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ABSTRACT. Inheritance of 10 quantitative traits related to plant and fruit development was studied in an intraspecific cross
between a bell-type ‘Maor’ [Capsicum annuum L. var. annuum (Grossum Group) ‘Maor’] and a small-fruited pungent
chilli line ‘Perennial’ [ C. annuum var. annuum (Longum Group) ‘Perennial’]. Estimates of broad- and narrow-sense
heritabilities, coefficients of genetic variance, and genotypic correlations were obtained from the segregation of 120 F3

families in 2 years. Three of the traits analyzed, days to first ripened fruit, plant height, and pedicel length, exhibited
heterosis and transgressive segregation. Days to first ripened fruit and total soluble solids had low narrow-sense
heritabilities. The other traits studied had moderate to high narrow-sense heritability estimates. Most of the genetic
variation associated with traits that affect the size of the fruit and its shape was additive. The highest genetic correlation
coefficients among pairs of traits were found between fruit weight and each of the three width characters: fruit diameter,
pericarp thickness, and pedicel diameter. In contrast, fruit weight had a low correlation coefficient with fruit length,
indicating that the size of the pepper fruit in this cross was determined primarily by its width.

type inbred ‘Perennial’ [C. annuum var. annuum (Longum Group)
‘Perennial’]. ‘Perennial’ is characterized by small pungent fruit
and resistance to important diseases such as cucumber mosaic
virus (CMV), potato virus Y (PVY), and anthracnose (Singh,
1992). Although ‘Perennial’ is not a wild accession, it was chosen
for this cross because it is one of the accessions most distantly
related to the sweet blocky-type cultivars within C. annuum var.
annuum (Paran et al., 1998). Furthermore, ‘Perennial’ is also
being used as a source for breeding CMV-tolerant blocky-type
peppers (Lapidot et al., 1997) and it has been used as a parent in
a C. annuum var. annuum cross to construct a molecular markers
map of pepper (Lefebvre et al., 1995). In the present paper we
report on the biometrical analysis of quantitative traits associated
with plant and fruit development that segregated among the
progenies resulting from a cross between ‘Maor’ and ‘Perennial’.

Materials and Methods

PLANT  MATERIAL . An intraspecific F2 population was con-
structed from a cross of the two inbred pepper lines ‘Maor’ and
‘Perennial’. Seeds of ‘Maor’ were obtained from C. Shifriss, The
Volcani Center, Bet Dagan, Israel and those of ‘Perennial’ were
obtained from A. Palloix, Institut National de la Agronomiqe
(INRA), Montfavet, France. Two hundred thirty F2 plants, origi-
nated from a single F1, were grown in a greenhouse in 1995 and
were selfed to obtain F3 seeds. A subset of 120 randomly chosen
F3 families underwent the biometrical analysis reported in this
study.

EXPERIMENTAL  DESIGN. Fifteen plants from each F3 family, and
45 plants from each of the two parents and their F1 were grown in
the field in Qiryat Gat, Israel, during Summers 1996 and 1997.
Individual plants were spaced 30 cm apart in rows spaced 100 cm
apart. The experiment was arranged in a randomized complete
block design with 15 replications. Each replication consisted of
a single plant from each of the 120 F3 families, and three plants of
each of the parents and F1. The populations were planted in April
1996 and 1997 and three fruit from each plant were harvested 90
d after planting.

DATA COLLECTION . Plants were measured for the following
traits: 1) days to first ripened fruit, measured as the number of
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Capsicum annuum is a variable pepper species comprising
cultivated and wild accessions that differ in many yield and
quality characters such as fruit shape, fruit weight, fruit color,
pungency, plant height, and maturity. Exploitation of this varia-
tion for breeding sweet, large-fruited blocky-type peppers has,
however, been limited and has ignored the vast variation that
exists among wild and chilli accessions. Wild accessions have
been used primarily to introgress genes that confer disease
resistance into sweet blocky types (Caranta et al., 1997; Daubeze
et al., 1995). Recently, the potential of wild species germplasm as
a source of valuable yield and quality genes has been demon-
strated in tomato (Lycopersicon sp.) and rice (Oryza sativa)
through the use of molecular markers (Bernacchi et al., 1998;
Xiao et al., 1996). These studies presented evidence that wild
species, although inferior to modern cultivars, have favorable
genes that are masked by other deleterious ones, but are capable
of improving yield and quality of elite cultivars after being
introgressed into them.

Many genetic studies of fruit characters in pepper have been
reported in the past, however, in most cases only a few traits were
included in each study (e.g., Deshpande, 1933; Khambanonda,
1950; Legg and Lippert, 1966; McArdle and Bouwkamp, 1983;
Peterson, 1959; Thakur et al., 1980). Therefore, a comprehensive
understanding of the relationships among the various traits could
not be obtained.

To study the inheritance of fruit characters and to examine the
potential of wild accessions of pepper as donors of valuable genes
encoding agriculturally important traits, we crossed several small-
fruited chilli accessions with sweet bell pepper lines. One such
cross is between the bell-type ‘Maor’ [C. annuum var. annuum
(Grossum Group) ‘Maor’] and the domesticated Indian chilli-
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days from planting; data were taken at eight 3-d intervals during
a period of 4 weeks starting 70 d after planting; 2) plant height,
measured as the distance in centimeters from the base of the plant
to its top taken 45 d after planting; 3) fresh fruit weight in grams;
4) soluble solids concentration, expressed as percent and mea-
sured with a refractometer in a drop of fresh juice extracted with
a garlic crusher; 5) fruit length, measured as the distance in
millimeters from the pedicel attachment to its apex; 6) fruit
diameter, measured in millimeters at the maximum width; 7) fruit
shape, calculated as the ratio of fruit length to fruit diameter; 8)
pedicel length, measured in millimeters as the distance between
the points of attachment to the stem and to the fruit; 9) pedicel
diameter, measured in millimeters at the maximum width; and
10) pericarp thickness, measured in mm at its maximum width.
All fruit and pedicel dimensions were measured with a digital
caliper.

STATISTICAL  ANALYSIS . All analyses were performed using
JMP statistical software, version 3.1 for Macintosh (SAS Insti-
tute, Inc., 1995). Heritability estimates were calculated according
to Cahaner and Hillel (1980). Broad-sense heritability (h2

BS) was
estimated by subtracting the environmental variances of the
nonsegregating generations (‘Perennial’ and F1) from the segre-
gating generation (F3).
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The expectations for these variances are s2
b = VA +1/4VD and

s2
w = 1/2VA +1/2VD + VE where VA is the additive variance, VD is

the dominance variance, and VE is the environmental variance.
Because the numerator in the narrow-sense heritability equation
contains a portion of dominance variance (3/8VD), this estimate
is biased upwards.

Coefficient of genetic variation (cv) was calculated as the
genetic standard deviation divided by the F3 generation mean
( XF3
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obtained from the F3 generation:
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where sb(x,y) is the covariance between F3 families for the traits x
and y, while sb(x) and sb(y) are the standard deviations for the
variance between F3 families for traits x and y.

Results

Mean, standard error, and variance, estimates of each of the traits
in the four generations are presented in Table 1. Broad-sense and
narrow-sense heritability and coefficient of genetic variance esti-
mates are presented in Table 2. All traits exhibited a significant (P
< 0.01) family × year interaction. Therefore, all estimates for the 2
years are presented separately. Data for six traits, i.e., fruit weight,
fruit length, fruit diameter, pedicel length, pericarp thickness, and
fruit shape were log-transformed because of lack of variance
homogeneity. However, because the relative positions of the gen-
eration means on the scale and the estimates of the genetic param-
eters (heritability, and correlations) did not change, only the
nontransformed data were used for the analyses in this study.

DAYS TO FIRST RIPENED FRUIT. ‘Maor’ set fruit significantly earlier
than ‘Perennial’, while their F1 exhibited heterosis towards earliness
(the F1 mean was higher than the parental means in both years).
Plants with lower and higher values than the two parents were
observed in the F3, indicating a transgressive segregation for this
trait. Broad-sense heritability was moderate (0.58 and 0.66 in 1996
and 1997, respectively) compared with low narrow-sense heritabil-
ity (0.4 and 0.27), indicating a large environmental component of
the phenotypic variation. Similarly, the very low value of the
coefficient of genetic variation (3% and 2%), indicated there was
only a small proportion of additive genetic variation within the total
phenotypic variation.

PLANT  HEIGHT . ‘Perennial’ was significantly taller than ‘Maor’,
while the F1 exhibited heterosis over ‘Perennial’ in both years. Plants
taller than ‘Perennial’ were observed in the segregating population,
indicating a transgressive segregation for this trait. The low broad-
sense heritability values (0.42 and 0.2) and the low coefficient of
genetic variation (11% and 12%), indicated a major environmental
effect on the phenotypic variance for this trait.

FRUIT  WEIGHT . Fruit of the two parents exhibited a very large
difference in their weight. The mean weight of the F1 fruit indicated
dominance of alleles coding for decreased fruit weight. The distri-
bution of fruit weight in the segregating generation was skewed
towards small fruit, with maximum fruit weight of 46 g. Both broad-
sense heritability (0.97 in both years) and narrow-sense heritability
estimates (1.0 and 0.79) were high. Similarly, the coefficient of
genetic variation was very high (50% in both years). These data
indicate a small environmental and large additive genetic compo-
nents of the phenotypic variation for this trait.

FRUIT  DIAMETER . This trait segregated in a manner similar to fruit
weight, i.e., dominance of narrow fruit and high estimates of
heritability and coefficient of genetic variation (0.99, 0.95, and 32%
for broad-sense heritability, narrow-sense heritability, and coeffi-
cient of genetic variation in 1996, respectively; 0.96, 0.92, and 30%
for broad-sense heritability, narrow-sense heritability, and coeffi-
cient of genetic variation in 1997, respectively). Therefore, most of
the phenotypic variation of this trait is additive.

FRUIT  LENGTH . ‘Maor’ had significantly longer fruit than ‘Peren-
nial’. The value of the F1 fruit length indicated dominance of alleles
coding for increased fruit length. Plants with shorter fruit than those
of ‘Perennial’ and longer ones than those of ‘Maor’ were recovered
in the F3 generation, indicating a transgressive segregation for this
trait. The broad-sense heritability was high in both years (0.92 and
0.85 in 1996 and 1997, respectively). The narrow-sense heritability
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was moderate to high in both years (0.76 and 0.68 in 1996 and 1997,
respectively). The coefficients of genetic variation were moderate
(23% and 22% in 1996 and 1997, respectively). These data indicate
a major additive and a relatively low environmental and dominance
components of the phenotypic variation for this trait.

FRUIT  SHAPE. Fruit shape was defined as the ratio of fruit length
to fruit diameter. ‘Maor’ had large fruit with nearly equal length and
width. ‘Perennial’ had an elongated fruit while the fruit shape of the
F1 closely resembled that of ‘Perennial’ indicating dominance of the
high shape index (elongated fruit). Narrow-sense heritability for
fruit shape was high (1.0 and 0.87 in 1996 and 1997, respectively).
Variances of the parents and F1 generations, and, therefore, broad-
sense heritability for this trait could not be determined because
length and width in these generations were based on the generation
mean and not on means of individual plants. The coefficient of
genetic variation was high (41% and 39% in 1996 and 1997,
respectively). The high estimates of heritability and coefficient of
genetic variation, indicated that most of the phenotypic variation for
this trait is additive.

PERICARP THICKNESS. The two parents differed significantly from

each other in their pericarp thickness. The means of the F1, and F3
generations indicated dominance of the thin pericarp. The estimates
of broad-sense and narrow-sense heritability were high in both years
(0.84 and 0.83; 0.78 and 0.7 for broad-sense heritability and narrow-
sense heritability, respectively), indicating a low environmental and
large additive variance components in the phenotypic variation for
this trait.

TOTAL  SOLUBLE SOLIDS. ‘Perennial’ had a significantly higher
soluble solids concentration than ‘Maor’. The mean of the F1

indicated dominance of the high total soluble solids value. Broad-
sense and narrow-sense heritability estimates were moderate in
1996 (0.77 and 0.54, respectively), and were low in 1997 (0.43 and
0.24 ). The coefficient of genetic variance was low in both years (7%
and 8% in 1996 and 1997, respectively). These values indicate a
large environmental and nonadditive components in the phenotypic
variation for this trait.

PEDICEL  DIAMETER . The two parents differed significantly from
each other in pedicel diameter. Means of the F1 and F3 generations
indicated dominance of the narrow pedicel. Heritability and coeffi-
cient of genetic variance estimates were moderate in both years

Table 1. Means, standard errors (SEs), and variances of quantitative traits in an intraspecific cross of Capsicum annuum L. var. annuum (Grossum
Group) ‘Maor’ with C. annuum var. annuum (Longum Group) ‘Perennial’.

Days Soluble
to first Plant Fruit Fruit Fruit Pericarp solids Pedical Pedical
ripened ht wt diam length Fruit thickness concn diam length

Generation fruit (cm) (g) (mm) (mm) shapez (mm) (%) (mm) (mm)
‘Maor’ 96

Mean 136 by 32.5 d 155.6 a 77.1 a 77 a 1.0 4.8 a 8.1b 9 a 30 b
SE 0.8 1.1 8.1 1.56 1.8 --- 0.09 0.49 0.38 0. 9
Variance 12.6 17.9 196.3 51.4 6.8 --- 0.18 0.72 3 1.8

‘Maor’ 97
Mean 133 b 29.2 d 130 a 77.1 a 73 a 0.95 4.7 a 7.8 c 9.4 a 27 c
SE 0.6 0.6 3.1 1.5 1.3 --- 0.04 0.25 0.15 0.6
Variance 5.9 23 695 51.4 12.5 --- 0.18 1.6 1.8 2.3

‘Perennial’ 96
Mean 143 a 43.4 c 0.74 d 6.8 d 32 d 4.7 0.8d 10.9 a 1.2 c 26 c
SE 1.4 1 0.17 0.1 0.1 --- 0.02 0.26 0.02 0. 4
Variance 29.5 19.9 0.11 0.67 0.6 --- 0.02 0.28 0.03 1

‘Perennial’ 97
Mean 146 a 38.0 c 1.6 d 6.8 d 31 d 4.5 0.9 d 11.3 a 1.3 c 27 c
SE 0.9 1.1 0.05 0.11 0.5 --- 0.02 0.37 0.03 0.5
Variance 14.7 47 0.04 0.68 1.4 --- 0.04 1.36 0.2 1.7

F1 96
Mean 127 c 64.1 a 9.1 c 17.7 c 67 b 3.7 1.9 c 10.1 a 2.7 b 30 b
SE 0 1.4 0.58 0.23 0. 8 --- 0.03 0.17 0.08 0. 5
Variance 0 38 1.4 2.9 3.4 --- 0.05 0.12 0.4 1.4

F1 97
Mean 128 c 55.9 a 10.2 c 17c 65 b 4.1 2.1 c 10 b 3 b 36 a
SE 0.5 0.9 0.28 0.23 0.9 --- 0.02 0.28 0.01 0.54
Variance 4.1 46 2.1 2.9 6 --- 0.04 1.4 0.2 1.7

F3 96
Mean 135 b 48.5 b 11.4 b 20.5 b 61 c 3.2 2.1 b 9.8 ab 2.5 b 32 a
SE 0.12 0.14 0.26 0.08 0. 2 0.05 0.01 0.03 0.01 0.1
Variance 32.3 50 32.8 47.4 27 1.4 0.24 0.9 0.62 5.2

F3 97
Mean 136 b 42.6 b 11.4 b 21 b 59 c 3 2.2 b 9.6 b 3 b 35 b
SE 0.1 0.2 0.15 0.16 0.4 0.03 0.04 0.04 0.02 0.2
Variance 26.6 58.6 40.2 45.4 25 1.2 0.2 2.6 0.6 5

zRatio of fruit length to fruit diameter.
yMean separation within columns by LSD, P < 0.01.
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(0.66, 0.66, and 24% in 1996; 0.77, 0.63, and 20% in 1997 for broad-
sense heritability, narrow-sense heritability and coefficient of ge-
netic variance, respectively). These estimates suggest a large envi-
ronmental variance component and that most of the genetic varia-
tion for this trait is additive.

PEDICEL  LENGTH . The two parents had fruit with similar pedicel
lengths while the means of the F1, and F3 generations were signifi-
cantly higher, indicating heterosis towards long pedicels. Plants of
F3 generations with longer pedicels than the parents were recovered,
indicating a transgressive segregation for this trait. Broad-sense, and
narrow-sense heritabilities and the coefficient of genetic variance
were moderate (0.77, 0.5, and 16% in 1996, respectively; 0.66, 0.68,
and 16% in 1997, respectively). These estimates suggest a consid-
erable proportion of the phenotypic variation is environmental,
while most of the genetic variation is additive.

The genetic correlations for all traits in both years are presented
in Table 3. The two correlation estimates for each pair of traits were
of similar magnitudes. However, for traits such as fruit weight and
total soluble solids, the 1996 estimates were lower than those of
1997.

The most notable correlation estimates were the high positive
correlations of fruit weight with the fruit width traits, i.e., fruit
diameter, pedicel diameter, and pericarp thickness (0.89, 0.85, and
0.85 in 1997, respectively). In contrast, fruit weight had much lower
positive correlations with the fruit length traits, i.e., fruit length and
pedicel length in both years. Fruit weight had moderate negative
correlations with plant height, total soluble solids, and elongated
fruit shape in both years. While the fruit width traits were highly
correlated with each other, the fruit length traits had low correlation
between themselves. Similarly, correlations between plant height
and fruit length and between plant height and pedicel length were
low. Days to first ripened fruit was negatively correlated with plant
height as well as with fruit length and with elongated fruit shape.
Total soluble solids content was negatively correlated with pericarp
thickness, fruit weight, and fruit diameter.

Discussion

All the traits examined in this study exhibited continuous varia-
tion and therefore were inherited quantitatively. One trait, fruit
shape had a bimodal distribution in the F3 generation, suggesting
involvement of a major partly dominant gene in the genetic control
of the trait. This observation is in agreement with previous studies
in which fruit shape (measured as a length to width ratio) in both C.
frutescens L. (tabasco pepper) and C. annuum was determined to be
controlled by a single gene (Kaiser, 1935; Khambanonda, 1950;
Peterson, 1959). Other studies, however, indicated a quantitative
polygenic inheritance for this trait (McArdle and Bouwkamp,
1983).

Three traits (days to first ripened fruit, plant height, and
pedicel length) exhibited transgressive segregation as well as
heterosis. Earlier genetic studies in which these traits were
examined also indicated heterosis for plant height (Thakur et al.,
1980), fruit maturity (Lippert, 1975), plant height, and days to
flower (Meshram and Mukewar, 1986). To our knowledge, only
a single study has reported the inheritance of pedicel length in
pepper (Setiamihardja and Knavel, 1990). In the latter study
heterosis was not observed in the three C. annuum crosses
analyzed.

Two traits had low broad-sense heritability estimates in the
present study (plant height and total soluble solids in 1997). There-
fore, environmental factors have a profound effect on these traits,
which may hinder progress in selection for progeny containing
favorable genes originated from ‘Perennial’. Three traits (days to
first ripened fruit, plant height, and total soluble solids) had a major
dominance variance component, as revealed by the large difference
between estimates of broad-sense and narrow-sense heritabilities in
1997 and by heterosis of the F1. In contrast, characters that deter-
mined size and shape of the mature fruit were highly heritable and
their genetic variance was mostly additive. Therefore, using ‘Peren-
nial’ as a source for favorable genes, such as for tolerance to CMV

Table 2. Broad-sense heritability, narrow-sense heritability, and coefficient of genetic variation for quantitative traits in an intraspecific cross of
Capsicum annuum L. var. annuum (Grossum Group) ‘Maor’ with C. annuum var. annuum (Longum Group) ‘Perennial’.

Broad-sense Narrow-sense Coefficient of
Trait Year heritability heritability genetic variation
Days to first ripened fruit 1996 0.58 0.40 3

1997 0.66 0.27 2
Plant height (cm) 1996 0.42 0.60 11

1997 0.20 0.43 12
Fruit weight (g) 1996 0.97 1.00 50

1997 0.97 0.79 50
Fruit diameter (mm) 1996 0.99 0.95 32

1997 0.96 0.92 30
Fruit length (mm) 1996 0.92 0.76 23

1997 0.85 0.68 22
Fruit shapez 1996 --- 1.00 41

1997 --- 0.87 39
Pericarp thickness (mm) 1996 0.84 0.78 20

1997 0.83 0.70 18
Soluble solids concentration (%) 1996 0.77 0.54 7

1997 0.46 0.24 8
Pedicel diameter (mm) 1996 0.66 0.66 24

1997 0.77 0.63 20
Pedicel length (mm) 1996 0.77 0.50 16

1997 0.66 0.68 16
zRatio of fruit length to fruit diameter.
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Table 3. Genotypic correlations among quantitative traits in an intraspecific cross of Capsicum annuum L. var. annuum (Grossum Group) ‘Maor’
with C. annuum var. annuum (Longum Group) ‘Perennial’ in 1996 (above diagonal) and in 1997 (below diagonal).

Days Soluble
to first Plant Fruit Fruit Fruit Pericarp solids Pedical Pedical
ripened ht wt diam length Fruit thickness concn diam length

Trait fruit (cm) (g) (mm) (mm) shapez (mm) (%) (mm) (mm)
Days to first ripened fruit –0.48 0.16 0.31 –0.27 –0.34 0.24 –0.07 0.14 0.19
Plant height (cm) –0.45 –0.32 –0.45 –0.03 0.32 –0.41 0.06 –0.46 –0.16
Fruit weight (g) 0.07 –0.45 0.67 0.24 –0.32 0.63 –0.08 0.68 0.26
Fruit diameter (mm) 0.18 –0.48 0.89 –0.11 –0.78 0.86 –0.03 0.79 0.09
Fruit length (mm) –0.30 –0.01 0.23 –0.12 0.65 –0.12 –0.06 0.25 0.28
Fruit shapez –0.29 0.34 –0.50 –0.70 0.65 –0.70 0.00 –0.43 0.06
Pericarp thickness (mm) 0.16 –0.44 0.85 0.85 –0.04 –0.65 –0.14 0.75 0.18
Soluble solids concn. (%) 0.07 0.14 –0.43 –0.37 –0.03 0.26 –0.46 –0.08 0.09
Pedicel diameter (mm) 0.05 –0.50 0.85 0.79 0.24 –0.42 0.76 –0.45 0.10
Pedicel length (mm) 0.13 –0.15 0.06 –0.01 0.22 0.10 0.09 0.09 0.10
zRatio of fruit length to fruit diameter.

in breeding for large-fruited peppers, would allow efficient selec-
tion for large-fruited progeny. Previous studies in which fruit size
and dimensions were measured have also indicated additivity of
these characters (Lippert, 1975; Setiamihardja and Knavel, 1990;
Thakur et al., 1980).

The high positive genetic correlations of fruit weight with fruit
diameter and pericarp thickness, and its low correlation with fruit
length indicated that the width of the fruit and the thickness of its
pericarp are the most important determinants of fruit size in the
‘Maor’ x ‘Perennial’ cross. The high genetic correlations between
fruit and pedicel diameters, as well as with pericarp thickness,
suggest that common or linked genes control these traits. In contrast,
the genetic correlations between fruit diameter and fruit length as
well as between pedicel diameter and pedicel length were low.
Similarly, correlations between fruit length and pedicel length and
between plant height and fruit length were low. Low correlation
between length and width of the fruit was also found by Kaiser
(1935). A high correlation between fruit weight and fruit diameter
was also noted by Legg and Lippert, (1966). Similarly, a positive
correlation between fruit and pedicel diameter was reported by
Setiamihardja and Knavel (1990).

The negative correlation between plant height and fruit maturity
observed in the present study is in agreement with a reported high
negative correlation between these traits in the Poaceae (Xu, 1997).
Similarly, the negative correlation between total soluble solids and
pericarp thickness observed in the present study is in agreement with
the negative correlation found between total soluble solids and fruit
size in tomato (Stevens, 1986). The moderate negative correlation
between total soluble solids and both pericarp thickness and fruit
weight, indicates that it should be possible to introgress genes
efficiently that increase soluble solids concentration from ‘Peren-
nial’ while maintaining large fruit of sweet blocky breeding lines.
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