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ABSTRACT : Adiald study was conducted during 2012 - 13, 2013- 14 at Horticultural College
and Research Institute, Periyakulam, Tamil Nadu Agricultural University, Indiato assess the
extent of heterosis and inbreeding depression in chilli. Five crosses namely, K 1 x Arka Lohit,
LCA 625 x K 1, PusaJwalax K 1, Pusa Jwalax PKM 1 and K 1 x PKM 1 exhibited higher
percentages of heterobeltiosis, revealing involvement of non - additive genesand these crosses
may be considered as the promising crosses for yield. The crosses gave higher heterobeltiosis
in F, which showed low inbreeding depression in F, generation. The desirable inbreeding
depression that isnegativein direction wasobserved in K 1 x PKM 1and K 1 x Pusa Jwalafor
yield and yield contributing characters. Significant and positive heterosis with low inbreeding
depressionfor yield and yield rel ated traitswere exhibited by PusaJwalax PKM 1, LCA 625 x K
land K 1xArkaLohit. The segregating materialsgenerated in F, generation may be utilized for
the identification and selection of desirable recombinants in advanced generationsin order to
develop high yielding varieties with specific attributes.

KEY WORDS : Better parent heterosis, Chilli, Inbreeding, Quantitative traits, Segregating
generation
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Chi [li (Capsicum annuum L.) is one of the
important commercial crops of India. It is a
widely cultivated vegetable cum spice crop and
plays an important role as a constituent in many of the
world food industries (Ince et al., 2010). The total
productioninthe country isaround 8.46 lakh tonnesfrom
8.31 lakh haectare. The productivity israther low at 1.11
tonnes per ha compared to the world average of two
tonnes per ha. In India, chillies are grown in almost all
the states and the important onesin terms of production
are Andhra Pradesh (49%), Karnataka (15%), Orissa
(8%), Maharashtra (6%), West Bengal (5%), Rajasthan
(4%) and Tamil Nadu (3%). Indiahasthe potentiality to

increasethe productionin order to promote export besides
meeting its domestic requirements. However, despite
continuouseffortsat variouslevels, thechilli productivity
did not gain momentum. This could be attributed to a
number of limiting factors of which the prime factor is
the lack of superior genotypes for further devel opment
of superior highyielding cultivars(or) hybrids (Manjula
et al., 2011 and Sharanakumar et al., 2011).
Application of biometrical technique, diallel analysis
appeared to be the best and vastly useful breeding tool,
which gives generalized picture of genetics of the
characters under study. To develop varieties with high
yield potential and quality, knowledge of the gene action
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involved intheinheritance of these charactersand rel ated
traits is a prerequisite. Choice of breeding method
depends upon the knowl edge of the gene actioninvolved
in the characters under consideration.

Heterosis implies the excellence of F, generation
over their parents. In plant breeding the increase of F;
value over the better parent is designated as
heterobeltiosisand over the standard parent (commercial
variety/hybrid) as standard heterosis. Exploitation of
hybrid vigour in crop plants for qguantum jump inyield
andin other quantitative charactersisthelatest approach
in crop improvement. Chilli, being an often cross-
pollinated crop, is expected to improve yield and yield
related traits by heterosis breeding. Heterosis in chilli
wasfirst reported by Deshpande (1933) for vigour, early
maturity, plant height and productivity both as fruit
number and weight. Heterosisfor fruit yield wasreported
by many workers (Kamble et al.,2009; Sharma et al.,
2013 and Barhate et al., 2013).

Inbreeding a converse phenomenum of heterosis,
is usually defined as the lowered fitness or vigour of
inbred individuals compared with their non-inbred
counterparts. Precisely assortive mating or inbreeding
reduces the proportion of heterozygous loci by half in
each generation and homozygous types are
correspondingly increased. In 1876, Darwin published
hisbook crossand self fertilization in vegetable kingdom,
he concluded that progeny obtained from self fertilisation
were weaker than those derived from out crossing. In
guantitative genetic theory, inbreeding depression and
heterosis are due to non-additive gene action, and are
considered to be two aspects of the same phenomenon
(Mather and Jinks, 1982). Thus, the most striking observed
consequence of inbreeding is the reducing of mean
phenotypic value and the phenomenum known as
inbreeding depression. Prajapati and Agalodia (2011)
reported the inbreeding depression in three chilli crosses
byusngP, P, F ,F,BC, and BC, population. Thecross
JCh- 676 x JCh-659 showed high heterosis in summer
with highfertility condition and moderateto low inbreeding
depression for daysto flowering, plant height, secondary
branches per plant, averagefruit weight, greenfruit yield.

Heterosis and inbreeding depression each the
converse of the other are both expression of the same
phenomenon. However, the expl oitation of hybrid vigour
inchilli hasbeenrecognized asapractical tool in providing
the breeder a means of increasing yield and other
economictraits. Information on the magnitude of heterosis

in different cross combination is a basic requisite for
identifying crossesthat exhibit high degree of exploitable
heterosis. Hence, the present study was undertaken with
an objective of studying heterobeltiosis in different
crosses and its confirmation through inbreeding
depressionin F, generation and then utilization in future
Crop improvement programme.

RESEARCH METHODS

The experimental materials consisted of six
homozygous inbred of chilli viz., Arka Lohit (P), K 1
(P,), LCA 334 (P,)), LCA 625 (P,), PKM 1(P,), and
PusaJwala (P,) were selected for this study and crossed
inawith all possible combinationsincluding reciprocals
during Kharif, 2013. The F, consisting of 15 direct
crosses and 15 reciprocals were raised along with their
parents in a Randomized Block Design with three
replications during November 2013 to April 2014 at the
experimental farm of Department of Vegetable Crops,
Horticultural College and Research Institute, Tamil Nadu
Agricultural University, Periyakulam, India. Forty five
plantswere maintained in each replication in each hybrid
combination. Observations were recorded in fifteen
randomly selected plants. The selfed seedsfrom F, were
collected and utilized for raising F, generation. All theF,
were raised for further evaluation. The selections were
made in the F, progeny on the basis of single plant fruit
yield. The superior single plantswere selected. The seeds
from the selfed fruits were collected and stored for
further evaluation. Thisstudy wascarried out during May,
2014 to November, 2014. The ridges were formed 75
cm apart and 45 day old seedlings were planted with a
plant spacing of 60 cm at the rate of one seedling per
hill. Standard horticultural practices recommended for
chilli (CPG 2013) wereadopted uniformly for al theplots.

Observation were recorded for plant height,
branches per plant, daysto 50 per cent flowering, fruits
per plant, fruit length, fruit girth, fresh fruit weight, dry
pod weight, fresh fruit yield per plant and dry pod yield
per plant were studied. The recorded data subjected to
statistical analysis as per Panse and Sukhatme (1957).
Themagnitude of heterosisin hybridswas expressed as
percentage of increase or decrease of a character over
better parent (d,) was estimated by following formulae
suggested by Turner (1953).

Heterobeltiosis (d,) :
Deviation of hybrid from better parent
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Heter obeltiosis(dii) = F, - BP
BP

x 100

where, F, = Mean of hybrid
BP = Mean of better parental value
Inbreeding depression :

Inbreeding depression was measured using F, and
F, mean values according to the following formula

Inbreeding depression (%) = PP 100
Fl
Estimated valueof 1D
SEr,

Testof ID=

where, s _VF +VF,
VE =Varianceof F; mean

VF_2 =Varianceof F, mean

RESEARCH FINDINGS AND DISCUSSION

Thefindingsof the present study aswell asrelevant
discussion have been presented under following heads:

Heterobeltiosis :

Hybrid vigour isadirect property of heterozygosity
and is due to superior gene content possiblein ahybrid
contributed by both the parents (Mather, 1955). Hybrid
vigour, the phenomenon of heterosis, was the basis for
improvement in crop yields achieved during 20" century
in many crops. Mackey (1976) described genetic
principlesof expression of heterosis superior to the better
parent, which may result from one or two of thefollowing
situations: (i) the accumulated action of favourable
dominant or semi-dominant genes dispersed amongst two
parentsi.e. dominance; (ii) the complementary interaction
of additive dominant on recessive genesat different loci
i.e. non-allelic interaction or epistasis; (iii) favourable
interaction between two alleles at the same locus i.e.
intralocusor inter allelicinteractionsreferred to asover
dominance. It will be possible to recover homozygous
linesasgood as heteratic hybridsif either or both of the
first two situations are the cause of heterosis, although
the case with which such lines can be recovered will
depend on linkage rel ationshi p of the genesinvolved and
the ability to identify the recombinants as and when they
arise. Thiswill beparticularly difficult with closelinkage
and when heterosisisexpressed by adlight improvement
in each of mainyield components. If the heterosisisdue
to inter alelic interactions of dominant types, it is not

possibleto fix such heterosisin homozygous conditionin
subsequent generations. The superiority of hybrids,
particularly over better parent, is more useful in
determining thefeasibility of commercial exploitation of
heterosisand also identifying the parental combinations
capable of producing the highest level of transgressive
segregants.

The range of heterosis, number of desirable
significant heterotic crosses over better parent for 10
traitsarepresented in Table 1. A Cross combination Pusa
Jwalax PKM 1 exerted highest heterosisfor plant height
(25.05%), fruits/ plant (96.15%), fresh fruit weight
(65.86%), fresh fruit yield/ plant(248.72%) and dry pod
yield/ plant (140.83%). A crossK 1 x PKM 1 exhibited
maximum significant HB for days to 50 per cent
flowering, fruit length, fresh fruits weight and dry pod
yield (-6.85 %, 19.71%, 54.12% and 109.13%). Similar
finding were also reported by Patil et al. (2012);
Chaudhary et al. (2013) and Sharmaet al. (2013). High
heterobeltiotic hybrids were shown by K1x Arka Lohit
for branches/plant (35.56%), 50 per cent flower initiation
(-7.53%), fruit girth (21.04%), dry pod weight (-8.33%),
fresh fruit and dry pod yield (171.01% and 113.95%).
These results are in similarity with that of Sood and
Kumar (2010) and Patil et al. (2012).

Similarly, crossLCA 625 x K 1 exhibited maximum
HB (62.96%, 85.71% 17.89% and - 12%) for branches/
plant, fruits /plant, fruit girth and dry pod weight. The
cross Pusa Jwala x K 1 manifested maximum BH for
plant height (20.96%), fruits/plant (91.77%), fruit length
(15.30%), fruit girth (48.32%) fresh fruit weight
(61.85%) fresh and dry yield (210.07% and 126.77%).
These results are in conformity with the reports of
Kambleet al. (2009) and Patel et al. (2010). The highest
heterosis over better parent was recorded in the hybrid
Arka Lohit x LCA 334 for plant height (23.95%),
branches /plant (92.86%), 50 per cent flowering (-
6.62%), fruitslength (21.43%) fruit girth (21.11%) and
freshfruit yield (137.26%).

For dry pod yield /plant 24 hybrids exhibited
significant positive heterobeltiosis. A large number of
hybrids expressed greater amount of heterotic effectsin
desired directionfor dry podyield, fresh fruit yield, plant
height, days to first and 50 per cent flowering, number
of fruits per plant, fresh fruit weight, seeds per pod and
thousand seed weight.

The estimates and magnitude of various effects
varied with cross combinations and characters. A
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[Table 1 : Magnitude of heterosis and inbr eeding depression for ten different charactersin top five crossesin chilli

Characters Heterosis No. of crosses with Best combination Heterosis  Inbreeding Inbreeding
range (BP) significant heterosisin (%) depression  Best combination depression
desirable direction range %
Plant -20.39to 20 Pusa Jwalax PKM 1 25.05 -19.89to  ArkaLohit x LCA 625 -19.89
height 25.05 Arka Lohit x LCA 334 23.95 22.15 PusaJwaax K 1 9.13
PusaJwalax K 1 20.96 Pusa Jwaax PKM 1 7.76
Arka Lohit x Pusa Jwala 21.83 K 1 x Arka Lohit 231
PKM 1 x LCA 625 17.31
Branches/ -25.37to 6 Arka Lohit x LCA 334 92.86 -2225t0 K 1xArkalLonhit 17.21
plant 92.86 LCA625xK 1 62.96 30.47
K 1 x Arka Lohit, 35.56 Pusa Jwalax PKM 1 2.95
Pusa Jwalax PKM 1
PKM 1 x LCA 625 2581
Daysto 50 -8.37to 13 Pusa Jwalax LCA 334 -8.37 -8.38to K 1 x Arka Lohit 0.15
% 1.52 K 1 x ArkaLohit -7.53 1.20 K1xPKM 1 0.38
flowering K 1x LCA 625, -6.85 K 1 x PusaJwala 120
K1xPKM1
Arka Lohit x LCA 334 -6.62
Fruits per 3.11to 30 Pusa Jwalax PKM 1 96.15 -21.16to K1xPKM 1 -10.96
plant 96.15 Pusa Jwalax K 1 91.77 36.14 K 1 x PusaJwala -21.16
LCA625xK 1 85.71 LCAB25xK 1 18.82
PKM 1xK 1 79.73 Pusa Jwalax PKM 1 14.29
PKM 1 x LCA 625 79.52 K 1 x Arka Lohit 17.83
Fruit -33.67to 6 Arka Lohit x LCA 334 21.43 -245to ArkaLohit x LCA 334 -2.05
length 21.43 K1XPKM1 19.71 11.09 K 1 x Arka Lohit -0.97
PKM1xK 1 17.50 K 1x LCA 625 -0.63
PusaJwalax K 1 15.30 K1xPKM 1 352
PKM 1 x LCA 625 8.74 PKM1xK1 0.74
Fruit girth -21.65to 13 PusaJwalax K 1 48.32 -8.77to Arka Lohit x LCA 334 -3.32
48.32 K 1 x PusaJwaa 21.33 21.87 Pusa Jwalax K 1 -2.39
Arka Lohit x LCA 334 21.11 K1xPKM 1 -271
K 1 x Arka Lohit 21.04 K 1 x PusaJwala -0.96
LCA625xK 1 17.89 Pusa Jwaax PKM 1 -1.20
Fresh fruit -14.21to 19 Pusa Jwalax PKM 1 65.86 1290 to K1xPKM 1 -9.13
weight 65.86 K 1 x PusaJwaa 63.22 17.63 K1 x PusaJwala -3.11
Pusa Jwalax K 1 61.85 K1x LCA 625 -7.66
PKM 1 x Pusa Jwala 64.66 Pusa Jwalax K 1 -4.58
K1xPKM1 54.12 Pusa Jwalax PKM 1 0.43
Dry pod -48.33 to 0 K 1 x Arka Lohit -8.33 -10.81to PKM 1xK1 -10.81
weight -8.33 Pusa Jwalax PKM 1 -11.67 7.35 ArkaLohit x LCA 334 -5.95
LCA625xK 1 -12.00 PusaJwaax K 1 -5.88
K1xPKM 1 -3.66
K 1 x PusaJwaa -3.61
Fresh fruit  -11.23to 29 Pusa Jwalax PKM 1 248.72 -29.44 o0 K1xPKM 1 -29.44
yield /plant 248.72 PusaJwalax K 1 210.07 4397 K 1 x PusaJwala -15.42
K 1 x Arka Lohit 171.01 K 1 x Arka Lohit 20.64
PKM 1 x Pusa Jwala 18041 LCAB25xK 1 24.11
Arka Lohit x LCA 334 137.26 Pusa Jwalax PKM 1 14.41
Dry pod -12.66 to 24 Pusa Jwalax PKM 1 140.83 -22.22t0 K1xPKM 1 -22.22
yield/ 140.83 PusaJwalax K 1 126.77 44.76 K 1 x PusaJwala -22.08
plant K 1 x Arka Lohit 113.95 K 1 x Arka Lohit 20.20
PKM 1x K1 129.20 LCAB25xK 1 20.44
K1x PKM 1 109.13 PusaJwaax PKM 1 18.16
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comparative performance of the crossesfor dry podyield
and yield components are presented in Table 1. The
resultsrevealed that crossesK 1 x ArkaLohit, LCA 625
x K 1, PusaJwalax K 1, Pusa Jwalax PKM 1, K 1 x
PKM 1 and Arka Lohit x LCA 334 exhibited higher
percentages of heterobeltiosis. The crosses which had
larger estimates of HB for dry pod yield also exerted
significant positive heterotic effectsfor number of fruits/
plant, fruit girth, fresh fruit weight. Therefore heterotic
effects for dry pod yield were because of direct effects
of number of fruits/ plant and could be outcome of
interaction effects of other yield attributeslikesfruit girth
and fresh fruit weight.

Inbreeding depression :

The estimates of inbreeding depression in F,
(expressed asthe reduction in F, means from F, means)
wereworked out for all ten biometrical characters. The
character wise results on inbreeding depression have
been presented in the Table 1.The negative and
significant inbreeding depression for plant height is
desirable for chilli hybrid breeding programme, which
was observed in the cross Arka Lohit x LCA 625
suggesting selection in later generation. High heterosis
with low inbreeding depression for plant height was
observed by Pusa Jwala x K 1, Pusa Jwala x PKM 1
andK 1 x ArkalL ohit, it indicatesthe presence of additive
gene action. Similar results were also obtained by
Khanorkar and Karthiria (2010) and Sao and Metha
(2011). Significant better parent heterosis and low
inbreeding depression was exhibited by the hybrids Pusa
Jwalax PKM 1 andK 1 x Arka Lohit for branches per
plant dueto additive gene effect. Prajapati and Agalodia
(2011) in chilli reported non additive gene action for
primary and secondary branches per plant. The positive
inbreeding depression was found for daysto 50 per cent
floweringin K 1 x ArkaLohit, K 1 x PKM 1and K 1 x
PusaJwala. It predicts better chanceto obtain desirable
segregants for earliness in the subsequent filial
generations of these crosses.

The negative inbreeding depression that is useful
for chilli crop improvement programme was observed
for fruits per plant in the crossesK 1 x PKM 1, K 1 x
Pusa Jwala and Pusa Jwalax Arka Lohit. The negative
inbreeding depression which could be due to the
appearance of large number of transgressive segregants
in above said crosses, such crosses is expected to give
superior segregants which may be handled through

pedigree method. Thecrossesviz., LCA 625x K 1 Pusa
Jwala x PKM 1 andK 1 x Arka Lohit exhibited high
heterosis along with low inbreeding depression for fruits
per plant, reveding involvement of additivegenesand these
crosses may be considered asthe promising crosses. The
desirable inbreeding depression that is negative and low
indirection wasalso cited for fruitsper plant by Kapande
et al. (2009) and Singh et al. (2009). The crosses, K 1 x
PKM 1 and PKM 1x K 1 showing significant better parent
heterosisand low inbreeding depression, may be utilized
for improvement of fruit length through sel ection. Based
ontheresults, it may seemfruit length wasto be governed
by non additive gene effects. The best performing hybrids
for fruit girth based on negative inbreeding values were
LCA 625 x Arka Lohit, Arka Lohit x PKM land K 1 x
LCA 625 indicating the predominance of additive gene
action. Significant heterosisand low inbreeding depression
was recorded in the K 1 x Arka Lohit. These results are
inaccordancewith thefindingsof Prajapati and Agalodia
(20112).

The hybrids LCA 334 x Arka Lohit, PKM 1x K 1
andK 1 x PKM 1 werethehigh performing hybrids based
on negativeinbreeding valuesfor fresh fruit weight. The
high heterosiswith low inbreeding depression was shown
by the hybridsK 1 x ArkaLohit and Pusa Jwalax PKM
1. The results showed that in F, even after inbreeding
depression, some promising segregants exhibited good
performance and positive selection in such crosses can
lead to further improvement. Based on the present
experiment thistrait may be governed by both additive
and non-additive gene action. Theresults of the present
experiment arein conformity with thefindings of Pandey
and Dixit (2001); Kumar et al. (2005) and Prajapati and
Agalodia(2011). Considering individual dry pod weight,
both positive and negativeinbreeding depression values
were recorded. Fourteen hybrids showed negative
inbreeding depression and the hybrids PKM 1 x K 1,
ArkaLohit x LCA 334 and Pusa Jwalax K 1were the
best performing hybrids based on negative inbreeding
values and this cross showed additive gene action for
this trait. These investigations on dry pod weight are
similar to thereports of Prajapati and Agalodia (2011).

Both positive and negative inbreeding depressions
werefoundinfreshfruityield and dry pod yield per plant.
Two hybrids(K 1 x PKM 1and K 1 x PusaJwala) yielded
morein F, generation for fresh fruit yield, whichindicated
the role of fixable gene effects. The best performing
hybrids based on high heterosisand |ow inbreeding were

Asian J. Hort., 11(1) June, 2016 :86-92 @ Hind Agricultural Research and Training Institute




N. ROHINI AND V. LAKSHMANAN

K 1 x Arka Lohit, LCA 625 x K 1 and Pusa Jwala x
PKM 1. In such crosses, pedigree method of selection
may be adopted for the development of high yielding
varieties. Theresultin F, generation providesgood ground
for further study in segregating generations. It is
suggested that yield of the F, did not predict theyield of
the bulksin the advanced generations and the combined
performance of the hybridsinthe F, and F, generation
could beagood indicator to identify the most promising
populations to be utilized either as F, hybrids or as a
source population for further selection in advanced
generations. These results are in accordance with the
outcome of Singh et al. (2009); Sao and Metha (2011)
and Prajapati and Agalodia (2011).

The negative inbreeding depression could be useful
for chilli crop improvement. Pandey (1998) al so showed
that some of the hybrids exhibited negative inbreeding
depression in F, generation. This could be due to
appearance of large number of transgressive segregants
in the experimental population utilized for taking
observations. The desirable inbreeding depression that
is negative in direction was observed in K 1 x PKM 1
and K 1 x Pusa Jwala for yield and yield contributing
characters. It is desirable to have high, significant and
positive heterosiswithlow inbreeding depression for fresh
fruit and dry pod yield and itscomponents. Thisisequally
applicableto developmental traits. Significant and positive
heterosis with low inbreeding depression for yield and
yield related traits were exhibited by Pusa Jwalax PKM
1,LCA625x K 1land K 1 x ArkaL ohit. The segregating
materials generated during this study may be utilized for
theidentification and selection of desirable recombinants
in advanced generationsin order to develop highyielding
varietieswith specific attributes.

Conclusion :

The negative inbreeding depression was observed
inK 1xPKM 1andK 1 x PusaJwala. Significant and
positive heteros swith low inbreeding depressionfor yield
and yield related traits were exhibited by Pusa Jwala x
PKM 1, LCA625 x K 1 and K1 x Arka Lohit.The
segregating materials generated in these crosses could
be utilized for theidentification and sel ection of desirable
recombinantsin advanced generationsin order to devel op
high yielding varietieswith specific attributes.
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