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ABSTRACT: This investigation was carried out, during three fall seasons (2015, 2016 and 2017).
Five genotypes of pepper (2 commercial cultivars and 3 inbred lines derived from Egyptian pepper)
were used in a half diallel crossing program. Data were recorded for plant height, branch number/
plant, fruit length, fruit diameter, average fruit weight, number of fruits per plant, fruits yield per plant,
total soluble solids (TSS) and content of Vitamin C. The obtained results showed significant
differences among the different genotypes for all studied traits under this study. Both additive and
non-additive gene effects are involved in the genetic mechanism for all studied traits. Both Line-16
and Line-21 were good general combiners for Vitamin C. Tropic cultivar appeared to be good general
combiner for fruit length, while, Line-6 was good for each of fruit diameter, number of fruits/plant and
fruit yield/plant traits Also, the same two parents, as well as both Tropic and Line-6 appeared to be
good general combiner for one or three important traits. Parental genotype Line-16 could be of great
value for varietal improvement program. Seven out of ten crosses exhibited significant positive
specific combining ability (SCA) effects for fruit yield/plant and two or more important yield
components, indicating the possibility of combine each of high yields and high of average fruit weight,
TSS (%) and content of Vitamin C. The intercept of regression line on the covariance axis in plant
height, number of branches/plant and Vitamin C shows a clear cut case of partial dominance and over
dominance role of genes in all other traits. The maximum significant true heterosis in desirable
direction (30.29%) was recorded for fruit length followed by fruit diameter (27.90%), number of fruits
(19.93%), fruit yield (16.19%), average fruit weight (13.55%), plant height (9.72%), and Vitamin C
(2.98%). The four cross combinations, (Line-16 x Line-21, Yellow wonder x Line-16, Tropic x Line-
21 and Line-6 x Line-21), are promising for genetic improvement either for yield or some of its
important components through heterosis and/or selection in the segregating generations to exploit a
fixable additive gene action.
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INTRODUCTION

The pepper (Capsicum annuum L.) is the
third most important Solanaceae crop after
tomato and potato throughout the world. Pepper
is one of the important commodities and
vegetables with high economic values in Egypt.
Pepper is a self-pollinated vegetable but a few
percentage of cross pollination may happen by
insects. A wide range of variability reportedly
exists in this crop (Munshi and Behera, 2000).
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Yield and shape irregularity are major problems
in sweet pepper production in Egypt, which can
be reduced by inbreeding and undesirable
crosses. However, no commercial homogenous
cultivars are available. The potential
productivity to meet the increasing demand,
various efforts in improving the productivity is
much needed. Yield increase in crops has
occurred due to plant breeding and improved
production and management techniques.
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Genetic variation for yield and its
components is substantial in the base population
for successful crop improvement. In self-
pollinated crops, these studies are useful in
assessing the combining ability of the parents
which, when crossed, would give more desirable
segregates (Hasan ef al., 2004). The magnitude
of these genetic effects is influenced by the
nature of gene action comprising number of
genes controlling the character, degree of
dominance and inter-allelic effects of the traits
(Sharma et al., 2013). Doshi and Shukla
(2000) found that cross breeding and selection
for improved strains in successive generations
would be make development of ideal pepper
genotypes possible. The progress in breeding for
yield and its related characters of any crop is
polygenic controlled, environmentally influenced
and determined by the magnitude and nature of
their genetic variability in which they grown
(Falconer and Mackay, 1996). Genetic
variation and combining ability estimates are
helpful in deciding the breeding value of some
populations and the appropriate methods to use
in a breeding program. Effects of general
combining ability are important indicators of the
value of genotypes in hybrid combinations.
Differences in both general and specific
combining abilities effects (GCA, SCA) have
been attributed to additive and non-additive
genetic  variances, respectively (Falconer,
1960). Combining ability analysis together with
the information regarding nature and magnitude
of gene effects controlling quantitative traits are
important tools for the selection of desirable
parents (Basbag et al., 2007). GCA and SCA,
which identify the hybrids with high yield, are
the most important criteria in breeding programs
(Ceyhan, 2003). The high yielding lines may
not necessarily be able to transmit their progress
to their hybrids (Allard, 1960). With regard to
combining ability effects several studied have
been conducted in diallel crosses for parents and
hybrids of pepper for most studied quantitative
traits by many researches such as Legesse
(2000), Zewdie et al. (2001), Farag (2003),
Geleta and Labuschangne (2006), Fekadu et
al. (2009) Huang et al. (2009) Kamble et al.
(2009), Rego et al. (2009), Sarujpisit et al.
(2012) and Khalil and Hatem (2014). Several
studies have been conducted on heterosis in F,

hybrids of pepper for most studied quantitative
traits by many researchers such as Thunya and
Pratchya (2003), Geleta ef al. (2004), Sood
and Kaul (2006), Hatem and Salem (2009)
and Sood and Kumar (2010). Knowledge on
the extent a character is heritable can be helpful
to predict progress in selection. The
improvement of a given character depends on its
heritability. It must be high enough to allow a
reasonable chance of success in developing the
desired type. Studies have been done on
heritability of important characters. Shukla et
al. (1999) and Patel et al. (2001) concluded that
non-additive gene effect was found to be
responsible for the expression of all the traits
except fruit length and additive gene effect was
important. Jagadeesha and Wali (2005)
reported that higher proportion of additive gene
effect was noticed for all the characters.

The objective of this study was to estimate
general and specific combining ability
(variances and effects), and also heterosis for
agro-economic traits among five pepper
genotypes in a half diallel set to recognize
desirable parents and their cross combinations as
genetic resources for improving these traits.

MATERIALS AND METHODS

This work was carried out during three fall
seasons (2015, 2016 and 2017). Five different
pepper genotypes (Capsicum annuum L.)
represented a wide range of variability in their
economic traits were used in this study. These
genotypes were two commercial pepper
cultivars namely Yellow wonder and Tropic as
well as three Egyptian inbred lines, i.e. Line-6,
Line-16 and Line-21 derived from the breeding
program by Hussein and Mohamed (2014).
The seeds of genotypes were sown in speedling
trays under high tunnel covered by thiram 63%
shading and after thirty five days, the seedlings
were transplanted into open fields of Vegetable
Private Farm, Abu-Kabeer District, Sharkia
Governorate, Egypt on 26" July, in the fall of
2015, to be safe the purity of each parent before
crossing. In the following fall season, seedlings
of parental genotypes (cultivars and lines) were
transplanted in two locations, i.e., Vegetable
Private Farm of Abu-Kabeer District, Sharkia
Governorate and Sids Horticultural Research
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Station, Beni-Suef Governorate, Egypt at
different planting dates with approximately 7
days' intervals (15" August, 22", 29" and 5"
September, 2016) to enclose that flowering
periods overlap, for crossing in this genotypes.
At  flowering  stage, emasculation of
hermaphrodite flowers were done one day prior
to anthesis and the pollen grains from the
completely open flowers of the male parent were
applied on the stigma of female parents to
produce the 10 F, hybrids seed. In the fall
season of 2017, seedling of parents and their10
F, hybrids were transplanted on 20" August into
open fields of Sids Hort. Res., Stat., Beni-Suef
Governorate, Hort. Res., Inst., Agricultural
Research Center, Egypt. The genetically
materials were arranged in a randomized
complete blocks design with three replicates.
Each of the parents and their F; crosses was
represented by three rows. Each row was 5 m
long and 0.7 m wide. Plot area was 10.5 m’.
One of these rows devoted for plant samples and
the two others lines was used for determination
of yield and its components. Individual
seedlings were sown at a distance of 30 cm
within each row. The soil was clay loam under
surface irrigation conditions. All cultural practices;
fertilization, irrigation and pest and weed control
were applied as recommended for pepper
cultivations. Data were recorded for plant height
(cm), number of primary branches per plant,
fruit length (cm), fruit diameter (cm), average
fruit weight (g), number of fruits/ plant, fruit
yield per plant (kg), total soluble solids (TSS%)
and Vitamin C content (mg/100g) in fruit.

Statistical Analysis

Genotypes variance was partitioned, according
to Griffing (1956) method 2 into sources of
variations due to general (GCA) and (SCA)
specific combining abilities. The GCA/SCA
ratios were calculated according to Baker
(1978). Vi/Wr graphs of each character were
prepared according to Jinks (1954) and genetic
components of variation from the F; was
obtained as illustrated by Hayman (1954 a and b).
The covariance matrix of Hayman (1954b) was
used to provide estimates of the standard error
for the genetic parameters D, H;,, H, and F.
These parameters provided the estimation of the
following ratios:

(H/D)"? = measure the average degree of
dominance over all loci.

(Hy/4H;) = measure the mean value of the
product u and v which are the frequencies of
positive (u) and negative (v) alleles in the
parents. It has a maximum value of 0.25 when p
=q=0.5.

(Kp/KR): it refers to the ratio of the total number
of dominant to recessive genes in all the parents.

Heritability: Narrow sense heritability was
estimated according to the diallel analysis
system.

Types of Heterosis

Three types of heterosis [relative heterosis
(MP), heterobeltiosis (BP) and true heterosis
(TP)] were estimated and expressed as
percentages (Mather and Jinks, 1971). Relative
heterosis and heterobeltiosis were estimated as
the deviation of F; mean over the mid-parents
(MP) and better parent (BP) in each cross,
respectively. True heterosis was estimated as the
deviation of F; mean over the top parent (TP),
which showed the highest desirable mean
performance over all parents.

RESULTS AND DISCUSSION

Mean Performance

Mean performance of five parents and ten
hybrids in F; generation for all studied traits is
presented in Table 1. Results showed that the
parent Line16 (P,) was the best for plant height,
number of primary branches/plant, average fruit
weight, number of fruits/plant and fruits yield
/plant, TSS (%) and Vitamin C content. The
parents Tropic (P,) and Line 6 (P;) were the best
for fruit length and fruit diameter, respectively
with no significant differences between Tropic
(P,) and Yellow wonder (P;) in fruit length.
Considerable variations were obtained among all
F, for all studied traits. The cross (P;xP,)
performed well for number of primary
branches/plant, fruit length average fruit weight,
and TSS. In addition, the cross (P,xP;) was the
best for fruit diameter and there are highly
significant differences with all other crosses in
the performance of the trait. The cross (P;xPy)
was the best for each of plant height, number of
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Table 1. Mean performance of studied traits in pepper parents and their F, crosses during fall

season of 2017
Genotype Plant No.of Fruit Fruit Avg. Fruit Fruits TSS Vitamin
height primary length diameter fruit No./ yield (%) C (mg/
(cm) branches (cm) (cm) weight plant /plant 100g)
/ plant (2 (Kg)
Parents
Yellow wonder (P;) 67.67 4.83 5.83 370  27.08 33.60 091 9.37  99.05
Tropic (P,) 63.73  4.27 6.37 440 2124 3743  0.80 9.10 104.85
Line 6 (P3) 59.47  3.10 5.40 477 2196 3530 0.77 8.47 109.33
Line 16 (Py) 71.97 5.87 5.40 397 3445 3827 1.42 11.47 111.35
Line 21 (P5) 56.57 493 5.47 4.00 32.88 3093 1.02 9.67 109.76
Crosses

1 (PxP,) 7440 590 7.93 4.57  39.12 35.37 1.38 10.47 102.37
2 (PyxPs) 56.23 5.13 7.67 490 37.44 37.40 1.40 9.53 105.40
3 (PxPy) 78.97 543 6.43 5.07 3495 4590 1.60 10.00 102.05
4 (PxPs) 78.57  4.13 5.60 390 34.14 36.03 1.23 10.70  100.38
5 (P,xP3) 53.83 4.23 8.30 6.10  36.58 38.07 1.39 9.30 103.23
6 (P,xP,) 64.30  5.00 5.87 423 3423 41.07 1.51 9.73 107.33
7 (P,xPs) 66.83 5.83 5.17 4.03  37.20 40.07 1.49 9.97 110.70
8 (P3xPy) 67.53  5.00 6.27 427 3211 4457 1.43 11.23 110.51
9 (P3xPs) 60.57 4.67 6.43 4.67 3622 41.23 1.48 11.33 113.03
10 (P4xPs) 70.67 547 6.63 4.87 3740 40.60 1.65 10.53 114.67
LSD at 5% 2.74 0.46 0.74 0.66 526 375 0.22 1.16 347
LSD at 1% 3.67 0.63 0.99 0.89 7.10  5.06 0.30 1.56  4.69

fruits/plant and yield/plant followed by the
crosses (P;xPs) and (P;xP,) in plant height and
number of fruits/plant, respectively as compared
to the other crosses in F; generation. Meanwhile,
the crosses P,xP;, P;xP, and PxP; gave the
longest fruit, without significant difference
among them, compared to other crosses. The
crosses (P4xPs) and (P;xP,;) were the best for
fruits yield/plant followed by the crosses
(PxPy), (PyxPs) and (P3;xPs). Although the
crosses (P;xPs) and (P;xPs) performed well for
both vitamin C and TSS (%). The crosses
(Pl)(Pz), (P1XP4), (P4XP5) and (PzXP3) were
generally, best crosses, in comparison with the
other crosses followed by the parents Line 16
(Py) and Line 21 (Ps). Therefore, these

promising crosses for economic traits could be
used for further breeding studies to improve the
economic traits in pepper.

Genotypic Variation

Analyses of variance for all genotypes are
presented in Table 2. Mean squares due to
genotypes; parents and crosses were highly
significant for most studied traits, indicating the
presence of considerable amount of genetic
variation among studied genotypes, which may
facilitate genetic improvement using such
genetic pool of pepper. Lohithaswa et al
(2000), Rosmaina et al. (2016) and Pujar et al.
(2017) reported that highly significant variation
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Table 2. Mean squares from the analysis of variance and combining ability for different

parameters among pepper genotypes

SOV df Plant No.of Fruit Fruit Average Number fruits TSS Vitamin

height primary length diameter fruit of fruits/ yield/ (%) C

branches/ weight  plant plant
plant

Rep. 2 69™ 0.2" 0.1™  0.1™ 1.1m 3.9 0.0™ 13® 67"
Genotypes 14 186.9" 246~ 28" 117 904~ 4767 027 237 7017
Parents 4 11457 1237 05" 05 11057 2637 027 387 747"
Crosses 9 22777 99" 317 127 1277 3547 01" 14" 7597
P.vs.C. 1 10957 237 877 247 70877 24237 237 447 347
GCA 4 34877 1237 237 127 494" 5597 027 337 394"
SCA 10 12217 1227 307 LI 10677 4437 037 197 2177
Error 28 2.7 2.2 0.2 9.9 50 002 05 4.3
GCA/SCA 2.9 1.1 0.8 0.5 1.3 09 1.7 1.8

NS, * and ** = Not significant, significant and highly significant 0.05 and 0. 01 level of probability

was observed due to genotypes and environments
for nine traits studied.

Combining Ability Analysis

The mean squares of both general (GCA) and
specific (SCA) combining abilities were highly
significant for all studied traits, suggesting that
both additive and non-additive gene action are
involved in their genetic mechanism. These
results indicate that both GCA and SCA are
important in the inheritance of these traits.
These results showed concordance with finding
of Bhagyalakshmi ef al. (1991), Pandey et al.
(2002), Farag (2003), Geleta and
Labuschagne (2006) Kamble et al. (2009)
Rego et al. (2009) Sarujpisit et al. (2012) and
Khalil and Hatem (2014) for these traits. On
the other hand, GCA/ SCA ratio was less than
one for fruit length, average fruit weight and
fruits weight/plant traits, which showed
predominant role of non-additive gene action in
the inheritance. This is in conformity with the
finding of Geleta and Labushapne (2006) and
Rego et al. (2009).

Estimates of GCA effects of individual
parental genotypes in the F, generation (Table 3)
were found to be significant or highly significant

for the most studied traits. In this concern, both
P, (Line-16) and P5 (Line-21) were good general
combiners for Vitamin C. Also, the same two
parents as well as both P, (Tropic) and P; (Line-6)
appeared to be good general combiners for one
or three of yield components, i.e., fruit length,
fruit diameter, number of fruits/plant and fruit
yield/plant, respectively due to their significant
positive values of GCA effects of these traits.
On the other hand, P, (Line-16) was the best
general combiner parent for fruit yield/plant and
some of its components, ie. plant height,
number of branches/plant, number of fruits/plant
and TSS percentage. Therefore, this parental
genotype (P,) could be of great value for varietal
improvement program. In the meantime, the
parents showing high GCA effects for particular
yield components may not be good combiners
for yield itself, but it may be exploited for
improving such components by using of its best
combiner parents. This result is in agreement
with that reported by Bhagyalakshmi et al
(1991), Sarujpisit ef al. (2012) and Khalil and
Hatem (2014).

The potentiality of crossing between specific
parents were detected by estimating specific
combining ability (SCA) effects of each F, cross
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Table 3. Range of parents and F; mean performance and the best cross in each character (due to
the mean) in relation to its SCA and GCA of both parents as well as important traits

Item Plant No.of Fruit Fruit Average Number Fruits TSS Vitamin
height primary length diameter fruit of fruits/ yield/ C
branches/ weight  plant plant
plant
56.57- 3.10-  5.40- 21.24-  30.93- 0.77  8.47- 99.05-
Parents 7197 587 637 7O 3445 3827 142 1147 11135
F 53.83- 4.13- 5.17- 3.9- 32.11-  35.37- 1.23  9.30- 100.38-
! 78.97 5.90 8.30 6.1 39.12 45.90 -1.65 11.33 114.67
The best cross
Name 1x4 1x2 2x3 2x3 1x2 1x4 4x5 3x5 4x5
GCA 1" Parent (f.) o NS * NS NS NS ok NS ok
2" Parent (m.) o NS NS *E NS ok NS NS ok
TSS (%) 10.00 10.47 9.3 9.3 10.47 10 10.53 11.33 10.53
Vitamin C 102.05 102.37 103.23 103.23 102.37 102.05 114.67 113.03 114.67
Fruit yield/ plant (kg) 1.60 1.38 1.39 1.39 1.38 1.60 1.65 1.48 1.65
P;: Yellow wonder P,: Tropic P;: Line- 6 P,: Line -16 Ps: Line- 21

NS, * and ** = Not significant, significant and highly significant 0.05 and 0. 01 level of probability

combination for all studied traits (Table 4).
Seven out of 10 crosses exhibited significant
positive SCA effects for fruit yield/plant. Five
out of these seven crosses exhibited significant
positive SCA effects for average fruit weight. In
the meantime, three out of these five crosses
exhibited significant positive SCA effects for
Vitamin C and one out of these three crosses
namely: P; x Ps exhibited significant desirable
positive SCA effects for TSS%, indicating the
possibility of combine each of high yield and
high of fruit weight, TSS% and Vitamin C. The
seven cross combinations, which exhibited
significant positive SCA for fruit yield/plant,
were also combined significant/highly significant
desirable negative or positive (due to the
breeder’s point of view) SCA effects for two or
more important yield components particularly
fruit length, fruit diameter, fruit weight
and number of fruits... efc. The trend of SCA
effects for yield and its components were
in agreement with that reported by
Bhagyalakshmi et al. (1991), Rego et al.
(2009) and Khalil and Hatem (2014).

Furthermore, comparing the performance of
the cross combinations (Table 5) on the basis of
best mean yield and desirable heterotic response
as well as SCA effects of crosses along with
GCA effects of the parents were done to identify
the most important crosses. Two out of 4 best
crosses as showing in Table 5 (which classified
on the basis of abovementioned parameters)
were derived from P, (Line-16) as female or
male parent that was above classified as a good
general combiner for plant height, number of

branches/plant, fruits No./plant, yield/plant,
TSS% and Vitamin C. Therefore, this parent
(Line-16) could be wused as promising

progenitors for abovementioned traits in genetic
improvements by means of selection in
segregating generations. The first cross (Line-16
x Line-21) was derived from high x low general
combiner parents for fruit yield/plant and
exhibited the highest mean yield, highest true
heterosis (Table 6), high SCA effects for yield.
It showed also significant or highly significant
desirable SCA effects for four important traits
viz., plant height, fruit length, fruit diameter and
Vitamin C. These results revealed that this cross
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Table 4. Specific combining ability effects for all studied traits in pepper

Crosses Plant No. of Fruit  Fruit Avg. fruit Number of Fruits TSS Vitamin C
height branches/ length diameter weight fruits/ yield/plant (%) (mg/

(cm) plant (cm) (cm) (g) plant (Kg) 100 g)
1x2 5.84%%* 0.88%* 1.12**  0.13 7.15%%* -1.69 0.19%*%  0.92%* 1.38
1x3 -8.08**  0.72%¥*  0.93**  0.21 5.95%%* 0.00 0.23** -0.11 1.90
1x4 4.90%* -0.04 0.19  0.82%* 0.42 6.10%* 0.18** -0.51 -2.36%
1x5 9.59%*  -0.96*%*  -047* -0.22 -0.84 0.35 -0.03 0.56  -4.19%%*
2x3 -5.24%% -0.07 1.46%* 1.14%*  6.55%%* -0.41 0.23%%* -0.09  -3.84%*
2x4 -4.53%  -0.36%%  -0.48*%  -0.28 1.15 0.19 0.09 -0.53 -0.66
2%5 3.10%* 0.85%*  -1.00%* -0.36* 3.67*% 3.31%* 0.24** 0.07 2.57*
3x4 2.95%* 0.25% 0.00 -0.50*%*  -0.49 3.34%%* 0.04 0.88%* 0.02
3x5 1.08 0.30%* 0.34 0.03 3.18% 4.13** 0.25%*%  1.35%*  2.39%
4x5 1.42% 0.04 1.04%*  0.67** 1.31 1.10 0.16%* -0.33  3.11%*
(Sijs-lgik) 2.14 0.36 0.58 0.52 4.12 2.94 0.17 0.91 2.72
SE 1.96 0.33 0.53 0.47 3.76 2.68 0.16 0.83 2.48
(Sij-Skl)

* and ** : Significant and highly significant 0.05 and 0. 01 level of probability.

Table 5. The best crosses chosen for fruit yield/plant on the basis of mean performance,
heterosis and SCA along with GCA effects of the involved parents

Cross P4XP5 P1XP4 PzXPs P3XP5
Fruit yield/plant (kg) 1.65 1.60 1.49 1.48
MP 35.2%* 37.3%* 63.7** 65.4%*
Heterosis BP 16.2** 12.7%* 46.1%* 45.1**
TP 16.19%* 12.67** 4.92%* 4.22%*
SCA 0.16** 0.18** 0.24%* 0.25%:*
1" Parent (f.) 0.18%* -0.05 -0.06 -0.08*
GCA q
2" Parent (m.) 0.01 0.18%%* 0.01 0.01
Desirable significant SCA . . .
a,de, i a,d,e, g a,b,f,gi b, f, g, h,i
for other traits
Desirable significant true _
d,e f, g1 a,d,e, g f,g d,f, g

heterosis for other traits

*and ** : Significant and highly significant 0.05 and 0. 01 level of probability

a: Plant height  b: No. of branches/plant d: Fruit length e: Fruit diameter

f: Average fruit weight g: No of fruits/plant  h: TSS (%) i: Vitamin C

P;: Yellow wonder P,: Tropic P;: Line 6 P,: Line 16 Ps: Line 21
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can be considered the best combination among
the 10 crosses evaluated in the present work.
The other three best crosses namely (Yellow
wonder x Line-16), (Tropic xLine-21) and (Line-
6xLine-21) were derived from low x high, low x
low and low X low general combiner parents,
respectively and each showed high mean fruit
yield/plant (>1.45 kg/plant) and highly significant
SCA effects for at least four important yield
contributing traits. If the crosses exhibiting high
SCA involve both cultivars which also are good
general combiners, they could be exploited for
breeding varieties as well. Nevertheless, if
crosses showing high SCA involve one only
good combiner, such combinations would throw
out desirable transgressive segregates provided
that the additive genetic system present in the
good combiner and complementary and epistatic
effects present in the crosses act in the same
direction to reduce undesirable plant
characteristics and maximize the character in
view (Habeeb, 1998). El-Hosary (1987)
reported that parents with high GCA effects did
not necessarily produce hybrid with high SCA
effects and vice versa in faba bean. Hasan et al.
(2010) found that, the majority of the crosses
showing high SCA effects for yield involved
low x low or low Xx average general
combinations. Therefore, the abovementioned
cross combinations being promising for genetic
improvement either for yield or some of its
important components through heterosis and/or
selection in the segregating generations to
exploit a fixable additive gene action.

Three Types of Heterosis

The analysis of variance (Table 2) showed
that the mean squares for parents vs. crosses (an
average heterosis over all crosses) were
significant for all studied traits, indicating that
the heterotic effect was pronounced for these
traits. The range of the three types of heterosis
and number of superior crosses showing
significant desirable heterosis for each studied
traits are given in Table 6. The results indicated
that the expression of heterosis varied with
crosses and traits investigated. Results revealed
that heterosis for plant height varied from
-25.20% to 26.48% when all the three types of
heterosis are considered. Results also, showed
that 7 out of 10 crosses exhibited significant and
highly significant positive heterosis values over

the mid-parents. On the other hand, 4 crosses
from 10 ones showed highly significant positive
values of heterosis over the better parent,
indicating over-dominance for the long plant
and three crosses namely Yellow wonder x
Line-16 (9.72%), Yellow wonder x Line-21
(9.17%) and Yellow wonder x Tropic (3.37%)
showed significant positive heterosis over the
top-parent. For number of branches, results
showed that 6 crosses out of 10 crosses
exhibited highly significant positive heterosis
over the mid parent, 3 crosses out of 10 ones
showed highly significant positive values of
heterosis over the better parent, indicating over-
dominance for wider fruit. Non-crosses showed
significant positive value of heterosis over the
top-parent. For fruit length, results presented in
Table 6 show that 7 crosses out of 10 ones
exhibited highly significant positive heterosis
over both the mid-parents and better parent,
indicating over-dominance for this trait. Also,
six crosses out of these seven ones showed
significant and highly significant positive values
of heterosis over the top-parent. For fruit
diameter, results presented in Table 6 show that
8 crosses out of 10 studied crosses exhibited
highly significant positive heterosis over the mid
parent. Concerning heterosis over better parent,
5 crosses out of 10 ones showed highly
significant positive values of heterosis over the
better parent, indicating over-dominance for
wider fruit. 4 crosses out of the later 5 ones
showed highly significant positive value of
heterosis over the top-parent. Regarding to
average fruit weight, results in Table 6 show that
all the ten studied crosses exhibited highly
significant positive heterosis over the mid
parent. Concerning heterosis over both better
parent and top parent, 6 crosses out of 10 ones
showed significant and highly significant
positive values of heterosis over both the better
and top parents, indicating over-dominance for
heavy fruit weight. For fruit number / plant,
results presented in Table 6 show that, 9 and 8
crosses out of 10 ones exhibited highly
significant positive heterosis over the mid-
parents and over better parent, respectively
indicating over-dominance for much number of
fruit/plant. One and five crosses out of 10 ones
showed significant and highly significant
positive value of heterosis, respectively over the
top-parent. Concerning fruit yield, results in
Table 7 reveal that heterosis varied from -18.91
to 77.1% when all the three types of heterosis
are considered.
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Table 6. Range of heterosis (%) for studied traits and number of superior crosses showing
significant desirable heterosis

Trait Heterosis (%) over No. of superior crosses on
the base of
MP BP TP MP BP TP
Plant hegh (cm) aee 1610 o T 43
Branch No. /plant _21953,9 *_ _2126223*_ _23'56 f ) 6 3 B
Frait ength (cm) Gore e soae 7 TS
Fruit diameter (cm) 3_;1 ig** -21;);9 *- ;89(2):2* 8 5 4
Average fruit weight (g) 16191 :***_ ] 6_ 6678** 1_36 57 59*_* 10 6 6
Fruit No. fplant e oem e O 86
Fruit yield/plant 2777"51****_ (7)37;;: 11631392;‘ 10 10 6
158 (%) g e a6 -
Vitamin C Ser s oow 32

MP: Mid-parent. BP: Better parent. ~ TP: Top parent.
*and ** : Significant and highly significant 0.05 and 0. 01 level of probability.

Table 7. Genetic components and derived parameters for all studied pepper traits

Traits/item D H, H, F (H/D)” Hy4H, Kp/Kg T,

(%)
. 37.19*% 175.12%* 127.60%* -6.38
Plant height 11887 £5095 +462]1 +50.18 217 0.18 092 848

ksk ksk k
Number of branches/plant 1'(())122 1'?)260 ig 65 5 +O(')7529 1.23 022 1.82 63.1

. . 33.7#*% 105.15%* 86.85**  49.06
Fruit weight 1126 +3403 +3086 +3351 1.77 021 240 458

* kek kek
Number of fruits/plant _231 35 5 4_f96 % 6 3_?§ 922 +0é032 250 022 1.00 69.3

. 0.11+ 3.61** 3.09**  -0.07
Fruit length 0.44 1119 +£108 +117 5.67 021 090 589

o ae 0.12 1.21%*%  1.19%* -0.09
Fruit diameter +010 +026 1023 £ 025 3.12 0.25 0.80 64.8

I 0.06%*  0.21*%*  0.20%* 0.03
Fruit yield/plant 4001 +003 2003 +0.03 1.80 024 135 555

1.09**  2.07**  1.68*%*  1.03%*
TSS (%) +0.15 +041 £038 +041 138020 2.04 733

. . 23.43%%  26.44%% 24 12%*% _15.64%*
Vitamin C. +189 %510 463 4503 1.06 023 0.52 75.1

*, ** Significant and highly significant at 0.05 and 0.01 levels of probability, respectively.
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Results also, show that all the ten studied
crosses exhibited highly significant positive
heterosis over both the mid and better parent,
indicating over-dominance for heavy fruit yield.
Six crosses out of 10 ones showed highly
significant positive value of heterosis over the
top-parent. For total soluble solids percentage,
results presented in Table 6 show that 7 and 6
crosses exhibited highly significant positive
heterosis over the mid parent and over better
parent, respectively indicating over-dominance
for higher TSS content. Non-crosses showed
significant positive value of heterosis over the
top-parent. For Vitamin C, results presented in
Table 6 show that 3 crosses out of 10 ones
exhibited significant positive heterosis over the
mid parent. Concerning heterosis over better
parent, 2 crosses out of 10 ones showed
significant positive values of heterosis over the
better parent, indicating over-dominance for
high Vitamin C content. Only the cross Line-16
x Line-21 showed significant positive value of
heterosis over the top-parent. As shown in Table
6, the most important true heterosis (TP) was
exhibited for fruit yield/plant (6 crosses),
number of fruits (6 crosses), average fruit
weight (6 crosses), fruit length (6 crosses), fruit
diameter (4 crosses), plant height (3 crosses),
and Vitamin C (one cross). The maximum
significant true heterosis in desirable direction
(30.29%) was recorded for fruit length followed
by fruit diameter (27.90%), number of fruits
(19.93%), fruit yield (16.19%), average fruit
weight (13.55%), plant height (9.72%), and
Vitamin C (2.98%). These results are in
agreement with finding of Pandey et al. (2002),
Farag (2003), Geleta and Labuschagne
(2004), Sood and Kaul (2006), Fekadu et al.
(2009), Sarujpisit ef al. (2012) and Khalil and
Hatem (2014) who found that some crosses
gave highly significant and positive for mid
parent and better parent heterosis for all studies
traits.

Variance/Covariance Analysis of Diallel
Data

The presentation of variance/covariance
graphs for all studied traits is illustrated in Figs.
1-9. It is clear that the slope of the V./W,
regression line was significantly different from
zero and not from unity in only Vitamin C trait
out of the nine studied traits.

On the other hand, the value of "b" does not
depart significantly from unity in all studied
traits except fruits yield/plant. Therefore,
dominance is present but there is no indication
of non-allelic interaction: the additive-
dominance model is sufficient to account for the
data of all studied traits except the fruit yield/
plant. The different points of the parents are
more widely scattered around the theoretical
regression line for plant height (Fig. 1), number
of branches/plant (Fig. 2), fruit length (Fig. 3),
fruit diameter (Fig. 4), number of fruits/plant
(Fig. 5) and average fruit weight (Fig. 6)
indicating the presence of non-allelic gene
interactions in the six traits and is likely to be
revealed by absence of a significant difference
from zero for the regression value relatively
large SCA item. The intercept of regression line
on the covariance axis (Figs. 1, 2, 3, 4, 5, 6, 7.8
and 9) being above the origin in plant height,
number of branches/plant and Vitamin C, shows
a clear cut case of partial dominance. However,
the regression line cut the Wr axis below the
point of origin in all other traits (Fig. 3, 4, 5, 6, 7
and 8), indicating over dominance role of genes.

The parents Yellow wonder in (TSS and
Vitamin C), Tropic in (Number of fruits/plant
and TSS), Line-6 in (Plant height), Line-16 in
(plant height, average fruit weight, fruit length,
fruit diameter and fruit yield/plant) and Line-
2lin (average fruit weight and fruit diameter)
have their points nearest to the origin, revealing
concentration of dominant genes in these parents
for these traits. On the contrary, the same
parents fall furthest from origin as P; (fruit
length, number of fruits/plant and Plant height),
P, (average fruit weight, branches number/plant,
fruit diameter and fruit yield/plant), P; (fruit
yield/plant, TSS, fruit length and average fruit
weight), P, (Vitamin C) and Ps; (number of
fruits/plant, plant height and vitamin C) and thus
apparently had maximum number of recessive
genes for these latter traits.

Genetic Components and Derived

Parameters

Results of Table 7 indicate that the additive
genetic component (D) was significant for plant
height, number of branches/plant, average fruit
weight, number of fruits/plant, fruit yield, TSS
(%) and Vitamin C, indicating the importance of



Zagazig J. Agric. Res., Vol. 45 No. (3) 2018 845

Plant height (cm) f

T %

wr

Fig. 1. Vr/Wr graph for plant height (cm)

Fruit length (cm) —
o

Fig. 3. Vr/Wr graph for fruit length (cm)

Fruit No./plant

b= L5 TR

4

Fig. 5. Vr/Wr graph for fruit No./plant

Branch No./plant -

Fig. 4. Vr/Wr graph for fruit diameter (cm)

Average fruit weight (g)
_:—'_'_'_'_

—_

b= dTe s DL1H
2

Fig. 6. Vr/Wr graph for average fruit weight (g)
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Fruit yield/plant (kg)

Fig. 7. Vr/Wr graph for fruit yield/plant (kg)

Vitamin C

hbd o

TSS (%)

By, B 1kl 1508

Fig. 8. Vr/Wr graph for TSS (%)

Bed), TRELLDSD

Fig. 9. Vr/Wr graph for Vitamin C

additive effect in the inheritance of such traits.
Non-additive (H; and H,) components were
found to be significant for all studied traits.
However, the values of dominant effect (H;)
were higher in magnitude than the (D)
component for all traits, suggesting that the non-
additive gene effect was predominant for all
traits. Moreover, estimates of (H,) which
represent the mean dominant effect of the
parents, were smaller than (H;) except for fruit
yield in which the value (H,) was fairly
comparable to H;, indicating that the frequencies
of positive and negative alleles at the loci
governing these traits were not equally
distributed among parental genotypes. This
result confirms those of H,/4H,, which deviated
from its theoretical value of 0.25 in most traits.

However, the ratio was closed to the expected
value in fruit diameter and fruit yield, revealing
symmetrical  distribution. The  relative
frequencies of dominant to recessive alleles (F)
in the parental population was positive for most
traits, indicating that the dominant increasing
alleles were more frequent in the genetic
makeup of the parental genotypes, however, the
negative values obtained for plant height, fruit
length, fruit diameter and Vitamin C suggesting
that dominant decreasing alleles were more
frequent. The ratio of dominant (Kp) to
recessive (Kg) alleles in the parents was greater
than unity for number of branches/plant, average
fruit weight, fruit yield and TSS (%), indicating
that dominant alleles were distributed more
frequently than the recessive ones for these
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traits. While, it was equal one for number of
fruits/plant, indicating the equally of both
dominant and recessive alleles. These results
ensuring that obtained from F value. Estimates
of narrow sense heritability (h? ns) was found to
be high for most traits, indicating that the
genetic variance associated with these characters
was mostly due to additive gene effects.
Therefore, selection based on the accumulation
of additive genes would be successful in
improving these traits. On the other hand, each
of total yield/plant, fruit length and fruit weight
showed low h’ns values, indicating the
predominant of non-additive gene effects in the
inheritance of these traits These results are in
agreement with finding of Sabolu et al. (2014),
Rosmaina ef al. (2016) and Pujar et al. (2017).

Conclusion

From the results presented in this study, it
could be concluded that both parents Line 16-
(P,) and Line-21 (Ps) showed the best general
combiner and mean performance followed by
the parent Line 6 (P;) for most studied traits.
The results revealed that the cross (Line-16 x
Line-21) can be considered the best combination
among the 10 crosses evaluated in the present
work. The same cross (Line-16xLine-21) and
other three best crosses namely (Yellow wonder
x Line-16), (Tropic x Line-21) and (Line-6 x
Line-21) were derived from high x low, low X
high, low x low and low x low general combiner
parents, respectively and each showed high
mean fruit yield/plant (>1.45 kg/plant) and
highly significant SCA effects for at least four
important yield contributing traits. Therefore,
these cross combinations being promising for
genetic improvement either for yield or some of
its important components through heterosis
and/or selection in the segregating generations
to exploit a fixable additive gene action.
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