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I. INTRODUCTION

The genus Capsicum belongs to family Solanaceae, which
comprises nearly 30 specie‘s. The species Capsicum annuum L, Capsicum
frutescenes L., Capsicum chinense Jacquin, Capsicum pendulum Wilde
nov and Capsicum pubescens Ruiz and Pavon which are strictly
cultivated in central and south America have spread to tropics viz.,

India, Japan, Turkey, USA.

Chilli originated in tropical America (Mexico, Guatemala and
Bulgaria), and its seeds were brought to old world by Columbus. It was
introduced into India by Portugues in 16t century. By the end of 19t

century it was cultivated throughout India (Hiremath 1997).

Broadly chillies can be classified into hot and mild types
based on pungency. The African and Asian countries viz., Nigeria,
Ethiopia, Uganda, India, China, Japan, Indonesia and Thailand are the
leading producers and exporters of hot peppers. The European nations
viz., Hungary, Spain, Romania, Bulgeria, Czechoslavakia énd Slovak

republics produce mild types commercially known as paprika.

Chilli or hot pepper (Capsicum annuum L.) is the second
largest commodity after black pepper (Piper nigrum) in the international
spice trade. Chilli is an indispensable spice essentially used in every
Indian cuisine due to its pungency, spicy taste, appealing colour and
flavour. The chilli fruit is a rich source of vitamins C, A and E. Dr.Szent

Gyorgyi, Hungarian scientist, won Nobel Prize in 1937 for his work on



vitamin C and found chilli as its richest source. The pungency in chilli is
due to a crystalline acrid volatile alkaloid called capsaicin present in the
placenta and pericarp of fruit, which has diverse prophylactic and
therapeutic uses in Ayurvedic and Allopathic medicines. Recently, the
total flavour extracts of dried and ground chillies are concentrated in
homogenous free flowing product as chilli oleoresin which has varied
uses in processed food and beverage industries (eg., sauce, ketchup,
stuffed meat, salad, etc.). The natural color extracts of chilli are also
finding their increased value, in place of artificial colors in the food
items, especially in the developed nations. Hence, chilli finds diverse
utilities as spice, condiment, culinary suppliment, medicine, vegetable

and ornamental plant (Gaddagimath 1992).

Chilli leaf curl complex caused by feeding of thrips,
Scirthothrips dorsalis Hood; aphid, Aphis gossypt Glover, white fly,
Bemisia tabaci Genn and Mite, Polyphogotorsor.emus lotus which
transmit different viruses is one of the important causes in reducing the

yield of chilli (Bidari and Reddy 1990).

An important challenge would be to develop variety/hybrid
which respond well to resources with resistance to leaf curl complex.
Resistant and stable Indian origin genotypes are available which could
be utilized in breeding programmes. Chilli hybrids have great potential
but not a single Fi hybrid for dry chilli has been released from public

sector.



Open pollinated varieties have traditionally dominated the
commercial chilli cultivation. Although chilli tolerates inbreeding some
degree of heterosis has been demonstrated for various traits (Poulus,
1994). Taking advantage of heterotic effects to increase the yield
incorporation insect resistance with quality in a final hybrid would be

great achievement.

In view of this the present investigation in chilli has been
carried out to analyze gene effects for yield and its components along

with thrips and mite resistance.

The knowledge of genetic architecture of various traits is
very essential in the plant breeding programme for getting efficient
results. To improve chilli crop both quantitatively and qualitatively

breeding programme should be based on sound genetic knowledge.

Various biometrical approaches have been developed to
decipher the genetic architecture and mode of inheritance of different
characters related to yield. Generation mean analysis is one such
approach which provides information about nature of gene action. It also

elucidates the nature and magnitude of different genc actions involved.

Very few attempts have been made to study the genetic

architecture of yield and its component characters in chilli.

In the present study, an attempt has been made to generate
information on gene action of yield and its character in chilli by using

generation mean analysis of five crosses with the following objectives:



To study the gene effects governing the expression of

productivity and its associated traits.

To study the disease reaction of genotypes and hybrids for leaf

curl complex and

To identify the productive segregants with high yield and leaf

curl complex disease resistance.






II. REVIEW OF LITERATURE

The plant breeder is primarily concerned with the genetic
improvement of both quantitative and qualitative characters and this is
particularly true for chilli. The success of such a creative rﬁanipulation
requires adequate knowledge of genetics of various characters. The
chilli breeding work, since its systematic initiation in USA in the first
decade of 20th century which later spread to other nations. It has paid
much attention to the significant improvement in sweet peppers,
whereas hot pepper breeding has gradually evolved through pure line
selection of local land races. To enhance this pace of -genetic
improvement of chillies (hot peppers), detailed investigations to decipher
the genetic architecture of fruit yield and its attributes along with

resistance for leaf curl disease assuming importance.

Keeping in view of the foregoing points, the literature
pertaining to the objectives of present investigation has been reviewed

and presented in the following heads.
2.1 Genetic variability, heritability and genetic advance.
2.2 Residual heterosis in segregating generations.
2.3 Leaf curl complex disease.

2.4 Gene effect.



2.1 Genetic variability, heritability and genetic advance

The possibility of achieving efficient genetic improvement in
any crop rests with the magnitude of available genetic variability. In any
selection process, the question of laying emphasis in selection
programmes for yield and its component characters lies solely on the
heritability and genetic advance. Thus, the knowledge of these genetic
parameters in germplasm as well as segregating generations is the basis

for formulating selection criteria.

The comprehensive review on phenotypic coefficient of
variation (PCV), genotypic coefficient of variation (GCV), broad sense
haritability (h2) and genetic advance as per cent of mean (GAM) in chilli

for different quantitative traits is presented in Table 1.

A review on variability for different characters in chilli
(Table 1) indicates the existence of wide range of variability for most of
the characters studied. Though there are reports of high genetic
variability for plar{t height, 50 per cent flowering, number of fruits per
plant, fruit weight, fruit length, pedicel length, but reports contradicting
the above and quating medium to low variability for these characters
are also available. However, most of the reviews reported high variability

for number of fruits per plant, fresh fruit yield and dry fruit yield.



Table 1. Review of literature on variability,

quantitative characters in chilli

heritability and genetic advance for various

sl GCV Gl a3
No. Characters Material used for the study PCV (%) (%) h2 (%) % References
: ? ' mean
e 26 DG of Azamgarh lacal x . : 28.33 | 12.34 | Singh and Rai (1981)
11 parents 32.24 26.05 81.26 37.23 Khadi (1983)
55 Fss (from 10 x 10 diallel) 20.86 10.77 26.63 11.44 Khadi (1983)
63 cultivars 27.17 26.56 95.58 110.4 Nair et al. (1984)
F, of NP 46 x JED cross 18.78 18.16 84.38 31.63 Ghai and Thakur (1987)
1. | Plant height 45 Fss (10 x 10 diallels) 11.74 11.71 94.43 22.84 Sa’lrlﬁzrft (;l: ;1:(190)
30 biparental progenies of 3 crosses = - 35.03 6.42 Muthukris%lrnfj:m (1991b)
. Thangraj and
60 F3 progenies of 3 crosses 39.04 9.45 Muthukrishnan (1991a)
F, of DCA-1 x Sinahur 22.12 22.07 99.58 45.37 Gaddagimath (1992)
F3 of DCA-1 x Derrenial 20.6 20.54 99.45 42.21 Gaddagimath (1992)
4 F; of S cultivars High High - - Kumar et al. (1993)
ot S Sl AR s . : 56.86 | 63.95 | Singh and Rai (1981)
F, of NP 46 x JED cross 34.93 31.98 80.87 57.68 Ghai and Thakur (1987)
6 varieties and 15 F,- hybrids . . 62.5 . Bhagyalakshmi et al.
(1990)
Number of . . Thangraj and
5 - 30 biparental progenies of 3 crosses - - 44.23 2.28 Muthukrishnan (1991b)
branches . i Thangraj and
60 F3 progenies of 3 crosses - - | 46.57 0.82 Muthukrishnan (1991a)
F, of DCA x Sindyhur 32.77 29.82 76.02 46.37 Gaddagimath (1992)
F, of DCA-1 x Perrenial 29.62 25.82 | 76.02 46.37 Gaddagimath (1992)
90 Byadagi selections (location 1) 17.42 6.33 | 13.2 4.73 Giritammannavar (1995)
90 Byadagi selections (location 2) 17.43 588 | 11.4 4.12 Giritammannavar (1995)




Contd..

s1 GCv GA as
No. Characters Material used for the study PCV (%) (%) h2 (%) % References
¢ mean
26’032 and BCs of Azamgarh local x : - 65.98 | 58.26 | Singh and Rai (1981)
F, of NP 46 x JED cross 17.49 16.4 67.03 24.31 Ghai and Thakur (1987)
30 Biparental progenies of 3 crosses - - 62.23 1.18 Mu th’ll;}liragifin ar(liigglb)
3. | Fruit length | 60 F3 progenies of 3 crosses N - 61.66 1.28 Muthzllliir;{lir:]an ar(uliggla)
F, of DCA-1 x Sindhur 25.52 22.32 | 76.32 | 40.21 Gaddagimath (1992)
F, of DCA-1 x Perrenial 28.86 21.41 55.06 32.68 Gaddagimath (1992)
4F; of 5 cultivars High High - - Kumar et al. (1993)
90 byadgi selections (location 1) 11.14 10.03 81 18.62 Giritammannavar (1995)
90 byadgi selection (location 2) 10.97 7.07 40.7 31.39 Giritammannavar (1995)
55F,s (11 x 11 diallel) 14.66 7.88 28.88 8.88 Khadi (1983)
F, of DCA-1 x Sindhur 16.14 13.12 88.45 28.76 Gaddagimath (1992)
a Fruit stalk F, of DCA-1 x Perrenial 16.31 15.61 86.76 29.28 Gaddagimath (1992)
" | length 75 genotypes 15.76 10.13 41.3 0.34 Sirsat (1994)
90 byadgi selections (location 1) 9.04 0.88 1 0.28 Giritammarnnavar (1995)
90 byadgi selections (location 2) 2.97 0.63 4.5 0.28 Giritammannavar (1995)
F,s of NP 46 x JED cross 42.86 41.27 82.75 75.81 Ghai and Thakur (1987)
45 Fzs (10 x 10 diallel) 67.12 26.89 92.85 53.35 Sahoo et al. (1991)
30 biparental progenies of 3 crosses - - 67.14 0.14 Mutk’f\ill?:ilgll;?;]ainﬂ99l)
Average ; Thangraj and
5 fruit v%eight 60 F; progenies of 3 crosses - - 54.13 0.13 Muthukrighrfan (1991)
F, of DCA-1 x Sindhur 29.22 28.94 98.19 59.01 Gaddagimath (1992)
F, of DCA-1 x Perrenial 25.51 23.01 90.01 47.3 Gaddagimath (1991)
90 byadgi selections (location 1) 15.78 11.14 49.19 | 16.46 Giritammannavar (1995)
90 byadgi selections (location 2) 21.97 15.12 47.4 21.13 Giritammannavar (1995)




Contd..

o,
3‘1,' Characters Material used for the study PCV (%) | GCV (%) | h? (%) G:::n/(’ References
B, o and BCsof Anamgarh local x . . 54.39 | 7.34 Singh and Rai (1981)
55 Fos (11 x 11 diallel) 28.02 16.72 35.62 20.56 Khadi (1983)
Number of F, of NP 46 x JED cross 8.63 8.26 49.52 8.82 Ghai and Thakur (1987)
6 fruits per 45 Fys (10 x 10 diallel) 24.74 24.55 98.48 50.19 Sahoo et al. (1990)
’ : . Thangraj and
t - =
plan 30 biparental progenies of 3 crosses 61.56 40.16 Muthukrishnan (1991b)
F2 of DCA-1 x Sindhur 64.07 64.01 99.94 131.9 Gaddagimath (1992) -
F> of DCA-1 x Perrnial 63.51 63.91 99.94 130.76 Gaddagimath (1992)
90 byadagi selections 22.09 21.2 92.1 41.89 Giritammannavar (19995)
R : - 21.88 | 224 Singh and Rai (1981)
55 F,s (10 x 10 diallel) 29.95 16.3 30.36 18.73 Khadi (1983)
F, of NP 46 x JED cross 10.62 9.12 42.92 8.85 Ghai and Thakur (1987)
B Dry fruit 45 Fs (10 x 10 diallel) 36.49 36.26 98.74 74.23 Sahoo et al. (1990)
© | yield/plant M . i ) Thangraj and
30 biparental progenies of 3 crosses 52.36 85.4 Muthukrishnan (19915)
F, of DCA-1 x Sindhur 61.38 57.51 87.77 110.98 Gaddagimath (1992)
F, of DCA-1 x Perrenial 59.6 53.69 81.15 99.61 Gaddagimath (1992)
2‘6,01:;2 and BCs of Azamagarh local x i i 75 1.83 Singh and Rai (1981)
F, of NP 46 x JED cross 15.9 15.02 52.44 17.2 Ghai and Thakur (1987)
BC, of NP 46 x JED cross 14.9 14.03 0 0 Ghai and Thakur (1987)
Days to 50% . . Thangraj and
8. flowering 30 biparental progenies of 3 crosses ) - 38.36 4.86 Muthukrishnan (1991b
. i i Thangraj and
60 F; progenies of 3 crosses 51.74 7.16 Muthukrishnan {1991a)
. Varalakshmi and
32 diverse genotypes 6.4 6.3 98 12.9 Haribabu (1991)
90 byadagi selections 5.01 1.27 6.4 0.66 Giritammannavar (1995)




Contd..

sl GCV G an
No. Characters Material used for the study PCV (%) (%) h2 (%) % References
’ " ) mean
35 diverse varieties 33.54 32.99 | 96.75 | 66.85 | Elangovan et al. (1981)
F\, F» and BCs of Azamagarh . .
local x 6004 - - 47.06 33.11 Singh and Rai (1981)
55 Fus (11 x 11 diallel) 11.11 381 | 11.78 | 3.19 Khadi (1983)
F, of NP 46 x JED cross . 15.51 13.29 | 80.83 | 26.52 Ghiad f‘f‘;g;’akur
o | Pruit width |45.F2s (10 x 10 diallel) 12.46 9.19 | 54.37 | 13.96 Sal%ﬁo et al (19d90)
. . angraj an
SI?O:;};:rental progesiies of 3 ; : 60.66 | 0.7 Mothnkrishrian
(1991b)
F, of DCA-1 x Sindhur 22.93 | 22.84 | 99.18 | 46.86 | Gaddagimath (1992)
F, of DCA-1 x Perrenial 19.78 | 19.68 | 99.05 | 40.36 | Gaddagimath (1992)
90 byadagi selections 32.31 31.5 95 63.33 Gir ‘taﬁlgngasr)mavar

0T
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2.2 Residual heterosis in segregating generations

The first segregating generation (F2) and subsequent
generations are generally expected to show decreased performance
when compared to their performance in Fi hybrids of both self and
cross pollinated crops and this is referred as inbreeding depression or
residual heterosis. Although considerable inbreeding depression is
observed in many crops including chilli, some crosses in certain crops
have the Capaci'ty to retain the enhanced performance of F; in
subsequent generations, which is often known as residual heterosis.
Sprague and Tatum (1942) has reported the practice of cultivating
advanced generation hybrids of maize but such reports in vegetables in
general, and chilli in particular are less. However, the recent reports

have been precisely presented here below.

Nagaich et al. (1972) observed residual heterosis over mid
parental value in F2 and F3 of an interspecic hybrid over plant height
and fruit number and they indicated exploitation of F2 if crossing
barriers were absent. According to Soltanovskaya (1972), F: flowered
and ripened before the parents and F2 fruits ripened almost at same
time as that of earlier parent. In addition, the best three hybrids
exceeded both parents in yield in F1 and F2 and to a lesser extent in Fs.
Papova (1973) tested two intervarietal hybrids and found lower total

yields in  F2 than Fi, but higher than the yield of better parent.
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The maintenance of heterosis for yield in F2 of a cross
involving a low yielding parent Topepo-134, was reported by Rochetta et
al. (1976), but Singh and Singh (1976a) noticed significant inbreeding
depression in respect of seed portion of fruit. However majority of the
crosses manifested higher F2 values for stalk portion. The findings of
Bhat (1981) revealed considerable positive residual heterosis for
number of branches, seed portion and fruit yield, whereas negative
residual heterosis was observed for plant height, stalk length, fruit
length and fruit number in majority of the 45 F2 crosses. Further, an
investigation by Khadi (1983) involving 55 F2 crosses indicated positive
and significant residual heterosis for fresh fruit yield (upto 58.96% in
Byadgi kaddi x Kathigolar cross) fruit length, fruit number and negative

heterosis for plant height and fruit diameter in majority of the crosses.

Ashtankar and Jaipurkar (1988) recorded negative residual
heterosis for all the characters including fruit yield. On the contrary,
Patil (1990) observed higher fruit yield in F2, but little lower than
corresponding Fis in two crosses viz., CP-2 x CP-5 and CP-4 x CP-5,
thus indicating the possibility of utilizing the residual heterosis in F2 for
commercial purposes. After studying 45 Fis from 10 x 10 diallel, Sahoo
and Mishra (1990) indicated that mean performance of 12 characters
was not always reflected by residual heterosis. However the outstanding

expression of fruit number and dry fruit yield were observed in two
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crosses (J-218 x CA-586 and J-218 x KCS-1) which also had superior

transgressive segregants.
2.3 Leaf curl complex disease

Ferry and Schalk (1991) reported that resistance to thrips
Frankniella accidentalis was confined to five commercial varieties due to
mechanism of tolerance to insect feeding rather than antibiosis or
antixenosis. This type of resistance may be useful in preventing plant
injury due to thrips feeding but would not help in controlling tomato
spotted wilt (TOSPO) virus as a serious pathogen of pepper for which F
accidentilis is a common vector, Tewari and Anand (1977) reported that
resistant high yielding chilli variety Pusa Jwala has been out come of
the cross HPUGA x Pusa red. Tewari et al. (1986) reported that thrips is
a serious pest on chilli. An yield loss of upto 50 per cent was observed
in a screening programme of 132 lines. IHR-301-15-1, 308-1-13, NP-
46A, S-118-2 s.howed high degree of resistance, 33 lines showed

moderate resistance along with Jwala.

Khalid Ahmad et al. (2000) reported mite as a serious pest
on chilli. It completes 5-6 generation on chilli, feeds on the under side
of the leaf causing downward curling. Prabhu and Jagadeesha (1998)
identified resistant resources for thrips and mites which cause leaf curl
complex (murda). The resistance among 43 germplasm ranged from

719 to 51.59 and 9.87 to 37.48 per cent leaf curl index for thrips and
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mites respectively. The chilli genotypes Pantc-1, LCA-304, LCA-312,
LCA-301 and BI-1-1 were found promising for resistant against both
chilli thrips and mites. The local check Byadagi kaddi was found
susceptible and recorded 34.91 and 32.37 per cent leaf curl index for

thrips and mites respectively.

The evidence so far available indicated that leaf curl
complex in chilli could be due to mites, thrips and viruses transmitted
by white flies (Sawant et al, 1984). According to Bidari and Reddy
(1990), average incidence of leaf curl complex disease in Karnataka was
53 per cent with a range of 11.8 to 94.89 per cent. High GCV with
moderate to high haritability and genetic advance was reported for this

character by Hiremath (1997).

2.4 Gene effect

Quantitative traits are characterized by continuous
distribution. Inheritance of such characters is governed by genes which
have small and cumulative effects. The choice of an appropriate
breeding method for improvement of quantitative characters also
depends largely on nature of gene effect. Therefore these genes must be
considered together and suitable statistical methods to be used to

obtain genetic information.

Many gene models given by various workers attempted to

describe the action of genes controlling quantitative characters. Fisher
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(1918) was first to attempt construction of a gene model which include
dominance at a single locus. He also indicated that there may be a
deviation from simple additive effects between loci if more than one

locus affected a given character.

Anderson and Kempthrone (1954) in their gene model
partitioned genotype value into additive, dominance and epistatic
effects. Based on the theory developed by Fisher et al. (1932), Mather
(1949) and Hayman and Mather (1957) proposed a gene model to asses

the contribution of gene interaction to continuous variation.

Hayman (1958a) described a general procedure to estimate
parameters referring to additive (d), dominance (h), additive x additive

(i), additive x dominance (j), dominance x dominance (1) effects.

In chilli studies on gene effects through generation mean
analysis are very less. Singh and Singh (1978), Jadhav and Dumbhal
(1994) and Jagadeesha (2000), have reported the gene effects using
generation mean analysis. Other studies to know the gene effect is

through diallele analysis. A review on gene effect is enumerated in

Table 2.




Table 2. Review of literature on gene effects for various characters in chilli

Sl.

No Characters Additive Non-additive Additive and Non-additive
Sharma and Saini (1977), Bhat (1981), Singh and
o Singh and Singh (1978), Singh (1976b), Khadi
i | Plant heisht Dsf"jrlf;ll‘;‘l’{ :?{iggﬂf?aéfé 1( 1;?3)’ Miranda et al.(1988), Ahmed et | (1983), Milkova (1986), Cao
: & (1998) * | al (1997), Bhagyalaksmi et al. and Su (1988),
(1991), Mulge and Anand Gopalkrishna et al. (1989),
(1997), Ahmed et al. (1988) Ahmed et al . (1998)
. : Cao and Su (1988)
: Singh and Singh (1976 a,b), : ;
Number of Bhat (1981), Khadi (1983), Sontakke (1081), Patel et af, | Copaikrishnan et al (1989),
e primary Gaddagimath (1992) (1998), Bhagyalakshmi etal. | “oirova (1986) alunea et
branches B ’ (gl}égl) ' al. (1998), Sharma and
Saini (1977)
Number of
3. secondary Mulge and Anand (1997) - -
branches
Lippert (1975), Singh and Singh
(1976a), Sontakke (1981), Kaul Gill .
: et al. (1973), Milkova
g, | Nmmberal and Sharma (1988), Singh and Singh (1976 a, b) | (1986), Mishra et al. (1991),
fruits/plant Gopalkrishna et al. (1989), Bhagyalaksmi et al. (1991)
Miranda et al. (1988), Patel et al. & ’
(1998), Ahmed et al. (1998)
Gopal Krishnan et al. (1989),
5. Fruit weight | Miranda et al. (1988), Ahmed et Bhagyalaksmi et al. (1991)
al. (1998), Ahmed et al. (1997)
Lippert (1975), Singh and Singh Gill et al. (1973), Milkova
(19764a), Singh and Singh (1978), (1986), Gopal Krishnan et
6. Daskolov and Mihailo (1988), Singh and Singh (1976 a, b), al. (1989), Patel et al.

Fruit length

Santakke (1981), Kaul and
Sharma (1988), Miranda et al.
(1988), Ahmed et al. (1997)

Ahmed et al. (1998)

(1998), Bhagyalakshmi et
al. (1991)

91
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3(1)' Characters Additive Non-additive Additive and Non-additive
Lippert (1975), Milkova (1977),
Sontakke (1981), Gopal
7 Bt widih Krishnan et al. (1989), Singh and Singh (1978), Bhagyalakshmi et al. (1991)
’ Miranda et al. (1988), Patel et al. (1998) Kaul and Sharma (1988)
Ahmed et al. (1998),
Ahmed et al. (1997)
Pericorp Martin and Lippert (1975), .
= weight | Bhat (1981), Ahmed et al. (1998) Gaddagimath (1992) -
Martin and Lippert (1975), .
9. fi‘iik\ii?g}:? Daskalov and Mihailov (1988), Khadi (1983) " I‘g‘ﬁz’;ﬁgﬁ ?’1’978)
& Gaddagimath (1992) & &
. . Gaddagimath (1992), Singh and Singh (1976b),
10. I:;rg:fro"df Mar:;x‘ma:f;zfe(ﬂtgg%ﬁ)’ Ahmed et al. (1998), Milkova (1986),
P ] Mishra et al. (1991) Bhagyalakshmi et al. (1991
11. | Ascorbic acid - Bhagyalakshmi et al. (1991) -
pp, | U6S0 sesd : . Mishra et al. (1991)
weight .
Kumar and Nandapuri (1973),
Lippert (1975), Singh and Singh zh h a aglcsl.Salhm 1%?/27)’
13. Yield (1978), Patel et al. (1998), Mulge ingh and Singh (1976a), Sharma and Saini (1977)
Ahmed et al. (1998),
and Anand (1997} . PRI o
‘ : Ahmed et ai. (1997),
Bhagyalakshmi et al. (1991)

L1






III. MATERIALS AND METHODS

The present investigation on chillies was carried out during
kharif 2000-2001 at ARS, Hanumanmatti, which is 135 km from
University of Agricultural Sciences, Dharwad head quarters. It is
situated in the transitional zone of Northern Karnataka. Geographically
located at 14°39’ N latitude and 75°33’ longitude and at an attitude of
594.36 metres above mean sea level with an average annual rainfall
ranging between 280-300 mm. Soils are shallow red with less clay

content.
3.1 Experimental Material

The experimental material for this study comprised of 8
genotypes selected based on their diversity for various traits. From these
8 genotypes, 5 crosses were effected. From these 5 crosses Fi’s, F2's and

Fy’'s were evaluated. One check variety Gz was also included for the

study.

The characteristic features of the parents and check

involved in this study are given here under.
The list of crosses, along with there parents are

1. 9632 - VN2 x Jwala

2. 9646 — VN2 x Arkalohit

3. 9708 - Hissar shakti x PMR 21

4. 9612 - Byadagi Kaddi x Arka lohit

o. 9623 - Byadagi Dabbi x LCA 312
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Byadagi kaddi : Tall, late maturing, erect and having long fruits. Red

colored fruit wrinkles on dry fruit.

Byadagi dabbi : Medium tall, late maturing, strait fruit and medium

pungency. Dark red color fruit, wrinkles on dry fruit.

VN-2 : Exotic line introduced from Vietnam, having tall, late maturing,

long, stout fruit, light red color and resistant to leaf curl complex.

Jwala : Compact, long fruit and erect pendent. Most popular, widely

grown chilli variety having resistant to leaf curl virus

Hissar shakti : Medium, compact and small fruits Fruits are born in

clusters, up right suitable for bunch harvesting.

LCA-312 : Medium tall, compact, medium size fruits and resistant to

thrips and mites.

Arka lohit : Very tall, erect, more branch, small fruits and dark green

color fruit, turn to dark red color.

PMR-21 : Resistant to powdery mildew disease and fruits are more

pungent.

Check variety Gs : Tolerant to leaf curl disease, medium tall and

medium size fruits.
3.2 Layout of the experiment

The experiment was laid out during kharif 2000 at
Agricultural Research Station, Hanumanmatti, in a randomized block
design with two replications for each entry was planted in one row of 10

plants each for parents and hybrids, 20 rows of 10 plants each for F.
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population and 15 rows of 10 plants each for F3 population. Spacing of

60 cm x 60 cm was followed and the crop was raised as per the

recommended package of practices.
3.3 Sampling and collection of data

Ten random competitive plants were tagged in each entry in

each replication and following observations were recorded.
3.3.1 Plant height (cm)

Height of the plant from the ground level to the top of the

plant was measured in centimeter at the time of maturity.

3.3.2 Number of primary branches

Branches arising from main stalk were counted and

recorded as number of primary branches.
3.3.3 Number of secondary branches

The branches on primary branches were counted and

recorded as number of secondary branches.
3.3.4 Number of fruits per plant

Number of effective fruits per plant were counted few days

before harvesting.
3.3.5 Leaf curl complex index (%)

The combined incidence of thrips and mites as revealed by
upward and downward curling respectively and mosaic on leaf caused by

different viruses was recorded at peak fruit maturity stage. The number
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of plants with two symptoms resistant and susceptible were counted and

leaf curl index calculated for particular treatment.

Number of infected plants
Per cent leaf curl complex = ------=-=-=---c--ommommoooooooooo x 100
Total number of plants

Scale for scoring leaf curl complex

Grade | Average disease Reaction
incidence

1 0.0-0.0 Immune (I)
|
|
2 0.1-25.0 Resistant (R) “
]
3 25.1 -50.0 Moderately resistant (MR) |
‘ —
4 50.1 -75.0 | Susceptible (S) |

S 75.1 - 100.0 Highly Susceptible

(Sawant et al., 1984)
3.3.6 Fruit length (cm)

Five fruits choosen randomly from each plant were
measured in cm from apex of the fruit to the tip of the talk and averaged

as fruit length in centimeter.
3.3.7 Stalk length (cm)

The stalks of the fruit choosen for measuring fruit length

were measured for their length in cm and were average for fruit.
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3.3.8 Fruit girth (mm)

Ten fruits randomly chosen from each plant were measured
in mm at the base of the attachment of stalk with the help of vernier

calipers and averaged as fruit girth in mm.
3.3.9 Pericarp weight per fruit (g)

Weight of pericarp (g) was taken after removing the seed and

recorded.
3.3.10 Number of seed per fruit
From each fruit seeds were counted.

3.3.11 Fruit weight (g)

Weight of ten fruits were taken from each of the ten plants

in sum and averaged.
3.3.12 1000 seed weight (g)
One thousand seeds were counted in each replication and
weighéd In grams.
3.3.13 Dry fruit yield per plant (g)

The matured fruits were harvested were sundried and
brought to 8-10 per cent moisture content and weights were taken in

grams.
3.4 Statistical analysis
3.4.1 Analysis of variance

The mean values of the genotypes were used for analysis of

variance. Replication wise mean values were subjected to RBD analysis
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(Snedecor and Cochram, 1967). The significance of differences among all

the genotypes was tested by ‘f’ test.

ANOVA
Expectation :
Source of Variance
variation BE MSS ol meni ratio of f
square ]

Replication r-1 RMSS
Genotypes g-1 GMSS 62 + 102, GMSS

Error (r-1) (g-1) EMSS o2

Total (rg-1)

Where,

r = number of replications

g = number of genotypes

VEMSS

S.Em = ---=------
r

3.4.2 Estimation of variance componehts

Genotypic and phenotypic components of variance were

estimated with the help of following formulae.

GMSS - EMSS

Genotypic variance (62g) = ----=-==-=====77"""
r

Phenotypic variance (62p) = o2 + EMSS

3.4.3 Coefficient of variability

Both genotypic and phenotypic coefficients of variability

were computed for each character as per method suggested by Burton

and Devane (1953).



Vo2,
Genotypic coefficient of variability (GCV) = -------- x 100
X
Vo2,
Phenotypic coefficient of variability (PCV) = -------- x 100
X

VP; + VP2 + VF,;
Environmental Variance = -----------=---------

3
Where,
Cg = Genotypic standard deviation
Op = Phenotypic standard deviation
X = Grand mean of the character.

3.4.4 Heritability in broad sense

Heritability coefficient (h2) was computed for each character
as the ratio of genetic variance to the total variance as suggested by

Johnson et al. (1955).
h2 = 625/02, x 100
where, 62, and 62, are genotypic and phenotypic variances respectively.

3.4.5 Genetic advance

Genetic advance (GA) for each character was computed

adopting the formula given by Johnson et al. (1955).
GA = (h?) (K) (op)
Where,

h2° = Heritability coefficient (Broad sence)
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K = Selection differential which is equal to 2.06 at 5 per cent

selection intensity (Lush, 1949).
o?p = Phenotypic variances.
3.4.6 Genetic advance over mean

Genetic advance over mean (GAM) was computed by the

formula.
GAM = (GA/X) x 100.

3.4.7 Generation mean analysis
Five crosses were selected for this study, the means and
variances were calculated from the observations of individual plants in

each generation for each character according to Hayman (1958).

Variance of population
Total number of plants
3.4.7.1 Scaling tests
The testing of epistasis for the estimation of components of
genetic variation was detected by employing Mather’s Scaling test
(Mather, 1949; Hayman and Mather, 1957). The four scaling tests A, B,
C and D will be used for estimation but for this experimental study C
and D scaling tests are employed as F3 generations were available

instead of back cross generation was not available for the study.
C=4F;-2F1-P1-P2

D =4F3-2F;-P1-P2
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Where,
Py, P2, Fi, F2, F3 are the mean values of their respective
generations.

To test the significance of these two scaling quantities, the
respective  variances were calculated. Using variance of the
corresponding population mean as follows.

Ve = 16V (F2) + 4V (F1) + V (P1) + V (P2)
Vp = 16V (F3) + 4V (F2) + V (P1) + V (P2)
3.4.7.2 Estimation of gene effects

The mean value of all the five generation were analyzed by a
model proposed by Hayman (1958), to obtain the information on the

nature of gene action governing the quantitative traits under study. The

notations given by Hayman (1958) are as follows.

Gene effects and their notations

Sl. No. Gene effects Notations

1 Mean r’r\l

N

2 Additive d

N

3 Dominant h

_ A

4 Additive x additive i

AN

S Dominant x dominant 1
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The estimates of m, d, h, i and | were calculated by using

following statistical equations.

r/l\’l =
N
d =1 P1 - P2
TAY
h =1/6 (4F1 + 12F; - 16F3)
A
1 =P -F2+ %P1 +P2+h)-1/41
A
1 = 1/3 (16F3 — 24F, + 8F))
The variances of these estimates were calculated as follows.
Vm = VF,
Vvd =Y (VP1 + VPy)
Vh =1/16 (16VF; + 144VP, + 256 VF3)
Vi = VP; + VP2 + %(VP; + VP2 + Vh) + 1/16V1
V1 = 1/9 (256VF3 + 576VF; + 64VF,)

Where, Vm, Vd, Vh, Vi and VI were the variances of gene
effects of m, d, h, i and 1, respectively and VP, VPy, VF;, VF2 and VF3

were the variances of their respective generations.

Square root of the variances of the above estimates provided
standard error, which were used to test the significance of gene effects.
The value of each gene effect was divided with its standard error and the
quotient was compared to 1.96 for significance at 5 per cent level and

2.58 for significance at 1 per cent level.






IV. EXPERIMENTAL RESULTS

The principal objective of the present investigation was
to analyse the gene effects for yield and other characters along with
leaf curl disease resistance. For this the knowledge of genetic
architecture of various traits is very essential to plant breeding
programme for gettihg efficient results. For improvement of various
characters in chilli crop in desired manner the breeding programme
should be based on sound genetic knowledge. The results obtained

from the present investigations are presented under the following

heads.

4.1 Variability study of the superior cross VN-2 x Jwala (9632) for

F2 population
4.2 Generation mean analysis
4.2.1 Estimation of gene effects for various traits in chilli

4.2.2 Estimation of scaling tests

4.3 Identification of superior genotypes in segregating populations

of the five crosses used in study

4.3.1 Identification of superior genotypes in F2 populations of the

five crosses

4.3.2 Identification of superior genotypes in F3 populations of the

five crosses
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4.1 Variability study of the superior cross VN-2 x Jwala (9632)
for F2 population

4.1.1 Plant height (cm)

GCV and PCV in the population was low for the plant
height. And heritability. Genetic advance and genetic advance over

mean in these populations were very low (13.43% heritability, 5.25%
GAM) Table-3.
4.1.2 Number of primary branches per plant

GCV and PCV were low but heritabilities in the
population was very high with 82.34 per cent. GAM over F2 mean

was moderately high i.e., 55.59 per cent.
4.1.3 Number of secondary branches per plant

GCV and PCV values were moderately low but
heritabilities and genetic advances over mean (GAM) were high. In F.

population of this cross the GAM was 66.01.
4.1.4 Number of fruits per plant

GCV and PCV were found to be very high compared to
other characters. Heritability estimates were nearly 100 per cent.
GAM was found to be 130.75 per cent in F2 population.

4.1.5 Leaf curl index

For this trait, both GCV and PCV were found to be low.

Heritability estimates was nearly 67 per cent. GAM was found to be

58.85 per cent.



Table 3. Variability parameters for different characters in F:
populations of the cross VN-2 x Jwala (9632)

Sl. Heritability
No. Characters GCV PCV (Broad GA GAM
sense)
1. | Plant height (cm) 6.95 18.98 13.43 3.12 5.25
2. | Number of 20.74 | 32.77 82.3 241 | 5559
primary branches
3. Number of
secondary 34.19 35.73 91.52 5.38 66.01
branches
4. | Number offruits | .05 | g4,08 99.94 75.84 | 130.75
per plant
5. | Leaf curl index 35.83 | 44.94 66.56 1.53 | 58.85
6. | Fruit length (cm) 22.32 25.52 76.46 2.47 32.68
7. | Stalk length (cm) | 13.115 | 16.13 86.44 0.75 | 28.76
8. | Fruit girth (mm) 22.84 | 22.93 99.18 1.91 | 46.85
9. | Pericarp weight 27.93 | 31.93 76.46 0.17 | 50.30
per fruit (g)
10. | Numberof seeds | 40 7 | 3687 |  99.50 029 | 75.57
per fruit
11. | Fruit weight (g 28.93 | 29.2 98.11 0.47 | 59.012
12 (1g())00 seed weight | ) 3 | 5404 77.22 1.96 | 38.56
13. | Drydruitgleldper | o5 47 | 94,92 86.88 31.47 | 42.9]
plant (g)
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4.1.6 Fruit length (cm)

Both GCV and PCV were found to be low. Heritability
estimates was high i.e., 76.46 per cent GAM was found to be 32.68

per cent.

4.1.7 Stalk length (cm)

GCV and PCV were found to be very low compared to
other characters. Heritability estimates was high i1.e. 86.44 per cent.

GAM was found to be 28.76 per cent. .
4.1.8 Fruit girth (mm) .

GCV and PCV in the population was low for fruit girth
(22.84 and 22.95%) and heritability estimates was very high i.e.,

99.18 per cent. GAM was found to be 46.85 per cent.

4.1.9 Peri carp weight per fruit (g)

For the F2 populations both GCV and PCV were low.
Heritability and genetic advances over mean were moderately high in

the F2 population (76.46 and 50.30%, respectively).
4.1.10 Number of seeds per fruit

Both GCV and PCV were moderate (36.07 and 36.81) for
this character and heritability estimates was very high (99.508). GAM

were also worked out to be moderately high i.e., 75.57 per cent.
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4.1.11 Fruit weight (g)

GCV and PCV values were low, while heritability
estimates was moderately high i.e., 77.22 per cent. GAM was found

to be 38.56 per cent.
4.1.12 1000 seed weight (g)

GCV and PCV values were low, while heritability
estimates was moderately high i.e., 77.22 per cent. GAM was found

to be 38.56 per cent.
4.1.13 Dry fruit yield per plant (g)

GCV and PCV for this characters were low viz., 22.41
and 24.25 respectively, while heritability estimates was high i.e.,

86.88 per cent. GAM was found to be 42.91 per cent.

4.2 Generation mean analysis

Five generations (P1, P2, Fi, F2, F3) of five crosses viz.,
9632 (VN-2 x Jwala), 9623 (Dabbi x LCA 312), 9646 (VN-2 x Arka
lohit), 9708 (Hissar Shakti x PMR 21) and 9612 (Kaddi x Arka lohit)
in chilli were used to estimate the five genetic parameters viz., mean
(m), additive effect (d), dominance effect (h), additive x additive effect
(1) and dominancé x dominance effect (I) for varius quantitative
characters (Table-4). To find the type of epistasis, signs of dominance
and dominance gene effects were compared. If the signs are in the

same direction it indicates complimentary type of epistasis and if in
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opposite direction it indicates duplicate type of epistasis

(Dabholkar, 1992).

4.2.1 Estimates of gene effects for 13 characters 'in S crosses in
chilli
4.2.1.1 Plant height (cm)

The estimates of additive gene effects (d) were significant
and positive in 9632, 9646 and 9623 crosses for plant height. None
of the crosses showed significance for dominance effects (h). The
magnitude of (I) was greater than (d) in all the crosses except the
cross Dabbi x LCA 312 (9623). Additive x additive (I) was positive and
significant in 9646, 9708 and 9612 crosses. Dominance x dominance
gene; interaction effects were positive and significant in Hissar Shakti
x PMR 21 (9708). None of the crosses showed significance for all the
gene effects. Majority of the crosses showed the dominance x

dominance (1) gene effects followed by the additive gene effects (d).

4.2.1.2 Number of primary branches per plant

One of the cross combination (Hissar Shakti x PMR 21)
had significant and positive additive (d) effects for number of primary
branches. Whereas, two crosses Hissar Shakti x PMR 21 and Dabbi x
LCA 312 showed significant dominance (h) effect. The additive x
additive (i) interaction effects were significant in Hissar Shakti x PMR
21 (9708) cross in pésitive direction. Significant additive x additive (i)
effects were observed in 9632 and 9623 crosses in positive

directions. In general, dominance x dominance (I) and dominance (h)



Table 4. Estimates of gene effects for 13 characters in five

crosses in chilli

Cross M (mean) D (Add) H (Dom) (Add ): ade e : Do} :‘;,il::sti):
Plant height (cm)
VN-2 X Jwala (9632) 59.52 +0.89 12.60 +3.34** -24.43 +4.60 5.96 +8.19 22.77 +15.63 D
VN-2 X Arkalohit (9646) 57.53 +0.71 9.50 £2.94** -5.34 £2.75 14.55 +6.49* | 26.94 +9.78** D
Hissar shakti X PMR 21 (9708) | 57.50 +0.55 | 0.80 +2.20 6.66 £2.94 3.08 £t5.61* 2.66 +17.45* C
Kaddi X Arkalohit (9612) 59.21 +0.81 1.19 +2.69 -5.13 +2.26 -13.13 +4.64 | 21.41 £7.69** D
Dabbi X LCA 312 (9623) 60.15+ 0.53 | 6.40 £4.12 -2.95 £3.61 10.64 £9.96 3.68 +13.39 D
Number of primary branches per plant
VN-2 X Jwala (9632) 2.53 £+0.05 -0.40 £0.18 -1.84 +0.27 -2.44 +0.38 | 3.17 £0.87%* D
VN-2 X Arkalohit (9646) 2.52 +0.05 0.20 +0.20 -0.97 +0.27 0.22 +0.47 -0.15 +0.98 C
Hissar shakti X PMR 21 (9708) | 2.75 +0.05 0.40 +0.17* 0.90 £0.22** 1.90 +0.37** | -1.60 +0.73 D
Kaddi X Arkalohit (9612) 2.51 +0.05 0.10 +0.27 -0.49 +0.23 -0.39 +0.54 0.51 +0.81 C
Dabbi X LCA 312 (9623) 2.61+0.05 -0.50 +0.26 0.80 £0.22** -1.29 +0.37 3.14 +0.73** D
Number of secondary branches per Plant
VN-2 X Jwala (9632) 5.54 +0.12 -0.40 £0.47 -1.22 +0.70 -3.0 +1.15 7.47 +2.58** D
VIN-Z X Arkaiohit {5040) 4.00 =0.05 0.30 =0.51 | -1.97 £0.48 1 1.12 10.65° -2.32 r1.00 C
Hissar shakti X PMR 21 (9708) | 5.23 +0.09 0.30 +0.37 1.96 +0.53** 1.86 +0.88* 0.72 +2.02 C
Kaddi X Arkalohit (9612) 5.53 +0.12 0.40 +0.53 0.87 +0.45* 2.69 +1.09* -5.50 +1.56** D
Dabbi X LCA 312 (9623) 5.36 +0.10 -0.40 +0.50 1.63 +0.43** -1.76 +0.836 | 4.87 +1.46** C

Contd..
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Cross M (mean) D (Add) H (Dom) (Add X Add) I | (Dom x Dom) L :Zil::s‘i):
Leaf curl index (LCI)
VN-2 X Jwala (9632) 12.60 +0.092 | -0.80 +0.20 0.50 +0.37 -1.69 +0.50 10.22 +1.31 D
VN-2 X Arkalohit (9646) 20.66 +0.05 -0.30 £0.22 0.27 +0.25 -0.42 0.49 2.41 +0.77 D
Hissar shakti-X PMR 21 (9708) | 26.79 10.06 0.50 +0.22* 0.67 +0.31* 2.17 +0.49** | -0.52 £1.04 | D
Kaddi X Arkalohit (9612) 28.97 +0.07 1.00 +0.30** 2.22 +0.40 -0.02 £0.54 6.95 +1.34** D
Dabbi X LCA 312 (9623) 36.60 +0.09 0.80 +0.37* 1.08 £0.31** 3.48 +0.86** | -6.97 +1.08 D
Number of fruits per plant
VN-2 X Jwala (9632) 28.10 +2.68 “42.60 +8.0"* | -48.60 £36.30% | 48.40 +18.60* |-56.40 t26.50 | D
VN-2 X Arkalohit (9646) 40.60 +5.79 -36.50 +12.0* | 90.50 +26.50 95.40 +36.49* | 72.59 +45.73 C
Hissar shakti X PMR 21 (9708) | 37.50 £+19.50 | -26.50 +4.8 52.60 £18.00 47.50 +14.50 | 18.60 +12.50 D
Kaddi X Arkalohit (9612) 50.30 +6.19 ~17.40 +4.95 189.90 +34.18* | 64.80 +26.69* | 189.90 +34.18* C
Dabbi X LCA 312 (9623) 50.70 +6.31 -11.40 +7.01* | -37.30 +25.80 | -44.0 +25.26 | 2.19 +19.5 D
Fruit girth (mm)
VN-2 X Jwala (9632) 11.75 +0.454 | 1.139 +0.502** | 0.129 +2.40 -0.319 +2.07 | 15.81 +0.615** C
VN-Z X Arkaionit (9646) 11.95+0.97  4.67 z2.610 2.43 +3.60 2.80 £3.40 6.13 +5.09 . D
Hissar shakti X PMR 21 (9708) | 9.65+0.58 | 4.65 +4.12 6.10 +4.80 3.60 +2.80 8.10 +3.60** | D
Kaddi X Arkalohit (9612) 8.20 £1.31 1 2.60 +0.69** -3.60 +1.80 -3.81 +2.10 5.83 +2.71 D
Dabbi X LCA 312 (9623) 110.60£2.60 | 2.823:0.414** | -6.82 +2.89 _8.47 £3.7* 11.98+3.44* | D
Contd..
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Cross M (mean) D (Add) H (Dom) pedd )1{ Add) | {Dom : Lon) 'erypi‘;:s‘i’:
Per/carp weight per fruit (gm)
VN-2 X Jwala (9632) 5.16 +0.61 1.71 +0.81 -6.806 +2.60 -4.08 £0.86* | 9.03 £3.64* D
VN-2 X Arkalohit (9646) 5.90 +0.81 2.62 +0.86** -2.91 +2.61 -2.09 +1.96 4.81 +2.94 D
Hissar shakti X PMR 21 (9708) |(4.61 +2:01 5.86 +2.30* -6.31 £3.68 -4.81 +2.60* | 5.6 £3.10 D
Kaddi X Arkalohit (9612) 4.12 £0.81 0.56 +0.28 -3.60 +1.80 -1.80 £1.02 0.01 £1.60 D
Dabbi X LCA 312 (9623) 4.60 +0.91 -0.28 +0.18 -2.86 +0.96** -2.64 +£1.2* 3.02 £1.62** D
Fruit Length (cm)
VN-2 X Jwala (9632) 11.35 +0.16 | -0.30 +0.41 -0.81 +0.46 -3.11 £0.73 1.02 £1.51 D
VN-2 X Arkalohit (9646) 8.5+0.10 -0.50 +0.32** 2.78 £0.35 0.28 +0.54 678 £1.16** C
Hissar shakti X PMR 21 (9708) | 7.09 +0.08 0.95 +0.31** -1.15 +0.38 1.70 £0.58** | 1.77 £1.22 D
Kaddi X Arkalohit (9612) 11.99 +0.21 l._20 +0.35** 1.40 +0.57* 3.20 £+0.81** | -1.99 +2.09 D
Dabbi X LCA 312 (9623) 8.56 +0.08 1.00 +0.36* 0.28 £0.85 3.48 +0.70** | -2.01 +1.03 D
Stalk length (cm)
VN-2 X Jwala (9632) 3.92 +0.05 0.65 +0.10** 0.36 +0.18* 1.49 +0.27** | -0.74 +0.58 D
VN-2 X Arkalohit (9646) 3.30 +0.04 0.60 +0. 17" -0.99 +0.17 0.54 £0.40™" | 4.9Y +0.49~~ D)
Hissar shakti X PMR 21 (9708) | 2.37 +0.02 -0.02 +0.11 0.15+0.14 -0.12 +0.20 2.76 £0.44** C
Kaddi X Arkalohit (9612) 4.01 £0.02 -0.09 +0.07 -0.08 +0.11 -0.21 £0.18 -0.93 +0.35 C
Dabbi X LCA 312 (9623) 2.85 +0.03 | 0.05 +0.12 | -0.15 +0.15 0.69 +0.27** | -0.88 +0.51 C

Contd..
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Cross M (mean) D (Add) H (Dom) (Add X Add) I | (Dom x Dom) L ::‘;'i‘;:s‘i’:
1000 seed weight (gm)
VN-2 X Jwala (9632) 5.10 +0.09 1.58 +0.15** | 0.80 +0.35* | 4.03 £0.49** | -1.47 +1.25 D
VN-2 X Arkalohit (9646) 5.21 +0.07 1.23 +0.15** | 2.89+0.31** |4.88 +0.46** |-4.64 +1.10 D
Hissar shakti X PMR 21 (9708) | 4.25+0.04 | -0.06 +0.07 | 0.06 +0.24 -2.33 +0.25 7.31 £0.72* C
Kaddi X Arkalohit (9612) 4.08 t0.05 | 0.23 +0.14* | 0.78 +0.31** | 0.63 +0.46 0.80 +1.21 C
Dabbi X LCA 312 (9623) 5.69 +0.07 | 0.19 +0.27 3.02 +0.30** | 1.41 +0.63* -0.90 +1.13 D
Number of Seeds per Fruit
VN-2 X Jwala (9632) 95.38 +1.21 | 13.30 £2.73** | 13.84 +3.66** |29.34 +6.37** |-82.83 +11.79 D
VN-2 X Arkalohit (9646) 71.08 +1.08 |9.39 +2.95** | 545 +3.17 -1.34 +6.44** | 98.77 +10.83 C
Hissar shakti X PMR 21 (9708) |67.78 +0.61 |-1.90+2.05 | -27.55+3.43 |-35.45+4.86 |59.16 +10.21%* D
Kaddi X Arkalohit (9612) 82.71+0.83 |-2.70 +2.55 10.19 +2.88** | 10.69 +4.08** | -107.26 +8.62 D
Dabbi X LCA 312 (9623) 83.65+0.70 | 1.77 +1.98 13.82 +3.66** | 20.42 +4.64** | -44.67 +12.68 D
Fruit weight (gm)
VN 2 X Jwala (9632) 516:0.1C 12801035 |-464:040 10091086 | 1197 L1.20% D
VN-2 X Arkalohit (9646) 4.13+0.04 |2.01+0.23* | -3.59 +0.23 0.25 +0.53 14.39 +0.64** D
Hissar shakti X PMR 21 (9708) |5.13+0.06 | -0.80+0.18 | 0.54 +0.26* -2.03 +0.33 1.07 +0.89 ¢
Kaddi X Arkalohit (9612) 6.99 +0.09 | 2.51+0.17** | 1.42+0.44** |4.57 +0.56** | 1.55 +1.52 o
Dabbi X LCA 312 (9623) | 7.810.12 1.43 +0.53** |3.72+0.49** |935+0.91* |-534+1.85 D |
Contd..
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Exoas M (mean) D (Add) H (Dom) (Add X Add) I | (Dom x Dom) L :‘;’l‘;:s‘::
Dry fruit yield per plant (gm)
VN-2 X Jwala (9632) 73.34 £1.37 7.10 £2.25%* 2.07+4.59 | -13.97 +5.76 | 48.35 +14.37** D
VN-2 X Arkalohit (9646) 67.02 +1.04 11.90 +2.72*%* 39.51 +3.30** | 38.81 +6.08** |-49.53 +11.70 D
Hissar shakti X PMR 21 (9708) |64.21 +1.01 4.60 £2.31* 9.39 +4.67 | -21.39 +5.86 |8.34 +4.87 D
Kaddi X Arkalohit (9612) 62.81 £1.29 5.5 £3.49 10.48 +4.71* | 3.18 +8.25 -36.26 +16.77 D
Dabbi X LCA 312 (9623) 69.05 +1.13 120.20 +2.85 32.8 +4.54* | 27.90 +6.31 |2.93 +12.87 C

8€
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gene interaction were more prevalent in the crosses studied. The
crosses VN-2 x Arka lohit (9646) and Kaddi x Arkalohit (9612)
expressed complimentary, while other crosses had duplicate tvpe of
epistasis.

4.2.1.3 Number of secondary branches per plant

None of the crosses were found significant for additive (d)
gene effects and dominance (h) effect was significant in the crosses
9608, 9612 and 9623 in positive direction. 9632, 9612 and 9623
crosses exhibited dominance x dominance (1) gene interactions. 9646,
9708 and 9612 crosses showed additive x additive (i) gene effects in
positive direction. Majority of the crosses were under the control of
dominance (h) a.nd the magnitude of the additive x additive (i) was
more compared to other types of gene interaction effects. The crosses
VN-2 x Jwala and Kaddi x Arkalohit had duplicate type of epistasis

whereas, other three crosses ie., 9646, 9708 and 9623 had

complimentary epistasis.
4.2.1.4 Leaf curl index (LCI)

9708, 9612 and 9623 crosses showed significant
additive (d) gene effects, in positive direction. Two crosses ie., 9708
and 9623 noticed significant positive dominance (h) gene effects. The
magnitude of dominance (h) was more compared to additive (d) gene
effects. Additive x additive (i) gene interaction were significant in
positive directions for two crosses viz., Hissar Shakti x PMR 21 and

Dabbi x LCA 312. Only one cross Kaddi x Arkalohit had exhibited
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highest and significant dominance x dominance (l) interaction. All

the crosses studied recorded duplicate type of epistasiis.

4.2.1.5 Fruit length (cm)

Different type of gene effects prevailing for fruit length
are depicted in Table. Among four hybrids ie., 9646, 9708, 9612 and
9623 shown significant additive gene (d) effect three were in positive
direction and 9646 in negative direction. Significant dominance (h)
gene effects were observed in Kaddi x Arkalohit hybrid in positive
direction. Additive x additive (i) gene effects were significant in 9708,
9612 and 9623 crosses and all were in positive direction. Among five
hybrids only one hybrid ie., 9646 had exhibited significant
dominance x dominance (l) genic interaction in positive direction.
Majority of the hybrids were governed by additive (d) or additive x
additive gene interaction. Only the cross VN-2 x Arkalohit (9646)

showed complimentary epistasis for fruit length.

4.2.1.6 Number of fruits per plant

Three crosses ie., 9632, 9646 and 9623 showed negative
and significant additive gene (d) effects. And among; the dominance
(h) gene effects, 9632 cross is showing negative significant effect and
another 9612 i.s showing positive significant dominance (h) gene
effect. The magnitude of dominance (h) was more compared to
additive (d) gene effects. Additive x additive (i) gene interaction were
significant in 9632, 9646 and 9612 crosses. Only one cross Kaddi x

Arkalohit had exhibited highest and significant dominance x
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dominance (l) interaction. Three crosses ie., 9632, 9708 and 9623
recorded duplicate and two crosses ie., 9646 and 9612 noticed

complimentary epistasis respectively.

4.2.1.7 Fruit girth (mm)

Additive gene (d) effect was significant and positive in
9632, 9612 and 9623 crosses. One cross viz., Dabbi x LCA 312
showed significant negative dominance (h) effect. The crosses Dabbi
x LCA 312 showed significant negative additive x additive (h) genic
interaction. While 3 crosses showed significant dominance x
dominance (l) genic interaction effect of which all were in positive
direction. The magnitude of dominance x dominance (l) interaction
was more compared to other gene effects, complimentary epistasis

was observed in 9632 cross and others exhibited durlicate epistasis.
4.2.1.8 Pericarp weight per fruit (g)

With regard to gene action for pericarp weight for fruit,
additive (d) gene effect was observed in 9646 and 9708 crosses in
positive direction. The crosses Dabbi x LCA 312 recorded negative
and significant dominance (h) effect. 9632, 9708 and 9623 hybrids
showed significant additive x additive (i) gene interaction in negative
direction. Dominance x dominance () type of gene interaction was
found to be significant and positive in 9632 and 9623 crosses.
Majority of the crosses had additiv¢ type of genc effect. All the

crosses had shown duplicate epistasis for this trait.
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4.2.1.9 Stalk length

Additive (d) gene effects were significant in two crosses
viz., VN-2 x Jwala (9632) and 9646. One cross recorded significant
dominance (h) effects for stalk length in positive direction. The
crosses 9646 and 9708 had significant dominance x dominance (l)
interaction in positive direction. Three crosses ie., 9632, 9646 and
9623 have shown significant additive x additive (i) interaction in
positive direction. Majority of the crosses were under the control of
additive (d), doi’ninance x dominance (l) and additive x additive (i)
type of genic interaction. 9708, 9612 and 9623 crosses recorded
complimentary and 9632 and 9646 crosses noticed duplicate
epistasis respectively.
4.2.1.10 1000 seed weight

Additive (d) gene effects were significant in 9632, 9646
and 9612 crosses, dominance (h) gene effects were observed in all
crosses except 9708 in positive direction. 9632, 9646 and 9623
hybrids had exhibited additive x additive (i) gene interaction. One
hybrid Hissar Shakti x PMR 21 (9708) shoWed significant and
positive dominance x dominance (l) interaction. Majority of the
crosses had additive (d) type of gene effects. The crosses 9708 and
9612 had complimentary epistasis, while others expressed duplicate
type of genic interaction.
4.2.1.11 Number of seeds per fruit

Significant additive (d) gene effect was observed in 9632

and 9646 crosses in positive direction. The crosses 9632, 9612 and



43

9623 had significant and positive dominance (h) effect. Only the
cross 9708 had dominance x dominance (l) gene effect in positive
direction. All the crosses except 9708 showed signiﬁcant additive x
additive (i) gene effect. Majority of the crosses showed additive x
additive (i) type of genic interaction. The cross 9646 had
complimentary epistasis while others expressed duplicate type of
int'eraction.
4.2.1.12 Fruit weight (g)

It could be observed from table that all crosses except
9708 exhibited positive and significant additive (d) gene effects. 9708,
9612 and 9623 crosses exhibited significant and'positive dominance
gene (h) effects. Two crosses 9612 and 9623 showed significant
additive x additive (i) gene interaction in positive direction. Two
crosses 9632 and 9646 showed positive and significant dominance x
dominance (l) gene interaction effects. Additive (d) and dominance (h)
gene interaction effects were predominant in majority of the crosses.
Complimentary type of gene interaction effect was rzcorded in 9708

and 9612 cross, while other crosses showed duplicate epistasis.

4.2.1.13 Dry fruit yield per plant

Three crosses 9632, 9646 and 9708 showed significant
additive gene effect (d) in positive direction. Dominance (h) gene effect
was significant in 9646, 9612 and 9623 crosses in positive values.
Additive x additive (i) gene interaction was significant and positive in

9646 cross. Cross 9632 showed significant for dominance x
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dominance (l) gene interaction. Duplicate type of epistasis was
observed in all the crosses except 9623 which had complimentary
epistasis.
4.2.2 Estimation of scaling test

The existence of non allelic gene interactions (epistasis)
was detected based on the study of scaling tests (C and D). The
significance of C scale alone indicate the presence of additive x
additive (i) type of non-allelic gene interaction and the significance of
D alone was indicated the presence of dominance x dominance (l)
gene interaction. But the significance of both C and D scales
indicated the existence of both additive x additive (i) and dominance
x dominance (l) type of non allelic gene interaction:. If none of the
scaling tests showing the significance was noticed then it was
considered as the absence of non allelic gene interactions (Havman
and Mather, 1955). Based on the above assumption it was found that
epistatic gene interaction was operating for most of the characters

under study (Table 5).
4.3 Identification of superior genotypes in segregating
population of the five crosses used in study.
4.3.1 Identification of superior genotypes in F2 populations of
five crosses
In the present investigation, the superior genotypes were
scored in F2 populations for dry fruit yield per plant, 1000 seed

weight and disease resistance for leaf curl complex on the basis of



Table 5. Estimates of C and D values by Mather’ s scaling test for various characters in chilli
Character 9632 9612 9623 9646 9708

C | sEm | D |Sem| ¢ [SEm| D [SEm|f ¢ | SEm D |SEm|| ¢ [SEm| D [SEm| ¢ [SEm| D [ SEm
:La'g;t 1570 | 1218~ | 3278~ | 811 || 965 | 67 | 900 | 7.25 || 062 | 1256 | 338 | 864 |[-18.05* | 857 | 215 | 6.45 || -582 | 896 | -368 | 519
No. of
primary 042 | 065 | 250 | 048 || 067 | 076 | 1.06* | 059 ||-255* | 069 | 019 | 058 || 050 | 077 | 038 | 046 |[ -060 | 0.56 | -1.80* | 0.42
branches A
No. of )
secondary |--302 | 202 | 257 | 110 || 175 | 142 | 237 | 147 |[-294* | 134 | o070 | 110 || 127 | 126 | 047 | 078 |[-325* | 159 | -270" | 0.85
branches
Leaf curl . 105 | 231~ | 07 g 7 o - * -
il 042 0.92 0.25 0.54 -29 , 31 74 |} 31 09 -2.03 0.82 2.07 0.63 0.26 0.54 || -1.82 0.81 -2.22 0.55
Fruitlength | 400~ | 111 | 476= | 099 || 037 | 135 | 112 | 093 || -094 | 089 | 245~ | 085 || 935~ | 091 | 425~ | 076 |[ -1.3 | 098 | -0.007 | 076
Z‘:g;h 035 | 037 | -019 | 029 || 099 | 025 | 029 | 020 || 0.30 | 041 | 097 | 030 ||-368= | 042 | 006 | 041 |, 0. | 034 | 052 | 027
1000seed | oc | g9 | .137~ | 045 || <115 | 090 | -055 | 035 || 116 | 093 | 184+ | 059 || -020 | 072 | 369+ | 043 |[, .. | 0451 | 259 | 033
weight 2.88
No. of . -
seed 7734 | 803 | 15.22° | 740 || 75.07 | 624°| 537 | 601 [| 1102 | 928 | -229* | 527 || ;o o | 832 | 1560 | 692 || 414 | 722 | 4852 | 585
weight )
mght 096 | 092 | 801 | 087 || -070 ! 103 | 045 | 055 |[-763 | 163 | 1164~ | 114 || 686 | 056 | 393 | 057 || 0.20 | 067 | 059 | 0.44
Dry fruit an | nrn L asnme i mam Wringe | annn PP SRR | [PV S acin | man H aaemee | nas lasars i ssu H sase | ans | esams | =
yleld/plot 1.92 .ve . LY 1.&1 v1.0/ 1£.90 L%.VY 0.ve gt o 0.V¢ "LV VI 0.0 19.9V 0.0V 11.Ov V.41 J£.Ov 2.9V vI. 1V T 40 ik |
NO Of ok *% * *% *x - -
fuitplot | 86507 | 2362 | 3860 | 1650 [|9880" | 1750 | 750" | 860 | 3650 | 1250 | 300 | 860 || 106" | 2660 | yg oo | 850 |f 555y | 2150 | 1850 | 1250
zz;rﬁ‘i’{p 214 | 188 | 254~ | 086 || 236* | 086 | 186" | 058 || -140 [ 076 | 017 | o042 530 | 238 | 108 | 096 || 360 | 260 | 210 | 160

| Il

Fruitgith | 860 | 26 | 160 | 086 || 410" [4260 | 31 | 180 -180 | 098 | 068 | 054 || 473~ | 216 | 108 | 0.96 || 460" | 180 | -23 | 180

* Significant at 5% level
** Significant at 1% level

Sy
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their better performance than the check Gjs variety, The number of
progenies and -their percentage for dry fruit yield per plant, 1000
seed weight with disease resistance and common for all three

characters are presented in Table 6.

4.3.1.1 Dry fruit yield per plant (g)

Among the five populations, the highest number of
superior progenies for dry fruit yield per plant were observed in the
progenies of cross VN-2 x Jwala (72), followed by the progenies of

cross Dabbi x LCA 312 (47) and cross VN-2 x Arkalohit (36).

4.3.1.2 1000 seed weight (g)

Highest number of superior progenies for 1000 seed
weight were observed in the progenies of cross Dabbi x LCA 312 (63)
followed by the progenies of cross VN-2 x Jwala (52) and cross Hissar

Sahkti x PMR 21 (48).
4.3.1.3 Resistant for leaf curl complex

Highest number of resistant plants were recovered from
the progenies of cross VN-2 x Jwala (48) followed by the progenies of
the cross Hissar Shakti x PMR 21 A(36_) and cross \’N-2 X Arkalohit
(34).

4.3.1.4 Superior genotypes for all the above 3 characters

Highest number of progenies with superior performance

for all the three characters i.e., higher dry fruit yield per plant,

higher 1000 seed Weight and disease resistant for leaf curl complex
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Table 6. Frequency of superior progenies obtained form segregating (F2) generation in five crosses studied

. Total No. of Dry fruit yield 1000 seed Disease resistant No. of plants
Pragenics individuals per plant weight plants common to all
the character

Check variety . . et
(G3) mean 75 (gm) 5.4 (gm) Disease resistant
VN-2 X Jwala '
(9632) 104 72 (45.0) 52 (32.5) 48 (30.0) 34 (21.25)
bbb 64 36 (22.5) 48 (30.0) 34 (21.25) 27 (16.8)
(9646)
Hissar Shakti X
PMR 21(9708) 52 21 (13.1) 29 (18.12) 36 (22.50) 17 (22.5)
Kaddi X Arkalohit
(9612) | 65 30 (18.75) 9 (5.6) 47 (29.5) 07 (4.3)
7’9?;;," oA stz 111 47 (29.373) 63 (39.3) 31 (19.37) 15 (9.375)

n= number of plants.

values in parenthesis are percentage of superior plants

LY
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were recovered in the cross VN-2 x Jwala (34), followed by the cross

VN-2 x Arkalohit (27) and Hissar Shakti x PMR 21 (17).

4.3.2 Identification of superior genotypes in F3 populations in
five crosses

The superior genotypes were scored in F3 populations for

dry fruit yield per plant, 1000 seed weight and disease resistance for

leaf curl virus disease on the basis of their performance than the

check G3 variety. The number of progenies and their percentage for

dry fruit yield per plant, 1000 seed weight with disease resistance

and common for all three characters are presented in Table 7.
4.3.2.1 Dry fruit yield per plant (g)

Among the five populations of F3 generation, the highest

number of superior progenies for dry fruit yield per plant was
observed in the progenies of cross VN-2 x Jwala (56.6%) followed by

the progenies of cross Dabbi x LCA 312 (34.16%) and Kaddi x
Arkalohit (31.66%).
4.3.2.2 1000 seed weight (g)

Highest number of superior progenies for 1000 seed
weight was observed in the progenies of the cross Dabbi x LCA 312

(45.83%) followed by the progenies of cross VN-2 x Jwala (40.83%).

4.3.2.3 Resistant for leaf curl complex

Highest number of resistant plants werc recovered from
the ‘progenies of cross VN-2 x Jwala (42.5%) fcllowed Kaddi x

Arkalohit (38.33%) and Hissar Shakti x PMR 21 (31.66%).



Table 7. Frequency of superior progenies obtained form segregating (Fs) generation in five crosses studied

Progenies TOt?)lfNo. 3;;};:1'::: 1009 seed R Disease 01::1:1:.)21:: ta.sll
individuals plant weight \ resigbant plamta the character
Check 5.4 (gm) Disease resistant_
VN-2 X Jwala (9632) 98 68 (56.6) 41 (40.83) 51 (42.5) 35 (29.16)
VN-2 X Arka lohit (9646) 66 31 (25.8) 49 (40.83) 36 (30.0) 25 (20.83)
Hissar Shakti X PMR 21(9708) 54 23 (19.16) 31 (25.8) 38 (31.66) 19 (15.83)
Kaddi X Arkalohit (9612) 76 38 (31.66) 8 (6.66) 46 (38.33) 18 (15.00)
Dabbi X LCA 312 (9623) 96 41 (34.16) 55 (45.83) 32 (26.66) 17 (14.106)

values in parenthesis are percentage of superior plants

6%
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4.3.2.4 Superior genotypes for all the above three characters

Highest number of progenies with above three desirable
characters i.e., higher dry fruit yield per plant, higher 1000 seed
weight and disease resistant for leaf curl complex disease were
recovered in the cross VN-2 x Jwala (29.16%) followed by VN-2 x

Arkalohit (20.83%) and Hissar Shakti x PMR 21 (15.&3%).
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V. DISCUSSION

Karnataka has the highest area under chilli cultivation
in India, but the productivity is very low (268-300kg/ha) compared to
that of national average (Jagadeesha 2000). The low yield is
attributed to prevalence of leaf curl complex and non-availability of
high yielding disease resistant varieties and hybrids. So there is a
need of constant and continued research efforts to increase the
productivity. The challenge would be to develop variety/hybrid that
respond well to reéources with resistance to leaf curl complex.
Genetic improvement can be made through hybrids by incorporation
of disease or pest resistance without loosing quality attributes.
Meagre attempts have been made in this direction. Another approach
would be the identification of resistant sources and incorporation of
resistant gehes into the native lines without losing the quality traits.
The development of multiple resistant variety is one of the
eco-friendly means of reducing the crop loss (Prabhu and

~ Jagadeesha 1998).

Investigation was undertaken in chilli with a view to
obtain information on gene effects particularly on epistasis involved
in the inheritance of different traits. The precise knowledge of the
nature of gene action for characters related to productivity helps in
the choice of breeding methods to accelerate the pace of genetic
improvement. The study also aimed at eliciting information on the

nature of inheritance of leaf curl disease in the material studied as



it is an important biotic constraint causing considerable yield

losses.

The economic characters in chilli are under the control
of polygenes and hence the analysis of such characters requires a
separate biometrical approach (Singh and Choudhary, 1997). Among
the various methods available for study of quantitative inheritance,
the generation mean analysis (Hayman, 1958b) was chosen in the
present study as it precisely estimates types of gene effects viz.,

additive, dominance and epistasis.
5.1 Generation mean analysis

Generation mean analysis is a potential tool for
determining the magnitude and type of epistasis besides main gene
effects. This was éarried out in the crosses VN-2 x Jwala, VN-2 x
Arkalohit, Hissar Shakti x PMR 21, Kaddi x Arkalohit and Dabbi x

LCA 312 for 13 growth and yield parameters.

All the three gene effects, additive, dominance and
epistasis were important in the control of plant height, number of
primary branches, number of secondary branches, leaf curl index
(LCI), fruit length, stalk length, 1000 seed weight, number of seeds
per fruit, fruit weight and dry fruit weight per plant. The importance
of additive and non additive effects in the inheritance of growth and
yield parameters of the chilli was also reported by Milkova (1984),

Thakur (1987) and Jagadeesha (2000).
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5.1.1 Plant height (cm)

9632 and 9646 crosses showed  predominance of
additive (d) gene effect. The magnitude of dominance gene effect (h)
and dominance x dominance () was quite high indicating the pre
dominance of dominance effects and epistasis. Simiar results were
reperted by Sharma and Talukdar (1998), Meshrarn and Mukewar
(1986), Arnonben Chaim and Ilan Paran (2000), Saraladevi and
Arumugam (1999), Khadi (1983) and Thakur (19&7). Jadhav and
Dhumal (1994) reported that both additive and non additive gene
effects were important. Since plant height was predominantly under
the control of non additive gene effects with duplicate type of gene
interaction it is obvious that selection should be effected in later

generations.
5.1.2 Number of primary branches

9632 and 9623 crosses were under the control of
dominance x dominance (I). The magnitude of (l) component was

more compared to others with duplicate type of epistasis.

Primary branches having high magnitude of (])
component indicated the predominance of non additive gene effects.
The prevalence of duplicate type of gene interaction was seen which
is expected to hinder the progress in selection. So selection should be
delayed to later generations. These results are in confirmation with

the earlier findings of Saraladevi and Arumugam (1999),
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Lohithashwa et al. (1999), Gadagimath (1992) ard Pandian and

Shanmugavelu (1992).
5.1.3 Number of secondary branches

For this character, 9632,9612,and9623 crosses showed
predominance of dominance x dominance (l) gene action. The high
magnitude of (I) component indicated the predominance of non
additive gene effects. The prevalence of duplicate type of gene
interaction was also seen swhich would hinder the progress in
selection. So selection should be delayed to later generation till the
fixation of sufficient epistatic interaction. Similar results were
noticed by Saraladevi and Arumugam (1999), Lohitashwa et al

(1999), Gadagimath (1992) and Pandian and Shanmugavelu (1992).
5.1.4 Leaf curl index

Scaling tests revealed the operation of cpistasis for leaf
curl complex indicating the role of non allelic interaction for the
manifestation of resistance. The additive gene effects were significant
and negative in two crosses. Negative values for resistance are
required to reduce the incidence. The role of additive gene effects for
imparting resistaﬁce is observed. Additive gene effects were

predominant in crosses 9632, 9612 and 9623.

Among the interaction components, the contribution of
additive x additive gene effects had a significant role in the
inheritance. When both resistant parents are involved in the cross

viz., VN-2 x Jwala, additive type gene effects was prevailing. When



99

both the parents have resistance, the level of resistance increased.
Duplicate type of epistasis was noticed in majority of the crosses. It

is advisable to go for recurrent selection programme .
5.1.5 Fruit length(cm)

The gene action was conspicuously additive (d) and
additive x additive (i in the expression of this character. This
revealed that the trait is governed by additive genes. The cross VN-2
x Arkalohit (9646) exhibited complimentary epistasis whereas others
showed duplicate epistasis. This observation is in agreement with
previous studies of Arnonben Chaim and Ilan Parar: (2000), Jadhav
and Dhumbal (1994), Krishnamurthy and Deshpande (1997) and

Jagadeesha (2000).
5.1.6 Stalk length

Additive gene effects were non significant in 9708, 9612
and 9623. However, additive x avdditive (i) interactions were
predominant. Complimentary epistasis was predominant in many of
the crosses. Similar results were reported by Singh and Singh (1976)

and Jagadeesha (2000).
5.1.7 Number of fruits per plant

Additive (d), dominance (h) and additive x additive (i)
gene effects prevailed in the expression of this character and both
duplicate and complimentary type of epistasis also prevailed. The

magnitude of (d) was less than (h) indicating that fruits per plant is
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governed mainly by dominance gene effects. The contribution of
additive genes as indicated by the presence of significant additive x
additive interaction (i) was also observed. Similar results were
observed by Lohitashwa et al. (1999), Sharma and Talukdar (1999),
Jadhav and Dhum al (1994) and Krishnamurthy and Deshpande
(1997). Therefore selection for this character has to be delayed till the

dominance gets dissipated with selfing in advanced generations.
5.1.8 Fruit girth(mm)

The study of gene effects confirmed the importance of
additive (d) and dominant x dominant (l) gene effects in the crosses
studied. Both duplicate and complimentary types of epistasis were
predominant thereby indicating that this trait is controlled by
dominance effects. Krishnamurthy and Deshpande (1997),
Saraladevi and Arumugam (1999), Jagadeesha (2000) and Arnon-ben
Chgim and Ilan-Pavan (2000) also recorded similar results. Hence for
improving this character selection in segregating generation could be

followed.
5.1.9 Pericarp weight (g)

The main purpose in chilli improvement is to combine
maximum dry fruit yield with maximum pericarp content of fruit.
This is based on the value of the extractable carotenoids as a natural
food colouring and these carotenoids are concc:ntratéd in the

endocarp (Martin and Lippert, 1975).
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Endocarp (pericarp) comprises approximately 55-58 per
cent of the total dry weight, seed 29-40 per cent of seed weight, 6-10
per cent of pedicel and 4-5 per cent of placenta. Increase in endocarp

per cent are generally associated with a decrease in seed content.

Additive (d) and additive x additive (i) gene effect was
observed for this trait indicating the important role for the expression
of this trait. Similar reports were obtained by Martin and Lippert
(1975) and Sharma and Saini (1977). Duplicate type of epistasis was
observed in all the crosses as they had (h) and (1) with opposite signs.
Hence, pedegree selection breeding procedure would by much more

effective for improving the economically important traits of chilli.
5.1.10 Seed related traits

Many of the crosses showed additive gene effects for
number of seeds per fruits. Both additive (d) and additive x additive
(i) type of gene effects was also observed and the majority of the
crosses had duplicate type of genic interaction for this character.

This inferred that this character is governed by additive genes.

1000 seed weight is governed by additive (d), dominance
(h) and additive x additive (i) type of gene effect. The magnitude of the
non additive type of gene effects was less. Majority of the crosses had

duplicate type of gene effects.

Since all seed related traits were controlled by the
additive gene effects, selection in segregating materials can be

followed towards negative direction in order to increase the
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corresponding increase in the pricarp area or weight. To improve
seed related traits, hybridization followed by selection in segregation
generation can be adopted. Singh and Singh (1976) reported both

additive and non-additive gene effects for seed portion.
5.1.11 Dry fruit yield per plant

The present investigation revealed the importance of
dominance geneé effects (d) in the inheritance of this trait. Higher
magnitude of dominance gene effect was observed as compared to
additive gene effect. Among the interaction components, additive x
additive (i) was more predominant than other types of interactions.

Majority of the crosses showed duplicate type of epistasis.

Although the dominance gene effects were present, it
cannot be exploited because of the opposite signs of h and 1 in all the
crosses except in 9623. Whenever, these gene effects (h and 1) co-
existed it indicates the presence of duplicate epistasis. But, the
contribution made by additive genes cannot be neglected. Earlier
studies also indicated the complexity of inheritance of these yieid
component characters. Sharma and Talukdar (1998) and Pandian
and Shanmugavelu (1992) obtained similar results, while Lohitashwa
et al. (1999) reported the existence of over dominance. Ozo (1984)
reported significant hybrid vigour, Jadhav and Dhum” al (1994) also

reported the dominance gene effects.

Heterosis breeding in this crop is feasible because of

prevalence of the high magnitude of non additive gene effects for
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most of the characters studied. Dominance (h) gene effect was
significant and additive x additive (i) component were observed,
which sﬁggests that the selection for yield would be delayed in later
generations till dominance and epistatic components are reduced
due to selfing. This would warrant the exploitation of fixable and non
fixable variations through additional cycles of intermating in

segregating generations.

The generation mean analysis has brought out that
individual crosses greatly differ for the gene action and on an overall
basis all the types of gene action, additive, dominance and epistasis
are important. The latter two types predominating for many
characters thereby indicating that epistasis cannot be ignored.
Similar conclusions have been reported by Zuberi et al. (1972) in
Brassica species, Singh (1980) in peas, Fawole et al. (1982) in dry
beans, Wilson and George (1983) in cotton and Sherif and
Subramanyan (1983) in pigeon pea. The presence of significant
amounts of all types of gene action, additive, dominance and
epistasis for most of the important traits has indicated that a method
designed to utilize all of them such as recurrent selection, multiple
cross or diallele selective mative mating system of Jensen (1970) has

to be adopted in the breeding programme.
5.2 Variability study in superior cross 9632

The estimates of variability parameters (Table) and

genotypic and phenotypic coefficients of variability were moderate to
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high while, the he.ritability (broad sense) was very high for all the 13
characters studied. However, the genetic advance over mean was
very higher for number of fruits per plant (131.8%) and seed weight
per fruit (75.57%). For yield and the other fruit components, genetic
advance over mean was moderately high. Similar reports have been
made by Elangovan et al. (1981), Joshi and Singh (1983), Gupta and
Yadav (1984) and Thakur (1988).

All the observations made in F2 populations have clearly
indicated the potentiality of the populations with respect to yield and
yield related characters. Recurrent selection procedure could further
help in building up very productive population for isolation of pure

lines.
5.3 Transgressive segregants

Eventhough the segregating populations are usually
assessed using their means and variability, these parameters alone
will not indicate the relative worth of different approaches for
creating variability. It was therefore considered necessary to compare
the variability generated by different methods in their ability to
release transgressive segregants. In the present study, extent of

transgressive segregants were identified in different segregating

populations.
5.3.1 Transgressive segregants for individual traits

In general, F3 populations showed higher percentage of

transgressive  segregants compared to their corresponding
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populations for dry fruit yield per plant, 1000 seed weight and
disease resistance plants. Hence, the F3 populétions can be expected
as source of population for isolating high yielding genotypes. The
higher frequency of transgressive segregants in F3 populations for
most of the characters could be attributed to the increased

opportunity of recombination.
5.3.2 Promising recombinants identified in F3 family

The main criteria for selection was laid on identifying
genotypes free from murda complex, more number of branches,
growth habit, fruit set, fruit shape and colour. During kharif 2000,
160 plants were raised in 16 rows of 10 plants each for each cross.
93 plants were selected for different purposes, again out of those 93
plants, 20 were found more useful for deriving pure lines. The
promising recombinants were derived from the crosses 9632, 9646
and 9608, which, were free from leaf curl complex having more fruits
per plant with dark red fruits and suitable for drv chilli purposes.
The recombinants with VN-2 as female parent had resistance to leaf
curl complex, light red colour fruits at maturity or light green to
green fruits at intermediate stage indicating their suitability for
vegetable purpose. The cross combinations 9632-3, 9632-56 and
9646041 appear to be promising dry chilli purposes. Further, the
advancement of progenies viz., 9608-7, 9632-67, 9646-18 and 9646-

47 appear to be promising for deriving leaf curl resistant and high

yielding genotypes.



Table 8. Promising recombinants identified in F3 population

Fruit
Growth Fruit colour At . Murda Branch
habit shape mature Fruit set C lex X —
Sl. . 1At Kaddi K stage (3: low — ant
Recombinants Cross rostrate ' R o Susca 3 Sparse
No. ccombinat S B Ks K Light red | 5: Inter med a pars
2 K3 g
compact . = MR 5 Interrediate
erect Kl By kel 7 : High) Resistant 7 Dense
D, D3 Dark red
1. | 9632-8 VN-2 x Jwala Erect D, Red Intermediate | Res Intermediate
2. 9632-56 VN-2 x Jwala Erect D, Red Intermediate Res Intermediate
3. 19632-67 VN-2 x Jwala Erect D, Light red High Res Intermediate
4. 9632-90 VN-2 x Jwala Erect D, Red Intermediate MR Intermediate
S. 9632-101 VN-2 x Jwala Erect D, Red Intermediate Res Intermediate
6. ][9632-115 VN-2 x Jwala Erect D, Light red High Res Intermediate
7. 9632-116 VN-2 x Jwala Erect D, Red Intermediate MR Intermediate
8. 9646-12 VN-2 x Arkalohit Erect D, Dark red Intermediate MR Intermediate
9. 9646-18 VN-2 x Arkalohit Erect D, Dark red Intermediate R Intermediate
10. | 9646-68 VN-2 x Arkalohit Erect D, Dark red High MR Intermediate
11. | 9646-47 VN-2 x Arkalohit Erect D, Dark red High MR Intermediate
12. | 9646-81 VN-2 x Arkalohit Erect D, Dark red Intermediate R Intermediate
13. | 9708-7 Hissar shakti x PMR21 Compact K, Red Intermediate MR Dense
14. |1 9708-17 Hissar shakti x PMR21 | Compact K, Red Intermediate MR Dense
15. 1 9708-64 Hissar shakti x PMR21 Compact K, Red Intermediate MR Dense
16. | 9708-81 Hissar shakti x PMR21 | Compact K, Red Intermediate MR Intermediate
17. 1 9623-12 Dabbi x LCA 312 Erect D, Dark red Intermediate MR Intermediate
18. | 9623-86 Dabbi x LCA 312 Erect D, Dark red Intermediate MR Intermediate
19. | 9612-46 Kaddi x Arkalohit Erect K, Dark red Intermediate MR Dense
20. | 9612-52 Kaddi x Arkalohit Erect K, Dark red Intermediate MR Dense

¢9
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5.4 Suggested breeding strategy

Knowledge gained thus for in the present investigation

include :
il Sources of resistance to leaf curl viruses are VN-2 and LCA
312,
2. All 3 types of gene action, additive, dominarice and epistasis

are important for major quantitative characters.

This information is utilized to draw up an effective
breéding strategy to develop resistant chilli. The breeding programme
suggested is basically a backcross - inter cross scheme using a chilli
genotype resistant to different viruses as a donar parent and a
commercial chilli cultivars are included in the scheme in order of
funnel in new genes responsible for fruit quality and resistance to
other viral, fungal and bacterial pathogens. The F2 population should
be large enough (2500 plants) to obtain sufficient number of
commercial chilli type plants with resistance to leaf curl virus.
Selection for resistance is to be done in nursery stage after artificial
inoculation of the viruses. After the final inter cross, selfing and
selection for resistance and other desirable traits should be carried
on for S to 6 generations for fixing these characters. Comprehensive
yield trails and multi locational trails have to be conducted during
the final stages of the programmes to isolate the high yielding,

resistant and stable genotypes. The few selected plants after the last
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round of selfing can be used for seed multiplicatior. with controlled

pollination.
5.5 Future line of work

Two parents Byadagi Kaddi, Byadagi Dabbi are popularly
cultivated local varieties and Byadagi kaddi was known for its
quality, whereas VN-2 from Vietnam and Jwala had high level of
resistance to major biotic stress like leaf curl complex caused by
thrips and mites. Hence these lines can be used as parents with
other elite cultivar in future breeding programme. Potential crosses
identified for green and red chilli should be advanced to select the
elite’ pure line having high fruit yield along with resistance to leaf

curl complex.

Studies on genetics of powdery mildew, fruit rot, colour

and capsaicin content has to be initiated to tailor the breeding
programme.
Studies on characters which impart resistance to thrips

and mites for easy selection in breeding programme rnay be initiated.

Recurrent pedegree selection programme may be

employed to derive resistant line and widening genetic base.






V. SUMMARY

The pre;sent investigation was conducted at Agricultural
Research station, Hanumanmatti during kharif in 2000. mainly to study
the gene effects for quantitative and qualitative trait including resistance
to leaf curl complex disease in S crosses ie.,,VN-2x jwala, VN-2 x
Arkalohit, Hissar shakti x PMR-21 , Kaddi x Arkalohit and Dabbix LCA
312 by generation mean analyses and also study the disease reactions
for the parents and hybrids for leaf curl virus. By considering above

important objective, the salient findings are summerised below.

The generation mean analysis indicated that individual
crosses greatly differ for the gene action and on an overall basis all the
types of gene action, ie., additive, dominance and epistases are
important. The latter two types predominated for many characters
thereby indicating that epistasis cannot be ignored. The presence of
significant amounts of all types of gene action, ie., additive, dominance
and epiétasis for most of the important traits has indicated that a
method designed to utilize all of them such as recurrent selection,

multiple cross or diallele selective mating system of Jensen (1970) has to

be adopted in breeding programme.

The scaling tests were also significant indicating the
presence of epistasis. Both additive and non-additive gene action was
prevailing for growth related traits like plant height, number of branches

were under the control of duplicate type of gene action.
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The analysis of variance revealed significant differences for
all the 13 characters studied for superior F» population (9632).

Phenotypic and genotypic coefficient of variability, heritability in broad

sense and genetic advance were computed.

The phenotypic coefficient of variatility for 9632 F,
population was more that the genotypic coefficient of variability for all
the characters under study. Phenotypic and genotypic coefficient of
variability were low for plant height, stalk length and 1000 seed weight

moderate to high for all other traits.

Selection done in F3 in all the crosses has revealed the
frequency of promising selections with respect to dry fruit 1000 seed
weight and disease resistance to higher in VNZ X Jwala. Twenty
promising selections have been short listed and in view of their
resistance in addition to higher dry fruit yield they should be evaluated
further in multilocation trails with a view to release one or two of them
for commercial cultivation to boost production and productivity of the

crop.

Taking into account of all the above findings, a back cross-
intercross programme involving one chilli genotype (resistant to leaf curl
viruses) as a donar parent and three commercial chilli cultivars as a
recurrent parents is formulated to develop multiple virus resistant high

yielding chilli varieties.
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ABSTRACT

Investigations were carried out to know the nature and magnitude
of gene effects for VN2 X Jwala, VN2 X Arkaloh:t, Hissar Shakti X
PMR21, Byadagi Kaddi X Arkalohit and Byadagi Dabbi X LCA312
crosses for qualitative and quantitative characters and selection of
superior segregants in F3 of five crosses in chilli during kharif 2000-
2001. The study also involves identification of promising recombinants

from F3 populations in five crosses.

To understand the nature and magnitude of gene effects five
crosses were analysed through generation mean analysis for 13
characters. The study indicated that the growth related traits were found
to be under the control of dominance and additive x additive type of gene

interaction.

Fruit related traits were under the control of additive, additive x
additive type of gene interaction. Resistance to th-ips and mites was
under the control of additive gene and additive x acdditive effects i.e., it
suggest that inclusion of parents having high level of resistance for the
development pure lines. Dry fruit yield was under the control of

dominant and additive type of gene action.

In order to exploit non-additive gene action development of hybrid
is suggested. For the development of variety recurrent pedigree selection
programme 1s suggested involving the parents having high level of

resistance with high fruit quality traits.

Among the superior segregants identified in five segregation
population, more number of superior segregants recovered from the VN2
X Jwala «ross followed by the VN2 X Arkalohit cross. In VN2 X Jwala
cross, 9632-8 and 9632-56 are found to be dry chilli purpose. 9608-7,
9632-67, 9646-18 and 9646-47 appear to be promising for deriving leaf
curl complex resistant genotypes recovered from the five crosses studied

with high yielding ability.



