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ABSTRACT 
To understand the inheritance mechanisms of grain filling rate (GFR), grain filling duration (GFD), yield and yield components, twenty 
durum wheat landraces were selected from a larger set (~200 accessions) based on their yield and grain filling rate and all reciprocal 
crosses among them were made by hand emasculation and pollination in the greenhouse. Five crosses which produced adequate amounts 
of F1 seeds and their derived F2s and the parents were used for the purpose of this study. The results showed high heritability, high gain 
from selection and high coefficient of variation for GFR in two crosses only while GFD showed low values for these parameters in the 
same crosses. High heritabilities coupled with high gains from selection for yield and yield components indicated that selection for these 
traits in early generations may be effective. Non additive gene action were found to affect the grain filling duration suggesting that 
selection in advanced generations may be more appropriate than in early generation. Selection for grain filling rate and number of fertile 
tillers plant-1 can be recommended at early generations for all crosses except crosses 2B × 2A and 4B × 4A. Selection for grain yield 
might be appropriate in crosses 2B × 2A, 1A × 1B and 4B × 4A in early generation and in advanced generation in the other two crosses. 
High heritability values for the traits of the cross 2B × 2A, suggested that selection for yield improvement is possible in this cross. The 
high variability observed in these crosses offers good prospects for its improvement in the future. 
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INTRODUCTION 
 
Durum wheat (Triticum turgidum ssp. turgidum conv. 
durum (Desf.) Mac Key) is principally grown under arid 
and semi-arid areas of the world mainly in the Mediter-
ranean countries (Jaradat 1992; Akar and Ozgen 2007). Its 
improvement depends on the continuous supply of new 
germplasm material as donors of genes of agronomic im-
portance. This has been particularly evident in breeding for 
disease resistance, tolerance to environmental stresses, 
adaptability, quality characteristics, and higher yield 
potential (Srivastava et al. 1988). The availability of such 
germplasm depends on the identification of areas of con-
centration for various traits of agronomic importance, espe-
cially within primary and secondary centers of diversity 
(Bekele 1984). Landraces of durum wheat evolved under 
arid and semiarid Mediterranean environments, through the 
long process of domestication, natural and conscious selec-
tion, continuous gene flow which led to more adaptive 
genotypes (Harlan 1975; Jaradat 1992). Therefore, crosses 
between durum wheat landraces will produce genetic varia-
bility which is the basis of selection for further improve-
ment in this crop (Firouzian 2003). Early maturity and 
higher kernel weight are two important traits for improving 
wheat production under drought stress environments pre-
vailing in Jordan and many countries in West Asia and 
North Africa. Final kernel weight is determined by both 
grain filling rate and grain filling duration (Al-Ghzawi 
2007). Grain filling rate is the dry matter accumulation rate 
for the grain during the linear phase of kernel growth, and is 
expressed as mg kernel-1 accumulated per growing degree-
days-1. Grain filling duration is the duration of photosyn-
thate accumulation and partitioning into grains (Shearman 
et al. 2005) which is considered as an important phase in 
the life cycle of wheat plants (Reynolds et al. 2005). Esti-

mated grain filling duration vary from 17 to 38 days (Gebe-
yehou et al. 1982; Van Sanford 1985). Such differences in 
the duration are partially explained by differences in pre-
vailing temperatures (Savin and Nicolas 1996; Shearman 
2001). Understanding the grain filling processes in durum 
wheat genotypes may be very helpful in selecting high yiel-
ding and drought resistance varieties. In particular, the 
understanding of the inheritance and the type of gene action 
for the rate and the duration of grain filling, and final kernel 
weight would help wheat breeders to increase and stabilize 
grain yield (Mou and Kronstad 1994). Variable results were 
reported in the literature with regard to heritability and 
genetic advance estimates for these traits. For example, 
heritability estimates of 0.42 for grain filling duration and 
0.74 for kernel growth rate were observed in winter wheat 
crosses (Mou and Kronstad 1994). Furthermore, Deswai et 
al. (1996) reported high heritability and genetic advance 
values for 1000-grain weight (TGW). Moreover, moderate 
to high heritability values for TGW were reported by 
Chowdhry et al. (1997) and Mehta et al. (1997). Ad-
ditionally, Saleem et al. (2003) found that heritability and 
genetic advance for TGW ranged from 63-91% and from 8-
22%, respectively. High heritability and genetic advance 
estimates were also observed for grain yield (Saleem et al. 
2003). But, information is limited regarding the gene action 
and heritability of grain filling rate and duration in wheat. 
Rasyad and van Sanford (1992) observed significant ad-
ditive maternal effects for kernel growth rate. Gene action 
for kernel weight was predominantly additive in two spring 
wheat crosses and one winter wheat cross (Mou and Kron-
stad 1994). Sun et al. (1972) found evidence of epistasis, 
but additive and dominance effects made the major and 
most consistent contributions to kernel weight in six spring 
wheat crosses. 

Therefore, the present study used a set of durum wheat 
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landraces differing in grain filling rate to: (a) evaluate the 
relative importance of grain filling rate and duration in five 
durum wheat landraces crosses under the semiarid environ-
ment (b) determine the mode of inheritance and heritability 
estimates for the rate and duration of grain filling and other 
yield components in these crosses. 

 
MATERIALS AND METHODS 
 
Plant material 
 
Twenty durum wheat landraces were selected from a larger set 
(~200 accessions) based on their yield and grain filling rate as ob-
tained by Al-Ajlouni and Jaradat (1997). A single head from these 
accessions was selected previously for multiplication to produce 
pure lines. The selected lines were representing the maximum con-
trast in terms of grain filling rate. All reciprocal crosses between 
the twenty landraces lines were made by hand emasculation and 
pollination in the greenhouse. Five crosses produced adequate 
amounts of F1 seeds, and therefore were used to complete this 
study (Table 1). Few F1 seeds from each cross were planted in 
pots to produce F2 seeds. Thirty seeds from the parents, F1 and F2 
generations of these five crosses were planted in three rows with 
30 cm distance between rows and 15 cm within rows. Seeds were 
planted on January 14 at Maru Agricultural Experiment Station 
(silty clay soil with pH around 7.9; Al-Karaki 1996) in a ran-
domized complete block design with three replications. 
 
Traits measured 
 
Grain filling rate (mg 100 kernel-1 GDD-1: dry matter accumulation 
rate for the grain during the linear phase of kernel growth and 
expressed as mg kernel-1 accumulated growing degree-days-1 using 
the method reported by Wiegand and Cuellar (1981). 
Grain filling duration (day): The duration from anthesis to physio-
logical maturity. 
Grain yield per plant (g): weight of the total seeds per plant. 
Total seed number per plant: the number of seeds collected from 
all the fertile spikes per plant. 
Main spike seed number: The number of seeds collected from the 
main spike. 
Main spike seed weight: weight of seeds of the main spike. 
Number of fertile tillers per plant: number of productive or seed 
bearing tillers per plant. 
 
Statistical analysis 
 
Data from three replications were pooled to compute means and 
variances for each population using the MSTAT-C computer 
software (Michigan State University). 
Broad sense heritability (H): Estimated from the total genetic 
variance, using the variance component technique (Ibrahim et al. 
1983; Martinez and Foster 1998). 
Expected genetic advance (Gs): Estimated for all crosses by the 
formula GS =K * �VF2 * H. (Allard 1960). Where K * �VF2 the 
selection differential expression in standard deviation units, K is 
the truncation selection of the top 10% that has a value of 1.775 as 
determined from the properties of the normal distribution, and H is 
broad sense heritability. 
Narrow sense heritability (NSH): estimated from the regression of 
F2 plants mean with their F1 parent plant values (Fernandez and 
Miller 1985; Fehr 1987). 
Genetic coefficient of variation (GCV): estimated using Burton 
(1952) method. 
 
RESULTS AND DISCUSSION 
 
Grain filling rate and duration 
 
Broad and narrow sense heritability estimates for grain 
filling rate varied from 0.22 to 0.87 and from 0.02 to 0.28, 
respectively (Table 2). Genetic advance from selection for 
grain filling rate ranged from 0.418 to 2.009 (Table 3). 
Genetic coefficient of variation ranged from 6.017 to 43.89. 
The crosses 10 B × 10 A and 9 B × 9 A had the highest nar-

row sense heritability and genetic advance values. These 
results may indicate the presence of an additive gene effects, 
therefore, the grain filling rate could be improved ef-
fectively through selection in early generations in these two 
crosses. These results are supported by the presence of 
moderate to high values of genetic coefficient of variation. 
Even though this study is not design to test the presence of 
transgressive segregates but the high differences among the 
parents for this character (0.017 Mg/kernel/GDD) and the 
above results indicated that we have transgressive segre-
gates in these two crosses and thus, selection might be ef-
fective in early generations. These results are in agreement 
with those obtained Mou and Kronstad (1994) who reported 
that grain filling rate is influenced mainly by additive gene 
action. On the other hand, Ehdaie and Waines (1989), and 
Amin et al. (1992) indicated that low values of genetic ad-
vance occurred due to dominance and epistasis gene actions. 

Broad and narrow sense heritability estimates for grain 
filling duration ranged from 0.08 to 0.23 and from 0.03 to 
0.15, respectively (Table 2). Expected genetic advance 
varied from 0.070 to 1.055. Genetic coefficient of variation 
ranged from 6.02 to 67.06 (Table 3). Low heritability com-
bined with low genetic advances indicates that environ-
mental effect has a large portion of the total phenotypic 
variation of this trait. Similar low heritability results were 
obtained by Ehdaie and Waines (1989) and Sharma (1994). 
The results also indicate that most of the gene action for this 
trait is non additive, which agreed with the results reported 
by Mou and Kronstad (1994). Selection for grain filling 
duration should, therefore, be delayed to later generations. 
 
Yield and yield components 
 
Broad and narrow sense heritability estimates for grain 
yield plant-1 ranged from 0.53 to 0.94 and from 0.01 to 0.75, 
respectively (Table 2). Genetic advance from selection for 
grain yield plant-1 varied from 0.68 to 6.19. Genetic coef-
ficient of variation ranged from 18.02 to 76.09 (Table 3). 
These results agreed with results reported by Amin et al. 
(1992); Ahmed et al. (2007). On the other hand, Ehdaie and 
Waines (1989); Ul Haq and Laila (1991) reported low to 
moderate values of heritability for grain yield. High herita-
bility combined with high genetic advance in 4B × 4A, 2B 
× 2A, and 1A × 1B crosses revealed that grain yield was 
predominantly controlled by additive gene action in these 
crosses. Therefore, there is a possibility for genetic im-
provement through direct selection for grain yield, as previ-
ously reported by Chowdhry et al. (1999) and Ahmed et al. 
(2007). This is also supported by the presence of great dif-
ferences between parents used in these crosses as indicated 
by the high values of genetic coefficient of variation for 
grain yield in these crosses. 

Broad and narrow sense heritability estimates for total 

Table 1 Grain filling rate and duration, 1000 kernel weight and yield of the
parents used for crosses. (Adopted from Al-Ajlouni and Jaradat 1997). 
Parent accession 
number 

Grain filling rate 
(Mg/kernel/GDD) 

Yield 1000-kernel 
weight 

High grain filling rate parents 
83089.000 (1A) 0.068 High 68.33 
83090.000 (2A) 0.063 High 63.00 
83099.000 (4A) 0.058 High 57.76 
83087.000 (9A) 0.055 High 55.00 
84063.000 (10A) 0.055 High 55.33 
Average 0.0598  59.884 

Low grain filling rate parents 
84090.000 (1B) 0.027 Low 26.814 
9577.000 (2B) 0.029 Low 29.333 
84240.000 (4B) 0.034 Low 33.667 
84036.000 (9B) 0.038 Low 37.667 
84237.000 (10B) 0.038 Low 38.132 
Average 0.0332  25.589 
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seed number plant-1 ranged from 0.90 to 0.96 and from 0.14 
to 0.79, respectively. Selection for the top 10% among F2-
plants provides genetic advances of 22.56 to 45.07, which 
indicated a minor environmental effect on this trait. Results 
also indicate that sufficient variation for total seed number 
plant-1 exists in all F2 populations. Heritability and genetic 
advance were very high for all crosses which indicated the 
presence of high additive gene effects controlling this trait, 
and allows for effective selection at early generations. 
Higher heritability estimates and expected genetic advance 
were reported for 1000-grain weight and grain yield per 
plant in wheat crosses were reported by Ehdaie and Waines 
(1989), Ozkan et al. (1997) and Ahmed et al. (2007). 

Broad and narrow sense heritability estimates for main 
spike seed number varied from 0.62 to 0.95 and from 0.10 
to 0.50, respectively (Table 2). Expected genetic advance 
ranged from 5.31 to 10.35. Genetic coefficient of variation 
ranged from 11.8 to 22.09 (Table 3). High broad and nar-
row sense heritability combined with high genetic advance 
in all crosses except for the cross 10B × 10A may indicate 
that selection could be performed since this trait mainly 
controls by additive gene action. Same results were ob-
tained by Ehdaie and Waines (1989) and Ozkan et al. 
(1997) who reported that high narrow sense heritability 
combined with considerable genetic advance in a cross indi-
cate that additive gene effects may control this trait. 

Broad and narrow sense heritability estimates for main 
spike seed weight ranged from 0.74 to 0.91 and from 0.01 
to 0.79, respectively (Table 2). Expected genetic advance 
values varied from 0.25 to 0.65 and the genetic coefficient 
of variation ranged from 16.22 to 27.66 (Table 3). The pre-
sent results indicated that sufficient variation in values for 
main spike seed weight existed in the five crosses. High 
heritability and genetic advance estimates for the cross 2B × 
2A indicated that effective selection for main spike seed 
weight is possible in F2 generation of this cross. These 
results confirm those obtained by Ehdaie and Waines (1989), 
Amin et al. (1992) and Ozkan et al. (1997). 

Broad and narrow sense heritability estimates for num-
ber of fertile tillers per plant ranged from 0.35 to 0.59 and 
from 0.08 to 0.45, respectively (Table 2). Expected genetic 
advance varied from 0.60 to 3.47. Genetic coefficient of 
variation ranged from 12.36 to 45.79 (Table 3). The cross 
2B × 2A showed high values for heritability and had the 
highest values for genetic advance compared to the rest of 
the crosses. This could indicate that selection for high tillers 
number is possible in this cross at early generations. van 
Sanford and Utomo (1995), found similar results while 
Chowdhry et al. (1999) reported gene action of partial 
dominance for the number of tillers per plant. 

CONCLUDING REMARKS 
 
The crosses in this study represented a wide range of ex-
pressions for almost all the traits investigated. High esti-
mates of heritability, gains from selection and genetic coef-
ficient of variation were observed for grain filling rate in 
two out of the five crosses. With regard to grain filling 
duration it showed low values for the three genetic para-
meters in these two crosses. Our results demonstrate the 
importance of genetic effect, especially the additive gene 
action in controlling the grain filling rate. But, grain filling 
duration was found to be highly affected by environmental 
factors. The high narrow sense heritability values for grain 
filling rate showed that we can select high yielding geno-
types that can perform well under the dryland conditions of 
the Mediterranean. The presence of high heritability and 
high gain from selection for the yield and yield components 
indicated that selection in early generations may be 
effective and could lead to high improvement in the traits 
under investigation. The high broad sense heritability values 
which accompanied by low narrow-sense heritability in 
some traits indicated the presence of high non additive gene 
action which suggested that selection in advanced genera-
tions may be more appropriate than the early generation 
selection. 

As a result of the above, selection for grain filling rate 
and number of fertile tillers plants-1 for all crosses except 
crosses 2B × 2A and 4B × 4A can be recommended at early 
generations. Selection for grain yield might be effecient in 
crosses 2B × 2A, 1A × 1B and 4B × 4A in early generations 
and in advanced generations in the other two crosses. The 
high variability observed in these crosses offers good pros-
pects for durum wheat improvement in the future. 
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