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INTRODUCTION

In the pre-breeding period, breeders
attempt to determine phenotypic divergence
among genotype germplasm in genetic
collections they work with (Duvick 1984,
Prodanovié, 1995, Drazié¢, 1997a, 2007).
Breeders special interest isto determine material
diversity over estimates of quantitative traits
(Jovanovic et al., 1993; 1994; 1994a, DraZi¢
2004). Yield and yield components are the most
fundamental traits for selection and production.

The method of hierarchical cluster
analysisisoften applied to determineaform and
degree of genotypic similarity for several
variables (Ward 1963). Groups (or clusters)
obtained by thismethod, diverge phenotypically
different varieties, while similar varieties are
linked within groups.

Grouping genotypes of a certain
germplasm collection into clusters makes selection

of the parental pairs, most favourable for
hybridisation, easier to breeders. In relation to a
greater number of traits, crosses of the most
divergent genotypes, from the most distant groups,
can in progenies result into transgressive
recombinations.

The aim of the present study was to
determine, by the hierarchical cluster analysis,
phenotypic divergence of the working germplasm
collection of 20 burley tobacco genotypes,
originating from various geographic regions and
selection periods, under agroecological conditions
of eastern Serbia. This study is a continuation of
studieson phenotypic divergencewithin the species
Nicotiana tabacum L. that were initiated under
identical conditionswith thecollection of flue-cured
Virginia tobacco varieties (DraZi¢ and
Prodanovic, 1999).

MATERIAL AND METHODS

Twenty burley tobacco varieties
originating from six countries were studied.
Varieties Spartak, Poseidon, Bols 3, Tanit 2 and
Austria97 werefrom Austria (Bolsunov, 1961).
The local varieties Burley DKH 28 and Burley
DKH 33 were derived on the basis of initial
material originating from Austria. The variety
Burley T has been grown over 25 years in
Yugoslavia on the basis of the introduced
material (DraZi¢ 1997., 2003). Burley 103
originatesfrom Japan, Harwin from Canada, and
Burley HLN from Zimbabve. Varieties Burley
64, Va590, TN 86, TN 90, SA 130, L8, N88 and
N 777 werereceived fromthe USA. Thesix US
varieties have been recently developed (Miller,
1987, Palmer et al., 1991).

Varietieswere grown during several years
in the location of Veliko Gradigte, in microtrias
set up according to the 4-replicate randomised
complete block design. For this paper we used
results received from two-year experiments. The
elementary plot size amounted to 20 . Planting
distance was 80 x 50 cm, while planting density
amounted to 25,000 plants hat. The trial was
conducted on yellow sandy soil. The mean air
temperature of the growing season (April -
September) was about 19°C, whilethe preci pitation
sum amounted to over 400 mm.

Ten plants per each replication were
sampled for the analysis. The following
components of each genotype were esteemed:
duration of the growing season (in days), height
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(cm), leaf number on stalk, length and width of
mid plant leaf (cm) and yield (kg ha?).

Meansfor al traits (x) for each genotype
and each variety in the trial were determined.
Variability of traits among genotypes within
germplasm collectionis presented by variance (S)
and coefficient of correlation (V%). Significance
of differences among genotypes was evaluated by
the anadysis of variance and F-test.

The Cluster programme of SAS software
(1982) was applied to the hierarchical cluster
anaysis(Ward, 1963) in order to esteem the degree
of divergence among genotypes. The matrix of

Euclidean distancesd.,(e, ej) among group means
is calculated by this method:

2
k=1 O K

d,(e.e) {zg}

The method of single linkage was used,
whereby a dendrogram, showing successive
fusions of genotypes, culminating at the stage
where all groups belonged to the same cluster,
was produced to display phenotypic differences
among studied varieties.

RESULTSAND DISCUSSION
The estimates of quantitative traits of 20 studied Burley tobacco varieties are presented in

Table 1.
Table 1.- Trait means of analysed genotypes
Ta6ena 1.- CpegHu BpelHOCTH Ha CBOjCTBAaTa HAa UCIIUTYBAaHUTE T€HOTUIIOBU
Leaf
G Growing | oo | Leaf | length ‘fﬁfl Yield
rzﬁ(c))%ge 5 scason (cm) rI15um_b er (cm) (cm) (kg /ha’™)
erﬁgzangeH BucuHa nmpcc'):oHB?/l ﬂ°n|$MHa LMpuHa MpuHoc
fmeror  |H@ nmcToT

Berlegj T 66 160 20 58 25 1604
Berlej DKH 28 70 155 23 50 31 2160
Berlej DKH 33 74 175 25 56 30 2030
Spartak 83 180 26 55 30 2001
Poseidon 66 165 23 60 33 1990
Bols 3 64 153 20 50 30 1270
Tanit 2 64 170 22 62 38 1990
Austria 97 63 170 22 62 37 1950
Burley 103 74 49 14 26 14 780
Burley Harwin 31 136 19 47 24 1495
Burley HLN 60 130 28 48 25 1261
Burley 64 74 57 13 23 12 560
Va 590 79 48 11 22 10 544
Burley 37 73 36 12 21 10 522
TN 86 94 120 26 50 25 1670
TN 90 108 143 25 48 23 1870
SA 130 105 145 27 47 22 1904
N 777 107 90 15 31 16 784
L8 109 102 21 41 18 436
N 88 112 95 23 33 15 990
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Table 2. Variability parameters of traits of studied genotypes
Tabena 2. Bapujabuiinu napamMeTpu Ha CBOjCTBaTa HA UCIUTYBAHUTE T€HOTUTIOBU

Trait Mean Min Max Variance Coecfficient of F
CBojcTBO CpegHa Munnmym | Makeumym | BapujaHca variation
BpegHOCT KoeduyneHT Ha
BapujabunHocTta

Growing o
season 81 62 110 290.4 21 14,71
BereTau,

nepvog
Height o
BuchHa 124 36 180 22523 38 102,05
Leaf

number 21 11 28 26,2 24 26,58
Bp. Ha

UCTOB

{Jeafh

enght o
LomkuHa 45 21 62 175.1 29 30.45
Ha IMcToT

Leaf

width 23 10 38 69.6 37 2530
LLnpmHa Ha

nmcToT

Yield o
MpuHoc 1391 436 2160 501230,0 51 32.43

Table 2 presents basic biometric
parameters for the entire germplasm collection.
Maximum and minimum estimates of traits are
especially pointed out, indicating significant
differences among varieties. Coefficients of
variation regarding traits of observed material
ranged from 21% (duration of the growing
season) to 51% (yield). F-test expresses

statistically very significant differences among
genotypes for al traits.

Due to pronounced variability, the
hierarchical cluster analysis showed a great
divergence of the material. Dendogram of
divergency by linkage distancesfor 20 examined
genotypes, marked with ordinal numbers from
Table 1 is shown on Figure 1.
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Figure 1. Dendrogram of linkage distances among 20 varieties (yield components and yield)
I'pacpukon 1. Jlengporpam Ha pacTojaHHjaTa Ha MOBp3yBamaTta Mefy 20 copTu
(KOMITOHEHTH Ha NPUHOCOT U MPUHOC)
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Two genotypic groupsare observable in
Figurel. Thereare 13, i.e. seven varietiesin the
first (1-2), i.e. the second (11-2), respectively.

The comparison of the varietal
distribution across the dendrogram with their
estimates in Table 1 shows that linking into
groups was done, first of all, according to yield.
The group 1-2 (Spartak, Burley DKH 33, Tanit
2, Austria 97, Burley DKH 28, Poseidon, Bols
3, Burley HLN, Burley T, TN 86, Burley Harwin,
TN 90 and SA 130) encompasses varieties with
relatively highyield, ranging from 1261 to 2154
kg ha-1, whilethegroup |1-2 (Burley 103, Burley
37, Burley 64, Va 590, L8, N88 and N 777) is
characterized by alower yield (ranging from 435
t0 990 kg ha-1). Although the hierarchical cluster
analysis was based on a greater number of
elementary quantitativetraits (yield components)
and only one complex trait (yield) it seems that
yield effects on grouping wasthe most important.
However, sinceyield isaresult of development
of many elementary quantitative traits and
dependson their values, elementary and complex
traits should not be observed as conflicted sides.
It should be noticed that the elementary traits
enabling grouping of varietiesby their yield were
chosen for this study.

With regard to the fact that the stated
traits are of the crucial importance for the yield
level, the special attention should be paid to them
in selection of Burley tobacco.

Linkage of yield components and yield
is also confirmed by congruity of grouping of
varietiesinto cluster (Figure 1.). However, there
are certain differences especially in the position
of the cluster 11-2 with varietiesL8, N 88 and N
777. The genotypesin the Figure belong to low
yielding vareties. This statement points out to
the fact that these three recently derived US
varieties have a potential to form good yield
according to their morphological traits, but they
do not achieve such yield under our conditions.

Moreover, it should be mentioned that

the form of grouping was not changed when the
trait leaf areawasomitted if leaf length and width
were analysed and vice versa (DraZi¢ and
Prodanovié, 1999). Thismeansthat the addition
of positively highly interrelated and derived traits
inthehierarchical cluster analysisdoes not affect
theform of divergence and therefore the number
of observed traits should not be increased. From
the practical point of selection it means that
greater efficiency can be achieved by monitoring
alower number of moreimportant traitsin more
abundant material.

The dendrogram show linkage of
genotypes in relation to the centre and time of
their selection. For instance, all varieties of
Austrian origin and local varieties, derived from
theinitial material of Austrian origin, belong to
the same cluster (Bolsunov 1961., 1967., DraZi¢
1997.,1997a). TheUSvarietieswerea so linked,
whereby grouping into sublusters was mainly
related to the period of their development
(Heggerstad et al., 1960). Some authors
suggested that varietal linkageinto clusterscould
be, to agreat extent, caused by alocation of their
development, explaining it by the model of a
variety development applied in a particular
institute and by the use of relatively smaller
amount of tested germlasm with regard to
combining abilities for parental components in
each of the breeding centres (Jovanovic et al.,
1994aq).

The produced dendrogram can be used
to plan hybridisation. Crosses should be
performed among genotypes as divergent as
possible from different groups and subgroups,
but of satisfactory traits. In such away, a great
number of unnecessary crosses of similar to
similar varieties is eliminated, because they
cannot result in progenies with the most
pronounced gene recombinations for several
traits. Themode of grouping of studied varieties
point out to potentially good parental
combinations.

CONCLUSIONS

Studies on 20 Burley tobacco varieties,
among which 17 were introduced, under
conditions of eastern Serbia, point to the
following:

Therearesignificant differencesamong
genotypes of thisgermplasm collection based on
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estimates of variances, coefficients of variations
and F-test.

Groupsof genotypes primarily linked by
estimates of yield were singled out by the
hierarchical cluster analysisbased on both yield
components and yield.
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The obtained divergence form for yield
points out that selected quantitative traits were
exactly those directly affecting yield estimates,
and therefore a specia attention should be paid
to them in Burley tobacco selection.

The location and time of selection of

observed varieties also significantly affected
their divergence.

Phenotypic divergence established
among genotypes can be used in selection of
parental pairsinthefurther breeding programme.
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INPUMEHA HA KJIACTEP-AHAJIM3ATA 3A OLIEHA HA
JUBEPI'EHTHOCTA HA TYTYHOT (M. tabacum L.)

C. pamxurk’', M. IIpByaoBuK’

'Uncmumym sa npoyuyearse na nexosumu pacmenuja “J-p Jocup IHanuur* -Feazpao
“3a600 3a semjodencmeo - Hecomun
Penybnurxa Cpouja

HcnuryBann ce ImecT cBOjCTBA Kaj OBACCET COPTH OCPNCjCKH TYTYH (JOMKHHA Ha
BCTCTALIMOHHUOT MCPHOJ, BUCOUMHA, OpOj Ha JHUCTOBH, AOKHHA U IIHMPOYHMHA HA CPEAHUOT JIMCT U
MpUHOC) YTBPIACHU CE 3HAYAJHU PA3IUKU BO HUBHUTE BPCIHOCTH, OJHOCHO roJeMa BapHjaOHITHOCT
HA CBOjCTBara Kaj MPOy4yBAHUTE ICHOTUIIOBH. 3a MPOLICHA HA CTCIICHOT HA HUBHATA JUBCPICHIIM]A,
KOPHCTCHA ¢ XHepapXucKara Kiactep-aHamusa. JlobueH e AeHAporpam 3acHOBaH BP3 AUBCPreHLN]a
HA COPTHUTE CIPEMa MOBAKHUTE CBOJCTBA, BKIy4yBajKu ro u npuHocoT. Ce u3ABOjyBaar ABa Kiactepa
I-2, 1I-2), ogHOCHO rpymu Ha coptu. Bo cekoj kiacTep ce HajAyBaar IeHOTHIIOBH CO CIIUYHA
npoayktusHOCT, LlITo nokakyea acka H30paHUTE CNEMEHTAPHH CBOJCTBA OCHOBA 32 OINICMCHYBAKE
Ha MPHHOCOT Ha OepiejckHOT TyTYH. [lpn nnanupameTo Ha XUOPUIU3ALMNTE POIUTEIHUTE Tpeda fa
cc oabupaar on pa3IHYHH KIACTCPH HIH CYIKIACTCPH 32 Ja MOXKAT Ja CC PCKOMOHHHPAAT IITO
MOAWBCPIrCHTHH ICHOTUIIOBH BO MOTTIC HA HCITUTYBAHHUTE KBAHTUTATHUBHH CBOjCTBA.
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