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Abstract
Assessment of genetic variability and relationships among traits are basic steps in crop improvement programs. The
objectives of this research were to estimate genetic parameters in durum wheat genotypes and to investigate the
interrelationships among agronomic traits using the genotype × trait biplot methodology. Fifty durum wheat (Triticum
turgidum L.) genotypes were studied in a randomized complete block design with three replications under irrigated
and rainfed conditions during 2013–2014 growing season. Significant (P > 0. 01) genetic variation for all traits was
observed in both irrigated and rainfed conditions apart from total tiller per plant (TT) and fertile tiller per plant (FT),
which were not significant in irrigated conditions. Biological yield (BY) showed the highest values of phenotypic and
genotypic coefficients of variations and expected genetic advance under rainfed conditions. The highest heritability in
a broad sense was observed for grain weight per spike (GWS) followed by stem weight under rainfed conditions. The
biplot vector view indicate that there was a strong positive association between grain yield (GY) with BY and thousand
kernel weight (TKW) in both conditions. According to polygon view genotypes G11 and G10 were the most favorable
genotypes for GY, BY and TKW under irrigated and rainfed conditions, respectively.
Keywords: Durum wheat, expected genetic advance, genotype by trait biplot, heritability in a broad sense.

1. Introduction
Durum wheat (Triticum turgidum L.) is grown on 10%
of the world’s wheat area. In spite of its low acreage,
durum wheat is an economically important crop
because of its unique characteristics and end products
[15]. Durum wheat is one of the most extensively
cultivated crops under rainfed conditions in
Mediterranean environments, where water stress and
high temperature are the main constraints limiting
productivity [2], although this condition offers an
opportunity for the production of high-quality durum
wheat [4].
Breeding programs depend on the knowledge of key
traits, genetic systems controlling their inheritance and
genetic and environmental factors that influence their
expression. To plan an efficient developmental
program, it is necessary to have an understanding of the
breeding systems coupled with statistical analysis of
inheritance data [25]. Analysis of variability among the
traits and the association of a particular character in
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relation to other traits contributing to the yield of a crop
would be of a great importance in planning a successful
breeding program [14]. According to Raje and Rao
(2000) genetic variability is essential in order to realize
response to the selection [18]. The estimates of genetic
parameters of variation are specific for a particular
population and the phenotypic expression of the
quantitative characters may be altered by
environmental stresses that affect plant growth and
development. Genetic advance is also of considerable
importance because it indicates the magnitude of the
expected genetic gain from one cycle of selection [7].
Heritability is a measure of the phenotypic variance
attributable to genetic factors. The estimates of
heritability alone give no indication of the associating
genetic progress that would result from selecting the
best plants. Heritability along with phenotypic variance
and the selection intensity, however, promise the
estimation of genetic advance or response to selection,
which is more useful in the selection of promising lines
[8, 9].
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The GGE biplot methodology was developed
originally for analyzing multi-environment trial data
[29]. However, it can also be equally used for all types
of 2-way data that assume an entry × tester structure
[26]. The genotypes can be generalized as entries, and
the multiple traits as testers [19]. The term GE
interaction commonly refers to yield variation that
cannot be explained by the genotype main effect (G),
or the environment main effect (E). In addition, for
genotype evaluation both G and GE must be considered
simultaneously, and a similar GGE biplot can also be
used to genotype evaluation across environments. Yan
and Rajcan (2002) used a genotype by trait (GT) biplot,
which is an application of the GGE biplot technique to
study the GT data. A GT biplot is an effective tool for
exploring multi-trait data [30]. It graphically displays
the genotype by trait table, and allows the visualization
of the associations among traits across the genotypes
and of the traits profile of the genotypes [29].
Understanding the traits relationships also facilitates
identification of traits that can be used in indirect
selection for a target trait and those that may be
redundantly measured.
The objectives of this study were: (i) to determine the
levels of genetic variation and heritability in studied
traits of durum wheat genotypes, (ii) to reveal the
interrelationship among grain yield and related
characteristics, and (iii) to identify traits that are
suitable for indirect selection for improved grain yield
in irrigated and rainfed conditions using GT biplot.

2. Material and Methods
2.1. Plant material and experimental
conditions
Fifty durum wheat (Triticum turgidum L.) genotypes
[10] from the wheat breeding project of International
Maize and Wheat Improvement Center (CIMMYT)
were evaluated during 2013–2014 growing season. The
field experimental design was a randomized complete
block design (RCBD) with three replications under two
contrasting irrigation (irrigated and rainfed conditions)
regimes conducted at the research farm of Mohaghegh
Ardabili University located at Moghan, Iran (39° 39′ N,
48° 16′ E and 32 m above sea level). The soils at the
experimental field are Typic Cambisols of the semiarid
tropics with a Sandy-loam texture. Rainfall and mean
temperature of the experimental site are shown in
Figure 1. Seeds were planted on 1st Nov in the 2013–
2014 growing season, in 1.2 m × 3 m plots, consisting
of six rows 20 cm apart at 350 seeds m-2 for each
condition. Based on a soil test before planting, 41 and
46 kg ha-1 of N and P2O5 were applied, respectively.
The first irrigation was performed at the time of late
tillering. The subsequent irrigations were applied every
14 days. Irrigated plants received irrigation water and
rainfall water, while non-irrigated plants only received
rainfall water during the growing season (November–
Jun). Weed control in both growing seasons was
conducted with an application of the herbicides
Clodinafop-propargyl at 0.7 L ha-1 and Tribenuronmethyl at rate of 15 g ha-1.

Figure 1. Rainfall and mean temperature for Moghan during 2013-14 cropping season
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2.2. Agronomic traits
Grain yield (GY), biological yield (BY) and thousand
kernel weight (TKW) were measured by harvesting 1
m2 of the central part of each plot at maturity. Ten
plants were randomly chosen from each plot to measure
the number of grains per spike (GNS), grain weight per
spike (GWS), spike weight (SPW), peduncle weight
(PDW), stem weight (STW), total tiller per plant (TT),
fertile tiller per plant (FT) and plant height (PH).
2.3. Data analysis

Where:
= The mean value of genotype i for trait j
= The mean value of all genotypes for trait j
= The standard deviation of trait j among genotype
means
= The singular value for Principal Component
(PCn)

2.3.1. Estimation of genetic parameters
The genotypic coefficient of variation (GCV) and
phenotypic coefficient of variation (PCV) were
calculated for all quantitative traits, according to [24],
using the equations:

= The PCn score for genotype i
= The PCn score for trait j
= The residual associated with genotype i in trait j
To achieve trait-focused scaling between genotype and
trait scores the singular value

has to be absorbed by

the singular vector for genotype
That
Where

= genotypic variance,

= phenotypic

variance and = grand mean of the trait.
The heritability in a broad sense across years was
calculated using the variance ratio as follows [17]:

Where
= genotypic variance,
= environmental
variance, r = number of replications.
Expected genetic advance as percentage of the mean
assuming selection of the superior 5% of the genotypes
was also estimated following the procedure elaborated
by [24]:

Where k = standardized selection differential constant
(2.06) at 5% selection,
= phenotypic variance;
= heritability in a broad sense.
2.3.2. Genotype by Trait (GT) biplot
The GT biplot approach [30] was used to display the
genotype by trait data in a biplot and is based on the
following formula:
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is,

and for traits hjn.
and

.
Because n= 2 in a biplot, only PC1 and PC2 are retained
in the model and such a model tends to be best for
extracting patterns and rejecting noise from the data. A
Genotype by Trait (GT) biplot is constructed by
plotting PC1 scores against PC2 scores for each
genotype and each trait [30].
All data were analyzed using the GGE biplot version
2.2.62 [26] and SAS 9.1 [22] statistical software.
3. Results and Discussion
3.1. Genetic variation
Influence of drought stress was significant on all
studied traits, except total tiller per plant and fertile
tiller per plant (Table 1). These results are in agreement
with the findings of [1] and [12] who observed no
significant differences between irrigation regimes for
TT and FT in wheat. The mean squares for the
genotypes were highly significant for grain yield,
thousand-kernel weight, stem weight, peduncle weight,
spike weight, grain weight per spike, number of grains
per spike and plant height under irrigated conditions
(Table 1). The effects of genotype was significant (P ≤
0.01) for all studied traits except total tiller per plant
and fertile tiller per plant (Table 1). These results
indicate high genetic variability among genotypes that
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enable us to select genotypes under irrigated and
rainfed conditions.

irrigated condition were lower than under rainfed
condition, except number of grains per spike.
Phenotypic coefficient of variation was highest in
fertile tiller per plant (32.676%) and genotypic
coefficient of variation was highest in grains weight per
spike (20.536%) under irrigated conditions. For rainfed
conditions, the highest GCV (33.185%) and PCV
(37.766%) were in biological yield. Phenotypic
coefficient of variation was higher than genotypic
coefficient of variation for all traits which reflect the
influence of environment on the expression of traits.

3.2. Genetic parameters
Genotypic variance, phenotypic variance, genotypic
coefficient of variation (GCV), phenotypic coefficient
of variation (PCV), broad sense heritability and
expected genetic advance expressed as percentage of
mean for eight characters are presented in Table 2. The
estimates of genotypic coefficient of variation and
phenotypic coefficient of variation for all traits under

Table 1. Mean squares from analysis of variance of the traits of durum wheat genotype grown under irrigated (I)
and rainfed (R) conditions.
Trait

Mean Square
Conditions

Mean

I
R
I
R
I
R
I
R
I
R
I
R
I

Block
0.226
0.041
1.073
0.141
81.000
5.760
3.610
0.230
2.496
0.435
0.037
0.001
0.001

Genotype
0.405 **
0.306 **
2.451**
1.741 **
19.489 **
57.407 **
0.482 ns
0.476 **
0.391 ns
0.348 **
0.125 **
0.101 **
0.014 **

Error
0.092
0.049
0.397
0.255
5.674
12.923
0.304
0.079
0.278
0.093
0.013
0.011
0.002

R

0.008

0.015 **

0.002

0.37

I
0.041
0.485 **
0.113
R
0.102
0.467 **
0.082
Grain weight per spike
I
0.064
0.301 **
0.019
**
(gr)
R
0.008
0.1756
0.014
Number of grains per
I
61.779
105.144 **
17.137
spike
R
0.144
76.654 **
8.589
I
52.562
77.065 **
14.348
Plant height (cm)
R
1.254
102.715 *
37.251
** and * significant at 1 and 5% probability levels respectively; ns= not significant

2.69
2.17
1.86
1.37
36.44
31.71
75.44
67.85

Grain yield (t h-1)
Biological yield (t h-1)
Thousand - kernel
weight (gr)
Total tiller per plant
Fertile tiller per plant
Stem weight (gr)
Peduncle weight (gr)
Spike weight (gr)

The highest heritability in a broad sense was obtained
for grain weight per spike (88.478%), stem weight
(82.544%) and number of grains per spike (74.090%)
in irrigated conditions (Table 2). This result for the
traits with high heritability indicated that the selection
for these traits will be effective because environment
had little effect on them. Knowledge of heritability is
essential since it helps breeders to determine the extent
to which improvement is possible through selection
[19]. However, high heritability alone does not
generally guarantee a large enough gain to make
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2.44
1.33
5.78
2.80
43.60
37.02
1.96
1.76
1.77
1.65
1.31
0.93
0.49

LSD0.05
0.22
0.47
4.01
0.84
0.73
0.08
0.04
0.16
0.11
3.38
3.15

sufficient improvement through selection in advanced
generations unless accompanied by a substantial
amount of genetic advance [3]. Thus, genetic advance
is another important selection parameter that aids
breeders in a selection program [23]. According to
Table 3, maximum genetic advance of 39.792%
followed by 35.286% and 34.063% was recorded in
grain weight per spike, stem weight and number of
grains per spike, respectively in irrigated conditions.
High heritability values followed by high genetic
advance showed the presence of additive gene action

Estimation of genetic parameters in durum wheat

and selection could be effective in early segregating
generations for these traits. Similar findings have been
reported by [11] and [32]. High heritability for plant
height coupled with low genetic advance indicates nonadditive gene effects and improvement of the trait
through selection may not be effective in this
population. In the rainfed conditions, high heritability
in a broad sense accompanied with high genetic
advance was obtained for grain weight per spike
(85.624%), stem weight (81.250%) and number of
grains per spike (79.848%). In this environment a
comparatively low value of heritability was observed
for plant height (Table 2), indicating that selection for
this character would not be effective due to

predominant effects of non-additive gene in this
population.
3.3. GT biplot analysis
The GT biplot for durum wheat dataset explained 56%
and 64% of the total variation of the standardized data
in the irrigated and rainfed conditions, respectively
(Figure 2). In the irrigated conditions, the first two PCs
(PC1 and PC2) explained 36% and 20%, respectively
while in rainfed conditions, the first two PCs described
43% and 21%, respectively.
A relatively low
proportion of the total variation explained by the
biplots indicates the complexity of the interrelationship
among the traits [30].

Table 2. Genetic parameters for various characters in durum wheat under irrigated (I) and rainfed (R)
conditions.

Trait

condition

Grain yield (t h-1)

I
R

Biological yield
(t h-1)

I
R

Thousand - kernel
weight (gr)

I
R

Total tiller per plant

I
R

Fertile tiller per plant

I
R

Stem weight (gr)

I
R

Peduncle weight (gr)

I
R

Spike weight (gr)

I
R

Grain weight per
spike (gr)

I
R

Number of grains per
spike

I
R

Plant height (cm)

I
R

0.187
0.151
1.126
0.863
6.908
27.242
0.089
0.199
0.057
0.128
0.061
0.049
0.007
0.007
0.236
0.223
0.146
0.081
49.004
34.033
36.359
32.732

0.278
0.200
1.523
1.118
12.582
40.165
0.393
0.277
0.335
0.221
0.074
0.061
0.009
0.009
0.349
0.304
0.165
0.095
66.141
42.622
50.707
69.984

GCV

PCV

H2B

GA

17.118
29.169
18.363
33.185
6.028
14.099
15.238
25.327
13.477
21.683
18.854
23.899
16.454
22.612
18.059
21.757
20.536
20.774
19.210
18.397
7.993
8.432

21.628
33.600
21.357
37.766
8.135
17.119
31.989
29.920
32.676
28.472
20.752
26.514
19.145
25.497
21.952
25.425
21.832
22.450
22.318
20.588
9.439
12.330

67.109
75.363
73.928
77.213
54.907
67.825
22.691
71.655
17.010
57.997
82.544
81.250
73.864
78.652
67.680
73.226
88.478
85.624
74.090
79.848
71.704
46.771

29.900
52.163
32.526
60.071
9.202
23.919
14.953
44.165
11.450
34.017
35.286
44.377
29.130
41.311
30.606
38.353
39.792
39.599
34.063
33.865
13.942
11.879

= Genotypic variance,
= phenotypic variance, GCV= genotypic coefficient of variation (%), PCV=
phenotypic coefficient of variation (%), H2B= broad sense heritability (%), GA= genetic advance as a %
mean.
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Figure 2. Polygon view of genotype × traits biplot of measured traits of 50 durum wheat genotypes under irrigated (a)
and rainfed (b) conditions, showing which genotypes had the highest values for which traits.

Nevertheless, [13], [5], [29] and [20] represent that the
fundamental patterns among the traits should be
captured by the biplots. Among different ways to use a
GT biplot, the polygon view helps identify genotypes
with the highest values for one or more traits. It
provides the best way to visualize the interaction
patterns between genotypes and traits [30]. For this
purpose, the genotypes that are connected with straight
lines so that a polygon is formed with all other traits
contained within the polygon.
According to polygon view of the dataset there are
eight vertex genotypes in the irrigated conditions
(Figure 2a) which are genotypes G28, G32, G36, G47,
G11, G15, G21 and G26. These genotypes were the
best or the poorest genotypes in some or all of the traits
since they had the longest distance from the origin of
the biplot. Therefore, it seems that G11 had the highest
values for GY and BY. Genotypes G47 and G36 were
the most favorable genotypes for PH, STW, PDW,
SPW, GWS and GNS traits. Also, genotype G15 had
highest value for TKW trait. On other hands, the vertex
genotypes G28, G32 G21 and G26 were favorable in
none of the measured traits in the irrigated conditions.
Different vertex genotypes and their related genotypes
which are located in different nine sections of biplot are
good candidates for examination heterosis [31] for
hybrid production in wheat using these genotypes or
pure lines.
In the rainfed conditions, according to polygon view of
the dataset there are six vertex genotypes (Figure 2b)
which are G23, G12, G10, G38, G7 and G27. These
genotypes are the best genotypes in some or all of the
155

traits in the saline conditions. The vertex genotypes
G23 and G27 had the highest values for PH. The vertex
genotype G12 and its relegated genotypes which are
located in its sector had the highest values for SPW,
STW, PDW, GWS and GNS traits. The vertex
genotype G10 was the most favorable genotype for TT,
FT, TKW, BY and GY traits. The vertex genotypes
G38, and G7 were favorable in none of the measured
traits (Figure 2b). Generally, it could be conclude that
genotype G10 was the most favorable genotype in
rainfed conditions. So, the genotype G10 can be
recommended for cultivation in the rainfed
environments.
The vector view is one of the applications of the GT
biplot to study the relationships between and among
traits. In the vector view of the GT biplot, a vector is
drawn from the biplot origin to each marker of the traits
to facilitate visualization of the relationships among the
selected traits. The correlation coefficient between any
two traits is approximated by the cosine of the angle
between their vectors [29]. The most prominent
relations by vector-view biplot in the irrigated
conditions (Figure 3a) are: a strong positive association
between GY with TKW and BY; between STW and
PDW; among SPW, GWS and GNS; and between TT
and FT; as indicated by the small obtuse angles
between their vectors (r=cos 0=+1). There was a near
zero correlation between GY and BY with SPW, GWS
and GNS, between TKW and PDW as indicated by the
near perpendicular vectors (r=cos90=0). There was a
negative correlation between GY, BY and TKW with
TT and FT as indicated by the near an angle of
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approximately 180 degrees (r=cos180=−1).
(b)

(a)

Figure 3. Vector view of genotype × traits biplot of measured traits of 50 durum wheat genotypes under irrigated (a)
and rainfed (b) conditions, showing interrelationships among traits.

The most prominent relations in the rainfed conditions
(Figure 3b) are: a strong positive association among
GY, BY and TKW; between TT and FT; among SPW,
STW, GWS and PDW as indicated by the small obtuse
angles between their vectors (r=cos 0=+1). There was
a near zero correlation between GY, BY and TKW with
SPW, STW and GWS; as indicated by the near
perpendicular vectors (r=cos90=0). There was a
negative correlation between PH with GY, BY and
TKW as indicated by the near an angle of
approximately 180 degrees (r=cos180=−1). The
statistical properties of this technique have been
described in detail by [28] and [30]. Mohammadi and
Amri (2011) found that biological yield and thousand
kernel weight were correlated with grain yield in durum
wheat and that visual selection would be valid [16].
Similarly, Gholizadeh and Dehghani (2016) reported
that biological yield and thousand kernel weight were
significantly correlated with grain yield in durum
wheat [6].
Figure 4 shows a polygon view of the durum wheat
dataset in eleven traits averaged across two
environments and the following information can be
understood: the vertex genotypes in this study are G12,
G37, G15, G38, G5, G27 and G19. Genotype G12 had
the highest values for all of the measured traits except
GY, BY and TKW. This genotype (G12) and the other
genotypes of this sector had good amounts of PH,
SPW, STW, GWS, GNS, PDW, TT and FT. The vertex
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genotype G37 and its related genotypes which fall in its
sector were good for GY, BY and TKW traits. The
other vertex genotypes (G15, G38, G5, G27 and G19)
and related sectors were not suitable performance for
the measured traits averaged across two environments
(Figure 4). The vector view of GT biplot across two
environments (Figure 5) showed there were high
positive correlations between GY with BY, TKW, TT
and FT. Also, Figure 5 shows that there were positive
correlations among PH, SPW, STW, GWS, GNS, and
PDW. There was an approximately zero correlations
between GY with PH, SPW, STW and GWS.
Knowledge of the interrelationships between grain
yield and its components will improve the efficiency of
breeding programs especially under drought stress
conditions through appropriate selection criteria. A
better understanding of relationships between traits can
be obtained by using biplot method. It is clear that the
biplot methodology is an excellent tool for visual data
analysis. The biplot approach has some advantages
compared with conventional methods of data analysis
[27, 31]. The first advantage of the biplot is graphical
display of data, which largely enhances our ability to
understand the patterns of the data. The second is that
it is more interpretative and facilitates pair-wise
genotype comparisons and effectively reveals the
interrelationships among traits. Based on different trait
relationships, selection for grain yield or any target trait
is not only the simplest, but also the most effective
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strategy in durum wheat breeding. The third advantage
of the GT biplot method is that it facilitates

identification of possible which-won-where patterns or
which-lost-where patterns [21, 6].

Figure 4. Polygon view of genotype × traits biplot of measured traits of 50 durum wheat genotypes across
environments, showing which genotypes had the highest values for which traits .

Figure 5. Vector view of genotype × traits biplot of measured traits of 50 durum wheat genotypes across
environments, showing interrelationships among traits.

4. Conclusions
The present study revealed high genetic variability
among durum wheat genotypes for all traits tested
which gives an opportunity to plant breeders for the
improvement of these traits. Grain yield was highly
heritable in both conditions, with moderate genetic
advance as a percentage mean in irrigated and high in
rainfed conditions indicating that yield performance
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could be improved to exceed the best commercial
cultivars. The high heritability estimate of grain yield
indicated that genetic variation was higher than the
environmental variation in this study. The vector view
of the GT-biplot indicated that BY and TKW traits are
positively correlated with grain yield and can be
considered as suitable selection criteria for the
development of high yielding durum wheat varieties.
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Among 50 studied genotypes, genotype G10 was the
most drought-tolerant genotype and is suggested as a
suitable genotype for rainfed conditions.

10.
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