length of fruits in FIE and Fzs of
which the assoclaticn in Fas was nagatbive.

There was no significant correlation wilth weight of

frults per plant in any of the three generations.

Yellow vein nosaic intensity

This character displayed significant associations
only in parents. The correlation was pesitive and significant
with number Of branches per plant, number of f£lowers per plant,
number Of £ruits per plant, weilght of fruits per plant and
length of fruits, whereas the character showed negative and
significant correlation with internodal length and days to

£loweringe.
Vo iMetroglyph analysis of parents and hybrids

Table 31 shows the index scorss and position of rays

for the different characters.



Table 32. Index scores and signs for the different traits

S8l. Characters ggggg of Score 1 Score 2 Score 3

Ho. Value Sign Value from -~ to -  &Sign Value Sign

1 Number of _ . L
pranches 1.07 %0 4.90 Bolow 2.35 0 2.35 to 3.63 b4 Above 3.63
per plant

2 HNumber of 0(//
leaves per 19.1 to 83.3 Bslow 40.50 o 40.50 to 61.90 g  Above 61.90
plant

3 Internodal - ,
length(cm) 3040 0o Ba22 Above 6.062 0 S«01 to 5.62 o— 3'910‘&2. 5.01 o—

4 Days to
flovering 49.20 to 81.50 Above 70.74 4] 59.97 to 70.74 q\ Below 59.97 Q\

5 HNumber Of
£loviers i ‘
psr Plﬂnt 450 to 24.50 Balow 31»17 ] 11017 to 17.84 ? Zhova 17.84 T

6 DNumber of .

- fruits 141 to 21.00 Below 7.94 v) 7494 to 14.47 Aoove 14.47

per plant * y * * ) A /D

7 Length of :
fruits (cm) 11.38 to 23.5 Balow 15.42 0 15.42 €0 19.46 —0 Above 19.46 —0

8 Girth of ' ~
£frults (cm) 5.88 to 8,60 Below 6a79 O 679 o 770 \) Above T«70 \

L6
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The'scatter dlagram of the 2 ¢ross combinations
are presented in Flgel and 2. The relative position of
the parents and hybrids based on thelr performance is given
by thils diagrame. The frequency dlagram (Fig.i} in respect
of the cross 91 b4 93 showed that among the parents and hybrids
the maximum score was Ifor Fl of Pl X Py while the F, got the
least score. But in the other <¢ross, the cultivar parent
(92) obtalned the maximum score followed by its Fl(Fig.%).

The lowest score was recorded by the semiewild parent 93 and

the qu

On comparing the two crosses, it wes found that the
highest score (19) was recorded by 2, £ollowad by ?1 of Pl x

93 {17). The least score wes shown by Fz of ?1 b3S Pé (12).

VI, Grafting trial to study the segregation of ysllow vein
mosale rasistance
Results of the screening trial to study the segregation
of yellow vein mosaic resistance in the Fz plants of the croéa
between KeS17 (P,) and Ae. manihot (P;) are presented in
Table 3%2. Cut of the 50 plants inoculated by grafting, graft
unicn was ecstablished in 23 plants with 46 per cent success.
Hajority of the inoculated plants scored a disease
ratiﬁg of one indicative of high resistance and the dominancs
of resistance over susceptibility to the disease. Unly 7 out.

of the 50 plents 1lnoculated, daveloped severe yellow vein



Table 32. Results of screeniag . the F,o0f P
mosale reslstance by graft inocn

% P, for yellcw wvein
ia oft

i

Mean

Hunbeyr

Humber of

Condition HNumber Rumber of plants scored under - Pro=
of the of each yellow vein mosaic iﬁiiﬁs e gg sistant g’fgcegim bability
gratt - grafits diseass score g lant P
1 2 3 ) 5 P

Successful 23 19 2 - - 2 1.43 21 2 0405-0.10
Unsuccess= 27 18 3 1 - g 1.93 22 5 030050

ful

Total 50 37 S5 i - 7 170 43 7 0.05-0.10

66
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nosale symptomoe. Sever? dilsease symptoms developed in five

cases where the graft union was not successful.

The =zegregation in this cross was found to agres
well with the expected 3:1 ratio of resistant and susceptible

plants.

Vil. Grafting triasl to confirm the resistancea of desirable
Fz recombinants

On evaluation of F2 plants for fruit yield, oq}y two
plents, one each from tho two cross combinations gave fiuittﬁsﬁ
yialdé significantly higher than that of the beat parant namel},
KSe17« &nftar the last harvest of ffuits. including thoso
retained for seed putpose, these two plants were specially
nurtured to prolong their life period and subjected to graft-~
ing ¢trial. Eventhough the scions remained alive for one woek
they failed to establish probably due to the overthickness and
maturity of the oot stocks iany new sproute appaared £rom
thae portion below the graft point which were complately free

£rom any ysllow vein mosale symptoms.



DISCUSSION



DISCUSSION

One of tlie basic objectives of plant breeding is
the incorporation of resistance genes for protection £rom
pests, diseases and environmental extremes into existing
susceptible cultivars. The effective execution of this
cbjective through conventional breeding methods is always
difficult sinca the breeder has to see that ha improves or
at least maintains the important agronomic characters that
vary during the breeding programnee The task becomess more
difficult 4if the source Of resistance is of g wild type

with many undesirable genes uxier recombination circulte

In the present study a semi-wild bhindi species
Moelmoschus mgnihot was found to be highly resistant to
the deatruptiva disease Of yellow vein mosaice This was
used as one parent to cross with two susceptible éultivars
Vizge CO=1 and KeSel7. The Fls and 325 of these croszes
along with tha parents were svaluated for resistance to
yellow vein mosaic diseasse and various other characters
which are assocliated with yields The results are discussed
in the £ollowing pages. ;

I, Evaluantion of parents and hybrids
1. Variations for cifferent traits

A programme of breeding almed at the improvement of

yield and disease resistance characters requirss adequate
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information on the extent of variation available in the
population. The scope for selection in the breeding popula=
tion depends on the extent of altered mean valuss and

genetic variability present in the segregating generation.
2« Mean values

The maan valuea for the second generation showed a
decreasing trend for germination, height of plant, incer-
nodal length, number of flowers per plant, number of frults
per plant and weight of frults per plent compared to the
parents and £irst generation hybrids. However, the mean
values for days to flowering in both the F.5 showed an -
increase over that of the parents and F;s. The decreased
mean values in the case of most of the important chagactnrs
and the increased meen valus for daya to flowering ind;cato
the presence of a genetic phenomenon which lead to a dﬁneral
shift of the characters towards the genotype of the wild
pa:int. Py which was inferior to the cultivar parents 91
end P, in most of the economic traits. In the case of
nutber of branches per plant, nunber 0f leavss per plant and
length of £ruits, though there was no such definlte trend,

a decrease in the mean values of Fa generation comparged Lo
ihe Fl was noticed. But the F, of Pl x Py showed en increase
in mean value for girth of fruits over its ?1 while the

other F, showed a decreasing trend. Thlis decrease in msan
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values when compared to F1 generation may be the result of

inbreeding depression in the'F2 generation.

‘Yellow vein mosalc intensity showsd a éistinct
pattern over generations. The Fls wers completely free from
the disease with a mean score of one. The F, of P, x P, also
showed the same szcore. Howsver, the Ea of the cross involving
the highly susceptible parent, P, (Ke5e17) showed an increase
in the mean value of diseese scora over Fo (Table 24) due
to the praesence of £ive plants in the population.with severe
disease symptoms. These results show the influence of tha
background genome of each individual F, plant for the

expression of disease symptom under f£ield conditions.

The mean percentage of frult borer infestation was
higher in both the F,s (Table 25). But the F,5 showed a
significant decrease in mean value for this character. The
gsend-wild parent P, shoved maximum resistance (9,22 per. cent)
to this peste Thls result is in agreemeant with the anony=
mous report of 1977 and that of Chelliah and Srinivasan (1983),
The lesser infestation in ¥, populations is probably due to
the preponderance of plants with fruit characters closely

resembling the semi-wild parent.

In the case of leaf hopper incidence also, g decraase
in mean values of Fzs compared to the Els was notlced

(Table 26a). The population of hopper and the extent of -
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hopper burn was maximum in the semi~wild species, A. mgnihot
(Py)e The cultivar parents P, and P, were grouped as resis-
tant types since the population count and hopper bura percen=
tage were low in theme The susceptibls naturs of the semi-
wild parent, 93 to this pest was found fully inhexited by
tha Fl and segregated into 41231 tolerant, resistant and
susceptible in the F, of P, x Py and 44251 resistang;tolerant
ana susceptible types in the F, of P, X Py (Table 26b). |
Tﬁis suggests a complex inheritance pattern f£Or the incidence
of this pest in the plant materxials under study. In general
the susceptibility to this pest can be consicered as recessive
to the xeaistani/tolerant pnaturse

The tolerance to this pest was reported to be governed
by a single dominant gene (Mahal and Singh, 1982). According
to Shafma aﬁd Gill (1984), resistance to this pest involve
dominant geness However, Uthamaswamy and Subramoniam (1985)

suggested that a single recessive gene governs the resistance.
be Varisbility

The coefificient of variation worked out for the
different populations has given a statistical msasure of
the extent of varigbility present 1n'the populations. In
general, the variability was hi&her in the Eh populations

compared to the parents and F.s. Such a diversity of types

p !
appearing in F, and latsr generations i3 the result of
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Table 26(b). Segregation of jassid resistance in the
Fa populations.,

Humber of plants under each class Total
Crose combination ( per cent in parantheses) numbar of
plants
Resistant Tolerant Susceptible observed
F, of P, x Py 49 71 20 140
(35.00) (50.71) (14.29)
F, cE P, x P 63 45 8 131

(51.91) (34.35) (13.74)




extreme heterozygocity of interspeciiic hybrids (Allard,
1960). However, in both crosses the F2 populstions never
roevealed the full recombination potentlal 0f the extremss

of various tralts im the parents involved. There was a
preponderance of low ylelding plants'with resistance to
y2llow vein mosaic similar to the seml~-wild parent, Pge

This suggests the presence of powerful genetlic mechanismns
which restrict free recombinationse.- Anderson (1532) believed
that these restrictions are caused by genetic or mygotic
elimination, pleictropy and linkagee. The restrictive efiect
of linkage on recombination was found tc be severe.

Stephans (3949) found thatlthe viable fracticon of ¥, hybrids
of Genlirsutum and Gebgrbsdence conslists px marilf of plants
reserbling the ﬁarentﬂl Bpacles or the Fl hybride. in
several other plant genera, F, and later generaticn hybrids
have f{reguency distribution of phenotypes skewed towards

a parental type (Rick, 1963).

sdddiqul (1971) opined that interspoecliiic crosses in
Gossyplum both at tha diploid and tetraploid level mostly
fail to ylald dasiraﬁla recombinants owing to a rapid ravere
sion of the hybrid pcpulation to one or other of the parental

genotypes .

Another expression of restrivted reconbination in

specles crosses 13 the laxge proportion of iaviable and
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abnormal segregates in thelﬁz population (Lavin, 197%).

In the presgsent study, the Fa populatiocns showed various
degrees of breakdowne. There was gonslderable reduction

in germination of the F, secds while the parents and Fis
recorded high geyxmination (%able 2). This 1hﬂicates the
elimination of hybrid progenies in tha post zygotic stage
‘(Hussaln, 1972). Various degress of sterility, including |
the presence of plants which did not flower at all, were
observed in the Fy populations. Such hybrid breakdown
(stebbins, 1950) leading to reduction in the productivity
of F, gencration has been reported in different species of
plants (Hlussain, 1972). Muller (1940) attributed the degenera-
tion in the Fa_t° tha results of segregation of comple- '
- mentary gene systems Of parental species. Stephens (1950) -
observed that recombingtion in later generations of Ge
hirsutum x ge barbadenss are accompanied by reduction in
fertility and departures from expected Mendellan ratios.

He coﬁcluded that cdue $0 cryptic structural differentiation,
selfing in interspacific hybrids results in mogt of the
segregates resemﬁling either parental specles or ﬁhe El'
This 1s becguse, the ¢ross over gametes are at a selective
disadvantage resulting from duplications and deficiencies
in the gametes due to cryptic structural ¢ifierentlation.
The true causes of drastic reduction in fertility in the

hybrids in the present study could be ascertained only
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through an indepth cytouyenetic study of the specles
involved which has not been attempted here.

2. Gonetic paramaters

The progress in braeding depends upon tho magnitude
and naturs of genetic variabllity. Hence a knowledge of
total varizbility ond the magnitude of heritable and non-
heritable components is importante The total variability
can be partitioned into its herxitable and non~heritable
components with the help of genetlce parameters like geno-
typle cosfficlent of variation, herltabllity and geneatic

advance,

Yallow vain mosalc intensity recorded the lowest
phenotypic and genotypic coefflclient of variation indicating
little scope for improvement of this trait through selection.
This observation differs from those of Padda et gl. (1970),
Kaul gt al., (1579) and Mishra and Chhonkar (1979) who
obtained high genotypilc coefficient of variation for mosalce
infection. This difference may be due to the difference
in the populations involved in the atudies.

High values of phenotypic and genotypic coefficients
of varlation were observed for weignt of fruits per plant,
nuiber of £rults per plant, number of flowers per plant,

number of leaves per plant and helght of plante. %he high



109

genotypic coefficient of variation values indicate the high
degrea of genctic variability in these characters and
suggests scop@ for better selection for thesc characters

in breeding programmes. The high values of phenotyplic and
genotypic coefficlent of variation observed for yield and
number of fruits was in conformity with the £indings of
Kaul gt al.(1979), mishra and Chhonkar (1979) and Thaker
et 8l.{1981) and contrary to the observations of Lal et al.
(1977) and Balachandran (1984). High genetic variability
for height of plant was reported by Padda st al, (1970),

Rao (1972), Rao_et al.(1977), Rao and Kulkarni (1978),
titshra and Chhonkar (1979) and Thaker et gl.(1981) .

The characters like number of branches per plant,
interncdal length and length of fruits also showed woderately
high phenotyplc and genotyplc cocfficient of variation .
values, indicating scope for selection. This was in agreemont
with the observations of Mishra and Chhonkar (1979) who
obtained high degroe of genetie varlability for branches
per plant and £ruit length. High genetic variability for
length of f£ruits was. also reported by Trivedl and Prakash
(1969)+ llowever, this was contrary to the results obtained
for Balachandran (1984) who found low genotyplc coefficient
of variation for longth of frults, number of £lowars per

plant and height of plant.
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Among the elsven characters studied, the herita-
pility values were moderately high for all the characters
incicating the low influcnce of environment. Length of
fruits and days to £lowering recorded the highest values
of ﬁeritability. High heritability values for fruit length
was roported by Trivedi and Prakash (1969), Hgah and Graham
(1973), Singh et al.(1974), Lal_et als(1577), Hahajan and
sharma (1979), #ishra and Chhonkar (1979) and rurthy and
Bavajl (1980). Pedda et al.(1970), Lal gt al.(1977), Rao
at al. (1977), Rao and Sathyavathi (1977), Singh aend Singh
(1978), surthy and Bavaji (1980), Partap et al. (1980)amnd
Balachandran (1984) also reported high estimates 0f herita~
bility for number of days to flowering, an lLimportant attri-
bute having vital influence on the number of f£ruits produced
and the total fruit yleld,

The high heritability values for most of the characters
studiad show that one can attempt selescticon for these chara=-
cters directly based on phenotyplc performance, Similar
results were reported by Padda gt 3le (1970) for mosaic
infection, plant height and yield per plant, Rao (1972)
for plant height, Lal gt al.(1977) for all the characters
studied except yield per plant, Rao and Kulkarni (1977) for
nutbar of frults per plant, Rao gt gl. (1577) for plant
height, number of frults and yield per plent, Rao aﬁd
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Sathyavathl (1977) for number of frults per plant, Singh
and Singh (1978) for yield per plant and number of fruits
per plant, Mahajan and Sharma (1979) for number of fruits,
Hilshra and Chhonkar (1979) for number of branches per
plant, pods per plant, plant height and percentage of
plants infected with yellow vein mosaic virus, durthy

and Bavaji (1980) for plant height and yield, Palanivelu-
chamy:gg'gia(lﬂsz) for plant height, Vashistha et gl.(1982)
for fruits per plant and plant height. However, Lal et al.
(1977) 2nd Balachandran (1984) reported that yield per
plant i1s having low heritability since it is largely
influenced by environmental factors. Similarly, Rao (1972)
found that length of fruit offered less scope for selecticn

as it was greatly influenced by environment.

It has been suggested by Johnson st al. (1955) that
heritasbility together with genetic advance will bring out |
the- advance expected from selection. High heritability
together with high genetic advance was observed for weight
of fruits per plant and height of plante. A high heritability
and éenetic advance sugygests that the character is governed
by additive genes (Panse, 1957). This cbservation regarding
yield of fruits per plant was in agfeement with those of
Singh and singh (1978), Mishra and Chhonkar (1979) and

HMurthy and Bavaji (1980) but contrary to the results of



Lal ot gl. (1977) and Balechandran (1984). High herita-
bility and genetic advance for plant height was reported

by many wﬁrkezs like Rao (1972), #ishra and Chhonkar (1279),
Thaker et als(1981)., Palaniveluchamy gt al.(1982) and
Vashistha et al.(1982)

Days to flowering and nunber 0f leaves per plant
also recorded high heritablility and genetlc advance
estimates, indicasting azdditive gene effects in the expression
of these characters. Similar results were reported by Rao
(1972) arnd singh and Singh (1978) for days to floweringe
Howaver, Rao at al. (1977), Rac end sathyavathi (1977),
rurthy and Bavajid (1980)?";3a1achandran (1984) found that
days to £lowering wes under tho influence of none-azdditive

genes.

Though heritability estimates were high, the
axpectad genatic advance was low for number of branches
per plant, internodal length, number of flowers per plant,
nunber of fruits per plant, length and girth of frults and
yellow vein mosale intensitye. This suggesis the rols
played by none~addliclive geneg in the expression of the
above characters. Balachandran (1984) also suggested the
1nvnlbement.o£ non-additive gene effect f£or nunbex of
flowers per plant, number of frults per plant and length

and girth of fruits. iowever, singh gt al. (1974) reported
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high heritability and genetic advance for fruit dlameter
and f£ruit length. Similar observations were made by Lal
et 31.(1977) for interncdal length, number of brenches
per plant and number of frults per plant, Rao and Kulkarni
(1977), Singh and s8ingh (1978), Thaker et al.(1981) and
Vashistha @t al. (1982) for nuwber of £ruits per plant,
HMishra and Chhonkar (1979) for numbor of branches per
plant, frults per plant, fruit length and percentage of

plants 1nfected with yellow vein mosaic virus.

d¢ Corrolation studics

In order to obtailn information on the amsociation
of traits in different gencrations, simple correlation
coefficlents were worked out among the eleven characters
separately for each generation. The results are praesented
in Table 29,

Humber 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 the three generationss
Singh gkt gl.(1974) reported positive and significant associz~
.tion of yield with these characters. The studies by Rao
and Ramu (1975), Rao gt gl.(1977), Singh and Singh (1978,
1979b) end wKahajan and Sharma (1979), showed that number
of frults per plant and height of plant should be givan

more emphasis in bhindi selection programnes to increase the
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yields The importance of fruit numbar per plant as a
salaction criterion wes stressed by many other workers

like Roy and Chhonkar (1976), Korla and Restogl (1978),
Ajimal gt ale(1979), Partap st ale (1979)-. Elangovan gt gle
(1980), Hurthy and Bavaji (19805. Arumugan end duthuirishnan
(1981) and Salachandran (1984).

 Positive and significapt assogiation of yield

with numbar of branches per plant and numnber of leaves

per plant was exhibited by parents and F,s, while in F, 8
thera was none-signlficant 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 yleld with number of branches and numbar of leaves
per plant was reported by Singh ot al.(1974). Branches per
plant was found to be an important yield contributing
character in the studies conducted by Roy and Chhoakar (1976),
Singh and singh (1973, 1979 b), Elangovan gt als (1960)

while contrary views were requested by Balachandran (1934).

There was significant negative correlation of yield
with days 0 floweriag in the three generationse. The reports
by Padda gt gl.(1970), Hajumdar gt gl. (1974), Lorla and
Rastogi (1978), Ajimal et zl. (1979), iurthy and Bavajl
(1980), Arumugam end Huthukrishnan (1981) and Balachandran

(1884) are in agreemsnt with this £inding. Hence days to
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£lowering could be considered as an important yield
determining component f£or exercising selection in bhindi.
Korla and Rastogi (1978) suggested that yia;d could be
improved by selecting early flowering types producing a

large nunber of fruits.

Length and glrth of £rults wers reported to be
important. in selection programues by many workers. In
the present study, positive and gignificant association
of length of £ruits with yield was observed only in parents
~and F,s, while in the F;s the association was found to be
significantly negative. Girth of frults was not correlated

with yleld in any of the generationse

vield was found to bs negatively and significantly
correlated with internodal length in parencs while the
association was positive and significant in the case of

Py generation and non-significant in the F, generations

Brecding for disease resistance amploying wild
species requira information on the association of resistance
with other economic characters. The progress in breeding may
be hampered if there is assoclation bsotween desirable and
undesirable traits which is commonly seen in resistance
breeding programmes involving wild relatives. Based on

the study of segregating generatlons of crosses hetween
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H. gsculentus varieties and i. manihot forms, Arumugam

and #tuthukrishnan (1979) reported that theras was no
assoclation of yellow veiln mosaic resistance with any

Of the economie characters like plant height, number of
branches, days to flowering, fruit length and girth,

number of frults per plant and number of seeds per fruits

. 4ndicating the séoPe for effective selection for resistance.
However, in the present study it was founa that signie
ficaht asgoclatlons between yellow vein mosaic intensity
and other characters existed in parents. The correlation
was positi@e and significant with number of branches per
plant, number of flowers per plant, numbar of f£ruits

per plant, weight of fruits per plant, and length of fruits.
However there was significant negative correlation with
internodal length and days to floweringe. sSuch anomalous
associati&ns of important yield characters like number of
branches per plant, number of flowers per plant, nunber of
fruits per plant, length of fruits, intexrnodal length and
days to flowering with disease reaction are the result of
high incidence of the disease in the highest yielding

parent, Pz (Ko 8017) .

Interrclations between characters glven an ldea
about the offect of selection for one character on the

improvement of the others. The major yield components
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recognized in the present study wera plent height, number
of f£lowers per plant, number ¢f frults per plant and days

to floweringe It was found that the £irst three charactsrs
gxhibited significant positive assoclatlon among themselves
in the thrae generationss Hence the selection £for any one
of these characters is sure to bring zbout an improvement
of the otheor twe characters. Height of plant also displayed
significant pogitiva agsoglation with number of leaves

per plent and internodal lengthe

Negative association of days to flowering was found
to be significant with numbher of flowers per plant and
nuiber of fruits per plant apart from yleld of fzuits per
plant, in all the generstionse. %hough the association of
days £0 flowering with height of plant wes negative, it
was significant only in the case of Fls and ?25.

4. Metroglyph analysis

The Erequency diagrams (Figel and 2) show that 2,
is getting thé'highest scoxa of 19 arong tha parents and the
hybrids wﬁen subjected to the classificdtory analyeis done
on the basis of indox score mothod suggested by Anderson
(1957}« This cléarly indicates the supertoriﬁy oL Pa ovar
all\ﬁhe other treatments.
IX. Segregation of yellow wvein mosale resistancs..

The disesse rating scala (Tasble 31) showed that out
of the 50 plants incculated 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. ficwsver, from a genetic point of view it can be

seen that these six plants are susceptible to the disease
since they developed disease symptomse. Hence the actual
ratio in the F, becomes 37 resistant: 13 susceptible plants
which is a close fit to the expected 3:l1 ratio of resistant
and susceptible plants. Such a segregation would suggest that
resistance to yellow vein mosalc is controlled by a single
dominant gens. %Yhis is in agreement with the views of
Arumugam ané Muthukrishnan (19280), Jambhale and Nerkar (1981)
and Unnikrishna Pillai (1984).

IXl. Selecticn of Qasirable Fz recotbinants

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 P, plants towards the
Semi-wild parent in this character. Only one plant each in
the two F,8 showed an yield level above 447 g per plant.
All other Fz plants gave fruit yleld only upto 265 g per
plant like the semi-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 estsblish 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 F, plants with the cultivar parents
taking the latter as male parent is suggested as future

line of work.
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The experiment on aevalustion of the F, generation
derived from an interspeclific nybridisation programme’
involving tvo yellow veln mosalc susceptible cultivars

of Abelmoschus esculentus vize., Coel and KeSe1l7 and a

saeni-wlld species A. manihot resistant to the disease
was conducted at the ULepartment of #lant Breeding, College

of aAgriculture, Vellayani duging 1964-85,

The cultlvar parents vwere crossed with A. manihot

taking tha lattor as male perent and F, seeds weras collected.

i
telfad seeds from Fl plants were used to raise the next
generation. The Fz populations were grown along with ths

parents and F,s5 in a f£leld trial in Randomized Block

i
Design with four replications and evaluated for resistance
to yellow vein sosale diseasse and varlous other characters

associated with yield.

The anlysis of variance revaélad significant
di £ferencz for all:the characters grong thes seven treatm@nts.
The varliations for the different tralts were studled based
on the extent of alteration in mean values and amount of

variability oresent in the populations.
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A decreasing trend in the mean values of the two
Fz populations waz noticed for most of the characters
studied. A drastic reduction in the germination of both
F,3 was observed both under field and laboratory condi=-
tionses This is atcributed to the elimination of hybrid
progenies in the post zygotic stage. There was a pre=
ponderance of low ylelding plants with resistance to
éellow vedn mosaic in the Fy generatione Majority of the
¥, progenies were inferior to the culiivar parents in
most 0f the economle characters indicatiay tile presence
of = genstic mechanism leading to g astrong reversal to
the semi-wild parent, &. mgaihot. The ioferiority of F,

generation whan conparad to thes P, ls explained as due

1
to inbreeding daepressicon.

The parents and hybrids were evaluated for yellow
vein mosaic resistance, fruit borer infestation and leaf

hopper incidenge under natural infectlon conditions.

The highast yieldlag parent, Pz(K.5.17) showed the
maximum susceptibility to the yellow wvailn mosaic diseane.
The semiewild perent, P, (A.mgninot), the F,s and the 7,

of Pl X P, exhdbited freadom from tha diseasees But in the

3
F2 of the cross involving the highly susceptible parent Pz.
£ive plants showed severe discase symptoms while all the

other plants did not show any mosalc symptomse
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The seni=-wild pacont, Py Was found to show maximun
resistance to the frult borer. 7Tae percentage of lnfesta=
tion was found to decrease f£rom Fl to Fa generation due to
the reversion to the semi-wild parent type.

The incldence of leaf hopper in the plant materials
under study was found to be under the control of complex
inheritance mechanismse Dased on the Fa segragation ratiocs,
it is inferred that susceptibility to this pest is recessive

to the resistant/tcolerant nature.

The Varlability in both the F, populations was higher
when compared to that of the parents and Fls. However, this
was only a narrow segmsnt of the total diversity of types
that could have originated frxom free genetlc recombinations.
Such a restricticn to recombinationis believed to be due

to gametic or zygotic ellimination, plelotzopy and linkage.

The ¥, generation exhiblted various degree of
sterility including the presence of completely sterile
plantse The exact cause of this reduction in fertility can
be understood only through éytoganetical studles which have

not been attempted hére.

The appsarangs of positive transgressors was observed
in both 52 populations for nurber of branches per plant,

number of leaves per blant, internodal length and days to
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f£lowering. Positive transgression for nwiber of flowers
per plant was exhibited by one plant . in the Fz of Py X PB
(38 £lowers per plant) while one F, plant of the cross

Pl % 93 gave highsr weight of frults per p;ant (745 qg)
than either of its parents. Ths proportion of negative
variants for height of plant, number of ieaves per plant,
incernodal length, number of flowers par plant, nunber of
fruits per plant, vwelght of £rults per plant and length of

fruits was considerable in the E2 populationsa.

| The genetic paramaters like genotypic coefficient
of variation, heritability and expected genetic advance were
astimated for elevent 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 genotyplc coefficients of
variation indicating the scope for selections Yellow vein
mosalc intensity recorded the lowaest phenotypic and geno~
typiec coefficients of variation suggesting little scope for
improvament of this trait through selection. The contrary
results obtained for many other workers may be because of

the different populations involved in the studiea.

Héritability values were moderately high for all
the characters indicating the low influence of enviroament
and the scope for direct sclection of these characters

based on phenotypic performance.
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Welght of £ruits per plant, height of plant, days
to f£lowering and number of leaves per plant recorded high
heritsbility and genetic advance estimates indicating that
these characters are under the control of additiva genes.
The involvement of non=additive gene effects was observed
for number 0f branches per plant, interncdal length,
number of flowers per plant, number of frults per plant,

length and girth of fruits and ysllow veln mosaic intensity.

Correlation studies showed that number of frults
per plant, number of flowers per plant, height of plant
and earliness in £lowering weaere the major yield contrie-
buting characters in all the three generations studied,
namely parents, Fls and Fzs' Positivé and significant
association of impﬁrtant yleld characters liks number of
branches per plant, number of flowers per plant, nuiber of
frults per plant, weight of £ruits per plant and length
0of £xults with yellow vein mosailc intensitylwas observed
in the parents., This anomalous result 15 supposed to be

due to the hi@h incidence of disease in the highest yleld-

-ing parent, Pz(K.S-ITJ.

From the Fz generation, two Ea plants, one ecach
from tha two cross combinations were selected based on their

superior performance. The resistance of these plants to
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yellow vein mosaic was confilirmad by greft inoculation.
Further back crossing of the selied progeny of these
reslstant F, plants with the cultivar parents is suggested

ag future line of worke.

The inheritance of yellow vein mosale resistance
was studied by screeanlng the F, of P, x Py under artifl-
cial inoculaticn by grafting. 7The segregation of the Fz
plants into a 311 ratio of resistant: susceptible plants
indicate the involvement of a single dominant gene in

governing resistance to tho disecasa.
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Appendix I -~ Abstract of analysis of variance table

Mean sguaraes

Source af
Hlelght of Number of Number of Inter=- b
plant branches leaves par nodal gigiegzng glongQOE
per plant plant lengh per plant
Raplication 3 6131.5667 44.3750 £6931.5655 6.3746 67.1161 5703560
* % xK 1l o X L3
Treatment & 38878.0809 21.1286 7264 48536 63,5698 4551.0228 1154.5738
Plot Error 18 2342.8111 21556 588.0266 3.1761 48,3480 89.3421
Sampling Error 252 478.9278 1.9353 196.4091 1.6828 35.9253 24.2147
Total 273
Maan sguares
Source at Numberéﬁ? iggtfs Wsight of Length of Girth of Yellow vein
per p £ruits per £rulis £ruits mosaic
plant intensity
Repliecation 3 438.,1429 164792.5460 13,0625 3.8306 1.8417
L 3 v X i R
Treatment G 988.0893 425458.3330 470 .8544 12.35¢0 31.85923
rPlot Zrror 18 65.1067 2404241825 4.202¢ 1.4093 1.1624
Sampling Error 282 15.2548 5863.0853 1.5454 0.2637 2.35198

% 2ignificant at 1 per cent level of probability.



Appendix-Il. Abstract of analysis of variance for germination and
pest scoring

Maan sguares

. df Percentage of Fruit borexr Leaf hopper incidencs
wource gexmination in incidence
£ield Population Hopper burn
count percentage
Replication 3 - 9.4734 47.6754 0.3176 2344953
s L 39 L o
Troatment 6 970 32256 413.4677 5.7886 108.01490
Error 18 3.7655 21.7319 02023 9.8598
Total 27

**% significant at 1 per cent level of probability
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AHSTRACT

A stwdy was conducted at the Colleage of Agriculture,
Vellayani during 1984=-'S5 aimed at evaluating the F, genera-
tion of interspecific hybrids betwesen two yellow vein mosaic
suscsptible cultivars of pbelmoschus gsculsptug and tha resis-
tant semi-wild species, A, mgnihot for yalloy%%ain mosaic
resistance and yield and selecting dosirahlc;ﬁa recombinants.
Study of the genetic nature of ysllow vein mosaic resistance
observed in A. manihot was gnother objectives The estimation
of genetic parametars of important economic characters and

the asscclation among thase characters ware also studied.

Tha Fa populations along with the parents and Pls
wera evaluated in an RBD with four repiications. A preponderance
Of low ylelding yellow vein mosaic resistant plants similar
to the semi-wild parsnt was observed among the rz‘populttionl.
suggesting the presence of powerful genetic mechanisms which
restrict free recombin;tions; Varying dagrees of sterility
wers exhibited by the F, progenies. Eoth positive and nagative
Variants(transgraasors).for tha different characters were seen
in the Fz generation, Based on the superiority in performance,
two F, plants, one each from the two cross combinations were
selactad and their resistance was confizmed by graft inoculation.
The selfed seads.of these plants were collected so that they
can be used for £urther back crossing prograunes with the
cultivar parents, - |



High phenotypic and genotypic coefficients of variation
wers axhibited by weight of £ruits per plent, number of f£ruits
per plant, nuxber of flowers per plant, number of leaves per
plant and height of plant, indicating scope for selectione
Yellow vein mosalc intensity reglstersd the lowest phenotyplc
and genotypic coefficlents of varlation suggesting little scope
for improvement of this character through selection. lModerately
high heritability values ware recorded by all the characters.
weight of f£rults per plant, height of plant, days to flowering
and nunber of leaves per plant wers found to be under additive
gene action as they recorded high heritability values togethar
with high genetic advance whereas all the other characters like
number of branches per plant, internodal length, number of
£lowers per plant, number of fruits per plant, length and girth
of fruits and yellow vein mosalc lntenslty showed non=additive
qeﬁe actione.

Corralation studies,revaaled that number of fruits per
plant, number of flowers per-plant, helght of plant and sarliness
in £lowering could be congidered as the major characters con-
tributing to yield in the different generations studied.
Anomalous aSSOciations-of important yleld characters with yellow
vein mosalc intensity was observed in the parsntal generation.

Artificial inoculation oOf the F, Of Ke3. 17 x' A. mgnihot
by grafting revealed the single gene dominance of resistance
over susceptibility as one fourth of the F2 plants succumbed to

the yellow vein mosalic dlseapee





