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ABSTRACT 
We investigated the combining ability and heritability of flowering and fruit setting earliness in diallel crossing of 6 divergent pepper 
parents. The first bifurcation height was used as the earliness indicator. The magnitudes of variance due to general (GCA) as well as 
specific combining ability (SCA) were highly significant for all traits indicating the importance of both additive and non-additive gene 
action. The high GCA/SCA ratio for the height of the first bifurcation (15.10) and fruit number (7.87) would explain that these traits are 
predominantly controlled by additive gene action. Broad and narrow sense heritability was high for the height of the first bifurcation (69 
and 62%) as well as for the fruit number at this first branching (60 and 46%). General combining ability analysis revealed that PM797 
(hot pepper) has the best precocity; GCA effect was negative (-3.11*) for height of the first bifurcation, positive and highly significant for 
flower and fruit number (0.20**, 0.32**, respectively), while local hot pepper cultivars ‘Baklouti’ and ‘Beldi’ showed opposite values and 
were too late. A reciprocal cross did not show a significant effect on precocity parameters. Genetic effects analysis (Sij) of the crosses, in 
which ‘PM797’ was one of their parents, revealed their efficiencies to fruit setting at low night temperature, as is the case of PM/Bel. The 
latter has a high value of the Sij effect (0.61*) and heterotic effect (0.92*). The ability to flowering and fruit setting at low temperature 
was also noted in some crosses having sweet pepper as a parent, such as Foid/Bel, Bel/Glac, Glac/Marc and Glac/Bak. 
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INTRODUCTION 
 
Pepper (Capsicum annuum) is the most important Solanace-
ous vegetable crop grown in unheated greenhouses in 
Tunisia; there is great demand both in local and internatio-
nal markets. However, for early season harvest, peppers are 
frequently exposed to low night temperature that often pre-
vails during winter. These conditions have a considerable 
negative effect on pepper flowering and fruit setting (Tar-
choun et al. 2003). Pepper is very sensitive to cold tem-
perature; most studies reported a 15°C limit (Mercado et al. 
1997b; Pressman et al. 1998a) while the optimal night tem-
perature for growth, flowering and fruit setting is 18°C 
(Bakker 1989; Ali and Kelly 1993). Tarchoun et al. (2009) 
found that flower abortion, at different stages of differenti-
ation, occurred at 10-12°C night temperature and the chan-
ges of enzymatic activity seem to be responsible; neverthe-
less, this effect varied among pepper varieties. In fact, some 
sweet and hot pepper varieties, evaluated under unheated 
greenhouse, showed differential flowering and fruit setting 
ability in early season. This suggested important genetic 
variability which could be used in a breeding program. 

The position (height) of the first bifurcation is used as 
an indicator of pepper earliness (Pochard et al. 1992). Wor-
king on hot pepper varieties grown in an open field, Har-
zallah (1991) noted that this trait is negatively correlated to 
plant height (r=-0.435**) and to leaf number (r=-0.403*). In 
addition, Meshram and Mukewa (1986) found a low herita-
bility for this trait suggesting therefore an important envi-
ronmental effect. 

 Diallel analyses could be deployed to study the com-
bining ability among hot pepper C. annuum lines. Diallel 
crosses can also help in parental selection, supplying data 

on parental genotypic values and, mainly, on their ability to 
combine in hybrids that produce promising segregant popu-
lations. Diallel analysis also allows understanding genetic 
control of the trait, which helps the breeder to advance and 
select the segregant populations (Sing et al. 1992; Patel et 
al. 1998) 

The abortion of pepper flowers was studied based on 
physiological aspects, under high temperature (Aloni et al. 
1997, 1999); however, studies reporting genetic control of 
earliness and flower abortion under low temperature are 
restricted. Thus, the aims of this work are to: 

1. Determine the heritability and heterotic effect of 
flowering and fruit setting earliness of some sweet and 
hot pepper varieties, 
2. Identify some parents and/or crosses tolerant to low 
temperature. 
 

MATERIALS AND METHODS 
 
We employed diallel crossings of six divergent pepper parents: 
‘PM 797’, Beldi and ‘Baklouti’ (hot pepper), ‘Froidure’, ‘Glace’ 
and ‘Marconi’ (sweet pepper). The reciprocal crossings were per-
formed in a greenhouse where night temperature was 12 to 14°C. 

The female flowers, chosen at the bottom stage, were emascu-
lated and pollinated (Nowaczyk and Nowaczyk 1999) by using a 
pollen collected from flowers of male parent at the anthesis stage. 
Fruits from these flowers were collected at maturity (red colour) 
and seeds were extracted. In the second year, F1 generation crosses 
were grown together with their parents in a plastic unheated green-
house during winter (from November to March). Each hybrid was 
placed between their two parents. A randomizing block system in 
3 replications was applied. The experiment material (six plants per 
cross and parent) was planted in well prepared soil using 3 
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plants.m-². Fertilization and irrigation were performed according 
the needs (Chaux and Foury 1994). Night temperature and relative 
humidity were recorded daily using a thermohydrograph (Fig. 1). 
 
Evaluated parameters 
 
To evaluate flowering earliness, we observed the following phono-
logical characteristics: 

1. The height (cm) of the first bifurcation that expressed the 
flower transition, determined from cotyledonary leaves to this first 
bifurcation, 

2. Flower and fruit number at this first bifurcation (Pochard et 
al. 1992). 

To estimate the effect of night temperature on growth and 
fructification, we evaluated for each plant, 60 days after the first 
bifurcation apparition, the following parameters: 

1. Bifurcations number, 
2. Flower and fruit number, 
3. Abortion percent of buds and flowers estimated based on 

the mentioned characteristics. 
 
General and specific combining ability (GCA, SCA) 
 
Analysis of the general and specific combining ability was carried 
out according to Griffing (1956) method 1, model 1. The GCA/ 
SCA ratio was determined for all traits. Narrow and broad sense 
inheritance of these traits was estimated by applying variance ana-
lysis and combining ability as following: 

 �2
g= (CMg – CMe)/r, with CMg and CMe respectively, scare 

mean of parent and error (Verrier et al. 2001), 
�2

gca=(1/2) �2
a and �2

sca= �2
d (Griffing 1956) 

Therefore, the broad and narrow sense heritability is: 
Hl = �2

g/ (�2
g+ �2

e). 
Hn = 2�2

a/ (�2
g+ �2

e). 
The estimation of heterosis was determined on the basis of the 

mean values of their parents according to Verrier et al. (2001): Hij 
= Yij – {(Yii + Yjj)/2}. 
 
RESULTS AND DISCUSSION 
 
Earliness of flowering characteristics 
 
The analysis of variance for combining ability (Table 1) 
showed the existence of significant variation for all three 
characters, indicating a wide range of variability among the 
parents. Highly significant variation (P�0.01) of general 
combining ability was recorded for all traits, while variation 
due to specific combining ability was highly significant for 
Hr1 and significant for flower and fruit number (NFL and 
NFr). Then, the magnitudes of variation indicated the im-
portance of additive types of gene action in the inheritance 
of these three traits. No significant effect of reciprocal 
crossing was recorded for these three characters indicating 
the absence of cytoplasmic effects. 

These findings are in agreement with those of Harzallah 
(1991) who was noted highly significant effects of general 

combining ability as well as of specific combining ability 
for pepper earliness expressed by number of days from 
plantation to the position of the two first flowers. The 
GCA/SCA ratio, indicating the importance of additive vs. 
non-additive action (Sharma et al. 1991), was high for all 
traits, especially for Hr1 character (15.10), and then ex-
plained the importance of additive as well as non-additive 
gene action; the predominance of additive action plays a 
great role in the inheritance of pepper precocity. Broad as 
well as narrow sense heritability showed high values, 69 
and 62%, respectively for the first trait Hr1, moderate val-
ues for fruit number character (60 and 46%) and low values 
for flower number (32 and 23%) indicating that the two first 
characters are more heritable, with an important additive 
gene action associated to the low environmental effect, 
while flower number was less heritable. These findings 
indicated that the selection for these traits can be applied in 
the first generations of a selection program according to 
Mishra et al. (1989) and Patel et al. (1997). 

The general combining ability effects of parents are 
mentioned in Table 2. Negative and significant highest 
GCA effects for the level of the first bifurcation (Hr1), an 
indicator of pepper earliness (Pochard et al. 1992), was re-
corded in PM797 parent (-3.11 and 8.11 cm for GCA and 
mean of Hr1, respectively), the last parent also has the high-
est significant GCA effects for flower and fruit number 
developed in the first bifurcation indicating that the preco-
city trait would be improved by using this parent in cross 
breeding programs for the accumulation of favourable 
genes. 

‘Froidure’, ‘Marconi’, ‘Baklouti’ and ‘Beldi’ parents 
presented a high level of the first bifurcation (more than 15 
cm) and a significant general combining ability that ex-
pressed the delay of flowering and fruiting ability. ‘Froi-
dure’ and ‘Marconi’ developed at least one flower at the 
first bifurcation while ‘Baklouti’ parent did not produce 
either flower or fruit at the first bifurcation. The general 
combining ability for these two traits (flower/fruit number) 
is negative and highly significant for ‘Baklouti’ parent indi-

0

5

10

15

20

25

15
-30

 O
CT

1-1
5 N

OV

15
-30

 N
OV

1-1
5 D

EC

15
-30

 D
EC

1-1
5 J

AN

15
-30

 JAN

1-1
5 F

EB

15
-28

 FEB

1-1
5 M

AR

15
-30

 M
AR

T°(°C)

65

70

75

80

85

90

95

R.H (%)D T°
N T°
R.H.

 
Fig. 1 Evolution of day and night temperature ((D T°, N T°) and 
relative humidity (R.H.) during the experiment. 

Table 1 Means scare of general (GCA) and specific combining ability 
(SCA), reciprocal effects (REC), narrow-sense heritability (Hss) and 
broad-sense heritability (Hsl) of earliness characteristics: first bifurcation 
height (Hr1) (cm), number of flower (NFL) and fruits (NFr) at the first 
bifurcation. 
Source DF Hr1  NFL NFr 
Replication ( R ) 2 2.338ns 0.064ns 0.043ns 
Parent ( G )  35 16.878** 0.307** 0.255** 

GCA 5 31.009** 0.372** 0.400** 
SCA 15 2.053** 0.094* 0.050* 
REC 15 0.737ns 0.020ns 0.014ns 

Error (E) 70 2.230 0.125 0.046 
Error (E’) - 0.743 0.042 0.015 
GCA/SCA - 15.105 3.961 7.878 
Hss  0.62 0.23 0.46 
Hsl  0.69 0.32 0.60 
C.V 10.75 34.28 43.70 

*;** significant differences, respectively, at 5 and 1% level; ns : no significant 
difference at 5% level; E’= E/3 
 

Table 2 Means and general combining ability (gi) of precocity character-
istics on six pepper parents: first bifurcation height (Hr1) (cm), number 
of flower (NFL) and fruits (NFr) at the first bifurcation. 

Hr1 NFL NFr Parents 
Mean * gi Mean gi Mean gi 

PM797 8.11 f -3.11* 0.95 abc 0.20** 0.84a 0.32** 
Froidure 15.81abc 0.60** 1.00 ab -0.14ns 0.44 bcd 0.12* 
Beldi 14.45bcd 0.90** 0.34cd -0.09ns 0.00 e -0.14** 
Glace 11.89de -0.37ns 0.67bcd 0.06ns 0.22 cd 0.05ns 
Marconi 15.17abc 0.89* 1.00 ab -0.02ns 0.50 bc -0.05ns 
Baklouti 15.30abc 1.08* 0.00 d -0.29** 0.00 e -0.20** 

* means followed by the same letter are not significantly different (P<0.05) 
(global comparison, parents and their crosses) ; *;** significant differences, 
respectively at P<0.05 and P<0.01; ns: no significant difference at P�0.05 
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cating its flowering and fruiting delay under our experimen-
tal conditions. In fact, the previous study under low night 
temperature regime (25/12°C) showed that ‘Baklouti’ flower 
abortion, in the first stage of the floral differentiation (bud 
and button stages), could be a main reason of its flowering 
delay (Tarchoun et al. 2003). 
 
Evaluation of the crosses 
 
Specific combining ability, means and degree of heterosis 
for the three pepper earliness traits are indicated in Table 3. 
The lowest values (10 to 12.30 cm) of the first bifurcation 
height (Hr1) were recorded on four cross combinations 
where ‘PM797’ was used as the parent, while the higher 
level of Hr1 was noted on Bel/Glac crosses with significant 
specific combining ability (Sij). ‘PM797’, a hot pepper par-
ent, was the best general combiner for all the traits indi-
cating differences in genetic variability for different charac-
ters among parents. The late cultivar (‘PM 797’) could be 
used as a source of earliness improvement; in fact, in spite 
of the delay in flowering, expressed by the high level of 
Hr1 – noted in ‘Beldi’, ‘Froidure’ and ‘Marconi’ parents – 
their crosses developed the lowest height of the first bifur-
cation and then could produce early flowers. PM/Bel hybrid 
is an example of the beneficial effect of ‘PM797’ parent, it 
developed the maximum number of flowers as well as fruit 
at the first bifurcation, with positive and significant specific 
combining ability and degree of heterosis (0.56 and 0.25 for 
flower and fruit number, respectively); these observations 
revealed that the two traits could be improved by using 
‘PM797’ in cross breeding programs for the flowering and 
fruit setting under low temperature. 

In addition, the Froid/Marc sweet pepper combination 
was best with a positive and significant specific combining 
ability and degree of heterosis. The PM/Bak, Bel/Glac and 
Glac/Bak combinations showed a significant and positive 
heterosis effect and expressed more precocity than other 
combinations (PM/Marc, Froid/Bel, Bel/Marc and Marc/ 
Bak). A significant, positive and high degree of heterosis for 
earliness flowering, observed in comparison to better par-

ents, was noted in the first group of combinations. Exploita-
tion of hybrid vigour for flowering and fruiting earliness in 
diallel crosses provides an additional opportunity to im-
prove and develop hybrids for these traits under stress tem-
peratures as reported by Mamadov and Pyshnaja (2001). 

The ANOVA revealed that flowering and fruiting earli-
ness traits are more controlled by gametic effects than by 
maternal effects, and no significant reciprocal effect was re-
corded indicating that the half diallel without self pollina-
tion is most suitable for the selection program using the 
diallel mating. 

High specific combining ability, manifested by crosses 
as PM/Froid, PM/Beld and Froid/Marc by using parents 
with either high or low general combining ability, could ex-
plain the favorable additive genes effect of the best parent. 
These findings are in agreement with those of Ben Chaim 
and Paran (2000). However, a major part of the heterosis 
displayed by such combinations may be due to additive × 
dominance type of gene action and might be unstable (Patel 
et al. 1997; Srivastava et al. 1998). 
 
Fruit setting characteristics 
 
General and specific combining ability, reciprocal effects 
and heritability of fruit setting traits are indicated in Table 4. 
The results indicate a highly significant effect of general as 
well as specific combining ability for the fruit setting cha-
racters indicating an important variation among parents and 
the predominance effect of additive gene action. 

The reciprocal effects are not significant except for bi-
furcation number, the half diallel without self pollination 
(method 4 according to Griffing’s classification) (Griffing 
1956) is most suitable for the diallel mating because it 
needs relatively few crosses for these traits. In the present 
work the low values of GCA/SCA ratio for bifurcation and 
flower number, flower and fruit abortion percent indicated 
the predominance of non-additive gene action in inheritance 
of pepper flowering and fruit setting under low temperature. 
In fact, it was reported that pepper flower/fruit abortion is 
more influenced by environmental factors particularly the 

Table 3 Means, specific combining ability (Sij) and heterotic effects (H) on the efficient crosses for precocity characteristics: first bifurcation height 
(Hr1) (cm), number of flower (NFL) and fruit (NFr) at the first bifurcation. 

Hr1 NFL NFr Crosses  
Mean* Sij H Mean Sij H Mean Sij H 

PM /Froid 10.36ef -1.12 ns -1.6 ns 0.78abc 0.27 * 0.20* 0.33 cd -0.12 ns -0.30ns 
PM /Bel 11.19de -0.07 ns -0.08 ns 1.20 a 0.34 * 0.56** 0.67 ab 0.25* 0.25* 
PM /Marc 11.25de 0.70 ns -0.39 ns 0.78 abc -0.12 ns 0.20* 0.39 bcd -0.19 ns -0.28ns 
PM /Bak 12.37de 0.04 ns 1.27ns 0.83abc 0.12 ns 0.36** 0.61abc 0.09 ns 0.19ns 
Froid /Bel  15.33abc -0.05 ns 0.20ns 0.50bcd -0.21 ns -0.17* 0.06 e -0.22* -0.22ns 
Froid /Marc 15.27abc -0.10 ns -0.21ns 1.17 a 0.39* 0.17* 0.55 abc 0.24* 0.08ns 
Bel /Glac  17.55a 2.65 ** 4.38** 0.89 abc 0.15 ns 0.39** 0.39 bcd 0.14 ns 0.28ns 
Bel /Marc 13.80bcd -1.00 ns -1.00ns 0.27cd -0.28 ns -0.39** 0.00 e -0.12 ns -0.25ns 
Glac /Bak 12.89de -0.93 ns -0.70ns 0.78abc 0.12 ns 0.44** 0.11 e -0.03 ns -0.002ns 
Marc /Bak 16.58ab 0.78 ns 1.35ns 0.11d -0.30 ns -0.38** 0.06 e -0.07 ns -0.19ns 

* means followed by the same letter are not significantly different (P<0.05) (global comparison, parents and their crosses) ; *;** significant differences, respectively at 
P<0.05 and P<0.01 ; ns: no significant difference at P�0.05 
 

Table 4 Means of general (GCA) and specific combining ability (SCA), reciprocal effects (REC), narrow-sense heritability (Hss) and broad-sense 
heritability (Hsl) of fructification characteristics, evaluated 60 days after the first bifurcation, per plant: bifurcation number (Bif), flower number (NFl), 
Flower abortion percent (Abort1),fruit number (NFr) and fruit abortion percent (Abort2), estimated from a diallel cross of six pepper cultivars. 
Source ddl Bif NFl Abort1 NFr Abort2 
Replications (R ) 2 17.167ns 1.660ns 40.003ns 0.995ns 5388.373* 
Parent ( G )  35 113.268** 3.130** 183.983** 0.804ns 1337.294** 

GCA 5 32.385* 1.459** 212.233** 1.151** 1161.957** 
SCA 15 29.899** 1.255** 58.074** 0.178* 521.720* 
REC 15 47.403** 0.694ns 14.277ns 0.064ns 131.106ns 

Error (E) 70 34.714 1.263 54.736 0.246 686.394 
Error (E’) - 11.571 0.421 18.245 0.082 228.798 
GCA/SCA - 1.083 1.163 3.655 6.471 2.227 
Hss  0.01 0.02 0.25 0.35 0.11 
Hsl  0.43 0.33 0.44 0.43 0.24 
C.V 43.87 30.98 8.94 39.42 36.78 

*;** significant differences, respectively, at 5 and 1% level; ns : no significant difference at 5% level; E’= E/3 ; Hss, Hsl : narrow-and broad-sense heritability, respectively 
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temperature stress (Aloni et al. 1997, 2001). The low values 
of narrow and broad sense heritability for all traits indicate 
that additive gene effects are reduced and the predominance 
effect of environmental factors, particularly in number of 
bifurcations and number of flower and fruit, was important 
in the genetic control of these parameters. These findings 
are in agreement of those reported by Ishikawa et al. (1998) 
and Ahmed et al. (1998a). 
 
General combining ability of parents 
 
None of the parents was a good general combiner for all the 
traits, some parents showed high GCA effects for some of 
the earliness parameters as ‘PM 797’, suggesting that this 
parental line could be considered simultaneously while 
formulating a breeding programs for improving fruit setting 
and yield contributing characters. In fact significant highest 
general combining ability effects for flower and fruit num-
ber were recorded in ‘PM 797’ (0.65 and 0.60, respectively) 
in spite of its low bifurcations number (Table 5); the late 
parent also has the lowest abortion percent of flower and 
fruit. These results indicate the ability of this parent to 
flowering and fruiting under low night temperature and 
could be used to perform these traits in crosses involving 
cultivars which are sensitivite to low temperature as the 
local hot pepper variety ‘Baklouti’. The late parent showed 
a predominance of vegetative growth, expressed by the 
highest number of bifurcations (13 bifurcations/plant) and a 
low flowering and fruiting abilities; its general combining 
ability was negative and significant for both flower and fruit 
number and positive and significant for abortion percent. 
The flowering and fruit setting sensitivity of ‘Baklouti’ to 
the low night temperature was studied previously under 
controlled conditions (Tarchoun et al. 2003, 2008). 
 
Evaluation of six main crosses 
 
Table 6 shows the top six combinations selected on the 
basis of the high specific combining ability effects and/ 
heterosis degree for the main flowering and fruiting traits. 

High specific combining ability effects, manifested by 
crosses where both the parents expressed good general 
combiners, were not recorded in this experiment. Although 
PM/Bel combination involving parents with high and low 
general combining ability presented high SCA for the main 
characters (flower and fruit number and abortion percent) 

(Table 6). These results expressed some complementary 
gene interaction effects (Mishra et al. 1989; Mamadov and 
Pyshnaja 2001). 

 In some other combinations an appreciable amounts of 
the heterosis expressed by high x low or low x low GCA of 
the parents were recorded (PM/Glac, PM/Bak, Bel/Glac and 
Glac/Bak). These results might be ascribed to dominance x 
dominance types of non-allelic gene action producing over 
dominance (Marame et al. 2009). Then the late crosses, 
mainly those involving local hot pepper varieties ‘Beldi’ 
and ‘Baklouti’, would be recommended to the early pepper 
season culture under unheated greenhouses in Tunisia. 
 
CONCLUSIONS 
 
From the results obtained in our work, it can be concluded 
that the inheritance of pepper’s earliness traits is more de-
pendent on the additive types of gene action. In the other 
hand no significant effect of reciprocal crossing was recor-
ded for the three characters expressed pepper flowering and 
fruiting earliness, used in this experiment as well as by 
other authors, and indicating the absence of maternal effects. 
The half diallel without self pollination is most suitable for 
the selection programs using the diallel mating. 

Among the six divergent pepper parents used in this 
experiment ‘PM797’ showed a significant and high general 
combining ability for the main traits indicating that the pre-
cocity character would be improved by using this parent in 
cross breeding programs. The last parent also was a good 
general combiner and improved the flowering and fruit 
setting ability for the combinations where it was involved as 
PM/Bel. 

 For the main characters some combinations, involving 
local hot pepper varieties ‘Beldi’ and ‘Baklouti’, expressed 
an appreciable amounts of the heterosis as PM/Glac, PM/ 
Bak, Bel/Glac, Glac/Bak and would be recommended to the 
early pepper season culture under unheated greenhouses in 
Tunisia. 
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