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Abstract

Chili pepper (Capsicum annum L.) is a self-
pollinating plant from Solanaceae family and
one of the most important vegetables for food
and medicinal consumption. Iran is one of the
regions with the highest production level of this
product. Estimates of combining ability are useful
in determining breeding value of chili pepper lines
by proposing the correct breeding method to
produce new hybrids with high yield and quality.
This study was conducted to evaluate general
and specific combining ability in 7 inbred lines
recommended for chili pepper breeding, based
on a previous research. Analysis of variance
revealed significant differences among genotypes
for the studied traits. The highest number of fruit
per plant (145) was observed in ‘2x5’ hybrid. For
fruit per plant, the highest specific and general
combining abilities were observed in “1x5’ hybrid
and line ‘2, respectively. The highest mid- and
max-heterosis for the number of fruit per plant
was observed in 2x3’ and ‘“1x4’ hybrids. The
highest heterosis for fruit length and diameter was
observed in 2x6’ hybrid. Yield heterosis is the
primary target for increasing productivity but the
biological complexity of yield as a trait frequently
makes it difficult to draw meaningful conclusions
in order to track individual causal elements
involved in heterosis. Therefore, chili breeders
might develop F1 cultivars based on high specific
combining ability for yield-related characteristics
such as fruit number per plant and fruit length.

Crossing lines ‘2" and ‘6’ are suggested for hybrid
production due to high values of this hybrid for
many characters related to chili pepper yield and
quality.

Key words: Additive effects, Diallel analysis,
Dominant effects, General combining ability,
Specific combining ability.

INTRODUCTION

Chili pepper (Capsicum annuum L.) is a self-
pollinating plant from Solanaceae family and one of
the most important vegetables for food and medicinal
consumption. Iran is one of the regions with the
highest production level of this product. The area
under greenhouse cultivation in Iran is 12,157 hectares
(FAO, 2013), and the ministry of agriculture strategies
is to increase the country’s greenhouse area to more
than 48,000 hectares and transfer all vegetable farms
to greenhouses within 10 years to meet the needs of the
local breeding program for vegetables.

Chili peppers (Capsicum) are diploid and mostly
perform self-pollination (Allard, 1960). At present,
there are many selection methods in plant breeding
(including chili peppers) and choosing the method is
influenced mainly by the intended objective and plants
used as parents (Singh ef al., 2014).

Mass selection, pedigree selection, single seed
descent -SSD selection, backcross method, recurrent
selection are those more utilized (Coon et al., 2008;
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Kulkarni and Phalke, 2009; Nsabiyera et al., 2013;
Manzur et al., 2014). The selection of the best method
or a combination of them depends mainly on the type
of inheritance (monogenic, oligogenic, or polygenic) of
characters to be improved (Leeetal., 2013). Evaluations
of combining ability are beneficial in determining the
breeding worth of chili pepper lines by suggesting the
correct use of lines in breeding programs. In studying
combining ability, the most usually used experimental
method is diallel design. The GCA is a measure of
the additive genetic action; SCA is expected to be a
deviation from additivity. Crossing a line by other
lines provides mean performance of the line in all its
crosses. This mean performance, when articulated as
a deviation from the mean of all crosses, is called the
general combining ability of the line. Any particular
cross, then, has an expected value which is the sum of
the general combining abilities of its 2 parental lines.
In the case of chili pepper breeders follow the selection
breeding method. The cross may, however, deviate
from this estimated value to a greater or lesser extent.
This deviation is called the specific combining ability
of the 2 lines in combination. In these cases, breeders
monitor cross breeding methods to generate new
hybrid cultivars of chili pepper. In statistical terms, the
general combining abilities are main effects and the
specific combining ability is an interaction (Olfati et
al.,2012; Dianati et al., 2018).

Heterosis has been used to exploit dominance
variance through production of hybrids (Olfati et al.
2011; Dianati et al. 2018). There are reports on positive
and negative heterosis in chili pepper (Gvozdenovic et
al., 1995; Lankesh Kumar et al., 2014).

Based on what was mentioned above, general and
specific combining ability habe to be estimated in
any hybridization program. This investigation was
conducted to estimate general and specific combining
ability, heterosis as well as additive and dominant
effects in chili pepper inbred lines and hybrids, for a
breeding program according to our previous research
(Akbarnia et al., 2019), using MANOVA analysis
like PCA and cluster analysis in order to produce
hybrids with high number of fruits per plant and fruit
yield.

MATERIALS AND METHODS

Chili pepper genotypes collected from different
production regions of Iran and selected elite plants
were selfed in each population. In the next generation,
the progeny of each plant was evaluated and selfed
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again when the purity of each progeny was ensured.

Chili pepper inbred lines were selected for crossing
in a 7x7 half-diallel design to produce 21 F1 hybrids
during spring and summer 2018.

The experiment was conducted in a greenhouse
in 2018. The lines were crossed with a partial diallel
test in which reciprocal crosses were not used, since
a previous study indicated that direct (Parent A as a
female and parent B as a male) and reciprocal crosses
(Parent B as a female and parent A as a male) do not
affect many characters in chili pepper (Geleta and
Labuschagne, 2006).

In spring 2018, 21 F1 families and 7 parental lines
were planted in the greenhouse. Three replications
were arranged in a randomized complete block design.
Seeds were sown on the 4th Apr 2018 in single plastic
pots (12x11 cm) filled with cocopeat and perlite (1:1).
Transplantation took place on the 23rd Apr. 2018 with
a plant density of 3.1 plants.m™. Data were collected
from plants per plot of each hybrid and inbreed. The
number of fruit per plant, yield as well as dry matter
contents were determined.

Analyses of variance (ANOVA) of data were
performed. Means were separated with honesty
significant differences (HSD). For the GCA,
measurements within plots were averaged and
examined in the computer program Diallel (Burrow
and Coors, 1994). The parental effects were considered
fixed, because they were specifically selected with a
limited number. The model used was based on Griffing
(1956) which assumes epistasis is not significant
(Kupper and Staub, 1988).

RESULTS

Analysis of variance showed that responses for all
measured traits differed, except for yield, peduncle
diameter and immature fruit dry weight (Table 1-2).
The highest number of fruit and marketable fruit per
plant was related to 2x5 hybrid with 145 and 144
fruit per plant (Table 3). The highest harvesting
period was related to 3x4 hybrid while the highest
earliness was related to 5x7 and 6x7 hybrids. First
flower appeared at 5x7 and 6x7 hybrids earlier than
others and the first harvesting took place at them one
month earlier than line 3 (Table 3). The longest fruits
with the highest width were related to 2x6 hybrid
(Table 3) while the highest fruit length to width ratio
was related to 5x7 and 6x7 hybrids. The highest
thickness of pericarp was related to line 6 and 1x6
and 2x6 hybrids (Table 4).



Table 1. ANOVA for yield and its components in the studied chili pepper diallel population.

Mean of squares
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Source df Number of - . . Fruit length
Yield it por plant Marketable  qBE0 RS oiod. length  dlameter 10 diameter
perp fruit per plant 9 P 9 ratio
Replication (R) 2 4360957.6** 2696.39** 1814.89** 110.04** 172.11* 570.14* 29.43**  11.48* 97.91*
Genotype (G) 27 3887777.1" 10638.62** 10579.28* 777.44* 1693.73** 836.32** 18.92*  204.92** 140.41**
RxG 54 4013078.4 568.17 604.08 9.67 25.74 159.51 1.19 5.57 8.10
Es 168 49806 155.54 146.53 13.80 37.53 244 .58 3.48 3.01 2.80
Coefficient of 14.49 13.33 13.37 1295  12.93 12.39 1253 1312 13.21
variation (%)
ns, *, **: non-significant or significant at P<0.05 and P<0.01, respectively.
Table 2. ANOVA for vegetative characteristics, fruit dry matter and ash in the studied chili pepper diallel population.
Mean of squares
Source df _u_m.: tlength Plant Number Leaf Leaf Pericarp  Peduncle Peduncle _BBmEB _/\_m.EB _<_m.E6
fo first height of length  width thickness length diameter fruit dry fruit dry — fruit
flower 9 branches 9 9 weight weight ash
Replication (R) 2 22.11ns 2236.32**  10.43** 0.92  0.36"  0.07"s 0.01ns 36.17ns 2094.99**  5.97ns 4.53**
Genotype (G) 27  156.46** 2780.60** 18.25** 3.55** 2.59*  1.53** 1.14* 41.65" 1144.75" 82.05** 48.88**
RxG 54  32.09 336.10 2.76 1.29 0.14 0.05 0.13 37.41 1014.55 4,53 0.58
Es Mwm 10.75 141.45 0.57 0.77 0.15 0.02 0.18 0.47 8.65 4.58 3.57
Coefficient of 12.62 12.49 1295 1242 1252 1321 12.45 1860  20.04 1254  12.48

variation (%)

ns, **: non-significant or significant at P<0.01.
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Table 3. Mean comparison of the effect of chili pepper lines and hybrids on yield and its components.

Lines . Number Number of Fruiting Fruit Fruit Fruit
Yield ; marketable Daysto  Days to . . length to
and of fruit . . period length diameter
hybrids (g/plant) per plant fruit per flowering harvest (days) (days) (cm) diameter
plant ratio
1 1291.42  112.673¢ 105.332* 22.33i 34.00i 106.67¢ 13.170  7.91¢ 16.702b
2 1595.32  142.00%>  142.002b 23.00N 54.67¢f 134.672¢ 13,50 9.29¢ 15.628bc
3 1339.02  43.00¢ 40.33h 48.002 69.002 113.332d  13.379"  16.37b¢  8.19¢h
4 1388.52  47.00°fa  44.009" 41.33bd 51,0049 137.672> 13.50% 16.82° 8.02¢n
5 976.62 124.33¢  120.338bc 23.33hi 39.00M  126.672¢ 13.00 8.48¢ 15.392
6 1135.92  57.3349  54.00eh 39.33cde 64,332 131.002¢ 13.00 17.36° 7.48h
7 1308.52 107.332¢  100.672° 23.00N 35.33ii 126.672d 13.25h  7.00¢ 19.132
12 1383.82  128.33abc  126.33abc 22.33i 49.33¢h  123.332d 15.872¢ 9.63¢ 16.512b
1*3 1423.62 48.00%  43.339" 46.6720 68.00> 115.002d 16.002¢ 17.47° 9.20eh
1*4 1363.92  118.33abc  113.33abc 24.339n  35.00i 108.33%¢  14.83>  8.80¢ 16.9520
1*5 1706.02  114.002¢ 109.672 24.339"  38.00i 126.332d  16.773¢ 9.60° 17.562b
1*6 1420.82 61.33%9  61.00¢" 37.33% 61.002¢ 129.672d 13.379" 15.4Qbcd  8.7Q9h
1*7 1337.52  107.00>¢ 105.00%* 21.33 32.67i 111.33bcd 152001 11.70cde  14.76%F
2*3 1682.62 136.332c 132.673bc 21.67 54.00F 136.00%® 17.132% 10.77d¢ 15,982
2*4 1611.92  129.33abc  131.33abc 22.00' 56.33%de  138.332 14,2591 11,53cde  12,39b-h
2*5 1551.62  145.002 144.002 21.67 38.67h  128.672d 15.67b>9 9.73¢ 16.152
2*6 2262.72  43.67% 41.679" 29.330"  58.00° 131.332d 18.032  26.902 6.70"
2*7 1317.32  123.673c 114.673bc 21.33i 32.00i 131.0024 15.732f  10.17¢ 15.53akc
3*4 1424.02  50.67¢%9  48.00fe" 45.00%c  69.332 139.332 16.732¢ 17.33p 9.72¢h
3*5 1397.12  117.002c  114.00abc 21.33i 34.67 131.002d 13.17h  8.73¢ 15.072¢
3*6 1276.02  60.00%¢  59.67¢h 45.00%¢  71.672 105.33d  14.17¢1 19.37° 7.34h
3*7 1377.52  93.67°f 90.33bh 23.33N 34.67 131.332d 144241  10.47d  13.9829
4*5 1442.02  94.33bf 92.3329 30.67f 44.00%  131.672¢ 15.33>h 17.50° 8.81fah
4*6 1586.42 61.33%9  58.00¢" 34.67¢f 61.00¢ 130.332d 16.032¢ 16.89° 9.51eh
4*7 1454.02  46.33%'9  44.009" 24.679"  33.33 129.332d  16.532d  17.40° 9.50eh
5*6 1359.52 91.33¢f 87.67ch 25.009"  40.339" 131.6729 14.40¢% 18.13° 7.94h
5*7 1312.22  115.673¢ 113.00abc 20.67 30.33i 125.672¢ 16.05%¢ 9.97¢ 16.512b
6*7 1390.62 101.672¢ 98.332f 20.00! 36.67i 123.6729  14.57%1  9.27° 15.102-¢

values in columns followed by the same letter are not significantly different, p<0.05, Tukey.

The highest peduncle length was recorded in 2x6
hybrid (Table 4). The first flower appeared at the lowest
distance in line 1. The highest plant height was related
to 3x6 hybrid. Line 1 and hybrid 2x6 had the highest
number of branches per plant. The highest leaf width
and length were recorded in line 4 and 2x6 hybrid (Table
4). These characteristics are related with high yield in
pepper (Lankesh Kumar et al., 2014). Fruit dry matter
and ash had the best values in 2x4 hybrid (Table 4).

In Griffing’s method 2, variances due to GCA and
SCA effects were significant for all traits related to yield,
except for the number of flowers per plant and harvesting
period (Table 5). Variances due to GCA effects were also
significant for the traits related to fruit, except for fruit
length, pericarp thickness, and peduncle length (Table 6).
In Griffing’s method 2, variances due to SCA effects were
significant for all traits related to fruit, except for peduncle
length (Table 5). Variances due to GCA effects were not
significant for all vegetative characteristics, while SCA
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effect were significant for all vegetative characteristics,
except for length to the first flower, number of branches
and leaf length (Table 6). Variances due to GCA effects
were also significant for ash percentage in fruit and SCA
were significant for mature fruit dry matter and ash
percentage (Table 6). Combining ability analysis is used
in selection of parents in formulations of a crossing plan
(Moradipour et al., 2016).

Lines 5 and 2 had the highest GCA for the number of
marketable fruit per plant. The lowest days to flowering
GCA was observed in lines 7 and 2. The lowest days to
harvest GCA were observed in lines 7 and 5 (Table 7).
The highest fruit diameter GCA was observed in lines
6 and 4. The highest fruit length to diameter ratio was
observed in lines 7 and 1. The highest peduncle length
was in 5 and 1 lines (Table 7). There were no differences
between lines GCA for vegetative characteristics (Table
8) and finally the highest ash content GCA was observed
in lines 2 and 5 (Table 8).
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Table 4. Effect of chili pepper genotypes on vegetative characteristics, fruit dry matter and ash.

Lines Plant length  Plant Leaf Leaf Pericarp  Peduncle Peduncle . . Mature fruit
and to first Height W_Mﬂwﬂwoﬁ Length  width thickness length diameter rﬂﬁw%ﬂmmmc_v# n_,&\_qmﬁﬂqw_ ﬂ“_,m ) Ash (% in
hybrids flower (cm) (cm) (cm) (cm) (cm) (cm) (cm) yweight (g yweight (9 DM)

1 15.67¢ 73.67%f  8.33° 7.878  3.19¢i  (.73% 3.13de 2912 13.242 19.793bc 17.1620
2 27.67% 72.00¢f 5.673b¢ 5.96° 2.42j 0.869de 3.38v-e 2.892 12.492 20.393bc 17.272

3 24.338bc 84.3301 3.67¢ 6.972> 357 149 3.832d 3.462 8.722 13.24fah 12.099
4 28.00%° 89.330F  4.67Pc 8.932 4.352 1.573b 3.13d 3.512 9.142 13.18fah 11.769
5 27.67% 81.676f 7.003b¢ 6.20P 2,530 (0.83cde 3.450- 3.132 12.162 16.726- 17.802
6 26.338abc 64.67° 3.67¢ 7.232  3516Ff 1782 3.35¢de 3.622 10.242 13.20f9h 12.79f%
7 28.672 79.330f 6.0030c 6.80%> 2894  (.78% 3.109 3.332 12.642 18.042-¢ 15.64bcd
1*2 22.173bc 104.67°¢  7.00abe 7.00% 2.80ei  1.2Qbed 3.209 2.932 11.632 21.13% 16.813bc
1*3 25.173bc 109.00°¢ 4.00¢° 7.40%  3.60%d 1.642 3.50¢0- 3.52 8.532 13.90e+h 11.83¢
1*4 17.17b 98.00°f 7.6720 7.27%  3.30ch (.78% 3.17de 2.632 13.202 20.9720 16.6430c
1*5 28.50° 106.67°¢ 6.673bc 6.672  2.60M  (.73% 3.47b-e 3.032 12.102 16.90bth 17.432
16 28.83% 93.00°f  4.00¢° 7.57%  3.70abc 1,732 3.57@¢ 3.732 11.232 14.704h 13.10¢fo
1*7 17.17%c 101.000f  7.6720 6.978 297 0.76% 2.93¢ 2.33¢2 12.872 19.903bc 17.052b
2*3 28.50% 102.330f  6.002°¢ 6.17° 2.50i 0.85¢de 3.500-¢ 2.942 11.972 20.80%° 17.20%b
2*4 27.008bc 101.67°f  6.673cc 6.20P 2.47i 0.920de 3.17d 2.802 13.632 22.372 17.402
2*5 27.003b¢ 115.00%®  6.673bc 7.078> 253N (.79d% 3.500-¢ 3.209@ 11.832 17.23b9 17.802
2*6 33.332 113.00%bc  8.332 8.13% 4208 1772 4.302 3.83¢2 16.732 19.132d 17.872
2*7 26.338bc 86.000f 6.3380c 6.902®  2.73H  (0.84¢cde 3.00¢ 3.142 12.282 17.47°F 14.61de
3*4 24.3383bc 111.832d  4.33bc 6.27° 3.60%9  1.47ab 4.102b 3.832 9.872 12.70h 12.339
3*5 25.673bc 75.67¢f 6.6730¢ 6.73%  2.60M  (.73% 3.23de 3.132 12.532 16.08¢h 18.132
3*6 26.003bc 148.332  5.00abe 7.33% 3570 1,672 3.57@¢ 4.042 8.272 12.43h 12.609
3*7 23.673bc 96.67°f 6.0030¢ 747  273%  0.70¢ 3.13de 3.1082 12.302 17.770 16.7820¢
4*5 25.33abc 100.67°f  5.33abe 7.43%  323ci  1.2Qbed 3.23de 3.442 11.932 14.43eh 14.24def
4*6 26.338bc 80.000F  4.67°c 71732 3439 1,648 3.53v-e 3.732 11.632 12.809" 12.179
4*7 30.002 89.330f 5.338bc 7.378% 2679  1.318bc 3.209% 3.33¢2 12.132 16.8706-h 15.20°
5*6 30.172 116.3326  7.00Qabe 7.178  3.73abc 11,6020 3.500-¢ 3.532 12.402 17.330F 12.439
5*7 32.832 91.330F  4.67°c 6.90%>  3.23c¢i  (.77% 4.102b 3.4092 12.072 18.30% 15.40°
6*7 23.503b¢ 79.670f 3.67¢ 7.20%  3.23¢1  0.65° 4.Q73bc 14.47°2 132 20.413bc 12.279

values in columns followed by the same letter are not significantly different, p<0.05, Tukey.
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Table 5. Mean squares from diallel analysis for yield and its components in chili pepper (Griffing’s model | Method 4).

Number fruit per Number marketable  Days to Days to _uE._::@ Fruit Fruit Fruit length to
Source df ; : period . ; )
plant fruit per plant flowering harvest (Days) length diameter diameter ratio
GCA 6 334.30™ 330.61™ 24.77** 65.47** 18.45™ 0.21™ 4.69** 5.08**
SCA 21 450.35* 447.14™ 35.77* 57.59** 38.42™ 2.39** 13.98** 5.93**
Error 28  189.39 201.36 3.22 10.24 36.06 0.40 0.53 1.29

*  kk.

ns, *, **:

non-significant or significant at P<0.05 and P<0.01, respectively.

Table 6. Mean squares obtained from diallel analysis for vegetative characteristics, fruit dry matter and ash in chili pepper (Griffing’s model | Method 4).

Source of Plant lengthto  Plant Number of Leaf Leaf Pericarp Peduncle Mature fruit dry Mature fruit
first flower height branches length width thickness length weight ash

GCA 6 2.94™ 28.01™  0.27™ 0.04"™ 0.06™ 0.04" 0.19™ 2.06™ 1.21*

SCA 21 7.94™ 327.64** 1.19™ 0.17™ 0.16** 0.08** 0.49™ 4.49* 2.94*

Error 28 7.90 112.03 0.92 0.13 0.05 0.02 0.39 1.51 0.19

ns, **: non-significant or significant at P<0.01, respectively.

Table 7. General combining ability of lines for yield and its components according to Griffing’s method 2.

Number  Number Daysto  Daysto M9 pFrit Frit Fruit length to
Parent fruit per marketable . period . . .
. flowering  harvest length  diameter diameter ratio
plant fruit per plant (Days)
1 5.95 5.01 -0.94 -2.88 -9.21 -0.09 -2.18 2.02
2 26.84 27.82 -5.01 2.20 5.31 0.5 -0.83 1.36
3 -17.46 -17.29 7.73 10.27 -2.84 -0.09 1.35 -1.62
4 -17.16 -16.59 3.84 2.57 4.76 0.17 2.04 -2.14
5 19.69 19.67 -4.34 -8.21 2.02 -0.2 -1.57 1.18
6 -23.86 -23.33 4.51 8.23 0.42 -0.29 3.99 -3.55
7 5.99 4.71 -5.79 -12.77  -0.47 -0.02 -2.79 2.75
Standard 575 386 0.49 087 198 017  0.20 0.31
Error
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The highest number of fruit per plant SCA was
observed in the 1x4 hybrid. Cross 1x3 had the highest
SCA for days to flowering and harvest (Table 9).
Cross 2x6 had the highest fruit length and diameter
SCA (Table 9). Cross 1x4 and 1x3 had the highest
SCA for fruit length to diameter ratio and pericarp
thickness, respectively (Table 9). Cross 3x6 and
2x6 had the highest SCA for plant height and leaf
width, respectively (Table 10). Finally, Cross 1x4
and 3x5 had the highest SCA for dry matter and ash,

respectively (Table 10).

The highest heterosis, in relation to the mean and
maximum parental value, was obtained in the crosses
2x3 and 4x6, for the number of fruit per plant,
respectively. The highest heterosis, in relation to the
mean and maximum parental value, was obtained in the
crosses 2x3 and 1x4 for the number of marketable fruit
per plant, respectively. The highest negative heterosis,
in relation to the mean and maximum parental values

Table 8. General combining ability of lines for vegetative characteristics, fruit dry matter and ash according to Griffing’s method 2.

Parent Plantlength  Plant  Number Leaf Leaf  Pericarp  Peduncle :c\ﬁtudrrey Mature
to first flower height branches length width thickness length weight fruit ash
1 -4.16 -0.22 0.8 0.23 0.03 -0.09 0.63 1.16 0.68
2 1.32 0.56 0.65 -0.35 -0.34 -0.11 -0.33 2.48 1.68
3 -0.65 5.65 -0.79 -0.18 0.07 0.1 -0.19 -1.83 -0.89
4 -0.18 -0.11 -0.35 0.33 0.25 0.15 -0.41 -1.13 -1.06
5 1.89 0.82 0.5 -0.25 -0.23 -0.18 0.84 -0.32 1.11
6 1.45 -022 -0.72 0.27 042 0.39 -0.13 -1.49 -1.67
7 0.34 -6.49 -0.09 -0.05 -0.2 -0.28 -0.42 1.13 0.17
Standard ¢ gg 280 026 018 006 0.04 0.89 033 012
Table 9. Specific combining ability of hybrids for yield and its components according to Griffing’s method 2.
Number  Number Fruiting . . Fruit length
Hybrid fruit per marketable ans t_o Days to period Fruit F_r uit to diameter
. owering  harvest length  diameter :
plant fruit per plant (Days) ratio
1*2 1.94 2.97 -0.4 2.78 0.95 0.56 -0.45 0.34
1*3 -34.09 -34.92 11.19 13.37 0.77 1.28 5.21 -3.98
1*4 35.94 34.38 -7.25 -11.93 -13.49 -0.15  -4.15 4.30
1*5 -5.24 -5.55 0.94 1.85 7.25 2.16 0.26 1.58
1*6 -14.35 -11.21 5.08 7.81 12.18 -1.15 0.5 -2.55
17 1.46 4.75 -0.62 1.07 -5.27 0.41 0.25 0.54
2*3 33.35 31.60 -9.73 -5.7 7.25 1.82 -2.85 3.45
2*4 26.06 29.56 -5.51 4.33 1.99 -1.32 277 0.39
2*5 4.87 5.97 2.34 -2.56 -4.94 0.47 -0.96 0.83
2*6 -52.91 -53.36 1.16 -0.26 -0.68 2.92 10.64 -3.89
2*7 -2.76 -8.40 3.45 -4.67 -0.12 0.35 0.69 -1.36
3*4 -8.31 -8.66 4.75 9.26 11.14 -144  0.86 0.7
3*5 21.17 21.08 -10.73 -14.63 5.55 -0.35 -4.14 2.73
3*6 7.72 9.75 4.08 5.33 -18.35 -0.37 094 -0.27
3*7 11.54 12.38 -7.29 -10.07 8.36 0.46 -1.18 0.07
4*5 -1.80 -1.28 2.49 2.41 -1.38 1.25 3.94 -3.00
4*6 8.76 7.38 -2.36 2.37 -1.12 1.48 -2.23 2.43
4*7 -36.09 -34.66 -2.06 -3.7 -0.9 -1.5 5.06 -3.88
5*6 1.91 0.79 -3.84 -7.52 2.95 -0.01 2.62 -2.46
5*7 -3.61 -1.92 212 4.07 -2.16 1.37 1.23 -0.2
6*7 25.94 26.42 -7.40 -6.63 -2.56 -0.02  -5.03 3.12
SE® (ij-k) 10.59 10.92 1.38 2.46 5.61 0.49 0.56 0.87
SE (ij-kl)  9.91 10.22 1.29 2.31 5.25 0.45 0.53 0.82

aSE: Standard Error.
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Table 10. Specific combining ability of hybrids for vegetative characteristics, fruit dry matter and ash according to Griffing’s

method 2.
Hybrid :Delr?g:h to ﬁle_\nt gfumber Leaf Lgaf Pe_zricarp Peduncle Mg:ugfy Mgture
first flower eight branches length  width  thickness length weiaht fruit ash
9

1*2 -0.96 9.12 -0.26 0.06 -0.03 0.26 -0.91 0.42 -0.68
1*3 4.00 8.36 -1.81 0.28 0.37 0.48 -0.75 -2.51 -3.09
1*4 -4.46 3.12 1.41 -0.36 -0.12 -042 -0.85 3.85 1.89
1*5 4.80 10.86 -0.44 -0.39 -0.33 -0.12 8.19 -1.02 0.51
1*6 5.57 -1.77 -1.89 -0.002 0.12 0.28 -0.74 -2.05 -1.04
17 -4.98 12.51 1.15 -0.28  -0.001 -0.01 -1.08 0.53 1.07
2*3 1.85 0.92 0.33 -0.38 -0.37 -0.28 0.21 3.08 1.27
2*4 -0.11 6.00 0.56 -0.85 -0.59 -0.26 0.11 3.94 1.65
2*5 -2.19 1842 -0.3 0.59 -0.03 -0.06 -0.81 -2.00 -0.12
2*6 4.59 1745 2.59 1.14 0.98 0.35 0.96 1.07 2.72
2*7 -1.30 -3.27 -0.04 0.24 0.13 0.1 -0.05 -3.22 -2.38
3*4 -0.81 11.08 -0.33 -0.96 0.14 0.07 0.9 -1.42 -0.85
3*5 -1.56 -26.00 1.15 0.08 -0.37 -0.33 -1.22 1.16 2.78
3*6 -0.78 4769 0.7 0.17 -0.06  0.03 0.08 -1.32 0.03
3*7 -2.00 2.31 1.07 0.32 -0.28 -0.26 -0.06 1.39 2.37
4*5 -2.35 4.75 0.63 0.27 0.08 0.09 -0.99 -1.20 -0.93
4*6 -0.91 -14.88 -0.07 -0.51 -0.38 -0.04 0.28 -1.66 -0.23
4*7 3.87 1.23 -0.04 0.02 -0.563 0.3 0.23 -0.21 0.96
5*6 0.85 20.53 1.41 0.07 0.41 0.25 -1.01 2.07 -2.13
5*7 4.63 1.81 -1.56 0.13 0.53 0.08 -0.12 0.41 -1.01
6*7 -4.26 -8.82 -1.33 -0.09 -013 -0.6 0.81 3.69 -1.36
SE? (ij-ik) 2.52 112.87 0.74 0.51 0.16 0.1 2.53 0.95 0.34
SE (ij-kl) 2.36 21.56 0.69 0.47 0.15 0.1 2.37 0.88 0.32

aSE: Standard Error.

were obtained from the cross 3x5 for days to flowering
and harvesting. The highest heterosis, in relation to
the mean and maximum parental value, was observed
in the crosses 3x4 and 3x7 for harvesting period,
respectively (Table 11).

The highest heterosis, in relation to the mean and
maximum parental values were obtained in the cross
2x6 for fruit length and diameter. The highest heterosis,
in relation to the mean and maximum parental value
was obtained in the crosses 1x4 and 3x4 for fruit length
to diameter ratio. The highest heterosis, in relation to
the mean and maximum parental value was obtained
in the crosses 1x3 and 1x2 for pericarp thickness,
respectively. The highest heterosis, in relation to the
mean and maximum parental value was obtained in the
cross 1x5 for peduncle length (Table 11).

The highest heterosis, in relation to the mean and
maximum parental value was observed in the cross
2x6 for the number of branches and leaf width. The
highest heterosis, in relation to the mean and maximum
parental value was obtained in the crosses 1x6 and
2x6 for plant length to the first flower. The highest
heterosis, in relation to the mean and maximum parent
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value was obtained in the cross 3x6 for plant height.
The highest heterosis, in relation to the mean and
maximum parental value was observed in the crosses
2x6 and 5x7 for leaves length (Table 12).

The highest heterosis, in relation to the mean and
maximum parental value was obtained in the crosses
2x4 and 6x7 for fruit dry matter and the highest
heterosis, in relation to the mean and maximum
parental value was obtained in the crosses 3x5 and 3x7
for fruit ash (Table 12).

Although heterosis is the primary target for
increasing productivity, the biological complexity of
yield as a trait frequently makes it difficult to draw
meaningful conclusions in order to track individual
causal elements involved in heterosis. Cucumber
breeders might develop high-yielding cultivars based
on high GCA for certain traits (Olfati et al., 2011).

DISCUSSION

Estimates of combining ability are important in
determining the breeding value of chili pepper lines
by proposing the appropriate use of lines in breeding.
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Table 11. Heterosis for yield and its components compared to mid- and max-parent.

Number of fruit :ZJMmeM‘Uﬁ_M Um<m.8 Days to Fruiting period Fruit length Fruit diameter _u.E: length H.o
per plant fruit per plant flowering harvest (Days) diameter ratio

Hybrid Mid Max Mid Max Mid Mid Mid Max Mid Max Max Max Mid Max Mid Max

parent parent parent parent parent parent parent parent parent parent parent parent parent parent parent parent
1*2 1 -13.67 2.67 -15.67 -0.33 2.53 1.03 0.34 0.34 -0.2 2.37 -0.67 5 -5.33 2.67 -11.33
1*3 -29.83 -64.67 -29.5 -62 11.5 2.73 5.33 1.1 -3.24 -0.75 2.63 -1.33 16.5 -1 5 1.67
1*4 38.5 5.67 38.67 8 -7.5 1.5 -3.56 -8.02 4.59 0.25 1.33 -17 -7.5 -16 -13.83 -29.33
1*5 4.5 -10.33 -3.17 -10.67 1.5 3.68 1.40 1.12 1.5 0.85 3.60 1 1.5 -1 9.67 -0.33
1*6 -23.67 -51.33 -18.67 -44.33 6.5 0.28 2.76 -1.96 -3.39 -8 0.2 -2 11.83 -3.33 10.83 -1.33
1*7 -3 -5.67 2 -0.33 -1.33 1.99 0.91 0.45 0.18 -1.04 1.95 -1.67 -0.17 -1.33 -5.33 -15.33
2*3 43.83 -5.67 41.5 -9.33 -13.83 3.7 -2.06 -5.6 4.08 0.36 3.63 -26.33 -7.83 -15 12 1.33
2*4 3483 -1267 3833 -10.67 -10.17 0.75 -1.52 -5.28 0.57 -3.23 0.75 -19.33 3.5 1.67 217 0.67
2*5 11.83 3 1283 2 -1.5 2.42 0.85 0.44 0.65 0.53 217 -1.67 -8.17 -16 -2 -6
2*6 -56 -98.33 -56.33 -99.33 -1.83 478 13.58 9.54 -4.85 -8.92 4.53 -10 -1.5 -6.33 -1.5 -3.33
2*7 -1 -18.33 -6.67 -27.33 -1.67 2.36 2.02 0.88 -1.84 -3.60 2.23 -1.67 -11.17 -22.67 0.33 -3.67
3*4 5.67 3.67 5.83 4 0.33 3.30 0.74 0.52 1.61 1.53 3.23 -3 9.33 0.33 13.83 1.67
3*5 33.33 -7.33 33.67 -6.33 -14.33 -0.02 -3.69 -7.63 3.27 -0.33 -0.2 -26.67 -19.33 -34.33 11 4.33
3*6 9.83 2.67 12.5 5.67 1.33 0.98 2.50 2.01 -0.49 -0.85 0.8 -3 5 2.67 -16.83 -25.67
3*7 18.50 -13.67 19.83 -10.33 -12.17 1.10 -1.22 -5.90 0.32 -5.15 1.05 -24.67 -15.67 -34.33 11.33 4.67
4*5 8.67 -30 10.17 -28 -1.67 2.08 4.85 0.68 -2.90 -6.59 1.83 -10.67 -1 -7 -0.5 -6
4*6 9.17 4 9 4 -5.67 2.78 -0.2 -0.47 1.76 1.49 2.53 -6.67 3.33 -3.33 -4 -7.33
4*7 -30.83 -61 -28.33 -56.67 -7.5 3.16 5.49 0.58 -4.07 -9.63 3.03 -16.67 -8 -17.67 -2.5 -8
5*6 0.5 -33 0.5 -32.67 -6.33 1.5 5.21 0.78 -3.5 -7.45 1.40 -14.33 -11.33 -24 2.83 0.67
57 -0.17 -8.67 2.5 -7.33 -2.5 2.92 2.22 1.49 -0.75 -2.62 2.80 -2.67 -5 -8.67 -1 -1
6*7 19.33 -5.67 21 -2.33 -11.7 1.44 -2.91 -8.09 1.79 -4.03 1.32 -19.33 -11.33 -27.67 -5.17 -7.33

92



Zeynali et al.

Table 12. Heterosis for vegetative characteristics, fruit dry matter and ash compared to mid- and max-parent.

Plant length to Number of Pericarp Mature fruit

first flower Plant height branches Leaf length Leaf width thickness Peduncle length dry weight Mature fruit ash

Hybrid Mid Max Mid Max Mid Max Mid Max Mid Max Mid Max Mid Max Mid Max Mid Max

parent parent parent parent parent parent parent parent parent parent parent parent parent parent parent parent parent parent

1*2 0.5 -55 3183 31 0.00 -1.33 0.08 -0.87 -0.002 -0.39 04 034 -006 -0.18 1.04 0.75 -04 -0.46
1*3 5.17 0.83 30 2467 -200 -433 -0.02 -047 0.22 0.03 0.53 0.15 0.02 -0.32 -261 -589 -2.79 -56.33
1*4 -4.67 -10.83 16.5 8.67 1.17 -067 -113 -167 -047 -1.05 -0.37 -0.79 0.03 0.03 4.48 1.18 2.18 -0.52

1*5 6.83 0.83 29 25 -1 -1.67 -037 -120 -026 -0.59 -0.02 -0.08 10.17 1002 -135 -2.89 -0.05 -0.37
16 7.83 25 23.83 1933 -2 -4.33 0.02 -0.3 0.35 0.19 0.47 -0.06 0.32 0.22 -1.79  -5.09 -1.87 -4.06
17 -5 -11.5 245 2167 05 -0.67 -037 -0.9 -0.07 -0.22 0.01 -0.02 -0.18 -0.2 0.98 0.11 0.65 -0.11
2*3 25 0.83 2417 18 1.33 0.33 -0.3 -0.8 -049 -1.07 -0.32 -0.63 -0.11 -0.33 3.99 0.41 2.52 -0.07
2%4 -0.83 -1 21 1233 1.5 1 -1.26 273 091 -188 -0.29 -0.65 -0.09 -0.22 559 1.98 2.89 0.13
2*5 -0.67 -0.67 38.17 33.33 0.33 -0.33  0.99 0.87 0.06 -4.44  -0.05 -0.07 0.08 0.05 -1.32  -3.15 0.27 0.00
2*6 6.33 5.67 4467 41 3.67 2.67 1.54 0.91 1.24 0.69 0.45 -0.02 0.93 0.92 2.34 -1.256  2.84 0.6

2*7 -1.83 -2.33 10.33 6.67 0.5 0.33 0.52 0.1 0.08 -0.15  0.03 -0.01 -024 -038 -175 -292 -1.85 -2.66
3*4 -1.83 -3.67 25 225 0.17 -033 -168 -267 -036 -0.75 -0.06 -0.1 0.62 0.27 -0.51 -054 041 0.24

3*5 -0.33 -2 -7.33 -8.67 1.33 -0.33 0.15 -0.23 -045 -0.97 -043 -0.76 -041 -0.6 1.10 -0.64 3.19 0.33
3*6 0.67 -0.33 73.83 64 1.33 1.33 0.24 0.11 0.03 -4.44  0.03 -0.12 -0.02 -0.27 -0.78 -0.8 0.16 -0.19
3*7 -2.83 -5 1483 1233 117 0.00 0.28 0.2 -0.49 -0.83 -0.43 -0.79 -033 -0.7 213 -0.27  2.92 1.14
4*5 -2.5 -2.67 1517 1133 -0.5 -1.67 -0.13 -1.5 -0.21 -111  -0.002 -0.37 -0.06 -0.22 -051 -229 -0.54 -3.56
4*6 -0.83 -1.67 3 933 05 0.00 -091 177 -049 -091 -0.04 -0.15  0.29 0.18 039 -04 -0.1 -0.62
4*7 1.67 133 55 0.5 0.88 -0.67 -0.5 -1.57 -095 -168 0.14 -0.26  0.08 0.07 1.26 -1.17 15 -0.44
5*6 3.17 2.5 43.17 34.67 1.67 0.00 0.45 -0.06  0.71 0.22 0.29 -0.18 041 0.05 2.37 0.61 -2.86 -6.37
5*7 4.67 417 10.83 9.67 -1.83 233 04 1 0.52 0.35 -0.04 -0.07 0.82 0.65 0.92 0.26 -1.32 -2.4

6*7 -4 -5.17 7.67 0.33 -1.17  -2.33 019 -0.03  0.03 -0.28  -0.63 -1.13  0.84 0.72 4.79 2.37 -1.95 -3.37

93



IRANIAN JOURNAL of GENETICS and PLANT BREEDING, Vol. 9, No. 1, Apr 2020

Parents of hybrids with high SCA values are selected
to be used in cross breeding methods in chili pepper
(Legesse, 2000).

Combining ability analysis is used in selection
of parents for designing a crossing plan. The diallel
study provides evidence for existence of significant
additive variation of some traits through large GCA
values. The GCA of a parental clone provides an
assessment of its breeding value, as judged by mean
performance of its progenies obtained from crosses
with other clones (Olfati et al. 2011). As suggested
by Baker (1978), the relative importance of GCA and
SCA in determining progeny performance should
be assessed by estimating the ratio of mean squares.
Dominant variance is important for almost trait of
chili pepper in this research, and breeders are able
to produce suitable materials via crossing. Progeny
of lines with the highest GCA for each trait can be
released for selection as new elite breeding lines
(Lankesh Kumar et al., 2014).

Although yield heterosis is the primary target for
increasing productivity, the biological complexity of
yield as a trait frequently makes it difficult to draw
meaningful conclusions in order to track individual
causal elements involved in heterosis. Chili breeders
might develop F1 cultivars based on high SCA for
their traits. Crossing lines 2 and 6 are suggested for
hybrid production due to high value of this hybrid
for many characters related to chili pepper yield and
quality. Cross breeding is suggested for chili pepper
improvement. Breeders are able to produce suitable
hybrids via choosing parental lines with high SCA for
fruit length (hybrid 2x6 in this research).
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