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Five groups of similarity were found, with several 
sub-groups, by adopting as the cutoff point based on 
the evaluated descriptors (dgE = 439, 7). Group I was 
the most divergent among them all, being composed of 
genotypes Nandi and FM 404. These genotypes might 
be recommended to be used in hybrid combinations and 
as a base for new population, due to the high genetic 
divergence enabling the possibility of finding favorable 
gene combinations to allow the selection of transgressive 
genotypes as stated by Falconer and Mackay (1996). 
Two very characteristic and divergent groups composed 
by genotypes Antártica-1 (group II) and PFC 2005123 
(group III) were also found. Antártica-1 and FM 404 
are two Brazilian genotypes used in the beginning of 
the barley improvement program in the savannah, with 
diversified agro-morphological traits when compared 
to other Brazilian genotypes. Nandi showed the longest 
genetic distance among the other genotypes probably 
because of its origin (the only sample from Australia), 
for being a hull-less barley genotype (non-adhering palea 
and lemma) and for having the biggest flag area (AFB) – a 
trait that contributed the most (65.2%) to the Mahalanobis’ 
generalized distance.

The three most divergent genotypes did not show a 
superior yield compared to the others (Table 1). The distance 
in these genotypes might be useful for the program regarding 
the choice of new progenies for the hybridizations to be 
performed in order to have an agro-morphological diversity 
through the generation of new gene combinations.

Group IV is composed by six-rowed barley with 
five Mexican genotypes (CPAC 20011, CIMMYT 25, 
CIMMYT 42, Vicente Morales, AF 9585), three American 
(Lacey, Foster and BRS 180) and genotype PFC (Brazilian 
genotype collected from an American population) showing 
the contribution of genealogy. A big group was also 
observed (Group V) with 26 of the 39 genotypes studied in 
this research. This conglomeration indicates that most of 
the genotypes present high levels of agro-morphological 
similarity, which might be explained by the fact that the 
majority of accesses were obtained from a work collection. 
In this main group, a sub-group including cultivar BRS Elis, 
BRS Sampa and Scarlett was identified, where BRS 195 is 
one of the parents of BRS Elis and also BRS Sampa. Cultivar 
Scarlett is the other parent of BRS Elis. An even bigger sub-
group composed by BRS 195, with the genotypes above 
was identified, indicating that the high similarity might be 

Figure 1: Cluster analysis of 39 barley genotypes, based on the genetic dissimilarity matrix calculated by using the 
Mahalanobis’ generalized distance of 12 agro-morphological traits. UPGMA was used as clustering criteria. The 
coefficient of cophenetic correlation (r) is 0.77. Cut-off point: average morphologic distance is 439.7.



Genetic variability in elite barley genotypes based on the agro-morphological characteristics evaluated under irrigated system 155

Ciência e Agrotecnologia 41(2):147-158, Mar/Apr. 2017

explained to a great extent by the genetic ancestry from BRS 
195. An interesting fact was the identification of a different 
sub-group related to the American cultivars, including only 
two-rowed cultivars, M-14 and C-70.

The distribution of the genetic variability related 
to the different geographic origins was dispersive and 
no specific clustering tendency was observed regarding 
the accesses (Figure 2). This fact was also reported 
by Ahmad et al. (2008) and Cross (1994). The agro-
morphological traits used to calculate the genetic distances 
are complex variables which depend on the expression 
of a great number of genes, which by its turn, depend 
on the environment (Ceccarelli et al., 2007). In part, 
this explains the lack of access clustering based on the 
geographic origin. Possibly, the elite genotypes with 
different origins might have a gene pool in the genetic 
improvement programs in different countries. The only 
clustering trend of genotypes according to their origin was 
identified in the Mexican genotypes, except for CIMMYT 
2 and CIMMYT 48. The clustering occurred because in 
a certain point in time the improvement program focused 
on the selection and use of six-rowed materials that 
could be grown under an irrigation system. The Brazilian 
genotypes showed little dispersion and only genotypes 

Antártica-1, FM 404 and PFC 2005123 were manifested. 
The two first genotypes were obtained in 2000 before the 
change made in the Brazilian irrigated barley program. 
In relation to the genotypes being currently used in the 
Brazilian genetic improvement program (Figure 3) only 
these Brazilian genotypes and the Australian genotype 
Nandi have not been used in cross. A cluster of barley 
genotypes related to the number of grain lines by spike 
was identified (six/two rows) according to the distance 
from the Cartesian plan (Figure 4). A cluster with twenty 
two-rowed genotypes was found including genotypes PFC 
2001090, Alliot, BRS 195, PFC 214827-10, Cellar, Scarlett, 
BRS Sampa, BRS Elis, Prestige, PFC 2004345, M14, CEV 
96046, PFC 213660, C-70, PFC 2004033, PFC 99318, PFC 
213106, PFC 2003122, Danuta and BRS Deméter. Another 
sub-group which showed a tendency of six-rowed genotypes 
was composed of 12 six-rowed genotypes: CIMMYT 2, 
CIMMYT 25, CIMMYT 42, CIMMYT 48, PFC 99324, 
Foster, BRS 180, AF 9585, Lacey, PFC 98252, Vicente 
Morales and CPAC 20011. This tendency of six/ two rows 
genotypes grouping has also been observed in other studies 
conducted in the Cerrado region based on quantitative and 
molecular characteristics (Amabile et al., 2013; Amabile et 
al., 2014), including for hull-ness barley (Sayd et al., 2015).

Figure 2: Scatter plot of thirty-nine barley accesses, based on the genetic dissimilarity matrix calculated by using 
the Mahalanobis’ generalized distance of 12 agro-morphological traits. Origin of the genetic materials: (◊) Brazil; 
(∆) Mexico; (●) England; (■) Germany; (○) United States and (▲) Australia.
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Figure 3: Scatter plot of thirty-nine barley accesses, based on the genetic dissimilarity matrix calculated by using 
the Mahalanobis’ generalized distance of 12 agro-morphological traits. (□) Genetic materials currently used (■) 
and not used in improvement programs in Brazil.

Figure 4: Scatter plot of thirty-nine barley accesses, based on the genetic dissimilarity matrix calculated by using 
the Mahalanobis’ generalized distance of 12 agro-morphological traits. Six-rowed materials (●). Two-rowed 
materials (○).
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CONCLUSIONS
Highly significant differences were found among 

the genotypes for all agro-morphological traits. The high 
coefficient of genetic variation shows the possibility of 
having genetic gains for all traits. Traits that contributed 
the most for the variability included flag leaf area and 
silking and the ones that contributed the least were protein 
content and lodging. Based on the cluster analysis, three 
major groups of similarity were identified. A cluster 
tendency of two and six-rowed samples was observed. 
Genotypes PFC 2005123, Antártica-1, Nandi and FM 404 
were the more divergent. Promising genetic materials for 
the evaluated agronomical traits were identified in the 
present study and might be explored in crossing blocks 
in improvement programs in order to develop cultivars 
which will be more adjusted to the systems of irrigated 
crop in the savannah.
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