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could be used for improving fresh and dry leaf yield 
traits in tobacco breeding program.

The present research has clearly shown that the site 
regression model can analyse patterns and relation-
ships of genotypes and traits successfully as well as 
provide a valuable prediction. Also, most of the studied 
genotypes were good candidates for improving most of 
the measured traits and therefore there has been good 
genetic variability in our plant materials.

It is noticeable that the leaf properties (length, 
width, and area) are important for improving dry leaf 
yield and so it seems that defining breeding strate-
gies for genetic improvement of dry leaf yield must 
be performed based on them. The relative contribu-
tions of different traits of economical crop yield to 
the identification of desirable genotype found in this 
study by the traits comparing biplot procedure of the 
GT biplot are similar to those found in other crop stud-
ies – soybean (Y a n ,  R a j c a n , 2002), white lupin 
(R u b i o  et al., 2004), and rapeseed (S a b a g h n i a 
et al., 2010).

The data obtained in this study could be useful for 
tobacco breeders in efforts to increase leaf yield. The 
correlation coefficients between the tobacco leaf yield 
and morphological traits showed good variation, and 
the results suggest that the leaf length, leaf width, and 
leaf area are the primary selection criteria for higher 
leaf yield in tobacco. It is clear that the GT biplot 

method is an excellent tool for visual genotype by trait 
data analysis because it is a powerful tool and can be 
used to graphically address research questions (Ya n , 
2014), and compared with conventional methods, the 
GT biplot approach has some advantages: (1) graphical 
presentation of the data greatly enhancing the ability 
to understand the patterns of the data, (2) it is more 
interpretative and facilitates pair-wise genotype or 
trait comparisons and effectively reveals the interre-
lationships among the tobacco traits, (3) it facilitates 
identification of possible which-won-where patterns 
or which-lost-where patterns, (4) it can be used in 
independent culling based on multiple traits and in 
comparing selection strategies (Y a n ,  R a j c a n , 
2002; Ya n  et al. 2007).

CONCLUSION

In conclusion, based on the GT biplot, leaf length, 
leaf width, and leaf area were identified as traits suit-
able for selection for dry leaf yield improvement in 
tobacco. Thus, selecting for these traits is expected to 
improve dry leaf yield and this suggests that selection 
index that incorporates these traits will result in the 
development of not only high yielding cultivars, but 
those showing other desirable agronomic traits. From 
our observations, it appears possible to improve exotic 

Fig. 5. Ranking of genotypes based on dry 
leaf yield (DLW) according to genotype by 
trait biplot method. Traits: PH = plant height, 
LL = leaf length, LW = leaf width, LN = 
leaf number per plant, SG = stem girth, LA 
= leaf area, DLW = dry leaf yield, FLW = 
fresh leaf yield
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tobacco genotypes or lines by selecting for genotypes 
with higher values of the above mentioned traits. Also, 
almost all of the studied genotypes, especially G6, 
G9, G11, G14, G15, G16, G20, and G23, are good 
candidates for improving most of the measured traits 
due to the existence of good genetic variability in our 
plant materials.
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