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 INTRODUCTION



INTRODUCTION

In recent times, the importance of including
more af vegetables in the day»to~day hunmen diet 18 being :
stressed. But under;the existing conditions, the pro-

'«duction of vegetables is very low iﬁ our country.‘ To
tide over this problem of reduced yield; research workers

‘ have ;aunched on different programmes for incréasing pro-
dpatien.wfﬁocurding to Pal and Sikka (1956) éxﬁloitation
of'hyﬁrid'vigourwhich often results from cioésing two
‘unrelated varieties or strains needs special attention
as a quick, cheap and early method of attalning suffi-
eient- 1nerease in agriaultural productien and the phena-
menon of hybrid vigour should make a strong appeal to
agriculturists, |

In countries like U.S.A., Canada and Bulgaria -
commercial production aﬁa utilization of hyhrid seeds of

. vegetables like onion, cucumbers, melons, cabbage, brin-

N

jal, tomato etc.,~have much advanced. Consequently the -
vegetable seeds industry has become highly developed.
From the detalled studlies on vegetables like brinjal,
tomato and oﬁiéﬁ; it has been showed that there 1s éémpia
seope for the.impfovémant of vegetable erops by exploiting
hybrid vigour. In our céuntry éttempts to produce desi-

rable hybrids of vegetables have not progressed‘muéﬁ;



Bhindi (Okra - Abelmoschus esculentus L.
Moench) 1s a very popular vegetable crop in South India.

It can be grown with ease in any part of the year, It
is g native of tropical or sub-tropical Africa, andf
Spfead to America probably with the slave trade. This
plant is also native to India, where its wild forms

are met with.

~ The tender fruits are eooked as a vegetable
in curries, stewed or fried, and cooked 1nto soups.
Mature fruits and the steme containing erude fibre are
used in paper industry. Bhindi is a good source of
vitamins A and D and contains vitanin C. It is rich in
.proteins and mineral elements. It is an excellent ,
source of iodine s0 useful for the centrol of goitre.
It 13 good for people suffering from weakness of the
heart and brain; but is not fit for those who have
weak digeétion. |

,Hybrid vigour in respéet of piant height,
number of branches, and the number and weight of fruits,
has been reported in bhindi by workers like Vénkataramani
(1952), Gurgel and. Nitidieri (1956), Joshi gt al (1958),

Raman gt al (1961) and Raman and Ramu (1962), For cqmmer-
clal exploitation of hybrid vigour, and utilization of



hybrid seeds, male sterility is an useful tool of the
plant breeder far.pfoaucing~male sterile lines. 'Bnt
so far, heritable male sterility has not been reported
in bhindi.

Nair (1964 unpublished) in his studies on
the chemical induction of male sterility in bhindi has
found that F, wu450 (Na B dichloro-isobutyrate) is
effective to induce cent per eent nale sterility, at
0.25 and 0.30% concentrations.~ In these concentrations,
& high percentage of female,aterility'was"also obserﬁed.
But lowér concentrations of the chemical induced cent
per cent male sterility without any remarkable reduction
in ovule fertillty. This information may require confir-
mation and if chemical induction of mélevstarility is
found ‘efficlent, it can be utilized for the exploitation
of hyﬁrid ﬁigouﬁ and commercial hybrid seed production

_in this erop.

~

The present study is intended to examine the

R e L

extent to which hybrid vigour has ‘been manifested in inp
tervarictal crosses of four loecally available bhindi

varieties viz. Local white (L.W.), Pusa red (P,.R.), Pusa
sewani (P,S.) and Kilichundan (K.C). All twelve hybrids

 obtalned from six eross combinations (six hybrids and



their respective reciprocals) together with the four

parents have been used fbr-the study.
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 BEVIEW OF LITERATURE -

Generally when two dissimilar homozygous
varieties of plants are crossed, the hybrid will be in-
termediate in size. But some hybrids are more yigorous
than either of the parents. They may havé é moreAluxu;
riant growth of leaves, and stems and producé'greater
number ofvfruits. Even among animals, increase in size'
oceurs In hybrids of certain crosues. This phenomenon

is ealled hybrld vigour.

Barly work:

In 1776 Kolreuter studled heterosis by pro-
ducing_hybrids in the planfniingdom. He.got good exam=
pleé of excessive luxuriance in interspecifie erosses
of Nieotiang,-niggggug ete. (Bast and Jones, 1919).
Knight (179§) deseribed hybrid vigour as a normal se-
queﬂce to crossing. Varietiés. Mauz (1825), Sageret
(1926), Herbert (1837) and Gartner (1849) ‘observed lu-
N xuriance 4in. vegetative growth, root development, height,
hardinass, number of flovers ete. in man: of the hybrids.
" Naudin (1865) found hybrid vigour in 24 speeies erosses
out of 35 which he made within 11 genera.,

The first large scale, systematichstudy of
hybrid vigour was made by Darwin and pubiished in 1876



He compared the heights of inbred parents and their .
hybrid off-spring for 57 species of plants. Many of
his erosses, which included Salvia, morning glory,
 pinks, lupins, peas, tobaceco and maize showed hybrid _
vigour. He concluded that hybrid superiority resulted
, frpm the“union of different germinal complexes rather
than the mere aet of crossing. Crosses involving dif-
ferent flowers of the same plant or different flowers
of a closely related family gavé very 1i£tle or ne
inerease in vigour, 'Sinéerparﬁin's time an immense

- amnount oquuanfitétive work has been dOne on the size
of hybrids. East (1908), Jones (1918, 1945) and Shull
(1908, 1911} have reported superiority of the hybrids.
in corn (Zea mayg). A review on all such work is not

attempted,‘

Practical application:

Hybrid vigour manifests 1tself not only in
:“greater weight and*height, some hybrids shov larger seed,
B more ef?ibient germination, greater resistance to disease,
earliar flowering, higher yields of fruit and greater
length of life than their parents. It is not surprising,

therefore, that hybrid vigour makes a strong appeal to



agriculturists. 4Aécord1ng to Pal and Sikka (1956)

it 1g imperative that attempts should be made to exe
pioit'éll possible methods of increasing agricultural
produétion; Exploitation of heterosis or the Qigour
which often results from crossing two unrelated variee
ties or stnains neeﬂs special attention in this connee-
tion as a_quick, eheap and earlyfmethod of attaining B

sufficlent inerease in agricultursl production'.

1. Hybrid vigour in self pollinated croggz

Kybrid vigour has been studied widely in
Brinjal by various workers in U,u.S.R., Japan, Germany
and India., Nagal and Kida (1926), Pal and Singh (1946
and 1949), Venkatarauan (1946), 0dland and Noll (1948),
Alpatjev (1949) and Mishra (1961) have noted heterotic
effects in economic characters like earliness, frult

size, frult number, yleld etec. In tomato extensive

‘studies have béen'made by different workers like

Powers (1946), Powers and Le Roy (1945), Whaley (1952),

‘Haskell and-Brown_ (1955), Clark (1956) ete. They have

found beneflcial effecéts 1ike increased height and
spread of plants, disease resistanee, earliness in
maturity etc. in the Fl offspring. The manlfestation
of hybrid vigour in useful characters in these crops

can be practicaily utilized since they possess a very
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large number of seédé per ffuit and from which a large
population 6f hybrids can be ralsed. This offers good
possibilities for large seale production of hybrid

seeds by hand pollination; for commercial purpGQGS.“

Cotton is another 1mportant erop in which

‘ heterotic vigour has been reported. - Kime and Tilley

(1947), stephens (1960) y-Jones and Loden (1951),-as
cited‘By Santhanam (1956) - and Santhanam-(1956) have
referred to the utilization of hybrid vigour in this
crop. The possidility of making use of this phenomenon -
for increaszng production has also been eonsidered.

Pal and Sikka (1906) have reparted that intervarietal
hybrids of Gossyplum girauggm (by recent work at the

- I.4,R.I.) to exhibip considerable vigour with increased

yield and better staple length. Bhatnagar gt al (1964)
on Mung bean has reported hybrid vigour in characters
1ike‘héiéht of plants, size of seed and number of seeds
" per.. pod, 1f superiority over the better parent is con- _
sidere&‘and in all characters when the superiority of

the hybrid over the parantal mean is studied.

~In bhindi. Viaaraghavan and Wariar (1246),
Venkataramani (1952), ‘Seténtific reports of the I.A.R.I.

© (for the year ending 30-3-1954, pp. 127; - Anon, 1956).

Joshi et a1l (1958), Ramen et al (1961) and Raman and
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Ramu (1962) ‘have reported the results. of studias on inter-
varietal hybrids.

Vijayaraghavan and Wariar (1246) in their work
on:thiS'vegetablevérop to select high yielding bybrid
strains, found distinct evidence of hyhrid vigour in -
number, size and weight of fruits in some crosses.
Venkataramani (1952) studied intervarietal crosses in-
vqlving six varieties of bhindi and pbtalned increased
yieid rénging-frbmls.é to ia.s‘percent over the better
parent in five cfosses. In one-éfbés no vigoﬁr was. Obe
served. Joshi et &l.(1953) observed that 13 out of 29
eombinaticns yielded more than the respective superior
parents, the range of 1ncrease being 9.68 to €2.19%
while ten ylelded less “than the 1nferlor parents, showing
| nagative heteroqis. Some cf the erosses showed reciv
-procal differences. Ssven hybﬁids recerdéd significantly
highor number of fruits than the better parent. The
°ize of frult was significantly larger compared to the
parcntal varieties as. & group. According to Venkataramani
:\(1952}\§pe fruits were elither intermediate in size or
largér tﬁénnthe parents. Raman and Ramu (1962) reported -
_ increase in number aﬁd weight of fruits over the better

parent in 3 out of 2 erosses.
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2, Heterosls in eross pollinated cropg:

> , In certain crops belonging to this group, the
flower types are such that controlled pollination ean
be resorted to with convenience. In maize controlled
pollination methods’and‘prqductipn of inbreds.are’so
'convenient that a very large number of selected hybrids
‘have been evolved and they have recorded very signifi-
cant inerease in yleld of grain, In faet, the amount
of hybrid maize sown in the corn belt of the United
States of Ameriea has increased from 0.2 per cent to
82.5% in total. acreage. Heterosis has been observed
in éabbage by various workers like Pearson (1932),
Myers (1942), 0dland and Noll (1950) and Nieuwhof and
Munger (1250). Théy have been quofed by Swarup gt al
(1963). Hybrid seeds of eabbage aré_commercially used
‘in countries like Japén, ﬁollahd and ﬂ.s.&. Singh and
__Mehta (1954) reported heterb;is'in cabbage in respect
fSE*yield.»

o Krishna Rao et al (1951), Sundarapandyan et al
(1960) and Ahulivala and Patnalk (1963) have observed
manifestation of hybrid vigour in pearl millet. Chafoor
and Khan (1956), Hirayoshi et al (1956), Subramonian et g;
.(1968} reported hybrild superiority in Sorghum.
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Hybrid vigour has been recorded with regard
to a number of characters and brief review in respect of

the following characters is presented.

l. Helght o ant:

Nagal and Kida (1926), Kakizaki (1931), Pal
gnd Singh (1946) and Venkataramani (1946) have repoited
varying degree of heterbsis in>respec£ of‘plant'height
in different hybrids of brinjal (Solanum melongena).
Aecording to Kakigzaki, the average height of hybrids is
appfeciably larger over the parents‘and significaﬁtly
greater‘than the taller parents in some cases. Mishra
(1961)'reported that the hybrids on an average possessedy
increased shoot lengths when compared to.the male parent,
Only two of the hybrids showed decrease in height over
 both of the parents, | '

'*g>\ | Totmakov and Alpatjev (1935), Whaley(1939),
.Poéérs (1941), Haskell and Brown (1955) and other have
all feborted‘inﬁreased gxowth in tomato hybrids. Accore-
-aWQiné'td“Haskeli'éhd’Brown (1955) and Gottle and Darley
(iééﬁ) the 1ncreésed vigoﬁr‘of the hybrids over the
parents was manifested in all tﬁe vegetétive parts. In
Phaseolus vuigaris, Malinowski (1955) and in gram, maize
and Chillies, Pal (1945) have reported that hybrid vigour



also been found in bitter gourd by Pal and Singh (1946).
In Segamum, Pal (1945) has reported that there was no
hybrid vigour in respect of height and éome Fys were
.below average of the two parents. In Mnng.baén (;Qgg__
lus gureus) Bhatnagar and Singh (1968 '} reported supe-
riority of the hybrid in plant height over the better

parent.

Chizaki (1934) found that the height of inter-

specific hybrid of Hibiseus esculentus x H.maniho (@)

was intermediate to the parents. Miller and Wilson
| (19375 obtalned the same result with regard to-seyen
hybrids of bhindi between varieties. In the cross be-
tween Hibiscus g;cuineu§<and:§.evc entus, Singh et al
(1938) found the hybrid to be'tallér~than'ﬁhe parental |
types. - Venkataramani (1952) reported the height of cer-
tain hybrids produced by him to be intermediate. In
bhindl, Joshi et.al (1958) have reported that the hybrids,
in genersal, were taller than #heir respective superior
parents. In eleven out of 29 combinations of Fls were.
taller than.the‘tallerfparent, the increase being 0.2
to 18.5%; 12 hjbrids wérehintérmediate, being'ﬁore to~
wards the taller parent, one equalled the smaller parent
énd‘five'were smaller tﬁan_the smaller parent. The

hybrids in 4 crosses were significantly taller than the
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taller parent. In some cases %he réciprocal'crosses
differed. Thus the Fis in four crosses were found to
be significantly different from each other. According
to Raman and Ramu (1962) there was decrease in final .
height of hybrids than the respéctive parents in inters .
vérietal crossés of bhindi., Raﬁindra (1964} observed
in his work on bhindi, that in general the plants vhich
recorded heigheét plant heigﬁt were found to possess

longer internodes.
2. Branching:

Neagal and Kida (1926), and Kaklzakl (1928
~and 1931)_réported hybrid superiorit& with respect to
 number of branches in Brinjel. Pal and Singh (1946)
recorded in the Séme erop an incréase in number of
branches ranging from 9 to 54% over the better parent
in the case-of 8 hybrids. But three of the hybrids
showed 1eéser nunber of brancﬁes than the reSpeétive .»
infapior parents. Mishra (1961} found that the hybrilds
of biiﬁBhiggpdwea théir superiority in the average num-
. Eef“éf‘bréncﬁéé._ The maximum increage in the hybrids

- have gdne up to 41,6% over the.male,parent and 39.6% -
over the femaie barent, ﬁhe averages being 17,56 and

13.54 réspeétively. Only one hybrid had deereased nune



Bérwcf:bféhéhés,‘as compared with the two parents. Pal
(1945) found that the Fy plants of sesame were generally
intérmeéiafe”betweéh the two parents and seldon exceeded
fhe better parént; Joshi et al (1958) observed that
hybrids of bhindi as a class recorded significantly
Ihigher number cf branches “than’ the parents. In 14 come
binat~ons the My produced greater number of branches.
:than the better parent, the 1ncrease ‘ranging from 1.2

to 25.3 per cent. But significantuincrease was regis-
tered only in one combination. In 8 crosses, the hybrids
were Intermediate, most of tham.tending towards the
superior parent. 5 hybrldg produced lesser number of
branches than the inferior parent and in one case each,
the Ty hybrid was as good as- the supericr parent or as

‘poor as the inferior parent.

‘Reman and Ramu (1962) noted increase41n nume
ber of branches in two out of nine hybrids of bhindi
while seven produced lesser number of branches. The
same guthors (1963) observed that only one hybrid in
thig,crop,wgut of crosses betveen four Varieties, exe

hibited heterosis in rospect of spread of the plant.

R Numbéz of legveéz

Pal (1945) studied this aspect in Segamum



and has reported that there is hardly any e#idence of
hybrid vigour. But he has found in maize that the
hybrids were supericr to the. parents with respect to t
the number of leaves. There is high degree of hetero~
sls and difference in the vigour of the reciprocals.
According to Malinowski (1955) F1 generations of cros- -
ses of the self pollinated Phaseolus vulggrg evinced ,
hybrid vigour in respect of size and number of 1eaves.
Subramoniyan et al (1962) in their‘studies on heterosis
in sorghum has observed ‘the maximum vigour in the bybrid
between ‘the twe Afriean sorghums, was for the number of
leaves (nodes) per plant, This inerease in the number
of,leaves without an a@verse,éffect-of plant height and
straw yleld 1is desirable; as the qﬁality of fodder is
enhanced by indubing nore leafiness to the plant.
Satyabalan gt al (1960) have recorded observations on

number of nodes (1eaves) in castor and found that the

o T

‘ degree of expression ‘of heterosis varied in different
crosses. Aastveit (1962) in barley has found that in a
series of diallel crosaes, many erosses were heterotic
especiallymigwstraw length and yleld. Bawolska et al
(1962) has repéfted in their studies on-tobacco at 2
different places in Poland that no hybrid exceeded the
higher parent in leaf number at Pulawy, though some
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véqﬁallé& it. Some hybrids exceeded both the parents
inlleaf'size,» pifferences were frequently observed -
between reciproeal hybrids. ‘But at Surhow gertain hy-
brids exceeded bgth parent% in leaf numbers. Swarup

et 21 (1963) obqerved heterosis in the Fl ef cabbage

| crosses in the net weight of head (due to qize and num-
ber of Lleaves) and has coneluded that it wnnld be ad-
vantageous t07ad09t heterosis. breeding for improving

“the economie characters in cabbage. '
‘ i

, The hybrid cottan derived from the erinkled
leaf mutant with its normal parental form exhibited par-
»tial dominance for the erinklad leaf character and in-
cluded plents wlth leaves passessing an intarmediate
degree of crinkling. Santhanam (19586) reparted ‘that
plants with crinkled leaves were taller and possessed

a larger numbervaf nodes and leaves than normal plants.

| In béinsal carliness in flowering of the
‘plants was ohserved 1n élmost all the Fl1 hybrids.
Nagal and Kida (1926), Kakizaki (1928, 1930 and 1931) and
Daskaloff (1937, 1941) also observed early fruiting in
. hybrid brinjals. Paskaloff (1937, 1941) also observed
early fruliting in hybrid brinjals. Venkataramanl (1946)
- have again reported earliness in flowering in brfﬁygl

hybrids. Odland and Noll (1948) noted earliness in
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productivity and showed that this was correlated with
inereased total yleld, In their studies, Pal and Singh ;
(1946) observed in all the cases except one eross, that
flowaiing was late. According to Venkataramani (1946)
flovering was early by 18 days when compared to the early
pafents. ‘Mishra (1961) reported that the hybrids showed .
early flowering: and gréater number of plants in bloom. |
‘ The‘rangesqf\early flowering in many of the hybrids
va#iea frpm 20 to.lpO% over the respective pafgnts;
Whilefsome others were intermediate., He has also cons
cluded that a ecross between the late and early varletiles
" resulted in producing hybrids whieh were fairly earlier.
. The F1 hybrids invarisbly had more number of flowers

per cluster.

~In tomatoes, the thP ds are characteristic
in early fruit *et and ripening but this 1s not clear
till the.first frult ripens. Powers (1948), Finlay
(1951), Burdick (1954) aaskell and Brown (1955), Hojby
(1958) and others have reported earliness in fruiting
in tomatoes. According to Powers (1945) the increased
yield was due to an inecrease in the earliness of the
crop. Baldoni (1948) and .Wittwer (1953) have suggested
that earliness was not there always in the bybrids.-

\
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Pal'(lﬁ%S).reporﬁed cbmpafativa earliness in
flbwering'in F1 hybrids in gram. In Sesamum, one eross
and its'reciproca; was as early das the early parent;

- other h}bri&é-were'ihtermediate but nearer to early
parent. ‘In chillies the hybrids tended to be as early
: of élightly aérlier than the early parent except in. one
. onee eross which-ﬁaslslightly late than elther of the
parents.  In studies on bitter gourd, Pal and Singh .
.(1946) nqtéd that most of the hybrids produceé a larger
number of male and feméle*flowers ana were early in
flowéring, than the parents. Harbhajan Singh (1962)
reported early flcwering in eucumher. Thacenlio and
-Marcenko (1962) in their work on cucumber obsérved that
earliuess in F1 hybrids was related to the conditions
under which the parents vere grown. Most productive |
hybrlds seeds . vere obtained from seeds which set 1mme-

diately atter flowering starts.

Bawolska gt al (1962) in the hybrids of to=
bacco found that the majority of them exceeded both the
parents in earliness in flowering and number of Flowers.
&hluwalia and Patnaik (1963} have found heterosis for
earliness in pearl millet.

=

Venkataramani (1952) found in bhindi that the

hybrids were eithar as early as the early parents or
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eaflief fhan the earlier parent in four out of seven eros-
ses. It has‘beén'ébserVed*by Rao (1953) that bhindi seeds
collected from éaily mafuring‘gruits'gave rise to larger
number 6f seeds, These flowered earlier but there ‘was

no épprgciable difference in the total yileld. Secienti-
fle repﬁfts of the IARI (1955) have showed that the round
fruited#selqbtidné from sabour selection x green velvet
‘types of bhindi resulted in earlier flowéring than the
fdrmer'&arent;- | . B

| ; ‘Raman and Ramn (1962) founa that fbur out of
nine hybrids of bhindl were earlier then the earlier
‘parent$ They have (in 1963) also abserved that all the
nine hybrids studied, recorded earlier flowering than
the,pafents. Ravindra (1964) reported that flowering in
bhindifwas early 1n monsoon vhereas it was late in the

winter[season.

S. Egmger of frui§§

|
|
i
l

observed by various authors. Nagai and Kida (1926) and
Pal ayd‘Singh.(1946) noted increase in total yield in.
the hybrids and this was due to the setting of more

In Brindal_heterosis in number of fruits was

fruits per plant. Odland (1948 and Odland and Noll
(1948) are in agreeﬁent with this view. Aegording to
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Mishra (1961) the Fl had significantly higher number of -
'fruits than their respectiva parents. Amangst the pa-
rents, the total average number of fruits per plant
ranged from 5.25 to 7.16 and in the F1 hybrids the )
values were from 7.08 to 13,0, showing thereby appre-
eiable increasa -over the parents in many cases. Increase
in total yield of fruits has also been recorded by ,
Kakizaki (1830), Vénkataramani (1946) and Raman et gl
(1961).

'Incréase in total yleld of tomato hybrids
has been recorded by Daskaloff (1837), Powers (1945),
Finlay (1951), Harkell eand Brown (1955), Gottle and
Darley (19561 and Ho jby (1&56). Wheley (1932) and Bale
doni (1949) have attributed the inerease in yleld to ﬂ
be due to increase in total number of fruits and rather
not because of larger sized frults. In tomato fruit
size was intermediate between the parental types and
in certain caées tended more towards the smaller parene
tal size (Finlay, 1961): This is in conformity with
the eérlier observations of:wprkers like Groth (1912)
and Larson and Currerice (1944). The general trend of
Observation is that there is little or no difference in

yield in the case of reciprocal erosses tn tomato. But
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Meyer and Peacock (1941) have obtalned results showing

pronounce&"reciprocal differences.

~ Pal (1945) in his studies on gram has reported
that the difference in number of pods per plant in parents
and their hybrid was more pronounced. In Sesamum, the
hybrids generally approached the better parent in respect
of number of capsules per plant. In his study on chillies
‘it was found that in two crosses the hybrids were defi~
nitely poorer than the parents while in the third, they
were intermediate with respect to number of fruits per
plant, Pal and Singh (1946) obtained increased yileld
in hybrids of bitter gourd. Déshi et a1 (1964) in Indian
squash noted inereased yield as high as 72% over the
parent. Bhatnagar and Singh (1964) in their study on
Mung bean revealed that heterosis was exhibited in the
number of pods per plént for the three 1nterspecifié

Crosses.

In bhindl, Vijayaraghavan and Wariar (1946)
and Venkataramani (1952) recorded increase in yield ran-
ging from 5,4 to 14.5% over the better parent. The fine-
dings of Joshl gt al (1958) is that the hybrids as a
class gave significantly higher yield than the parents.

In the case of fruit characters increase in the number
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of fruits in the hybrids appears to be significant.

Out of 10 combinations vhich gaveusign1f1cantly higher
yields than the superior parents, nine combinations |
produced significantly larger number of fruits. It has
therefore been suggested that 1ncrease in number of
fruits has been mainly responsible for 1ncreased yie;ds,
‘Raman and Remu (1962) have recorded increase ln number
of fruits over the.supeéior ﬁérénts in three out of

. nine,hybriasfof phindi.
6, Weight of fruitg:

The increase-in yield'in tbmato has_been re~
. ported to be due to the 1nerease in total number of

© fruits rather than by bigger fruits (whaley, 1939). ,.
Baldoni (1049) and Maskell and Brown (1965) are, in
agreement uith this view. According to Finlay (1951)
none of the hybrid fruits was larger than that of the
larger parent nor smaller than that of the smaller
parent. So frult size, and welght was 1ntermediéte

-between the parents.

Ry

In brinjal increase in yield due to weight

' fof fruits was observed by Nagei and Kida (1926), Tateisi

(1027), Kakizaki (1928, 30, 31), Dashaloff (1941), Munger
(1946), Pal and Singh (1046, 1949), Venkataramani (1946)
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and A;patjev (1949). Mishra (1961) stated that the
iﬁcﬁeaseliﬁ yield was expressed .as an increase in thé
weight and number of frults and that there is positive
correlation between the nunber qf fruits and their
weight. | | |

Pal (1945) recorded in sesamum striking ine
crease in yield in six ogf of 8 hyﬁfidS'ahd the'best.
hybrid exéeeded.the better parent by 121%. The increase
dn yleld was due to the graater pnmber of capSuies per
plant aﬁd_wéight 0f seeds. In Chillies he reported that
in two of the erosses, the hybrids were superior to both
the parents while in the third, they were intermediate
in fruit weight. o

Joshi gt al (1958) in considering:all the
hybrids of bhiﬁﬁi-agione group and the parents as ano-
ther, found that the former gave significantly higher
yield than the later. Significanﬁ results in yleld in
3'raciprocal'cr085es vere also noticed. The incresse in
yleld wes due to the inereased numbsr and weight of.fruits.
Raman and Ramu (1962) recorded increase in number as well
as in the welght of fruits over the superior parents in

3 out of nine bhindi crosses.

7. Length and girth of fruit:

Nagi and Kida (1926), Pal and Singh (1946 and
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in hrin%ai.- édcoraing tcfﬁishra~(1961) thére was marked
variatien in frait size at the edible stage in hybrid
brinjal. Some nybrids had the langest fruits, measuring
upte 16;35 gms. on an average. In general, it was con- |
cluded ihét the fruiés of. hybrids wére 1nvariahly‘1arger
than either both or one of the parents. “Hybrid vigour
"was noticed in frult lemngth in five qut of elght hybrids
in eomparison with the male parant’anﬂ of the remaining
’three oniy~cne was Sdund to have slightly lesser'valﬁes .
than the average of both of the parenta.v Only one hybrid
had lesser length than the female parent. Vhen the
avarage‘af both the papents was considered, only one
hybrid combihgtion was found to have slightly lesser
length. | | h

o - -The maximum 1ncrease in dlameter was 4225
in one hybrid. 5 out of 8 hybrids showed falrly high

inerease in frgit diamater.

o B Ealdani (19@9) and Hascell and Brown (1955)
reported that in tomato hybrias the incraase 1n vield

was nﬂt,ﬂue to th@ 1arger size of individual gruits buﬁ
due to greater number of>fruité. In the vikew of Finlay :
(1951) there waS‘ﬁo difference;in fruit size during
théadifferent perlods of harvest. No hybrid frults were
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larger than that.of the bigger parent nat swaller. than -
that of the amaller parent.. In,fagt,.fruit_size,in.the
hybrid was-inte;meéiate;betwaen'the parents and some

times tended towards the smaller'parent.

Malinewski (1955) in his studies on _ggggglgg
notieed hybrid vigaur in fruit size.‘ Bhatnagar and
Singh (1964) ncted that the avera?e F1 values in three
hybrids of Mung ‘bean exceeded the respeetivaly mid pa~
rent&l,ialﬁe‘1n.§oﬁS1aer1ng‘£he length of pod. But
when the superlority of the hybrid over the better
parent was coasiﬂereﬁ, the length of pod in one eross

falled to show any heterosis.

| Joshi et al (1958) found in bhindi that the
size of fruits in the hybrids‘taken 28 a group was signi-
ficantly larger wheq'eompafed to that éf'the parental
strains takan»as»aaéther group. In Fl hyhridsaéhe fruit
size wa; larger than'the superior parent, iﬁcreasg in
size ranging from 0.17 to 34.78%. 13 combinations %ere‘
intermeﬁiate while—in ong, the aize of fruits was smaller.
The reeiprocal erosses between two varieties produeed
fruits signifiecantly larzer in size. Out of 10 combina-
tions which gave Significantly higher ylelds than the
superior parents, fruit size'was sign;ficaﬁtly bigger

only 1n,oné combination,
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Raman and Ramu (1962) reported that out of
nine bhindi hybrids studied, 3 showed superiority in
yield'fnﬁmber of fruits))whilefin respect of welght of
frult (due to higger size) Only;two hybrids were better.

8. Number of seeds per frult:

~ Bhatnagar and Singh (1964) reported that the
" number of seeds per pod failed to show any heterosis in

Phaseolus sureus in one of the three erosses.

In bhindi, Ramaﬁ'andvaamn (1962) have sugges-
ted that there was no correlatlon betwecn the seed qoné
tent and fruit size. Studies by thém.has’bfought out
 that in‘certain.eombinations of crosses, there was an
" increase in tﬁé’seed eantént:of’the hybrids when come
pared with that of the parents, This has led to a Te-
duetion of the quality of frults, |

.9, Yeight OF seeds:

 Ashby (1987) and Luckwill (1987) have recor=
ded that seeds from'crbss fertilizatién in tomato were
larger than thdéé“prodgee&lby zelf poilination. Simi-
lar obsérvatiéns were made by Collins and Kempton (1913)
anﬁanst and Jones (1920) in maize and by Wingard (1927)
in hybrid bean seeds. Ganasan (1942) found in his stu-
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dies of three cotton crosses, the seeds proﬁuced, ‘
welghed considerably more than self@d seeds, the range
of increase being 23 to 41%. But the difference was
significant only in two cases. |

N Kakizaki (1928) and Venkataramani (1946)
reported heavier seeds in the brinjal hybrids when come
pared io gseeds obtained fram‘se;fedlsegﬂs.’ According
“to Venkataramani. (1946) the inerease in seed welght was -
dué to the enhanced weighﬁ ef the embryo region of seed.
Engledow and Pal (1934) and Sprégue (1%36)rcould not
find any increase in embryo weight in wheat and maize
respéotivaly. _Daﬁa on welght 6f hybri&{saeds collected
by Gubramanian et g; (1262) 1in Sorghum and by Bhatnégar

8ingh (1964) in Mung beaﬂ showed that the hybrids
were superior to the parents in seed weight. In pearl
millet also, increase in weight of grainu was reported
by Soundarapandian et al (1960),
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TERIALS AND METHODS

This investigationvwas carried out in the
Agricultural Botany Division of the Agricultural Col-
lege gnd Research Institute, Vellayani, during the year
1964-65 (October, 1964 to June, 1965).

. | . Seeds of four varieties of Bhindi viz. Local
white, Pusa red, Kilichundan and Pusa sewani were ob— |
tained from the Superintendent, Agricultural College ‘
Farm, Vellayani and utilized to raise the parents and

'nfé“ﬁroducg F3 seeds for the study. The characters of
the four v;fiéties are tabulated and presented in |
Table I. N | |

IABLE I

dhaadeod A A X 2T S s D A T S G A N W G TR O G e SR S WS S S D O W e W W N QN G Y TS TU G S5 G W W G ED W Wy S0 95 G A

Local vhite Pusa Red [Kilichundan Pusa sewani
Character R PL.R. . K.C. | P.g.

I.-—i‘-n------uﬂ--‘---m--‘--&—cu----------—---‘-----'---—-------.

Stature Short - Tall  Shortystout Tall

Branching branching branching Profusely less .
' : brgnching branching

Stem and Greenish . Purple Green with green with

petiole white with  through- 1light vio- dark reddish
colour light red out + let tinge tinge along
tinge especlally the entire

throughout. ' .at regions length
, pf node.
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Leaves

Flpwers

Petal
colour

Stigma

Fruit size

Frult
colour and
pubescence

_Seeds |

C T -

big and
broadly
lobed - 5
lobes, less
conspilcuous

medium

- Yellow,

claw very
prominent

Purple and

velvetty
5 knobed

Medium;
long,stout,
8-loculed

Greenish
white mi-
nute stel-
late hairs
present -
red tinged

. at the base

‘Rounded 1.

shape and
have fine

hairs « Grey

coloured

5 knobed

deeply
five lo-
bed veins
with pur-
ple tinge

medium

Yellow
with’
reddish
veins -
clawed

Bright red
soft and

Medium
long and
slender
S-loculed

Purple
with
soft
hairs.

Round -~ |
greenish
grey

very large
and sligh-
tly lobed

blg

Yellow

- with pure
ple claw -
‘prominent -

Purple
with 5
big .

~ knobs

Vefy long

and curved

8-loculed

Green with
small
hairs

1
l

S=1lobed
lobes nar-
row and

eonspicuous.

medium proe
fuse flo-
wering

Yellow with

purple claw

-5 knobed

soft ang
silky

Mediunm and
stout -
5=loculed

Green with
short soft
hairs.

Not exactly Round and

round -
blackish
grey

blg sized
greenish
grey

S ED AN A G G G BN WS G AP A S S G Y B A S G IS B S R S T N G G O A W e W PR R OF O G5 B 45 0

Seeds of the above four varieties for‘raising

parents were sown on713-10-1964 with spac;ng of 3' be-

tween rows and 24' between plants in a row. Eaech row
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A\
- eonsisted of seven pits and two adjacent rows were sown
with the same variety. So fourteen plants were raised

from each variety; Three seeda were sown 1n each pity

but, only one plant was retained for observation.

Some flowers in each variety were selféd‘ta
have parental seeds for the next season.: Crossing be- "
tween varieties 1n all possible combinations was also

undertaken to get the Fq seeds for investigatimn.

. TECHNIQUE OF SELFING

- In Bhindi, anthesis occurs betWeén 7 AJM,.
and QTA;M. By the next movning all the floral part5
except the ovary. whither anﬂ ‘£all off.

Floﬁer buds which would cpeh'the hext mOrning
were covered with clean paper bags in the evening and

allowed to remain so till the floral parts excepting the ‘

-—-OVary. have fallen off, The paper bag was then removed

and the fruit obtained was: labelled, notinw the name of
the variety and the date of selfing.

' CROSSING TECHNIQUE
a) Emaggg; at "‘1,' on: Mature flowerv buds which would to open

the next mofning were selected in the eveﬁing. The
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*:'ealyx enclosina the internal floral parts was split
open with a pointed needle. Then the petala were care—
fully cut off with a fine- sci sors. After removing
the petals, the anthers on the staminal column were
very cautieusly scraped off with a pointed needle.
Then, this emasculated flewer bud was cevered with a

clean paper bag. ‘

b) Collecting pollen for crossing: The mature flower

buds in those~p1ants which=were to be used as male pa-
rents were covered with paper bag the sanme evening for

callecting pollen.

e) CQQéginé'i In the next morning, the bag anclosing
the emasculated flower (to be used as femsle parent)
was removed and pollen colleeted from the desirsd nale
parent was dusted cn the stigma of the emasculated
flovwer by using a eamel's hair brush. These operations
vere done gently and with graat care. The ﬁollinated
flowers were agaiﬁ baggeﬁ and properlj labelled. The

A‘bag was removed subsequentlya

It took more than thirty dayéifbr the fruits
to get completely mature and dry., The fruits obtained

by selfing and erossing wéré~harvested on drying up.



Seeds collected from individual fruits were kept in se-
parate coveres with labels. Only gocd seeds vere used

- for fypther work,

From the four parent variectles selected, all
the six possible crasses and their respective reeipro-

¢als were made. The details of crosses are furnished

beLow: - |
Crosses. - BReeiprocal drosseg

Lo LWex PR 2. PuRe x LW

3, .‘:{..c. x L. 4. La. x K.C.

5. P.R. x K.C. 6. K.Cu X P.R.

T P,S¢ X P.Ra - 8o P;R. X P,S.

9. P.S.x LW, 10, *'z..w. X P.S,

11. K.C..x PuS.  12. P.S. x X.C.

Including the four parental strains, the

types collected were sixteen in number

'RAISING OF Fy PLANTS FOR THE INVESTIGATION
. . OF _HYBRID VIGOUR '

fﬁé*fan parental varieties and their twelve
hybrids were planted in the field with three replications.

Each replication conaisted of six plots rebresenting“six '
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eross combinations. The plots were bordered all around

by ane row of Pusa sewani. : ‘ .

.Each plot consisted o#'five rows of eight
plants each, representing the respectivo‘male and female
parents, the direct and reciprocal eross hybrids. :In
this arrangoment both the direet and reeiprocal cross
hybrids were flenked on either side by the respective

parents.

The spacing given for plants in a row was 2}°?

and between rows, 2!,

Plan of the layout and of a single plot are
4given In figuresI. & 1II.

’ Soving was done on 17-3-1965. In -each pit
three seeds were sown and for each hybrid, seeds were
used only from a single fruit, Germination was complete
in seven days. As only one plant in each plt was to be
retained, thinning was done on the 15th day (31st March
1965).

oasgavy;ons mcoangg ON_CHARACTERS

Observations on the different aspects studied,‘

were taken from all the plants.

Ligpagy = 3>



Flg. l. Plan of the lay out of the experimental
fielqd ‘

Fig. 2. A single plot enlarged showing the
details |
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1. Helght of plant: The height of the main stem from

‘ the grouna level to the topmost bud leaf was reckcned

- as the beight of the plant and it was measured with a
metre scale. The first observation on height was taken
on fhe Zéth dayjafter sowing (11-4-1966) and the data
have‘béen recoéded. Further readings on this aspect
were taken at an intervel of 15 days. The 2nd and 3rd
recording of height werevmaﬂa on' the 40th day (26~4-1964§,
and 55th day (12-5-1965) respectively, after sowing.
Further observations were stopped since there was no
increaoe in height. The height recorded on 26—4-1965
was reekoned as the final height ang this alone was cone

sidered for comparison.

2. Numbgr ofibganghe :  The first observation on this

item was made on the 25th day after sowing. But no plants

produced branehes at that time. The total number of

" branches 1ncluding primary, secondaQy and tertiary.bran-
ehes were counted on individual plants at an interval of

\ 15 days. Only the final count made on the 56th day has

been presented. -

3. .Numbgr of leaves: Data on this aspect were recorded

1multaneously with the obserVationg on height of plants,
The last observation made on the 55th day (12-5-1965)
‘only has been .included in this’ study.
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‘4, Time of flowering and pumber of flowers: Flowers
appeared on a fow plants after one month of sowing'(from‘
. 18-4-1965), Dally observation of flowering in indivi-
dusl plants was made and the details have been recorded
for eaeh‘plant. This was contlnued till flowering was
; complete in all plants. The final readimg showed the

total number of flowers for each plant.

| Sg Number of fruits: The tota;'number of fruits ob-
~tained from each plant was ascertained by the time when
' flowering was complete. Dataionafhis-aspéct have been

presented. .

6+ Weight of frults: The welght of three fruits taken
ﬂat random from -each plant.when they attained maximum

" growth (15'da§$ after flower opening) was recorded. Thne
‘ méan weigﬁt‘of individual fruits was found out from the

data collected.

7. vLengﬁh'agg girth of fruit: The length of one fruit
from each plant and its girth at the middie region was
feund out at the time of recording weight to compare

the same'between%thé'parents*ana.ﬁybrids.

/

8. Nggpgr of seads ger fruit*' One fruit from sach
| plant (preferdbly the third one) when dry was collected
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and the number of seeds per fruit was counted to see
whether there was any difference in seed set betveen

" parents and hybrids.

9. Weight of seeds: Welght of 50 good seeds from each

fruit per plant was also recorded for comparison.,

Different indices have been used by various
Investigators for estimation of the superiority of the
hybrid over the parents. According to Whaley (1944)

- &a valid measure 6£ hybrid vigour would be an esﬁimatev

~ of the Fy superiority over the better parent. Jénkins‘
et al (1939),'K1meA§nd Tilley (1947), Balasubramonyanm |
and Narayanan (1948) and Hagberg (1952)>a:e‘also-of the
view that the‘Fl shﬁu;d be compared with thé superior
parenﬁ to ha%e an estimate of the hybrid superiority .
(as quoted by Santhanam, 1956). %untziﬁg (1245), Govinde
~ and Jbshis(IQSO) and Jinks (1956) took the arithmetic

ﬂ mean of the two. parents as the basis for hybrid vigour.
Santhanam (1951 and 1956) found the superiority of the
cotton hybridé‘over the higher parentsl mean valués as
also the mid pargntél value, dJoshi et gl (1968) working
on Bhindi, Mishra (1961) on brinjal and Bhatnagar et sl
(1964) on Mung bean have followed the same method. In.

this investigation, comparison of the Fj mean with the
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‘higher parentsl mean as also the arithmetical average
of parentzl means have been made and the significance

tested.



RESULTS
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- RESULTS

??eifeéﬁits'of tﬁe"inﬁéstigatibﬁ have been em-
vodied, The data for the various characters were analysed
u91ng the analysis ef varianee table. The means with rese
pect to each of the characters stuﬁied,‘are~furnishéd in
tablaé and sigéifigance tested by using-the'eriti¢al dife
forenca. VCOmparisoﬁ has been made between the hybrid and
better parental means as well as between the hybrid Bean
and’ the wid pavental value. o

1. Height of the plant:

~ Though the height cf the plants at threo different
stages (viz. 25th, 40th and 55th day afier planting has been
recorded only the deta on the final Beight of plants were
analysed. The anzlysis 6f Vaéiance table and the tablé of
means of_the'piants and hybrids are furnishéd in Tables II
and‘IZI respectively. |

Sﬁurce ‘ .Sggo ‘ - Qefe. Variance F.
Total . 12162.48 a7

. Blocks . 306,79 2 158,38  2.95
Variotles ~  10298.48 15 686,56  13.22%*

Error . 1557.21 30 51.91

*% Significant at 5% level -
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TABLE __III

Mosn helght of parents hybri

Critical &iffarence (hyorid Vse better parent) -
~ {hybrid Vs. mean of parent)- 10.38
*Significant o

do

si. . Mean Mesn of Mean Mean of lMean. Mean of
No, Varleties. c¢ums, better ~ increase parents increase inferior
parent or decr- ems, Or decs pearent
cls, . @ase over . rease CmS.
' A better aver
parent mgan of =
ens,. parents
» oms |
1 TooW 58,83 . == - .- - -
2 P .R 8() 'OO - - - - . -
3 ’ P ‘S ] 87 ‘,09 -~ - - - -w -
4 K.C 51,00 - . - - -
5 P.R.x K.C 63.33 80,00 ~16.67% 65,50 =2,17 81,00
6 K..xX PR 55,33 80.00 -24.67% 65,50 =10.17 51,00
7 K.Cox LM 43,00 58,33 ~15.33% 54,67 ~11.67% 51,00
8 L. x KL - 8L00 58,33 7,88 54,67 =3.67  51.00
9 PuS.x L 77,33 87,00 =0.67  72.67 +4.,66 58,33
10 " L. x PuS  67.67 87,00 -19,33%  72.67  =5.00 58,33
11 P.S. x.p.ainggg.go’ 87,00 45,00 83.50  +8.50  80.00
12 P.R. X P.S 85,83 87,00 -1,67 85,50 +1.83 80,00
13 K.B. x P.S  59.33 87,00 27,67 69,00 =0.67° 51,00
4 P.S.x K. 64,67 87.00 22,35  69.00  -4.33 51,00
15 L..xP.R 88.00 80.00 +8.00 69,17 +18.83° = 58.33
16 P.Re x LW 68.33 80,00 =11.67  ©9.17 -0.24  58.33

12.14



- Fig, 3., Bar diagram‘-zshawing»tm: meen heights
B ‘of the twelve hybrids and the respective

parents.
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It vaS'fbuﬁﬂ_that only.one of the 12 hybrids
(LW x PR) exhibited significant inerease.in height over
the mean of parents by 27.2%. In the case of thé hybridv
PS x PR there was an inerease in height of 5.7% over
the botter parent (P.3) and 10.2% over the mean of pa-
rents . But this increase was not statistically signi-
ficant, In the cross P.8S x LoW, and P.R x P.S the
percentage of ineréasa ;n hé;ght was §g4%‘and 2.2%_res~
pectively.' In_all other hybrids the mean’heigﬁt'or'
plants wes lesser than the arithmetical average of the
respective ﬁarents, the range of decréase being 3;3'to
21.3%. If the mean of the taller parent was taken as’
a measure, hybrids, P.R x L.C., K.C. X P.R., K.C. X L.W.,
LoWe % P.S.; KC x P.8. and P.S, x K.C were significantly
inferior. If the mid'parentai value was considered, this
was significant only in the case of K.C x L.W and LWe x P
One hybrid L.W x K.Cvequalled the lower parent (K.C)}. The
-hybrid K« x L.W. proved to be shorter than the short
parent (K.C), the respective‘mean values belng 43 cms.

and 51 ems.

Thus the averags values of the parents ranged
from 51 ems (EC) to 87 ems., (PS) and. that of the hybrids
from 43 ems. (K€ x LW)to 92 ems. (PS x PR).
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2. HNumber of leaveg:

The\analysis of variance table (Table IV) for
this chargeter showed that there.was no significant dife
ference between.the varieties and hybrids. Only the
block offect was signifieapt. The mean values for the
parents ranged from 15.8 (PR) to 17.6 (KC) and that of
hybrids from 15.3 (KC x PR) to 18.3 (PR x LW).

The flower buds in bhindi are borne in leaf
axils and if there is an inecrease in the number of leaves
i1t may lead to production of more fruits which result in

inereased yleld.

DABLE IV | /
Angigsig of voriance table for pumber of leaves
Source S.S. d.f. Variance_ F
Total 103.20 A7 |
Blocks = . 11.52 2 5.76 3.41*
Varieties 41.10 15 = 2,7 1.62
Error 50458 30 1.69

S W OF QU TP B WN W 9 o> v -b-n-------n-un-‘----------pﬂﬁ-ﬂﬁ-------ﬂ------

E Significant at 5% level



3. Number of brancheg: - i -

The meah'pareﬁtal values Qithnfegaré té'the |
number of branches vedied fwm 2.13 (PS) to 4.14 (KC).
In the erosses PR X Ke and Lw X KC, the hyhrids exceeded
the better: parent (KG) by 4,8% and 8.2% resepctively.

But this superiority was not statistically signifieaﬁt.‘
Signifieant deerease in the nnmber of branches was obe-
'served in crosses KC x PS and PS x KC when the higher
parental mean was considered. Besides these two hybrids,
LW x PR and PR x LW also had less number of branches
then mid parental value was taken as the basis for com-
parison, The hybridsNKC X FR, LW x PR and PR x LW were'
poorer than the inferior parent and in the last case the
decrease was signifieant. The analysis of variance table
and the mean values ror number cf branches are given in

Table V and VI respectively.

 ZaBLE ¥ | N -
Analxsis of vggianca table fog,gumber of branches
Source l_  8.8s d.f. Variance  F
Total 40,9091 47 TaTml o om,
Blocks o 14412 2 0.7206 2.22
Varieties 29,7158 15 1.9811 G, 00%
Error 89,7521 30 0.3251

*Significant at 5% level.
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Mesn number_of brenches in plants and hybplds
N | Mem lom  Vem e e tomms
. g+ crease of erease erior
No, verleties Mean y.iiop or de- parents or de-  parent
' parent crease erease ‘
over over
better mean of
" . parent parents

-—-—-né,-----——oum—w--&-'—-—nﬁmamuqoqn-——cpnﬁ-——mm--wmnmﬁqnwnuuhaaqu—q-

© ® N & &4 obd W D

N T ™
B O O < i

16

Ls oW
P.R
P.S
K.C
P.R X K.C

K.€ X P.R

K. x L,W
LM x K.C
P.5 x LW
LW x P.S

P.83 % P.R |
PR x PS5

K X PL.S
P.8 x K.C

L x PR

PR 2 LW

3,79
3.73

2,13

4.14

4 34

333

4.06

4,48
2,92

© 2.83

2,92

3400

2,60
2,57

1,29

1.38

2,14

4.14
4,14
2.4
3479
3.79
3.73
3.73

4,14

4: Q14

3,79

3,79

e -

-

o

+0.20

"‘O le

-0.08

0,34
-0.87
~0.96
<0.81
0,73
-1.54%
1,57+
-2 (50%
-2 A1%

3.94
3.94

3,97
2,96
2,96
2,93
2,93

3.4

3,76
3.76

+0 40
-0.61
+0,00
+0.81
-0.04
=0,.13
«0.01
+0 .07
-0.54

- .57 ’

"2 04«'7*

-2 .38*

3.73
3.73
3,79
3.79
2.13
2.13
2.13
2.13
2.13
2,13

8.73 -

3.73

-.--j&-‘n’-q—q--‘n-du-’-nwwq--‘-bm--—--vaq-nu—-aﬁ-h-pb--un--pﬂ-uq»m--nn—n-—n—-ﬁww.

Critical difference:

.1, Hybrid Vs. better parent
2. Hybrid Vs. mean pf parents

0.96
it 0 .82



4. Iime of flowering and number of flowers:

It was observed that none of the hybrids flo-
wered earller than the early parent. Only in the cross
between KC and LW, the hybrid was late in flowering than
the late. variety (LW);r So no' statistical estimation
of the time of flowering has been éttgmpted.

The analysis of variance table for number of
flowers showed that there was significant difference be-
tween the varieties and hybrids with regard to flower
production (Table VII).

TABLE _VII
of variane ble fo ro we
_ Source 8.8, d.f, Variance F
Total 408,57 47
Blocks 28,31 2 14.16 3.29
Varieties 251,37 15 16,76 . 3,90%
Error 128,80 80 4,30

*3ignificant at 5% level.
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The mean'number of flowers produced by the
parents varled from 6.8 (KC) to 12.7 (PS). The hybrids
PS x PR, LW x PR and PR x’iw registered an inctea&e
over their~bette? parents (PS and PR respéctively); but
this was significant only in the latter two cases and
that too, when the parental mean was considered. The
percentage of increase in fhege-two cases was 41.7 and
36.5 respeetivel&, The erosses PR x KC, RC x LW, Ps X LW,
PR x PS and,Kc X PS also shqwed inerecase in number Qﬁ :
flowers over the mid parental value. In the case of
KC x‘PR there wasAéigﬁificant decrease in nunber (36.6%)
when compared to the superior parent; but this decrease
was not significant when'the mean of'ﬁhe parents was taken
int@ account. The hybrid LY % KC a;so registerea decrease
in nuﬁber. LW x PS and PS x KC equalled the wid pargntal'

values. The mean values have been presented in Table VIII.
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PABLE VIII

“ [ v .

st. ‘ ' 'Mean Mean- Mean Mean Mean.of
No. Varieties Mean of ‘increase of increase inferior
- better or de~ parents or de- parent
parent c¢rease erease
over over

“better " mean of

_ » parent B parents
LW 7.9 -, - - - -
) 3 P .S ]2‘.,? - - - n- -w
4 . K.C 6.9 - - oo - — -
5 PRxXK.C 9.7 11.2 <1.8 9.0  +0.7 649
€  K.C X PR 7.1 112 2. 9.0 -1,9 6.9
8 LWXK.C 6.6 79 =1.3 7.3 «0.7 6.9
9 PSS X LW 11.7 12.7 -1.0  10.3 - 414 7.9
10 LW XP.S 10,3 12,7 =24 .  10.3 - 7.9
11 P.S X PR 13,6 12.7 +0.2 12.0 +1.6 11.2
32 PcR p:4 PQS 12;5 12.7 "002 . 1290 "'005 N 1102
13- K. x P8 10.0 12,7 2.7 8.8 +0.2 6.9
14 P.S 2 K.C 9,8  12i7 2,9 9.8 - 6.2
15 LM x PR 183.4 11.2 42,2 9.6  +3.8%. 749
16 PR x LW 13,1 11.2 +1.9 9.6 +3.5* 7.9

-u-o--Q-bnn---p’-'——mnnﬁdno—hun.——--npnuu-nunn-—--u-unaﬂﬂhqoi-u--i-;-q---h,.-n

Critical diffgrgnce:

1. Hybrids Vs. better parent
2. Hybrids Vs. mean of parents

3.47

- 300



Fig; 4, Bar dlagram showing the mean number of

flovers in the hybrids and parents.
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Se Nﬁmber of ftuitg

A ,The’anglysis of.varianee with féspéct of this
character is giﬁan‘below. t | | |
- IABLE XX
-Analvsis of wvard MMM

Source SeS, d.f. , Variance F

Total 361,48 47 |

Blocks 12.06 2 6.08 2,43

Varieties 275,73 15 18.38 747%
- Error 73 469 30 2.46

—ﬂ-----ﬁ-*‘~-ﬂ’--h-- --------- .lt-mum-.D‘ﬁ-‘-m-ﬂ-w--—--—-u'w-_

*Significant at 5% level
The effect due to varieties is signifieant. On

iﬁ‘_‘::

comparing the values of the hybria and the better parent it
vas observed that the hybrid LW x PR registergd significant
increase in number, the'percenﬁagé beihg-EG 6. If the mean
of the two parents were considered PS x KC .and PR x LW also
produced significantly higher number of fruits., In the case
of hybrids PR X KCy KC x PR, PS x LW, PS x PR, PR x PS and
KC x PS also there was increase in nuhbef as against the mid
- parental mean. L¥Wx PS pfoduced‘fruits’equal in number to‘the
mid parental value. The number of fruits produced by KC x LW ;
and‘Lw‘x KGC was less by 17.6% and 7.9% respectively, compared

1o the mean of parents. If the higher parental value was
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considered; nine hybrids (PR x KC, KC x PR, KC x i,
W x KC, PS x LW, Lw x P8, PR X PS, KC x PS and PS x Ko}
'showed éecrease in number. of these KC x Lw was inferior
to the 1awar parent, the mean values being 4,2 and 4.4

respeetively. Thevmean values are given in Eablg X4
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- - S ‘Mean  Mean  Mean Mean - Mean of
Sl S of  inerease of  inerease inferior
Nov Vﬁrieties Mean ‘better or de- parents or de= parent.

/ ' ' . . parent  crease | . . Grease
o S .. over ,:x;over
... better .. hean of

5 . S '~p&rent . parants
2 PR ‘E}_'?, N Lo e - o
4 Koc ! ": o man - - - - -

5 PRXEKL 78 8,2 w08 6,3 +1.5 4.4
6  KECXPiR 6.5 8.2 =17 6.3 0.2 4.
7 RCxLW 42 68 -6 T 50 =00 4
8 LWx K€ 4,7 5.8 “-1.1 5,1 -0 4
9 PSS EXLY 9.5 10,6 -1.d 8.2 ~ +1.3 . 5.8

10 LA X PuS  BuZ 10,6 =24 8,2 -s 5.3

11 ‘PuS X PR 114 10,6 40.8 - 9.4  +2.0 8.2

12 PRZPE 10,3 106 =0.3 ~ 9.4 0.9 8.2

13 R X P8  Bul 1046 =28 7.5 4046 4.4

15 LW PR 112 8.2  43,0f 7.0 #.2* 5,8

16  PRX LW 10.7 8.2 "+2.5 7.0 #3.7% 5.8

i - f
----ﬁﬂ-----”-ﬂ----‘ﬂ-ﬁ‘N*ﬂ_‘-aﬂﬁ “’“~‘_’-~-~'--‘~ﬂ‘---ﬂ-ﬁ'ﬂ--*-’ ”--Qdﬂ‘

Critical differcnce:

' 1. Hybrid Vs. better parent . 2.61
2. Hybrid Vs. mean of parents - 226

, _



Fig. 5. Bar dlagramn showing the mean number of
fruits obtained from the hybrids and

parents.
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6. {aight of g;ui_t_gz
- ~ The weight of fruits collected from all the plants
.has been statistlcally analyved and analysis of varianae is |
presented in Tabla XI.

TABLE  XT

'On-u—nw-&-wc unmnnma&-mw»ub‘-ﬁ-‘-wo-—--n--uuw-.u—mmqpﬂnﬁnnﬂdﬂouﬁﬁuﬁ

Source 8.5, defe Varlanece F
Total 1377,08 47 .
Bloeks 53,44 2 . 26,72  1.90
Varieties  900.70 15 60.05 4,26+
Error ‘ _ 422.94 30 14.09

*Significant at 5% level

~The mean welght of fruits in the four parental
varieties ranged from 23.3 gm. (PR) to 33.0 gm. (XC). Th
hybrid LW x PR r&gist@red;an’increase»in'weighf of BQ.GS
compared to the better parent (LW), This inerease in weight
was signifieant. Hybrids PR x KC, LW x KCy PS x LW and
P8 x Kclwera‘bétter than the mean of the parents. In the
case of hybrids KC x PR, LW x PS, PR x P8, KC x PS and
PR x'Lw; the inerease was not significant. .The hybprid
KC ¥ LV was inferior to the inferior parent (LW).

The mean values of the parents and hybrids are
presented in Table XII. |



.h‘w-u--w-uu-ﬂw&wun——-‘dbwhun,Oﬂwwuﬁqtvﬂﬂ”nﬂw'numnﬂ"bﬂﬂ,-tunhﬂmln-l‘..&-.

Hean of Mean . Mean Mean = Mean of
8l.. C . better inerease | of inerease inferior
No.: Varicties Leaa parent or de= yarents or de- parent
o ’ _ erease - erease -
Cover . - over
 better mean of
.parent . paremts =

*'--‘-'-"---’~---”~~--~-~---~'-’l‘-‘”Q"'*‘*—t*-“w-”ﬂ”“‘l*‘-‘—'---'oﬂﬂ

1 LW 25,2 e - R
2 PR 233 e e e a
3 P.s 284 - e e es
5 PR X KC 34,6 33,0 +1.6 28,2 +6.4* 2343
6 K.C % PuR 32,7 33,0 -0.3  28.2 44,5  23.3
7 KWL X LW 25,1 33,0 <7.9% 20,1 =40 25,2
'8 LM x K. 36,4 “:33.;) i34 20,1 w7 25,2
O P XL 32,3 284 39 26,8 455 25,2
10 LW XP.S 32,0  28.4 +43.6 . 2e. j—é.e - 25.2
11 P8 x PR 25,7 28.4. =2.7 © _ 25.9 ~0.2 23.3
12 PRxP.S 284 284 e - 25.9 #2";5' 23.3
13 Ki.p x P.5 35,1 . 33.0 4241 30,7 44 2844
;4 };sx K.C és;s 33.0 4312 30,7 +5.5% 28,4
15’_' LW x P.R 32.9 ‘25.2{ K77 24,3 +B.e% 23,3
16 P.x LJ{ 24,7  25.2 0.6 24,3 40.4  23.3

--'-'ﬁﬁ-“”““-”“”*‘”n’-- ‘--’*'-“’-”Q'”ﬂ-ﬁ-’ﬁﬂﬂn”“”-"”"”'ﬂ'-,--“--ﬂ"

-Gritieal diffagencew

1. Hybrid Vs, superior parent ‘ - '6.E%~a
2. Hybrid Vs. mean of parents - 5443



Fig. 6. Bar diagram showing the mean welght of

fruiis in the hybrids and the parents.
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7. Length of fruits:

Hybrid Qigour in respect of length of frult was
observed in eleven out of the 12 crosses when the mid parens-
tal value was considered. But this was significant omly
in crosses K& = PR, KC x PS, PS x KC snd LW x PR. If the
better paréntal mean was taken into account, heteroéis
was exhibited by six hybrids only (KC x PR,‘PS X LW, PS x PR, .
KC x PS, PS x KC and LW x PR); but none of these was signi-
ficant. In the hybrid PR x LW reduction in length was 3.8%.

‘It was also observed that all the hybrids pro-
duced fruits longer than the shorter parent.

The analysis of variance table for frult length -
and the mean values of parents and hybrids are preaented in
Tables XIII and XIV respectively,

. ZIABLE_XIII | )
Analysils of vsriance table for length of fiuitg
""'.'.é-,S;;;;”"’”""""é's'ﬁ""”"&l'é‘."'“Ir;;i;;;;”.','"ﬁ"”“
Total . 383.65 a7 |
“Bloeks 14,60 2 7,35 2,71
Verletles .. 287,64 15 . 19,98 . 7.08%
Error 81,82 . 30 ' 2.7

*Significent ot 5% level



h‘-w--—o-ﬁn—nwﬂuunn—-n-nn‘

si.

No.

YVarieties

'Mean

. Mean of inerease Mean
Mean better or de-

| parent

erease
over

better
parent

of

D Gy GO T A W W R S W WS O O S 0 NG % S i B O 00 At T G G S A WS WA W O T

Mean :
increase Mean of
or de- inferior

parents crease = parent

over
mean of
parents

+ v . - ) .

T T
L D @ B M O

16

@ 0 N o o H» 0 N

P8 x K.C

L
P.R
P.8
K.C
P.R x K.C

" K.C x P.R

K.C X LW
LW xK.C
P8 X LW
LW xP.S
P.5 X P.R
PURX P.S

K. % PiS._

LW % PR
PR x LW

14.8

S e

16.3 L S

17.9 <=

212 . -

20,6  21.2.
23,1 21.2
18,8  21.2
19.8  21.2
18.0  17.9
17,8 17.9
18.3  17.9
17.8  17.9
22.6  21.2
2235 21.2
19.0 - 16.3
15.0 = 16.3

Cgitical diffegenée: _
1, Hybrid Vs, better parent

2. Hybrid Vs. mean of parents

-

-

- o

0.7

+1.9
-2+

‘lué .

-

+1ed
+143
2.7
=l

+Qal - |
"'Gnl ‘
W

-

-

bt

18.8

18.8
18.0
18.0
6.4
16,4
171
17.1

19.6

196
15.6

15,6

n - . 2 .75 »
= 2,39

+1.7 16,3
M.3% 16,3
+0.8 . 14.8
+1.8" 14,8
¥1.6  14i8
“+1.4 14.8
+1.2 16.3
+0,8 16,3
4+3,0% 17.9
H20% . 17,8
1844% 14,8
~0.6 14.8

u--p---uw-u—-nﬁ—unuﬂau—unhun-ﬁ—-'aun



8. Girth of fruits:

The length of fruit together with the girth
is responsible for the variation in size and weight
which'may lead to differenee in yield. The rangée of
girth in the four parents was f:om 7.2»cms.'(PS) to -'
7.9 ens. (L¥). Significant reduction in girth of fruit
was observed in the hybrid KC x LW when the parental
mesn was GOnsidered‘ But in KC x PR,.this was‘noﬁ sig-
nificant. Aﬁothex hybrid'PS x KC showed significént
inerease in girth and in this case the mean of the two
parents was taken for compsrison., Heterotic effect,
though not significant from statistical point of view,
was also notlced in‘the erosses PR x KGy LW K‘KC, Ps x LW,
P x PRy PR x P5, KC x PSy LW x PR and PR x LW, There
was no difference betveen the mean of parents and that
ol the hybrid in the case of LW x_PS. None of the hybrids
was 1nferior to the smaller parent with respect to this
character. The analysis of varisnce and the measn values

of parents are furnished in Tables XV and XVl respectively.



- 55 ="

TABLE XY
Analysis of variance géble»fog girth of‘frgitgﬂ

source S¢S.  duf.  Variance P

Total L9000 47 -
_Bloeks =~ . . 0.23
'Varieties . 1 8.93
CEreor . 2.84

0.115 1.21
0,295  4,16¢

0,095

88

A B 0 U G S G B W OB S S5 S W O G ok O S0 a1 -u"--y'--—_u-n-uunq--q-q ————— L T X 3 2 %7 % 3

. #Significant at 6% level
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TABLE  XVI
in hybp
'"'"""""-""'"“"""""'""'"f""“"‘""f’;&;;;'-'”'"'""'“';4;;;"”"_'"""
si. o : Mean of increase Mean increase Mean of
No. Varieties Mean better or de- of . or de-= Ainferior
- parent crease parents crease parent
. batter  hoan of
| parent 4 pare?ff;-_u--“__-
1 LW P9 e e e e -
2 P.R 7.2, - T -
3 P.S 7.8, = ee e ea -
4 K& 78 == em . ee e e
: PRXK.C 7.8 7.5 0.3 7l 0.4 742
6 KOG XPR 7.2 7.5 -0.3 74 Wk 7.2
-7 K x LW 6.9 7.9, <1.0¢ 7,7  «0,8% 7,5
8 Lo x K.C 8.1 739 #0:2 Pari %0 7.5
9 PLSX LW~ Bl 7.9, 40,2 7.9 . 0.2 - 7.8
0 LUxPS 79, 78 e- 79 7.8
11 PS X P.R 7.8, 7.8, «=. 7,5 0.3 742 "
12 PRXPS 7.8, 78, ==, 7,5 40,3 7.2 -
13 KL XP.S 7.8 7.8 - 77 4001 7.5
14 PSS XKL 8.2 7.8 40,4 T WK 7.5
15 LaW X PaR 840 . 749 . 40,1 7.6 . +0.4: 7.2
16 PRILM 77 78 =02 7.6 0 4041 a2 -

Critical differencet

l. Cross Vs. better parents - 0.51
2. Cross Vs. mean of pabents 0445
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R: 18 “l er of seeds per fruit:

ib find"whethef'there is any difference between
: varieties and hybrids with raspect to this character, the
data were analysed statlstically. It was found fronm the
analysis of variance (Table XVEI) that the effects due

to blocks as well as the varieties tried, were signifi-
eant.' The mean values for the parents and hybrids were
calculated and they are preeented in Table-x¥¥I—6rXVIII.

TABLE_ XVII i

-U-hﬂn-“‘-----‘-‘ﬁﬂ-------’~--~‘---~—--”---------‘-------"-

Source L S.8..  d.f.  Variance F
Total 2458.68 47

Blocks ' 340,17 2 . 170.08 B, 74r*
Varletes . 1220.73 . 15 = 81.98  g,77es

Error 888,78 30 - 29.63

TR U A R M G A PR A S w06 R b n---u--u-“---}nn---ﬂ-nﬁ‘.---nn--unw--’-u-ﬂﬂ---

**Signifiggntvqt 5% level
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- Mban

Sl

Méan

No:  Varlotles lean bepren cphecce Mean  increase Mean of
. . : parent erease = parents crease parent
ggﬁier - ﬁ;ﬁﬁ of |
A B parent | parents
C1 id.wi‘ 65,5 == - - - -
2 . PR 61,3 | -m -- - - -
3 P.8 54,8 . == .- - - -
4 = 64,9 . -- . - - -
§  PRxKC 684 649 8.5 631 45,3  6L.3
6 KL EPR 66,9  64.9 2,0 63,1  +3.8 61.3
7 KL X LM 63,1 65.5 2.4 65,2 -2.1 6449
'8 LoWx KO 72,58 65,5 +7.0  65.2 7,3 64,9
9 Ps X LM €31 65,5 -2.4  60.2 2.9 54.8
10 LWXP.S 689 65,5 3.4  60.2  +8.7r 54,8
11 © PSS XPR BB 613 -3.1  58.1 0.1 54.8
12 P.RXP.S 6l 61.3 <=0,2 - 58.1 43,0 54.8
13 Ko X PuS 65,7 68,9  +0.8 9.9 +5.8 54.8
14 P.S X K.C 72,5 649 7.6 50,9 +12.6% 54,8
15 Lol 2 PuR €9.7 65,5 4.2 634 6.3 - 61.3
16 . P.Rx L. . 59.4 655 “6.1  63.4 4.0 €1.3
Critical differenee:
B mmeamn, oo



":'The hean number of seeds pei fruit in the
 parents varled from 54,8 (PS) to €5.5 (LW). The height
mean number of sceds was observed in the hybrids LW x KG
and PS_x‘KC. Increaée in numbernofzseeés wasvalso noted
in the hybrids PR x KC, KC x PR, LW xx PS, KC x PS and
LW x PR, But these were not significantt In the case
of hybrids L¥ x PS and PS x KC, the increase was signifi-
cant when the mean of the twﬁApa#ents_was taken for come
parison. KC x LW and PR x LW produced lesser. number of
séeds than the lower pareht, the percentage of decrease
‘being'éizﬁana 633»réspectively.

10. Weight of seeds:

The analysis of varlance table is furnished

below. .
IABLE XIX
Source S 8.8, def. Variance F
Total = | 745496 47 S
Blocks . 0.2230 2 0.1115 1.85
Varieties = 5,5195 15 0.3679 - 6.1it
Error . 18071 30 . 0.0602

*Sighificant ét‘S% level



Th@'ﬁéight of 50 sceds in pareﬁts.éahge& from
986 gm. (LW} to 3,80 gm.. (P8). ”here is 1gn1flcant
éiffﬁrence in seed we15ht except in the case of hybvrids
KC x P8 and LW x PR. In the cross KC x P8, there is de~
~c¢rease in we?ght by 14.5% over the mean of the higher
parent (PS8). But, for L¥W X PR the 1nerease in weight

was 13.&% over the mid parental value. .

ﬂécreasa in weight when compared to the higher
parental mean was notlced in nine other hybridg (PR x KCy
KC x PR, KC X LW, PS X Lify LW X PS, PS5 x PR, PR X P8y
PS x KC and PR X W), W = KC and LW x PR registered
inecreased ﬁ%wht. YWhen the nean of the two parents was
huseﬁ for compsrison, six hybrids had reduced welght andv
five others possessed increased seed weight. But there
is nd signifiegﬁt‘aiffefeﬁc@, Th@ mean values for parents
and hybrids are furnished in Tusxe K. In thé case of
KC % LW and PR x LW the weight of seeds was l@saer than

that of the respective inferior parent (LU).
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TABLE

ﬁﬁﬁﬂ.ﬂ@lﬁhﬁ__“_.ﬁﬁﬁdﬁaiDh_h!bllﬁﬁ..ﬁﬂﬂ.ﬂéxﬁﬂiﬁ
Mean . Mean '
Sl—. I{ean of increase Mean inercase Mean of

Ho.

A A T T D T N B D G5 W R W B S A B

QY 0 N o 4 b w0

s R
E R B R EB

16

O TS % o W S O e T 0y 0 s A S W Gy W P P B0 e B O W W S B W S

Varietiés

LW
PR
P.S
K.C
P.R x K.C

K. X P.R

K.C X LW
LW x K.C
P.8 x LW
LW x P,S

PSS 2 PR .

P.B X P.S

K. % P8

P.S 2 K.C

LW x PR
PR x LW

a2 - >

Critical difference:

i. Hynrid Vs. better parent

Mean better or de= of . or de= inferior
parent .¢rease parents crease parent
| ggiger ?zziﬁ of \ |
parent ‘ parents .
3.06 «0.00 2,50 - -0.02 2,92
3.06  -0.09 2,99  -0.06  2.92
2.92 <0.28 2,80 0,25  2.86
2.92  +0.09 2,80 40,12 .86
1 8.80 . =0.24 8.83 - +0.23 2486
3.80 =0.31 3.33  +0.16  2.86
3.80 =0.38 3,43 =0.01  B8.06
3,80 0,14  3.43  +0.23 3.06
_ 3.80 -0.55¢ 3.36 ~0,.11 2,92
3.80 0,25  3.30 +0,19 2.92
3.06 40,31 2,96 40.,41* 2,36
© B3.06  =0.26 2,96 =0.16  2.86
'6,428

2 Hybrid Vs. nean of parents

0.355



DISCUBSBION



w 62 «

DISCUSSION

In the present 1nvestigation 12 hyhrids obtained
_by all possible combinations of fonr varieties (Laaal white,
Pusa red, Pusa sewani and. Kiliehundan) wers studied 1n eom~
parison with the parental varieties for heterotic effect
‘on the following nine characters.
1. Height of plant
2. Humbar of leaves
\Sg Number of branches
4; Time of flowering and number of flowers
5. Number of fruits ' |
6. Welght of frults
"' 7. Length ama girth of fruits
8. Number of seeds per fruit and
9, :waight of 50 seads from eaeh fruit.

-The resulta obtained with respect. to these cha- .

racters are discussed and. presented.,

1, Hei hi o lantz The results ‘obtained clearly'indicate
that none of the hyhrids showed significant 1ncreasa in
height over the bettor parent, although ﬁhe hybrid P3 x PR
recorded 5.7% inerease over the better parent., But.opa hy-
brid (LW x PR) out of the 12,‘exhibiteé'significant increase



over the mean of parents. In PS x LW and PR x PS the per-
centage of increase was 6.4 and 2.2 respectively, over the
mean of pafents‘.?In all—ﬁhéfqéher hybfiﬂsnthetmaan,height~‘
was lesser than the mean of fhe gespéetive.parents.y The

range‘oﬁ.degrease-véried,frém,a.S”to 21@3%..,‘

If the better parental mean was eonsidered, six
‘hybrids were significantly inferior, and Lw x KC equalled
the_lower,parent. The hybrid KC x LW was shorter than the
short parent viz. KD; Fron the above 1t is evident that |
oﬁly one hyﬁrid showéﬂ signifiéant heterotic effect.'

chizaki (1934} found the 1nterspecif1c hybrid

of Hibigc ggculentu x Hqggg;g_g to be intermediate to

the parents in height. Miller and Wilson (1937) got similar
results in intervarietal‘hybrids of.bhinﬁi. The interspeci-
fie hybrid bet&een'ﬁibggcﬁg'fic ulneus and H.egculentus,
aceording to Singh et al (1938) is taller. Venkataéamani
(1952) reported the height of hybrid bhindi to be 1neer-' '

mediate in comparison to the parents.,

Aecording to Jbshi et al (1958) the bhindi hy-
Lbrids were in general, taller than their respeetive supe—
rior parents. In 11 out of 29 combinations the Pys wers
tallar than the tall parent, 12 were intermediate being
more towards the taller parent. Of the remaining sxx



hybrids, 5 were shorter tﬁan'the.short parent and one
equalled the shorﬁJparentgf In some Qases,réciprqcal‘crosf
ses differed. According to-Raman‘énd Réhu {1962) only
one hybrid of bhindi out of nine exhibited heterosis in
respect of height.l:-

From the fbregoing, it is elear that the height
¢wof plants in bhindi hybrids ranged between the two extremes
viz. taller than.the tall parent .and shorter than the shert
parent; So the superiority of “the hybrid could not be .
fixed and the degree of heterosis varied 1n different

crossea »

" The bbserﬁatidns of‘énthoréAlike Nagai and Kida
(1926); Kakizaki (1931), Pal.and Singh (1946), Venkatsramani
‘(1946)‘and-Mishraw(lgéli in‘brinjal'agree-with %his findings
in bhindi. Similar situations have been raporteﬁ by various
‘other authors in dirferent crops.

umber og 1eagp§ The analysis of Variance for numher
of leaves in the parents and hybrids showed that the varie-
tal differences sre not signifiggnt.‘ Pal (1945) obtained
‘similar results in Sesemum and reportéd-thatfthere @&s
| hérdly aﬁy.evidencelgf.hybria vigéur.v-Aedérdihg.to him
the'hyﬁrids‘in maize Wefé\éﬁierier~wifh respect. to the

number of leaves. In tobacco, heterotic effect in leaf



nuﬁbenJand-siZe was noticed by Bawolska et al (1962) and -
‘the hybrids excoeded both the. parents. Svarup gt sl (1963) |
found heterosis in the Fy of cabbage crosses in the net
weight of head.; This was due torthé‘bigger size and nume
ber of leaves. It iss therefore, advantageousvto’édopt
heterosis breeding in tobaoco and eabbage fbr exploiting
the eeonamic character viz. 1noreased nunber and size af -
leaf. In eotton also, Santhanam (1956) obtained in the

: hybrid between crinkled leaf mutant and ncrmal parental
ferm, plants with larger number of laaves than normal '

plants.

Though hybrid vigour in number of leaves has
been reporteﬂ 1n other crops, this has not been observed
in bhindi by previous worhers.v The increase 1n the num-

' ber of leaves (ncdes) nay lead to the proﬂuction of mare
fruits and consequent inorease 1n yvield, since the tlowers
are borne in the 1eaf axils. In the yresent study, this
ldoes net provide any scope sinece no hetero«is was observed'

in anj of the hybrids.

umber oz bgggcheg: The superiority of the hybrids
‘Pa x xc and LY x KC over the better parent (KC) by 4.8

and 8.2 per cent respectively, was not statistically sige
nificant. 0f the hybrids KC x PS, PS x KC, LW x PR and
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PR x LW, the former twofha&‘significéntlyflesSér'number
of branches whereas in the latter. two cases,Vthe-decreasé
waS‘not*significaﬁt; Three | other hybrids were poorer than

the - ‘respeetive 1nferior parents. :

_ Jbshi et g; (1958) observed that the hybrids of
A bhindi as a clasa recorded significantly higher numher of
| branches than the parents. Out of 14 hybrids, signifieant?
nincrease over the better parent was registered in one case.
only.- In eight erasses, the hybriﬂs were 1ntermed1ate,
‘mostly tanding towaras the supevior parent. Five had
‘1esser nnmber of branches than the. inferior parent and in
one case eacb, the ?1 hyhrié was as. good as the superior
A-parent of asg poor as the 1nferier parent. Raman. and.

- Ramu (19€2) als 50 noted increase in number of branches in
two out of nine hybrids of bhindi, while saven produced

lesser number of branches.'.-

} o Hybrid superiority with reopect to number of ’
<:branches has bean reperted in brinjal by Nagal and hida
| '(1926) and Kakizal:i (1928 and 19:31). Pal and Singh (1946)' |
and Mishra (1961) reported that the. hyhrids of brin;al '
showed suyeriority in most cases and’ deereaseﬁ number of

‘branches was noted in one gase.

Fronm the findings of ?he'variéus authors, it



1s clear that all the hybrids are not identical in thelr
performance. They tend to surpass ‘the better parent only
in a few cases, whereas in the majority of casesy. they
had superiority over the mean of two parents. Soma have
been noted to be intermealate. Véry few cases showed
equallty to the lewer parent and even inferiormty when

compared to the parent having less number of branehes.

It 1s des 1rable to. select those hybrids which
are otharwlge good - and pousessing more branches., Since
more flowers and fruits may be produced in the branches,
they are likely to produce better yield than the less
branching types.

*

In brinjal,
earliness in flowering of the hybrids was renarted by
Hagal and Kida (1926), Daskaloff (1937 and 1941), Odlahﬂ

" and Noll (1946) and Vénkaﬁaramani (1946). According to
Venkataramani,- flowering was early by 18 days compared to
the early parents. ' Mishra (1961) observed early flowering
in many hybrias, the ranae being 20 -~ 100% over the reg-
pective parents, some others were 1ntermeﬂ1ate. Pal and
Singh (1946) found that in all eases except one, tlowering'

wasg late.

Authofs like Powers (1945), Finlay (1951),



Haskell and Broﬁn (1955) and Hojby (1958) have observed
early flowering in tomato hybrids. But Baldoni (1048)
suggested that earliness was not there always in the
hybrids. According to Pal and Singh (1946) most of the
hybrids in bitter gourd produced a larger number of flowers

and were early in fldwering.

| in bhindi, Venkataramani (1952) fbund that the
hybrids were either as early as the early parent or car-
Jlier than the early parent in four out of seven Crosses.
Ra@ (1983) obsarved that the seads collected from early
'maturing bhindi fruits gave rise to larger numher of plants
. and aueh plants flowered earlier, But there was no appre~
clable difference in yield._ Raman‘and'ﬁaﬁn (1962) found
that nearly halfnthevhybrids'#érevearlié?'than‘the,early
. parenty Aceording to Ravihdra’(lQé&), fioﬁering in bhindi

. was sarly in monSoon'whereaé it was iate'ih the winter,

In this study it vas found ‘that none of the -
vhybrlds was earlier than the early parent. Only in the .
: cross betwean KC and Lw, the hybrid was late in flowering
than the late Variety. o

with regard to the number of flowers thera was
increase in eight hybrids, of vhich two registered signi-
mficant superiority over the better parent. - Two hybrids

showed deerease in number. The remaining twa equalled
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the mid paréntal value. So two thirds of the hybrids
were better than the parents in flower production. To
that_e;tent,‘utilization of heterosls 1s useful in this
grbp. Ineréased-prdﬂucticn of flowers racilitateé increa-
Ased_prodﬁction3of'fruits which is'a'desiréthrénd in crop

production.. .

5. RNumber of ffuitgz In brinjal, heterosis in respect
of this character has been reported by various authors
like Nagal and Ki&a (1926), Pal and Singh (1946), odland
(1948), 0dland and Noll. (194:8). Mishra (1961) obtalined
hybrlds which produced significantly hlgher number of -
frulgs. Raman et a1 (1961) recorded increaseﬁ in total
yield of frnits. |

Increase in total yield in tomato hybrids has ,
‘been recorded by‘authors like Daskaloff (1937), Powers |
{1945), ?inlay (1951), Haskell and Brawn (1955), Hbjby :
(1956) and others. 'According to Whaley (1939) and Baldoni
(1949) the increase in yield is due to inerease in total
number of fruits and not because of larger size of fruits.
~ The general trend Of observation 1s that there is little
or no difference in the case of reciprocal crosses in
tomato. But Meyer and Peacock (1941) have obtained results

showing pronounced reclprocal differenees. Bhatnagar and
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singh (196@) recarﬁed heterosis in number of pods. 1n
Nhng bean. ' '

In bhinﬁi, Vijayaraghavan anﬂ Wariar (19%6)
and Venkataramani (1952) reaorﬂed 1ncreaseﬁ yield., Jbshiu
gt ak £1968) repartad that the hybrids as a class gave o
W'significantly higher yleld anﬁ increase in the number of
fruits in the hybriﬁs appeared‘tOrbe significaﬂtim Nine
'but 6f téﬁ éaﬁbiﬁatidns'whidh gave. sighificanﬁly higher |
1yielﬁs than the superiar parents, produced significantly
'larger namb&r of fruits. Reman and Ramu’ (1962} have. also
recor&ed increase {n number @f fruits over the -superiop

parento in three out of nine crcssea.

o In the present stuﬂy, one hybrid (LW x PR)
registered a significant 1ncrease in the nnmbar 9f fruits
_fover the better parent (Lw). ?wo uthe; hybrids (P8 x KC

~and PR x LW) alsq‘yroauped‘sigﬁificantly’higher number of

,frﬁiﬁs inféom@arisoﬁfwith‘the*meaﬁ.ef‘thejﬁarents.A'ihe :
| number_of;frﬁitSfbafne on six other hybrids were not slg-
I-x';ifiéantlyi higher while one equalled the mid-parental -
~;valua; Of the remaining ‘twoy one was inferior. to the.

“1ower 9areﬂt.

6. Igigh§ of fruits: Vhaley (1939), Baldoni (1949) and
Haskell anﬂ Browvn (1955} have reporﬁed that the»inéreése
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in yleld in tomato was not due to larger sized fruits,

but due to more number. Accérdingﬁto'Finla?'(1951) the
'fruit size and weight in hybrid tomatoes were 1nterma-

dlate between parents.

In brinjal inecrease in yield due to increased
welght of fruits was reported by previcus authers 1ike
Tatelsi (1927), Munger (1946), Pal and Singh (1946 and
1940), Venkataramani (1946) and Alpatjev (1949). Accor-
-ding to-ﬁishra:(lgegi, the increase in yield was due to

an increase in'the'weight and nnmber of frﬁits.

Jbshi et g; (1958) in their study of inter-
Varietal hybrids of bhindi obgerved that the hybrids as
a8 group gave significantly higher yield than the parents. o
The inerease in vield was due to the 1nereased numhcr and .
weight of fruits. Raman and Ramu (1962) recorded increase
in number as well as in the weight of frults over the

superior parents in 3 out of nine_bhindi-crosses,

The present findiﬁgs on this aspect showed
that one hybrid registered significant inerease in weight
of 30.6% over the better parent. Ebur,athers.ware better
than the mean of the parents while in five other hybrids
the increase was not significent. One was inferior to

the poor parent.



V-Qn”compéring-the performance of  the hybf;dg,
1t was féund'that”s\hybrids'ﬁére significahtly.sﬁperiof
to the mean of parents and they - could be éeleeted as.
varieties sulted for cultivation, since welght of fruit
is en importent factor contributing to yield.

7. Length apd girth of fruit: In brinjal hetex‘fo'sis_ in’
respect of fruit size was observed by Nagaei and Kida (19é6) v
and Pal and Singh (146 and 1949). Mishra (1961) noted
| marked'vériatibngig'fruit size in hybrid brinjels. Some
of them had the longest fruits, measuring up to 16,35 cms.
on an avéz*age.{E fhé hybrid.fruits were invariably larger
_than either'béthjbr ﬁoﬁé,of the parehﬁs. out of eight
hybrids, only one had slightly iesser:Values than the
average-cf'both parents. In fiﬁe.but of eight hybrids,
he ébéervéd fairiy high increase in frﬁit_diameter also.

 In tomato Finlay (1951) noted no difference

in fruit size. But Baldoni (1949)>ané‘Héskell and Brown |
A(1955).also'suggested thaﬁ'in téﬁéibdh&ﬁrias3'the increase
inﬂyield was not due to the larger size of individual .
:fruits.':cqnsideriﬁg the 1éngth of pods'in Mhné‘bean;
Bhatnagar and Singh (1964) noted superiority of 3 hybrids
over the mid parental mean and one crbés'fai;éd to show

any heterqsis‘in pod length.



~ Joshi et gl (1958) noticed significant superio-
r;tylof hybrids iﬁ.the;majqrity of cases, Soue were'inv
‘termediate to the parents and in one hybrid the size of
fruit was smaller,. .In réciépbca¥ erosses. hetween varie~‘
ties, the‘fruits produced were significantly larger. They
decided the size of fruit as the product of the 1ength of
fruit and the girth at mid region of the fruit. Aecording
to Raman and Ramu, 1n respeet of weight of frutt (due to
bigger size) only two out of nine bhindi hyhrids were
better. . | - -

4 In the present study, hybrid vigour in fruit -
1ength was observed in eleven out of the 12 erosses, when
the,midfparental‘Value was ¢Qnsidered@ But the su@erio~f
rity was established only in erosses KC x PRy KC x PS,y -
PS x KC and I¥ x‘PR. - When ﬁigher pafental value ﬁas cOom=
pared, none of them'was significant. In one hybrid; the
1ength of fruit was reduced by 3.8%. -

In the girth of fruit, only one hybrid showeﬂ
‘(Kc x W) reduction when the higher parental mean was con=
.sidered.  The hybrid PS z Kc ghowad significant inerease
in size. Heterotic affeet, though not significant, was'
noticed in eight crosaes. _Nb»hybrids were inferior to

the lower parent.
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The length of fruit together with girth 1s
responsible fbr the variation in size and weight thus
' 1eading to dirference in yield. 1t has, therefors, been
suggested that the’ inerease in numbeyr’ ‘together with size
‘ and weight of frnit is responsihle for inereased yﬂelds,
and on this basis, selection could ba made from among. the

better types. '

8. Jumber of seeds per fruly: Bhatnagar and Singh (1964)
reported that the number af seeds per- pad failed to show
any degree of heterosis in Pnaseolug aggeug.

In bhindi Ranan and Ramu (1962) suggestad that
there was no correlation between the seed .content and
fruit size. The. study also,revealed‘that certain combi-
nations of,crosses”shqwed»increase‘in the seedleqhtent.
Thé 1ncreaséd nunber ﬁay»lead‘to'a'reﬁuction'of_;he gua~
‘lity of fruits. Quality of frults is the ultimate aim

and so reduétion ih number will‘be an'advantage.

, In this investigation, the highest mean nume
‘ber of seeds was observed in hybrids LW x KC and PS x KC.
Two other hybrids KC x LW:anﬁﬂpﬁ x LW had only lesser nume-
ber of seeds, than the lower parent. If the fruits are

. meant for eulinary purposes, reduction in number‘of seeds
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will be advantageous. On the other hand 1f the fruits
are meant for colleeting geed materials, 1nerease in

number of seeds per fruilt will be appreeiated.

9, We@ga In tomato; Ashby (193‘7) and Ixuckwill.
(1937) have recorded bigger seeds ip the hybrids. The
sameAphenemenan-was haﬁed by‘céllins*and Kempton (1913)
and Bast and Jones (1920) in maize. Ganeéan-(i§42)'obse:~
ved the same results in cotton. In brinjal also Kakizaki
(1928) and Venkataramani (1946) got heavier seeds in hy-
- brid brinjals. ﬁhatnagar and Szngh (1964) shoved that -
- the hybrid ‘seeds were super: iar te the parents in seeé
- welght, . %o signifieant difference in seed weight,was
noted exeept in hybrids KC x PS and LW x PR, Decrease in
“welght, when caméared to the‘ﬁigherfparental méany was
‘noticed in nine hybrids. -

o Framlthe results obtained it may be seen that
;thera:is no s ignifieaat differenee in sead welght between
the parental means and that of the hybri&s.'

Bt
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This 1nyestigatian was earried out in the
Agriaultural Botany’nivision of the ﬁgricultural College
and Rasearch Institute, V@llayani, during the year 196%~65
(Gctcber, 1964 to June, 1965). ‘

Seeds ar fbur variaties of bhindi viz. Lacal
whiee, Pusa red, Pusa sewani anﬂ Kiliehnndaﬁ, abtained
from(the &gricultural ﬂallege Farm were used and sown in
the Botanic garden of the College on. 13«13-1964. A large
nnmber af flowers, 1n each variety vere salfad to have ;f

the parental seeds for the next season. - Crossing between
‘varieties in all possible combinations ﬁas also undertaken
to get,Flnseeds for the investigation.

' From the four parental varietiés'selecéed, all
 six possible crosses and their respective reciprocals

were nade.

The feur parental varieties and their 12 hyb
brids were planted in the fleld on 17b3~1965, with 3 |
replications. Each replication eonsisted of & plots, ‘
| reprasenting six cress~eembinatipns. The Plata were -

bordered all around by éné_row7qf Pusa sewani. Each .
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plot consisted of & rows of eight plants each, represen-
" ting the respective male and female parents, the direct
and reciprocal hybrids, the latter. two being flanked on

either slde by the respective parents.\g»

" The reéuiﬁS'cf'bbservaﬁloné'of the following

characters are glven.

1. Belght of plant: None of the hybrids showed stgniste
cant inerease in height over the batter parent although
PS x PR recorded 5.7% increase over the better parent N
:(PS). Cne hybrid (LW x PR) exhibited significant inecrease
‘over the mean of parents. IWx Kc equalled the lawer
parent and Kc X I¥W was shorter than the short parent
(viz, KC). -

gumber of legveg: The analysis of variance for the
number of leaves in the parents and hybrids shcwed that

the varietal differenees are not significant.

: 3; Nggber of braneges The superiority 9f the hybrids
PR x KC and I x KC over the better parent (KC) by 4.8
and B.2% were not 'si‘g‘ﬁiﬁcant. Two hybrms LW x PR and
PR x LW, had significartly lesser number of branches. |
"Three other hybrids were poorer than the respective 1nfe-.

rior parents.



st It was found
that none of the hybrids was earlier than the early parent.
Only in the £ross between KC and sw, the hybrid wis late

in flawering.

‘With regard to number of flowers, two hybrids
registéred significant superiority over the better parent;
twu showed decrease in number and two equalled the mia _

parental value. L

5. Number of fruits: ' One hybrid (LW x PR) recorded sige
nificant inercase in the number of fruits over the better
parent (LW) and PS x KC and PR % IW also had increase in

number, compared to ‘the mean of parents.. One was inferior

.to the lower parent.

6. Weight of fruitga One hybrid registered signifieant
inerease in weight of 30.6% over the better parent, while
4 others were better than the mean of’ parents. One was

infbrior to the poor parent.

7. Lengthg and girth of fgg;ﬁ' The superiority-ef-in

length of fruits was established only in crosses KB x PR,
XC x PS, PS x KC and LW x PR, when mia parental value was
compared. With regard to higher parental'value,'noné“was
signifieant. In one hybrid the length of frult was reduced
by 3.8%.
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In the girth of f:uithc x LW only showed re-
duction, -considering the higher parental mean. PS x Ko
showed significant increase in girth. No hybrids were,

inferior to the lower parent.

&, .Number'of.seeés per gruigsliThe hlghest mean number
of frults was observed In érosses LW x Kdvaﬂd PS x. KC.
Two ‘other. hybrids KC x LW.and PR x- LW‘had only lesser

nnmher of seeds, than the lower parent.

9, waighg of geeds: No signiricant difference in seed -
weight was noted except in hybrids‘KQ x PS8 and LW x PR.
- Decrease in weight when compared to the higher parentél

mean was noticed in nine hybrids.

From this study, it has been observed that
né hybrid has expréssed'heterotic vigour in respect of
all characfers. But hybrids of LW X PR have racofded 
heterotie vigour in respect of most of the characters
studied; except for the number of branches and number
of leaves. In certain insténces this has beenvstatistiqi
cally signigicantjanﬁ so this can be considered as the -

best combination.,
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