














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 (Yan, Rajcan, 2002), white lupin
(Rubio etal., 2004), and rapeseed (Sabaghnia
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

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

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 (Yan,
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 (Yan, Rajcan,
2002; Yan 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
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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 Go6,
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.

ACKNOWLEDGEMENT

We wish to thank kindly Professor Wei-Kai Yan
(Eastern Cereal Oilseed Research Center of Agriculture
and Agri-Food Canada) for making available a time-
limited version of GGEbiplot as ‘testBiplotxlsx’.

REFERENCES

Benham BL, Vaughan DH, Laird MK, Ross BB, Peek DR (2007):
Surface quality impacts of conservation tillage practices on
burley tobacco production systems in southwest Virginia.
Water Air Soil Pollution, 179, 159-166.

Darvishzadeh R, Alavi SR, Sarafi A (2011): Genetic variability
for chlorine concentration in oriental tobacco genotypes.
Archives of Agronomy and Soil Science, 57, 167-177.

El-Morsy SI, Dorra MDM, El-Hady EAA, Hiaba AA, Mohamed
A (2009): Comparative studies on diploid and tetraploid
levels of Nicotiana alata. Academic Journal of Plant Sci-
ences, 2, 182—188.

Kara SM, Esendal E (1995): Heterosis and combining ability
analysis of some quantitative characters in Turkish tobacco.
Tobacco Research, 21, 16-22.

Lei YH, Xu ML, Huang XY (1997): Tobacco collection in
the Yunnan Province. Science and Technology publishing
company of Yunnan, Yunnan, China.

Murad L, Lim KY, Christopodulou V, Matyasek R, Lichtenstein
CP, Kovarik A, Leitch AR (2002): The origin of tobacco’s

T genome is traced to a particular lineage within Nicotiana

tomentosiformis (Solanaceae). American Journal of Botany,
89, 921-928.

Ren N, Timko MP (2001): AFLP analysis of genetic polymor-
phism and evolutionary relationships among cultivated and
wild Nicotiana species. Genome, 44, 559-571.

Rubio J, Cubero JI, Martin LM, Suso MJ, Flores F (2004):
Biplot analysis of trait relations of white lupin in Spain.
Euphytica, 135, 217-224.

Sabaghnia N, Dehghani H, Alizadeh B, Mohghaddam M (2010):
Genetic analysis of oil yield, seed yield, and yield compo-
nents in rapeseed using additive main effects and multiplica-
tive interaction biplots. Agronomy Journal, 102, 1361-1368.

Wenping LI, Zhu L, Zhao S (2009): Correlation and path coef-
ficient analysis and Euclidean distance clustering for several
characters in tobacco germplasm resource. Chinese Tobacco
Science, 30, 59-63.

Yan W (2001): GGE biplot — a Windows application for graphi-
cal analysis multienvironment trial data and other types of
two-way data. Agronomy Journal, 93, 1111-1118.

Yan W (2014): Crop variety trials: data management and analy-
sis. John Wiley and Sons, Inc.

Yan W, Kang MS (2003): GGE biplot analysis: a graphical tool for
geneticists, breeders, and agronomists. CRC Press, Boca Raton.

Yan W, Rajcan I (2002): Biplot evaluation of test sites and trait
relations of soybean in Ontario. Crop Science, 42 11-20.

Yan W, Hunt LA, Sheng Q, Szlavnics Z (2000): Cultivar evalu-
ation and mega-environment investigation based on the GGE
biplot. Crop Science, 40, 597-605.

Yan W, Kang MS, Ma B, Woods S, Cornelius PL (2007): GGE
biplot vs. AMMI analysis of genotype-by-environment data.
Crop Science, 47, 643—655.

Zeba N, Isbat M (2011) Multivariate analysis for yield and
yield contributing traits in FO and F1 generations in tobacco
(Nicotiana tabacum). Journal of Experimental Bioscience,
2,101-106.

Zhang H.Y., Liu X.Z., He C.S., Zheng C.M. (2005): Random
amplified DNA polymorphism of Nicotiana tabacum L.
cultivars. Biologia Plantarum, 49, 605—607.

Corresponding Author:

Naser Sabaghnia, Associate Professor, University of Maraghh, Faculty of Agriculture, Department of Plant Production and Genetics,
P.O. box 55181-83111, Maragheh, Iran, phone: +98 413 280 6781, e-mail: sabaghnia@maragheh.ac.ir ; sabaghnia@yahoo.com

SCIENTIA AGRICULTURAE BOHEMICA, 50, 2019 (1): 1-7 7



