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Abstract

Diversity and genetic variability of ten local bean populatios (Phaseolus vulgaris L.) from Kichevo
region, for several morphological and productive traits have been analysed in two-years experiment. The
population Tetovski grav (Tetovo bean) was used as standard for comparation with the other populations.
Regarding the obtained results, populations are divergent for nearly all of the investigated traits: leaf
color, shape and persistence, color of flower wings and bracteole, color of immature and dry pods, pod
shape, shape of pod cross-section, pod wall fibre, position of pods, position and orientation of pod beak,
number of pods per plant, number of seeds per pod, seed pattern, color, brilliance and shape, 100 grains
mass and seed yield per plant. Population’s yield per plant varied from 118.8 g to 181.8 g, except for the
Trkalezen bel grav (45.3 g). Highest yield, and the only one higher than the standard, had Splesnat
tetovec, therefore we recommend it for wide production in Kichevo region. The variability within the
populations for all traits was low. Among the investigated productive characters, in average of all
populations, least variable trait was the number of seeds per pod (9.74% CV), while most variable was
grain mass per plant (12.72% CV). In average of all of the productive traits, the population Bel cincar had
highest variability (20%). The populations Siten cincar, Splesnat tetovec, Trkalezen bel grav and Splesnat
tetovec were most uniformed (approximately 15% CV). Compared to the standard Tetovski grav, other
populations differ significantly for large number of the traits.

Key words: Phaseolus vulgaris L., bean local populations, diversity, variability, morphological
traits, productive traits.

Introduction

Genus Phaseolus originates from America, or more specificaly two centres of origin: Mesoamerican
and Southamerican are recognized by many researchers (Toro et al. 1990, Gepts et al. 1986,
Voysest et al. 1994, Angioi et al., 2009; Kwak et al., 2009). Approximately 70 Phaseolus wild
species are more important for the development of a humankind (Freytag and Debouck, 2002), out
of which five are domesticated and cultivted in the past. Among them, Phaseolus vulgaris L. or
common bean is the most widely cultivated, taking 90% of the world bean production. In Europe
bean was primarily grown as decorative plant, and later as a food crop. During the Turkish rule this
crop spreads in Macedonia and Serbia with noumerous populations characterized primarily with
large seeds. Still today some landraces are locally named “turkish seed”. Balkan Peninsula is
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considered as secondary center of origin due to the high bean diversity present in this region
(Krasteva, 2002).

R. Macedonia has long tradition of bean cultivation. Farmers in the rural areas maintain various
populations within several decades (lvanovska and Popsimonova, 2006). In Kichevo region
populations with white compressed or kidney shaped grains are predominant, which local name is
most often variation of the well known Tetovski grav (Tetovo bean). However, populations with
patterned and colored grains are grown as well. Due to absence of bean breeding program this rich
diversity of local poulations was not determined till present. Main breeding objective in all
programs is yield improvement (Ghobary and Abd-Allah, 2010). Seed yield is a complex trait
affected by many factors and success of its improvement relay on use of characters directly
associated with yield as selection criteria (Karasu and Oz, 2010, Chitra and Rajamani, 2010, Cabral
et al. 2011). Therefore, the objective of present study was to estimate the genetic variability of some
morhological and productive characters of ten populations collected from Kichevo region. The
information obtained will be used as value indicators for conservation of this material in the gene
bank, and for establishment of breeding collection in the future program.

Material and methods

The diversity and genetic variability of ten local bean populations (Phaseolus vulgaris L.),
maintained by farmers from Kichevo region for a long period have been analized. Populations with
their local name and origin are listed in Table 1. Landrace Tetovski grav, cultivated on larger areas
in RM, was used as a standard for comparation with the other populations. The experiment was
conducted in two years (2006 and 2007) at the village Crvivci, Kichevo, on 640 m above sea level,
by use of RCBD with three replications. Planting was performed manually, in May 2006 and April
2007, in nests with 50x50cm distance, with 4-5 seeds in each nest. After the planting, standard
agrotechnical measures were applied. The plants were irrigated 3 times in 2006 and five times in
2007. For determination of populations diversity, plant characters were recorded according to
Descriptor list for Phaseolus vulgaris (IPGRI, 1982).

During the vegetation and after the harvest qualitatuive characters of leaves (color, shape and
persistence), flowers (color of wings and bracteoli), pods (color of immature and dry pods, shape,
curvature, position on the plant, cross-section shape, pod wall fiber, beak position and orientation)
and seed (coat pattern, coat darker and lighter color, brilliance and shape) were analyzed. Productive
characters: number of seeds per pod (average of 10 pods/plant), number of pods per plant, mass of
100 seeds (g) and seed yield per plant (g) were evaluated.

In IPGRI and UPQV descriptors seed shape is visuelly clasified in 4 groups. Genchev (1989)
suggests classification based on the variation among the three seed dimensions. Five shapes (Tab. 2)
are grouped according to the relations length : width and height : width of seeds (Dekaprelevic,
1925; citation by Tudzarov, 1981). This classification is similar to the botanical and it is used in
many experiments (Vasié, 1986). Seed dimensions were measured from 10 seeds per each plant.
The obtained data were analyzed for variance using the statistical package SPSS. For determination
of genotypes variability basic statistical parameters for the characters were estimated for each
repetition and year. The differences between means were compared by LSD test. Statistical
significance was considered at P<0.01 and P<0.05 level.
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Table 1. Local name and origin of the investigated populations

No | Original local name Translation of local name Origin (village)
1 | Tetovski grav Tetovo bean v. Forino
2 | Belcincar White cincar v. Bigor Dolenci
3 | Sharen trkalezen grav Paterned round bean v. Tuin
4 | Siten cincar Small cincar v. Bachishta
5 | Splesnat tetovec Compressed tetovo bean v. Zajas
6 | Sharen cincar Paterned cincar v. Bigor Dolenci
7 | Trkalezen bel grav Round white bean v. Rechani
8 | Splesnat grav Compressed bean v. Tuin
9 | Kafeni crn cincar Brawn and black cincar v. Bigor Dolenci
10 | Splesnat kichevski Compressed kichevo bean Kichevo

Table 2. Classification of bean seed shape based on the relations among the seed sizes

Subspecies Seed shape Length : width Height : width
Sphaericus (Savi) Sphaerical 1,0-1,3 0,66-1,0
Ellipticus (Mart.) Eliptical 1,3-1,7 0,71-1,0
Oblongus (Savi) Oval 1,7-2,3 0,71-1,0

Subcompressus Semicompressed 1,3-1,7 0,36-0,7
Compressus (D.C.) Compressed 1,7-2,3 0,36-0,7

Results and discussion

The variability of populations regarding their qualitative characters is presented in Fig. 1. All
characters are listed in the legend along with the relation among alternative forms of the characters.
Populations having the given form enclosed in the parenthesis are listed with the numbers specified
in Table 1. Highest diversity among the genotypes with the largest number (4) of alternative trait
forms was determined for the color of flower wings, pod position, darker color of the seed coat and
shape of the seed. All plants were uniformed only for two characters: bracteole color (green) and
position of the pod beak (marginal). Low diversity (with two alternative trait forms) was registered
for leaf color and persistence, pod wall fiber, pod beak orientation and seed coat pattern. Bean seed
has high variations regarding the size, shape and color, depending on the genotype. This phenotype
variation is important for commercial purposes, influencing on cookability, processing, taste and
texture of the grains (Adams and Bedford, 1993, Kelly et al., 1998). Varieties with white seeds are
predominant on the Balkan Peninsula (Mitranov, 1981a; Vasi¢ et al., 1993). In the collection of 129
genotypes maintained by the Institute of Field and Vegetable Crops in Novi Sad, Vasi¢ (2004) also
determined high diversity regarding the seed shape and color, out of which most seeds were white,
greeny-yellow, pale green, gold, patterned, brawn, pink and black. Populations with colored seeds
are also maintained by the farmers, mainly for their own needs. In the collections of South America,
bean with black, red and patterns of different colors is predominant (Antunes et al., 1981; Voysest
et al., 1994). Breeding directions are often determined by the seed shape and color (Acquaah et al.,
1992; Brothers and Kelly, 1993; Gvozdanovi¢ et al., 1996).
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Number of seeds per pod

The population Siten cincar had highest number of seeds per pod in both years (5.83 in 2006, 4.56
in 2007). Compared to the standard Tetovski grav, only 3 populations had statistically significant
diferent average values. The values were higher in 2006 in almost all of the populations (Tab.3).
Similar results for the number of seeds per pod obtained by analyses of different varieties and
populations are reported by Mitranov (1981a, 1981b) with average values of 3.8-5 seeds; Vasi¢ et
al. (1996) with 3.22-4.05 seeds, Stoilova and Kiryakov (2000) with 4.2 seeds, Vasi¢ et al. (2002)
with 2.8-4.4 seeds, Vasi¢ (2004), with 2.4-4.4 seeds, Duran et al. (2005) with 2.8-4.2 seeds, Kazemi
et al. (2012) with 3.2-3.9 and Salehin and Rahman (2012) with 4.5-6.1 seeds per pod. Highest
variablity among the plants was recorded in the population Tetovski grav in 2006 (14,44%), and in
general all populations were more variable in this year (Tab. 3). In average the variability of this
trait was low (9.74%), which is in accordance with the results obtained by other autors (Adams,
1967, 1982; Mitranov, 1981a, Vasi¢ et al., 1996, Duran et al., 2005). On the contrary, Stoilova and
Kiryakov (2000) have determined higher variability (29%) in 40 bean samples maintained by the
genebank in Sadovo.

Number of pods per plant

Highest pod number in the two years was determined in the population Splesnat grav (81.63 in
2006, 59.42 in 2007), and the smallest mean value was recorded in Bel cincar (49.17 in 2006, 33.52
in 2007). The only exception was found in Trkalezen bel grav, which also have three times smaller
plant height and belongs to other growth group (Tab.3). The values of all populations were higher in
2006, while only Splesnat grav had significantly higher value (70.53) than the standard (65.57).
Vasi¢ (1994) also determined 17-74.9 pods per plant, as well as Kazemi et al. (2012) — 25.6-50.5.
Lower average values are reported by Mitranov (1981b), 11-54; Stoilova and Kiryakov (2000),
14.3; Vasi¢ et al. (2002), 4.4-14.6, Vasi¢ (2004), 3.1-18.9, Salehin and Rahman (2012), 7.1-8 and
Hossein et al. (2012), 19.64-30.15, due to various growth groups of the examined material. For the
same reason much larger range of average values are published by Bozoclu and Sozen (2007), 1-
163 pods, and Yongzhong (1994), 17.2-100 pods. The uniformity of the plants within the
populations was much smaller in two populations in 2007 (21.42% in Bel cincar and 22.74% in
Splesnat kichevski), although all populations expressed high variability in this year (Tab. 3). Most
stable in 2007 was Tetovski grav (12.89%) and in 2006 Splesnat kichevski (9.50%). Compared to
the relatively low variability of this trait determined in this research, other autors refer higher
variability in their investigations: 30-44% (Vasi¢, 1994), 38.1% (Stoilova and Kiryakov, 2000),
33.6-40% (Vasi¢, 2004) and 28.6% (Duran et al., 2005), also becouse of the different growth groups
of analyzed material.

Mass of 100 grains

The grain mass along with the number of grains per pod and number of pods per plant are directly
contributing to the yield. Whatever the breeding directions are, the primary goal is creation of high
yielding varieties with different grain size (Ninhuis and Singh, 1986, Karasu and Oz, 2010). The
values for this character are obtained by measurement of 100 air-dried seeds from each plant. In
average for the two years, highest values expressed Kafen and crn cincar (67g) and Bel cincar (66g).
Values over 60g were recorded in Splesnat tetovec, Sharen cincar and Splesnat grav as well (Tab.
3). During the analysis of 1000 grains mass in various bean genotypes, Vasi¢ registered lower
average values: 322-448¢ (Vasi¢ et al., 1995), 161.8-443.8¢ (Vasic¢ et al., 2002) and 161.8-483.1g
(Vasi¢, 2004). Similar results are published by Duran et al. (2005) with average 100 grains mass of
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23.3-42.7g, Stoilova and Kiryakov (2000) with 46.7g, Salehin and Rahman (2012) with 39.6-44.5¢g
and Hossein et al. (2012) with 26.7-44.6. Higher values (16.2-80g), in accordance with the results
obtained in this investigation are registered by Bozoglu and Sozen (2007) in the collection of 292
local bean populations in Turkey. The populations were less uniformed for 100 grains mass in 2006
(14.43%-22.75%), while in 2007 the variablity was lower and ranged from 7,57% to 15,15% (Tab.
3). Similarly, Duran et al. (2005) determined 10.6% variability, but also lower uniformity (42.2%)
is reported by Stoilova and Kiryakov (2000) and (27.2%) by Vasi¢ (2004). Zizumbo-Villareal et al.
(2005) analyzed wild, weedy and cultivated bean populations. They registered average mass of 100
grains 6g, 20g, 399 and variability of 12-50%, 19-21%, 37-42%, consequently.

Seed yield per plant

The values for the seed yield are obtained indirectly through the values of the previously described
characters. Yield of all genotypes was much smaller in 2007 (38.35-164.20g), than in 2006 (52.32-
211.95¢), with highly significant diferences among the years. In average for the two years highest
seed yield per plant was recorded in Splesnat grav (181.8g) and Splesnat tetovec (177.8g). Only these
populations have overcome the standard yield (156.8g). Interpopulation variability was higher in 2006
(25-41%) compared to 2007 (19-32%) in almost all of the genotypes (Tab. 3).
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Figure 1. Variability of qualitative characters of the investigated bean populations
Legend:
1. Leaf color: medium green 6 (1, 2, 4, 5, 8, 10), dark green 4 (3, 6, 7, 9);
2. Leaf shape: quadrangular 5 (4, 5, 6, 7, 9), triangular 4 (1, 2, 3, 8), oval 1 (10);
3. Leaf persistence: intermediate 9 (1, 2, 3, 4, 5, 6, 8, 9, 10), all leaves persistent 1 (7);
4. Flower wings color: white 7 (1, 2, 4, 5, 7, 8), pale lilac 2 (6, 9), lilac 1 (3);
5. Calyx / bracteole color: green 10;
6. Immature pod color: shiny green 6 (1, 2, 4, 6, 7, 9), green 3 (5, 8, 10); dull green to silver grey 1
@)
7.Dry pod color: pale yellow to white 5 (2, 4, 6, 7, 10), deep yellow 4 (1, 5, 8, 9), carmine red 1 (3);
8. Position of pods: combined 6 (1, 2, 3, 4, 7, 8, 9), centre 2 (10), base 1 (5), top 1 (6);
9. Pod cross-section: pear-shaped 6 (1, 2, 4, 7, 8, 10), roundelliptic 2 (3, 5), very flat 2 (6, 9);
10.Pod curvature: straight 6 (1, 2, 3, 6, 7, 9), slightly curved 3 (5, 8, 10), curved 1 (4).
11.Pod wall fiber: strongly contracting 6 (3, 4, 6, 7, 9, 10), leathery podded 4 (1, 2, 5, 8);
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12.Pod beak position: marginal 10 (all genotypes);

13.Pod beak orientation: downward 9 (1, 2, 3,4, 5, 6, 7, 9, 10), straight 1 (8);

14.Seed coat patterns: absent 8 (1, 2, 4,5, 7, 8, 9, 10), rhomboid spotted 1 (3), striped 1 (6);
15.Seed coat darker color: white 7 (1, 2, 4, 5, 7, 8, 10), purple 1 (3), brown and black 1 (9), black 1
(6);

16.Seed coat lighter color: white 7 (1, 2, 4, 5, 7, 8, 10), brown 2 (3, 6), brown and black 1 (9);
17.Brilliance of seed: medium 4 (2, 4, 7, 8), shiny 3 (1, 5, 10), matte 3 (3, 6, 9);

18.Seed shape: kidney shaped 5 (1, 2, 5, 6, 9), elliptic 2 (3, 6), semi-compressed 2 (8, 10), oval 1
4).

Vasi¢ et al. (1996) determined lower yield per plant (29.8-147.5 g) by analysis of 2 lines and 3
varieties of bean. Among them, the line selected from the population Tetovac had highest yield,
which is in accordance with our results, having in mind that Tetovac originate from Tetovski grav.
They also reported variability of 37.7-42.7% for these genotypes, which together with the variability
of 15-30% determined by Vasi¢ (2004) by analysis of 129 genotypes is in accordance with our results.
Higher range of mean values (1-99¢g) is reported by Bozoglu and Sozen (2007) in 292 local
populations from Turkie, while much lower mean values (8.4-17.79) and variability (29,8%) are
published by Duran et al. (2005) obtained by investigation of 65 bean samples from Carebean, due
to the determinant growt type of the genotypes.
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Table 3. Mean values and variability of the populations for the productive characters

Number of seeds Number of pods Mass of 100 Seed yield per
Genotypes Year per pod per plant seeds (g) plant (g)

WOV | W | Cevee) | % | CV®%) | % | CV(%)

. 2006 4.64 14.44 | 7750 10.93 | 58.26 22.75 | 211.74 33.52

;f;\‘j"s"' 2007 356 | 906 | 5364 | 12.80| 5281 | 1490 | 101.86 | 2586
Avrg 4.10 65.57 55.54 156.80

2006 4.57 1253 | 49.17 1259 | 72.94 20.94 | 167.13 33.01

Bel cincar 2007 3.53 12.36 | 33.52 21.42 | 59.06 15.15 | 70.49 32.04
Avrg 4.05 41.34 66.00 118.81

Sharen 2006 4.54 10.83 | 67.82 19.76 | 56.64 22.64 | 178.35 | 41.41

trkalezen 2007 4.52 7.35 | 4527 19.45 | 56.36 10.59 | 115.60 24.21
grav Avrg 4.53 56.54 56.50 146.98

2006 5.83 11.86 | 74.28 10.59 | 40.34 14.43 | 176.07 25.66

Siten cincar 2007 4.56 7.08 | 49.94 1490 | 30.66 13.46 | 70.09 23.26
Avrg 5.19 62.11 35.50 123.08

Splesnat 2006 4.42 11.88 | 76.08 12.30 | 62.04 17.90 | 211.95 30.05

tetovec 2007 4.39 6.67 | 49.52 14.98 | 65.96 7.57 | 143.69 19.46
Avrg 4.40 62.80 64.00 177.82

2006 4.27 11.35 | 55.16 13.18 | 61.17 17.34 | 146.82 31.91

Sharen cincar 2007 4.13 7.04 | 34.68 17.17 | 63.83 13.45 | 90.96 20.86
Avrg 4.20 44.92 62.50 118.89

Trikalezen 2006 3.98 7.17 | 23.56 17.63 | 55.62 15.27 | 52.32 25.54

bel grav 2007 3.86 6.99 | 16.62 15.50 | 59.38 10.18 | 38.35 23.51
Avrg 3.92 20.09 57.50 45.33

2006 4.23 9.57 | 81.63 9.59 | 57.43 18.83 | 199.40 25.41

Splesnat grav 2007 4.24 7.83 | 59.42 15.42 | 64.57 10.96 | 164.20 24.58
Avrg 4.23 70.53 61.00 181.80

Kafen i crn 2006 4.36 10.08 | 61.61 1257 | 72.72 16.73 | 197.25 28.08

cincar 2007 3.77 8.28 | 37.46 16.43 | 61.28 13.22 | 87.67 27.51
Avrg 4.06 49.53 67.00 142.46

Splesnat 2006 4.28 12.08 | 71.59 9.50 | 48.98 18.31 | 151.22 27.70

Kichevski 2007 4.38 10.44 | 45.14 22.74 | 60.02 12.78 | 119.23 30.86
Avrg 4.33 58.37 54.50 135.23

Average variability 9.74 14.98 15.37 27.72
LSD g5 For 0.239 3.253 5.177 25.43
LSD g1 genotypes 0.321 4.357 6.854 34.06
LSD g5 For years 0.107 1.455 2.288 11.37
LSD g1 0.144 1.949 3.065 15.23
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Conclusions

The examined bean populations from Kichevo region showed high diversity regarding most of the
characters. Highest diversity of the plants for the qualitative characters was determined for the
flower wings color, pod position, seed coat darker color and seed shape. All plants had green
bracteole color and marginal pod beak position. Low diversity was registered for leaf color and
persistency, pod wall fibre, pod beak orientation and seed coat patterns. Concerning the productive
characters, in general the mean values were higher in 2006. Two populations, Splesnat tetovec and
Splesnat grav, had highest average values in the two years and were the only ones with higher yield
than the standard Tetovski grav. Intrapopulation variability was lowest for seed number per pod and
highest for seed yield per plant. Nearly all traits were more variable in 2006, except for the number
of pods per plant that expressed higher variability in 2007.
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I'EHETCKA BAPUJABUJIHOCT HA HEKOU MOP®OJIOIIKHU U MTPOAYKTUBHHA
CBOJCTBA KAJ JIOKAJIHA TIOMTYJIALIUA TPAB (PHASEOLUS VULGARIS L.)

WBanoBcka Coma, JankysnoBcka Mupjana, Ajpynu adyp, [Toncumonosa ['opnana, KpatoBaniesa
Cysana, Aruu Pyxue

Ancrpakr

AHaM3upaHy ce TUBEPreHTHOCTA U FeHETCKaTa BapHjaOMIIHOCT Ha ISCeT JOKAJIHH MOIYJIAlUH IpaB
(Phaseolus vulgaris L.) ox kuueBCcKo, BO TEKOT Ha JBETOIHIICH EKCIIEPUMEHT 3a TIOBEKE MOPQOJIOIIKH H
MIPOIYKTHBHH CBOjcTBa. [lomynmammjaTta TETOBCKH IpaB ce KOPHCTEIIe Kako KOHTpOJA 3a cropenda co
apyrute monynamuu. Criopeny TOOMEHUTE pe3yNTaTH OJ aHAIW3aTa, NOIYJIALUHUTE CE AUBEPICHTHU
pedrcH 3a CUTE aHAJIM3UPaHH CBOjCTBA: 0oja M GopMa Ha JIMCTOBH, Olarame Ha JIMCTOBHUTE MpU OepOda,
00ja Ha LIBETHM KPHIILIA M HA OpakTeoiy, 00ja Ha MELTYHKH BO TEXHHYKA M BO MOTIIONHA 3pejiocT, hopma
Ha MellyHKka ¥ (opMa Ha HalpedyeH MpeceK Ha MEIIyHKaTa, MPUCYCTBO Ha IIENMYJIO3HH KOHIM BO
MEIIIYHKaTa, TO3UIMja Ha MEIIYHKUTE Ha PAaCTEHHUETO, MOCTABEHOCT M OPHEHTAIMja HA KIyHYETO HA
MellyHKarta, Opoj Ha MEUIyHKH Ha pacTeHue, Opoj Ha CEMKH BO MEIIyHKa, 0oja, CjajHOCT M OOJMK Ha
ceMe, (hopma Ha miapata Ha cemero, Maca Ha 100 ceMKH U MPHHOC Ha ceMe oJ] pacTeHre. [IpuHoCcoT Ha
pactenue Bapupaiie ox 118,8 g mo 181,8 g, co uckiTy4oK Ha MPUHOCOT Ha TpKaye3eH 6en rpas (45,3 g).
HajBucok M eIMHCTBEHO MOBHCOK NMPHHOC OJ CTaHAAapAOT WMAlle CIUIECHAT TETOBEIl M 3aToa OBaa
HoIyJIalja ce mperopadysa 3a MIMPOKO MPOM3BOJACTBO BO KNYEBCKO. BapHjaOuiHOCTa Ha eMHKUTE 32
cHTe cBojcTBa Oeme HucKa. O aHANM3UPAHUTE MPOJYKTUBHH CBOjCTBA, IPOCEYHO 33 CHTE MOITYJIALlN
HajMaJIKy BapHjaOMIIHO CBOJCTBO Oemie OpPOjoT Ha 3pHa BO MemnyHka (9,74%), a HajBapujabmiIHa Oere
MacaTa Ha 3pHa oj] pacrenue (27,7%). Bp3 ocHOBa Ha cuTe MPOMYKTHBHH CBOjCTBA, MOIyJaldjaTa Oei
uuHIap Oerre HajBapujabuinHa (20%), a TomyanuuTe CUTEH LMHLAP, CIUIECHAT TETOBELl, TPKaJIe3eH Oel
IpaB M CIUIECHAT IpaB Oea HajyHU(QOPMHHM CO BapujabMIHOCT o TpuOmMHo 15%. Bo omHoc Ha
CTaHJAAPJIOT TETOBCKHU I'PaB, OCTAHATUTE TOIYJIALMH Ce Pa3IMKyBaa 3Ha4ajHO 3a HajrojeM Opoj CBOjCTBa.
Kunyunu 360poBu: Phaseolus vulgaris L., rpas, JTOKaiHU MOIyIaIMK, JUBEPTEHTHOCT, BApUjaOUITHOCT,
MOP(]OJIOIIKK CBOjCTBA, IPOIYKTHBHH CBOjCTBA.
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MULTIVARIATE ANALYSIS OF QUANTITATIVE TRAITS IN MAIZE HYBRIDS
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Abstract

Eight maize hybrids (Zea mays) have been evaluated for 12 quantitative traits in Macedonia during
2009 year, under rainfed and irrigated conditions. The characters included in this study were plant
height, plant height to the first ear, number of ears per plant, ear length, ear diameter, number of
rows per ear, kernel length, kernel weight per plant, 1000 kernel weight, hectoliter weight, days
between anthesis and silking and vegetative growth duration. All the traits were analyzed using
multivariate analysis techniques (two-way cluster and principal component analyses). The first three
PCs with eigenvalues >1 contributed to 87.68% of the variability amongst analyzed hybrids. The
two-way cluster analysis categorized the hybrids in two clusters. The quantitative traits were
classified in three main clusters, each composed of different number of subclusters. Both methods
revealed that the hybrids under investigation displayed a wide range of variation for most of the
traits that could be further on exploited in a breeding programme. Further work on the selected plant
material will be continued for additional characterization of the maize genotypes and direct use in
breeding and production.

Key words: principal component analysis, two-way cluster analysis, quantitative traits, maize.

Introduction

Maize (Zea mays L.) is one of the most important cereal crops in the world. On a global level,
maize has gained tremendous importance due to rising demand from diversified sectors like food,
feed and ethanol production. To address global needs which are mainly due to continuing growth of
the world population and energy insufficiencies, improvement of maize productivity and quality
through breeding is vital (Tester and Langridge, 2010).

Information on the variability of the breeding material and classification of the available germplasm
into genetically divergent groups is imperative for deciding which method will be applied in
breeding programmes (Babic et al., 2008). At the same time, a precise description of the starting
breeding material is essential for the final result of the breeding process. For genetic improvement
of maize, identification or creation of genotypes that are high yielding and adapted to specific
environmental conditions is very important. Among various abiotic and biotic stress factors, drought
makes a significant contribution to the maize genotype (Loffler et al., 2005, Setimela et al., 2005).
As a result, one of the main objectives in maize breeding programs is the selection of genotypes
which will withstand drought stress (Golbashy et al., 2009, Richards et al., 2002). Multivariate data
analysis is one of the techniques that facilitate a graphic display of the underlying latent factors and
as such, it provides an interface between the individual samples and the variables under study

619



SECTION 5: GENETICS AND PLANT BREEDING

(Nielsen and Munck, 2003). If the dissimilarity between two genotypes is defined on a multivariate
criterion, it is useful to be able to determine which plant characteristics cause the dissimilarity as
well as the relative contributions of the various characteristics to the total variability in the
germplasm (Ariyo 1993). The classification of diversity among the genotypes into groups with
similar characteristics can be utilized to produce superior hybrids for enhanced crop production
(Ariyo, 1993; Aydin et al., 2007). In the current study, a set of data comprising agronomic traits of 8
commercial maize hybrids were subjected to multivariate data analysis, namely, PCA and two-way
cluster analysis. The main objectives of this study were (1) to explore the extent and pattern of
phenotypic variability in maize hybrids based on their agronomic data, (2) to classify the germplasm
into similar groups and (3) to identify the main traits contributing to the overall variability.

Material and methods

Eight maize hybrids from diverse backgrounds and maturity groups were used in this study. The
experiment was established as a nested design with three replications, and two treatments: with and
without irrgigation at Gradsko, Macedonia during 2009 growing seasons. Distance between the
rows was 0.7 m with hills spaced according to the maturity group. Plots were overplanted and
thinned, obtaining a final density of approximately 68027 plants/ha for the hybrids ZP360 and
0S378 which belong to FAO 300, 62111 plants/ha for the hybrids ZP480 and 0S499 (FAO 400),
57143 plants/ha for hybrids ZP599 and 0S552 (FAO 500) and 52910 plants/ha for the hybrids
ZP677 and OS602 (FAO 600). Plant height (cm), plant height to the first ear (cm), number of ears
per plant, ear length (cm), ear diameter (cm), number of rows per ear, kernel length (cm), kernel
weight per plant (g), 1000 kernel weight (g) and hectoliter weight (g) were estimated on a sample of
10 plants from each plot. Days between anthesis and silking and vegetative growth duration were
determined on a plot basis. Two-way cluster analysis and PC analysis were performed using R
statistical package.

Results and discussion

Effective application of multivariate analysis techniques on agronomic characters can result in
meaningful grouping of studied hybrids (Mostafavi et al., 2011). On the basis of their genetic
diversity and with regard to analyzed quantitative traits, the maize hybrids were grouped into two
major clusters by the two-way cluster analysis. Both clusters comprised four hybrids and were
further on divided on two subclusters. The quantitative traits were divided in three groups, each
containing different number of subgroups (Fig. 1).
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Figurel. Two-way clustering of quantitative traits in maize hybrids

Number of ears per plant, hectoliter weight and number of rows per ear were classified into the third
cluster. The second cluster comprised kernel weight per plant, plant height to the first ear, ear length
and 1000 kernel weight. The remaining traits were included into the first cluster. The principal
component analysis gave remarkably similar results as the two-way cluster analysis. The highest
portion of the total variability of studied hybrids was encompassed in the first three PCs. The first
PC explained 40.84% of the total variability, the second 27.24% and the third 19.59%, which sums
87.68% of the total variability (Table 1). The highest correlation with the first PC showed plant
height (0.687), vegetative growth duration (0.807) and days between anthesis and silking (0.939).
The same traits were positioned in the first subcluster of the first cluster on the heatmap. Kernel
length and ear diameter, which were included in the second subcluster of the first cluster, had high
correlation with both PC3 (0.672 and 0.774, respectively) and PC1 (0.551 and 0.609, respectively).
Ear length, plant height to the first ear and kernel weight per plant, which comprised the second
cluster, had highest positive associations with the PC2. In addition, 1000 kernel weigh was
separated from them and had highest positive correlation with the PC3 (0.863). Analyzed characters
that were negatively correlated with the all three PCs (number of ears per plant, hectoliter weight
and number of rows per ear), belonged to the third cluster. As a result, it can be observed that plant
height, vegetative growth duration, days between anthesis and silking, kernel length and ear
diameter were characters that mostly contributed to the variability of the analyzed maize hybrids.
The factor loadings for the PC1 and PC2 are presented on Figure 2.
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Table 1. Principal component loadings of quantitative traits in maize

Rotated Component Matrix Components
PC1 PC2 PC3
Plant height .687 .628 .235
Plant height to the first ear .342 .816 315
Vegetative growth duration .807 408 .281
Days between anthesis and silking .939 234 153
Kernel weight per plant 581 .759 .258
Number of ears per plant -.812 -.320 -.353
Ear length 077 .943 .046
Ear diameter 551 .053 774
Kernel length .609 133 672
Number of rows per ear -418 -.490 -.322
1000 kernel weight -.069 .357 .863
Hectoliter weight -.960 -.176 -.031
Eigen vector 7.861 1.467 1.193
% of Variance 40.841 27.243 19.592
% of Cumulative Variance 40.841 68.084 87.676

As noted by Cui et al. (2001), although many clustering algorithms are available for exploring
genetic diversity in crops, it is rarely obvious which one would be the best for a particular data set.
Similarly, it is hardly known a priori which trait or group of traits will be best to use in clustering.
Recently, PCA has been used by various authors for the reduction of multivariate data into a few
artificial varieties which can be further used for classifying of materials. This approach is especially
valuable for the screening of a large number of genetic resources by a large number of descriptor
variables (Cartea et al., 2002; Granati et al., 2003; Kamara et al., 2003; Marticorena et al., 2010;
Beiragi et al., 2012). Based on the studied phenotypic traits, Wietholter et al. (2008) concluded that
the traits that most contributed to the classification of Brazilian corn landraces were plant height, ear
insertion, female flowering, male flowering and kernel row number per ear. Similar results were
presented by Aydin et al. (2007). Though quantitative traits could be better used for grouping of
maize genotypes, highly heritable qualitative and quantitative traits were preferred. Based on this,
Abu-Alrub et al. (2006) used kernel traits as best descriptors for classifying Peruvian highland
maize germplasm, followed by ear traits. Tassel traits were found to be less reliable descriptors for
classifying the germplasm. This was more evident for the traits viz. ear height, number of
kernels/row and 100 seed weight (Ranatunga et al., 2009).
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Conclusions

The two-way cluster analysis and principal component analysis provided useful analytic and graphic
tools to study and characterize germplasm, in this study maize hybrids, especially when the
characterization is based on the study of phenotypic, morphological and agronomic descriptors
where the influence of environmental factors is possible.
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MYJITUBAPUNJALIUCKA AHAJIN3A HA KBAHUTUTATUBHUTE CBOJCTBA KAJ
XUBPUJIU ITYEHKA

JankynoBcka Mupjana, bomes Jlane, lBanoscka Coma, Jankynocku Jbymuo, KysmaHoBcka
Bunjana, TanackoBuk Bjekocinas, Anrenecka CumoHa

AncrpakTt

Bo pamkure Ha uctpaxyBamero Oea eBadyHpaHdW 12 KBaHTHTaTHBHHM CBOjCTBa Kaj 8 XxuOpuan
mueHka (Zea mays), Bo ycioBH co U Oe3 HaBOAHYBame. bea aHanuM3MpaHH CBOjCTBAaTa: BUCHHA Ha
pacTeHue, BICHHA IO IPBUOT KOYaH, OpOj HAa KOYaHU OJ pacTCHHUE, JOJDKMHA Ha KOYaH, IHjaMeTap
Ha KOYaH, Opoj Ha peloBH Ha KOodYaH, MOJDKWHA Ha 3pHO, Maca Ha 3pHa oX pacTteHue, Maca Ha 1000
3pHA, XEKTOJIMTAPCKAa Maca, IEHOBH O METIMYCHE 10 CBWICHE W JO0JDKMHA Ha Beretanuja. Cute
cBojcTBa Oea aHANIM3MPAHW CO TOMOII HAa MYJITHUBAPHjalICKA TEXHWKH JBOHACOYHA KiacTep-
aHanM3a W aHanu3a Ha riaBHu komnoHeHTH). [Ipsute Tpu PC co eigen speanoctu>1co 87,42%
ydecTByBaa BO BapHjaOMIHOCTa moMery xuoOpuaute. /IBoHacouHarta KiacTep-aHajiu3a T'd Pa3fBoOH
aHaIM3UpaHUTe XHOpPUIU BO JBe Ipynu. KBaHTUTaTHMBHUTE CBOjcTBa Oea IpyNMUpaHH BO TpHU
KjacTepH, coriacHo mpBure Tpu PC. [IBata MeTona mokaxaa Jieka aHalM3WpaHUTe XHOpuau ce
MHOI'Y BapHWjaOMJIHM BO OJHOC Ha IIOBEKETO CBOjCTBA, IITO MOXeE Ja OWJEe HMCKOPHCTEHO BO
ceNeKnuckuTe mporpamu. OnOpanu XUOpHIU TMUYCHKA Ke OMIAT MCKOPUCTCHH 3a JIOTIOJHUTCIHH
aHaJIN3H, KaKO 1 BKJIyYyBabEe BO CEJIEKIMCKA TPOTrpaMa WIN JUPEKTHO MPOU3BOJICTBO.

Knyunu 300poBH: [BOHAcOYHa KilacTep-aHANIM3a, aHAIN3a HA IJIABHW KOMIIOHEHTH, KBaHTHTATHBHU
CBOjCTBa, IMICHKA, XHOPHIH.
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Abstract

DNA microsatellites are important molecular tools in determination of genetic variability among
organisms. The aim of this study was to optimize PCR conditions for amplification of twelve
microsatellite loci (LESSF, LECH13, LE21085, LEMDDNa, LEEF1Aa, LELEUZIP, LEWIPIG,
LELE25, LE20592, TMS9, LE2Al1l and LECHSOD) using tomato (Lycopersicon esculentum
Mill.) DNA samples. Tomato DNA was isolated using Promega’s Wizard ® Genomic DNA
purification kit and CTAB method slightly modified during previous study. Six morphologically
different tomato varieties (var. grandifolium (with red fruits), var. cerasiforme (with yellow fruits),
var. pruniforme, var. pyriforme and var. racemigerum) were included in the research. In this study,
PCR conditions for amplification of selected microsatellite loci were optimized using appropriate
primer pairs. Amplification conditions were modified by altering the number of cycles and
concentration of DNA. DNA concentration of 15 ng and 30 cycles gave the best amplification for
nine of twelve microsatellite loci (LECH13, LE21085, LEMDDNa, LEEF1Aa, LELEUZIP,
LE20592, TMS9, LE2A11 and LECHSOD). The optimal PCR conditions were the same for these
microsatellite loci, except annealing temperature for LE21085 locus (50 °C). Attempts to optimize
the PCR conditions for LESSF locus, LEWIPIG locus and LELE25 locus were unsuccessful. The
optimization of PCR conditions requires individual approach regarding the different genotypes and
variable laboratory conditions. Obtained PCR products could be used in molecular characterization
of tomato varieties.

Key words: DNA microsatellites, PCR, optimization, Lycopersicon esculentum.

Introduction

The microsatellites known as simple sequence repeats (SSRs) are new class of DNA markers which
are used for detecting a higher level of genetic variability. The term microsatellite was coined by
Litt and Luty (Joshi et al., 1999). They are short tandem repeats (2-10 bp), middle repetitive,
tandemly arranged, hypervariable DNA sequences dispersed throughout fungal, plant, animal and
human genomes (Kahl, 2001). SSRs have been used in population genetics, parentage testing,
individual identification and for shortening breeding programs (Ben-Meir et al,. 1996).
Microsatellites are present in both coding and noncoding regions and are usually characterized by a
high degree of length polymorphisms (Zane et al., 2002).

With the PCR discovery in late 1980s, microsatellites became the most powerful Mendelian
markers ever found (Jarne and Lagoda, 1996). SSR-containing fragments are flanked by conserved
DNA. These sequences could be used as templates for designing appropriate primers for amplifying
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the DNA section with microsatelites. Most primers generated distinct amplification products,
resulting in fingerprint-like banding patterns after agarose gel electrophoresis and ethidium bromide
staining. These fingerprints allowed distinction among different plant taxa at an interspecific as well
as intraspecific level (Weising et al., 1995). An important limitation, however, regarding the use of
microsatellites for polymorphisms or genetic diversity studies is the prior need for optimization of
the PCR conditions for each SSR marker (Dograr and Akkaya, 2011). This process includes
different factors that can affect PCR reaction such as: Mg++ concentration, DNA quantity, number
of cycles, annealing temperature etc. This study is dealing with optimization of the PCR
amplification conditions for 12 regions that contain DNA microsatellites in tomato genome.

Material and methods

Plant material

The six different tomato varieties used in this research were obtained from GenBank of Agricultural
Institution in Skopje. According to Brezhnev, those tomato varieties belong to three subspecies of
Lycopersicon esculentum Mill. (var. grandifolium from subsp. cultum Brezh.; var. cerasiforme (with
red fruits), var. cerasiforme (with yellow fruits), var. pruniforme and var. pyriforme from subsp.
subspontaneum Brezh. and var. racemigerum from subsp. spontaneum Brezh.).

DNA extraction

DNA was extracted from few fresh leaves of 10 individual plants per each variety using Promega’s
Wizard ® Genomic DNA purification kit. DNA was also extracted from pooled seeds of each
variety using slightly modified CTAB method (Doyle & Doyle, 1987 and Cullings, 1992,
Miskoska-Milevska et al., 2011). The sample intake was 50 mg of tomato leaves i.e. seeds. DNA
quality was checked in 0.8 % agarose gel, stained with ethidium bromide.

PCR conditions

All PCR amplifications were performed in a thermal cycler (Techne TC-512). The optimization of
PCR conditions for amplification of microsatellite loci (LESSF, LECH13, LE21085, LEMDDNa,
LEEF1Aa, LELEUZIP, LEWIPIG, LELE25, LE20592, TMS9, LE2A11 and LECHSOD) was
carried out using appropriate primers, produced by Operon, Huntsville, AL. They were labeled
using the method of tailed primer because later on the PCR products were included in fragment
analysis by DNA analyzer. The fluorescent labeled M13-primer was designed by Applied
Biosystems, USA. PCR amplification products were analyzed by 2 % agarose gel electrophoresis,
stained with ethidium bromide and photographed under ultraviolet light by using G-Box system
(Sygene).

The DNA extraction and optimization of the PCR conditions were done in the Laboratory for
biochemistry and molecular biology within the Department of Biochemistry and Genetic
Engineering at the Faculty of Agricultural Sciences and Food - Skopje.

Results and discussion

The microsatellite primers have been already efficiently used for studies of genetic diversity,
mapping and variety identification in different crops. They are specific for each individual genome
or specie. The appropriate selection and combination of microsatellites loci are important in
receiving of specific profiles that could be used to assist genetic characterization. The selection of
twelve microsatellites loci was based on the number of alleles and diversity index from previous
studies (Arens at al., 1995; Smulders et al., 1997; Bredemeijer et al., 1998; Areshchenkova and
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Ganal, 1999, Vosman et al., 2001, Alvarez et al., 2001, Bredemeijer et al., 2002. He et al., 2003;
Villalta et al., 2005; Garcia-Martinez et al., 2006).

The primers selection is extremely important for effective amplification. In this study, PCR
conditions for amplification of selected microsatellite loci were optimized using appropriate specific
primers. Also, fluorescent labeled M13 primer was included in the research. The primers were
labeled with the method of tailed primer. It includes three primers: forward primer with M13
universal tail at 5' end, reverse primer without a tail and fluorescent labeled M13 primer. Namely,
the tail of forward primer has the same sequence as fluorescent labeled M13 primer. M13 primer
consists of 19 bases (5’-CACGACGTTGTAAAACGAC-3’) and was fluorescent labeled at 5° end.
6-FAM (blue dye) was used for fluorescent dyeing. In this way fluorescent labeled M13 sequence
was incorporated in PCR products and at same time enables their detection by DNA analyzer. Some
general information for selected microsatellites and appropriate primer pairs are shown in Table 1.
The study showed that there was no single set of conditions that could be applied to all PCR
amplifications. Each specific microsatellite locus was efficiently amplified after precise adjustment
of its component concentrations, its optimal time and its optimal annealing temperature.

Table 1. General information for microsatellite loci and primers used in this study

Locus Repeat motif Primer sequences (5'-3") Fragment size (bp)

LESSE (CCCCA), F:- M13-tac gct ctc aag tac cgt aag 216-320
R:cct aca ttg aca tga cca aat
F: M13-taa caa tca aaa gaa ctt cgc

LECHIS 1 (TA) 61(GA) R:atc ccc tta ttg att aca tcc 124-132

LE21085 (TA)A(TAT)g F: M13-cat ttt atc att tat ttg tgt ctt g 90-132
R: aca aaa aaa ggt gac gat aca

LEMDDNa (TA)q F: M13-att caa gga act ttt agc tcc 204-420
R: tgc att aag gtt cat aaa tga

LEEF1Aa (TA)s(ATA)q F: M13-aaa taa tta gct tgc caa ttg 131-220
R: ctg aaa gca gca aca gta ttt

LELEUZIP (AAG)s,TT(GAT); | F: M13-ggt gat aat ttg gga ggt tac 96-110
R: cgt aac agg atg tgc tat agg
F: M13-

LEWIPIG | (CT)1(AT), 3-gag tca aag ttt gct cac atc 247-269
R: ctc ttc tga act tgc ttt gag
F: M13-ttc ttc cgt atg agt gag t

LELE? TA) s 211-2

° (TA)rs4 R: ctc tat tac tta tta tat tcg 50

LE20592 (TAT)154(TGT), F: M13-ctg ttt act tca aga agg ctg 150-175
R: act tta act tta tta ttg cca cg

TMS9 (GATA) 2% F: M13-ttg gta att tat gtt cgg ga 337.354
R: ttg agc caa ttg att aat aag tt
F: M13-aat ttt gta agg aga aga cgg

LE2ALL (ATCT)s R: tca tat tct tca cac caa agg 143-176

LECHSOD | (CTT)s F: M13-tta tca att cat cat tgt ggc 195-207
R: agg ggt agt gac agc ata aag

F - Forward primer (5'-3") R - Reverse primer (5'-3") M13 tail: 5'-cac gac gtt gta aaa cga c-3'
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1500 bp
850 bp

400 bp

200 bp

Primer-dimers
50 bp

Figure 1. Agarose gel electrophoreses (20 g/L): Lanes 1-5 - illustration of failure to amplify LESSF
locus; lane 6 - 50 bp DNA ladder

In practice, many reasons can cause failure of PCR amplification. Some of the often encountered
problems during PCR optimization include: no detectable PCR products or a low yield of the
desired product, the presence of nonspecific bands, the formation of "primer-dimers” or "primer-
oligomer” (Figure 1).

Different amplification conditions of selected microsatellites were found in previous studies (Arens
at al., 1995; Smulders et al., 1997; Vosman et al., 2001, Bredemeijer et al., 2002). In our study,
PCR did not work under the conditions described in published literature. This happened probably
due to the different protocol of DNA extraction from tomato and different laboratory conditions.
Therefore, it was necessary to make some modification in PCR protocols for each microsatellite in
order to produce readable results. Namely, according to Dograr and Akkaya (1999), when
amplifying the SSR markers, it might be necessary to optimize PCR cycling conditions for each
marker, since the reported conditions are tuned for particular thermocycler, particular types of PCR
tubes and brands of components used in those reactions. The different brands of reagents or
thermocyclers, also even the minor differences between the wall thicknesses of the PCR tubes,
could be a critical point and might result in inadequate PCR amplification (Dograr and Akkaya,
1999).

Selected microsatellites required PCR optimization for each pair of primers. For nine
microsatellites, amplification conditions were modified by altering the number of cycles and
concentration of DNA. In published PCR protocols were presented various values for number of
cycles, 45 cycles Vosman et al., 2001, Bredemeijer et al., 2002) and 30 cycles (Arens at al., 1995;
Smulders et al., 1997). Obtained results showed that 30 cycles were optimal for nine of the analyzed
microsatellite loci.

The annealing temperature was specified for each primer in the relevant reference. The number of
cycles and annealing temperature for each microsatellites locus are listed in Table 2.

The used amplification procedure was the one already presented by Arens et al. (1995) but with
some modifications. The DNA concentration was increased in the reaction mixture (15 ng). Instead
of 50 mM KCI and 20 mM Tris-HCL (pH 8.4) was used 1 x PCR buffer (Promega). As mentioned
before, fluorescent labeled M13 primer (0.032 uM) was added to the PCR miXx, in order to continue
later with fragment analysis. Figure 2 illustrates obtained results from PCR amplification of
LEMDDNa locus for different DNA concentrations.
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Table 2. Number of cycles and annealing temperatures for analyzed primers

Locus Number of cycles Annealing temperature
LECH13* 30 55°C
LE21085* 30 50 °C
LEMDDNa* 30 55°C
LEEF1Aa* 30 55°C
LELEUZIP* 30 55°C
LE20592* 30 55°C
TMS9** 30 55°C
LE2A11* 30 55°C
LECHSOD* 30 55°C

* Smulders et al., 1997

**Areshchenkova and Ganal, 1999

The amplification reaction was carried out in a total volume of 25 uL, containing 15 ng DNA, 1 x
PCR buffer without MgCl,, 1.5 mM MgCl,, 0.1 mM dNTP, 0.5 U of Tag Gold polymerase, 0.32
uM of forward primer, 0.32 uM of reverse primer and 0.032 uM of fluorescent labeled universal
M13 primer. The optimal PCR conditions were the same for the microsatellites, except annealing

temperature for LE21085 locus (50°C).

Also, optimization of PCR conditions included minimizing the duration of denaturing, annealing
and extension steps during the amplification cycles (per 45 seconds). The time of final extension
was altered to 4 minutes. Basically, PCR reactions for nine of the analyzed primers were performed
in the following conditions: one cycle of 94 °C for 3 minutes; 30 cycles of 94 °C for 45 seconds, 50
°C or 55 °C for 45 seconds and 72 °C for 45 seconds. After the final cycle, elongation step of 72 °C

for 4 minutes was added.

1

Figure 2. lllustration of PCR amplification of LEMDDNa locus for different DNA concentrations in
agarose gel (20 g/L): Lane 1- negative PCR control (no DNA); lanes 2, 3 and 4 - PCR products;

250 bp
200 bp
150 bp

100 bp
50 bp

lane 5- failure to amplify LEMDDNa locus; lane 6 — 50 bp DNA ladder

Successful amplification of LE20592 locus in different tomato DNA is shown in Figure 3.
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1 2 3 4 5 6 7 8 9 10 11 12 13

200 bp
150 bp
100 bp
50 bp

Figure 3. Agarose gel electrophoreses (20 g/L) of PCR products for LE20592 locus in different
tomato DNA samples: lanes 1 - 12 - PCR products; lane 13- 50 bp DNA ladder

The quality and quantity of template DNA obtained with different DNA extraction protocols may
also affect the PCR results (Narina et al. 2011). In this research, two different DNA isolation
protocols were used and they gave the same results in PCR amplification for selected microsatellite
loci.

Optimization of conditions for nine of the DNA microsatellites (Table 2) was done successfully.
With these microsatellite loci, PCR amplification was observed in all six varieties. Three
microsatellites did not generate amplification in research tomato varieties. Namely, PCR products
were not observed for LESSF locus, LEWIPIG locus and LELE25 locus (Figure 1). This problem
could be directly related to different genotypes and variable laboratory conditions. Also, these
results are in accordance with the results published by Smulders et al. (1997). According to
Smulders et al. (1997) the lack of amplification of an allele in certain cultivars or accession could be
a result of divergence in the primer sequence flanking the microsatellite, creating a null-allele. It can
also appear by the production of an undetectable amount of PCR product (Lavi et al., 1994). The
effect of mismatches on amplification may vary with primer length, sequence context and reaction
conditions (Devos et al., 1995). According to Bell and Ecker (1994), the optimal PCR conditions for
the amplification of a fragment will differ between genotypes. Based on these facts, it is obvious
that optimization of PCR conditions would be necessary for individual cultivars or species from
which no fragments have yet been amplified (Smulders et al., 1997). According to Narina et al.
(2011), the genomic DNA sequence variation between two different species might cause the
variation in cross amplification success as the primers might identify a different region in the
species of interest from the expected region.

Conclusions

In this study, PCR conditions for nine of twelve microsatellite loci (LECH13, LE21085,
LEMDDNa, LEEF1Aa, LELEUZIP, LE20592, TMS9, LE2A11 and LECHSOD) were optimized.
Therefore, only these nine pairs of primers were used for molecular characterization of
corresponding tomato varieties. These microsatellites gave amplification across six tomato varieties.
Attempts to optimize PCR conditions for the rest three microsatellites loci (LESSF, LEWIPIG and
LELE25) were unsuccsessful and they were not part of the other research studies.
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Also, it is important to point out that during the optimization of PCR conditons it is necessary to
have individual approach regarding the different genotypes and variable laboratory conditions.
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OIITUMU3AIIUJA HA PCR-YCJIOBUTE 3A AMIVIM®GUKALIUJA HA JTHK-
MUKPOCATEJUTHU BO JOMAT (LYCOPERSICON ESCULENTUM MILL.)

Muckocka — MuneBcka Enuszabera., [Jlumutpuescka P. biaruna, [Tonoscku T. 3opan

AncTpakr

JHK-Mukpocarenuture ce BakKHa MOJIEKyJapHa ajaTKa BO OJpENyBameTO Ha TIE€HETCKaTta
BapHjaOMIHOCT Kaj opranusmure. llenta Ha oBa ucTpaxyBame Oeme onTmMm3anuja Ha PCR-
YCIIOBHTE 3a aMIUTH(UKAIIHja Ha ABaHaeceT MuUKpocaTenutcku gokycu (LESSF, LECH13, LE21085,
LEMDDNa, LEEF1Aa, LELEUZIP, LEWIPIG, LELE25, LE20592, TMS9, LE2A11 u LECHSOD)
co kopucreme Ha JJHK npumeporm ox momat (Lycopersicon esculentum Mill.). U3onanujara na
JIHK Oermie peamusupana co KOPHCTSHE Ha KoMmepijaneH kut Ha Promega u CTAB-meTonoT co
MaJli U3MEHH BO TEKOT Ha MPETXOJHOTO UCTpaxyBame. Bo McTpaxyBameTo Oea BKIyYSHH IIECT
Mopdosomku pa3nudHd Bapuetetn momaru (var. grandifolium (co upsenu mmromoBH), Var.
cerasiforme (co sxonru miomosu), var. pruniforme, var. pyriforme wu var. racemigerum).
Ontumuzammjata Ha PCR-ycnoBuTe 3a ammummdukanija Ha U30paHUTE MHKPOCATEIUTCKU JIOKYCH
Oeme oCTBapeHa CO KOPHUCTCHEG HA COOBCTHH IpajMepH. YCIOBHTE 3a aMIumdukanuja Oea
HM3MEHETH BO OJHOC Ha OpojoT Ha IHKIycH W KoHIeHTpanujata Ha JIHK. Ammmdukanujata Ha
neserre mukpocarenutrcku Jokycu (LECH13, LE21085, LEMDDNa, LEEF1Aa, LELEUZIP,
LE20592, TMS9, LE2A11 u LECHSOD) 6emie Hajao6pa npu xourenparuja vHa JJHK ox 15 ng u
30 muknycu. Ontumanuute PCR-ycnoBu 06ea ncTu 3a OBHE MUKPOCATEIMTCKH JIOKYCH, CO UKIIY4OK
Ha TeMreparypara Ha anuupame 3a LE21085 nokycot (50 °C). Heycnemnno 3aBpiidja o0uauTe 3a
ontumusaruja Ha PCR-ycmosutre 3a LESSF-nokycor, LEWIPIG-nmokycor u LELE25-mokycor.
Onrumuzanmjata Ha PCR-ycnoBure Oapa MHAMBHIyaleH IPUCTAall BO OJHOC HA pPa3IM4YHU
TEHOTHIIOBH M BapujabuiiHu naboparopucku ycnosu. loouenute PCR-amminkoHn Moxe na ce
KOPHCTAaT BO MOJIEKyJlapHa KapaKTepH3aliija Ha pa3IiyHi BapUETETH JOMAaTH.

Kayunu 300posu: JIJHK-mukpocarenutu, PCR, ontumusanuja, Lycopersicon esculentum.
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Abstract

For investigation of some morpho-biological and productional characteristics of certain varieties of
oriental tobacco, four domestic and three foreign varieties were set up in 2007 and 2008 in the field
of Scientific Tobacco Institute — Prilep. Domestic variety P 12-2/1 was used as a check.
Investigations were made on diluvial soil, using randomized block design with 4 replications and
the results obtained were statistically processed by the method of analysis of variance. From the
results obtained, the following conclusions can be drawn: The results show that: the highest average
height of the stalk with inflorescence was observed in the variety Gumus Hadzhikej (104.47 cm)
and the lowest in P 12-2/1 (42.88 cm); the highest leaf number per stalk (55.6) was obtained in P-
76/85, and the lowest in the variety Greek Basma (29.2); the largest leaf was measured in Greek
Basma variety (26.50 cm length x 12.37 cm width), and the smallest in the Izmir variety (17.12 cm
length x 7.15 cm width); the highest yields (25 g/stalk and 3673 kg/ ha) were obtained in the variety
P-76/85 and the lowest in Izmir variety (8.5 g/stalk and 1847 kg/ha).

Key words: tobacco, oriental varieties, yield.

Introduction

The structure of tobacco production in R. Macedonia is dominated with over 95% by the oriental
tobacco types Prilep, Yaka and Djebel. Apart from these three types, in the last few years the
production of the type Basmak was also registered, accounting for 8.54% of the total yield of
oriental tobacco in the country. Scientific Tobacco Institute-Prilep is constantly creating new
varieties, interesting for their characteristics both to farmers and to manufacturers. Due to different
influences of soil and climatic conditions on the properties of analyzed varieties, two year
investigations were necessary to obtain more reliable results. Varieties that are included in
investigations are typical representatives of the type. For some of them (Greek Basma, lzmir,
Gumus Hadzhikej) such investigations were needed in order to study their growth and development
in our agroecological conditions and to assess their yield and quality.

Considering the fact that breeding is a long-term process based on phenotypic and genotypic studies
of the available plant material, the most frequent investigations are those of the characters related to
yield. The aim of this paper is to present the results on morphobiological and productional
characters of the varieties investigated and to give directions for further selection work in creation
of new varieties of oriental tobacco.
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Material and methods

Field trials were carried out in Tobacco Institite (T1) - Prilep during 2007 and 2008, with seven
recognized varieties of oriental tobacco, such as: Prilep 12 - 2/1 (check), Prilep 76/86, PNS-72 and
P-23 (R. Macedonia), Basma (Greece) and Izmir and Gumus Hadzhikej (Turkey). Tobacco seed
was provided from the collection of Tobacco Institute-Prilep and its Gene bank. The experimental
design of the plot was randomized block system with four replications.

Macedonian varieties were transplanted at 45 x 15 ¢cm spacing, with 34 plants in each row and 102
plants in a plot. Introduced varieties (Izmir, Greek Basma, Gumus Hadzhikej) were transplanted at
45 x 12 cm spacing, with 42 plants in a row and 126 plants per plot. Morphological measurements
were made on 20 plants from each replication. Due to their morphological characters (habitus, leaf
length, etc.), the varieties Greek Basma, Izmir and Gumus Hadzhikej can be transplanted at lower
spacing, just as in the countries of their origin (Turkey, Greece). The estimation of yields per stalk
and hectare, due to different spacing of tobacco plants, was made in accordance with the useful plot
area. The results of morphological measurements were processed by variational-statistical method
and differences between the mean values were tested by LSD test. The arithmetic mean (x), the
error of the arithmetic mean (sx), standard deviation (&) and coefficient of variation (CV%) were
calculated according to the methods specified by Najceska (2002) and Filiposki (2011).
Meteorological data for air temperature (°C) and precipitation (mm) during the vegetation of
tobacco in the examined period (May to September) are shown in Table 1.

Table 1. Meteorological data for the period May — September 2007/2008, Tobacco institute - Prilep
. Monts
Meteorological data Year v Vi TV TV X X/
2007 | 16.9 | 21.6 | 25.3 | 23.7 | 16.9 | 20.9
2008 | 16.7 | 19.9 | 22.3 | 23.6 | 15.8 | 19.7
2007 | 743 | 795 | 53 | 54.2 | 16.6 | 229.9
2008 | 41.3 | 10.0 | 11.0 | 11.0 | 110.0 | 183.3
2007 | 14 11 1 2 5 33

2008 | 8 5 4 2 10 29

Mean monthly air temperature °C

Total precipitations mm

Days with precipitations

Results and discussion

Morpho-biological and productional characteristics

Karajankov et al. (2007) reported that tobacco plant height is a type and varietal character.
According to the data presented in Table 2, the highest stalk height with inflorescence was
measured in Turkish variety Gumus Hadzhikej (104.47 cm). This variety had a mean value of
103.72 £ 0.79 c¢m in 2007, and 105.22 + 0.76 cm in 2008. The check variety Q 12-2/1 had the
lowest average height (42.88 cm), with a mean value of 43.65 + 0.68 cm in 2007 and 42.10 + 0.89
cm in 2008. According to the above, P 12-2/1, PNS-72 and P-23 are classified as short height
varieties and P-76/85 Greek Basma, Izmir and Gumus Hadzhikej as varieties with medium growth.
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Table 2. Stalk height with inflorescence, cm

2007 2008 Difference

i - - - - Avera i
Variety X+ ox o lovos X Ecx o lovos 9 | Absolute | Relative

€ cm %
P12-2/1 0 43.65+0.68 |[1.41|3.23| 42.10+0,89 |2.34|5.66 | 42.88 / 100.00
P-76/86 88.90+0.77 ™ |3.72 4.18|79.40+0.96 **|5.22 |6.57 | 84.15 | +41.27 | 196.27
PNS-72 57.384+0.98 ** |3.87 |6.80 |58.82+0.87 **|3.15|5.35 | 58.10 | +15.22 | 135.51
pP-23 47.39+0.67 |1.52|3.20| 48.88+0.79* [2.15|4.39| 48.14 +5.26 112.27
Greek Basma | 82.50+0.85 ** |4.25 |5.15 | 86.85+0.78™ | 3.77 | 4.34 | 84.68 | +41.80 | 197.49
lzmir 83.67+0.80 ** |4.57|3.82(107.75+1.02**|7.87 |7.30| 95.71 | +52.83 | 223.23
Gumys. 103.72+0.79 ** | 4.61 | 4.45 [105.22+0.76"|4.34 | 4.13 | 104.47 | +61.59 | 243.66

Hadzhikej
2007 2008

LSD 5%= 4.15 cm stalk height with inflorescence *
1%=5.69 cm stalk height with inflorescence ™

6.62 cm stalk height with inflorescence *
9.08 cm stalk height with inflorescence **

Error of the mean value was the highest in Izmir £ 1.02 cm in 2008, and the same year
nonuniformity was recorded in this variety. The lowest error of the mean value was recorded in P-
23 £ 0.67 cm, which shows that it is considerably stable and uniform variety. In 2007, the lowest
standard deviation of 1.41 cm was estimated in variety P 12-2/1, and the lowest variational
coefficient of 3.20% in variety P-23. In 2008, the largest standard deviation of 7.87 cm and
variational coefficient of 7.30% was recorded in Izmir variety. The investigated varieties are
characterized by relatively low values of these two parameters, which is a sign of stability and
uniformity of the stalks. With LSD test, statistical significance of 1% in the two years of
investigation compared to the check was estimated in P-76/86, PNS-72, Greek Basma, Izmir and
Gumus Hadzhikej compared to the check (P 12-2/1). Number of leaves in investigated varieties is
shown in Table 3.

The highest average number of leaves (55.6) was recorded in variety P-76/86, with mean values
ranging 53.0 + 0.80 in 2007 and 58.2 + 1.02 in 2008. The lowest average of number of leaves was
counted in Greek Basma (29.2), with mean values of 31.4 = 0.71 in 2007 and 27 + 0.92 in 2008.
The standard deviation and vartiation coefficient are low, which is an indication of indicator for
stable varieties. LSD test showed that the varieties were highly significant, except for the variety
Gumus Hadzhikej. Karajankov et al. (2007) divided all tobacco types and varieties into three basic
groups according to their leaf size. Korubin Aleksoska (2005) reports the highest length of middle

belt leaves in oriental variety Dz-291, with mean and mean error values of 25,67 cm + 0,37 cm ( X

+ cX).
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Table 3. Number of leaves

2007 2008 Difference
Variety - - Averag .
- - 6 V% | X +cX 6 |cV%| e  |Absolute |Relative,%
X *cX
P12-2/10 37.9+0.77 |1.60 [4.23 | 32.6+0.67 (1.02 {3.13 | 35.2 / 100.00
P-76/86 53.0+0.80 ** |2.42 | 4.56 [58.2+1.02 **|4.24|7.29 | 55.6 +20.35 157.73
PHC-72 42.8+0.93 " [2.59 |6.06 [40.0+0.65 **|1.18 [2.95 | 41.4 +6.15 117.45
p-23 47.2+40.73 7 [1.76 |3.74 47.5+0.64 **|1.39 [2.93 | 47.4 +12.1 134.33
Greek Basma | 31.4+0.71 |1.13|3.61 | 27.0+£0.92 [1.61|5.99 | 29.2 -6.05 82.84
Izmir 41.6+0.60 ™ [1.06 |2.54 141.2+1.08 *|3.42|8.30 | 41.4 +6.15 117.45
HS;thﬁfej 42.5:0.96 " |2.78 | 6.54 42.2+0.90 **(2.40|5.70 | 42.4 | +7.1 | 120.14
2007 2008
LSD 5% =1.79 number of leaves” 2.38 number of leaves*
1% = 2.46 number of leaves ™ 3.27 number of leaves ™
Table 4. The largest leaf length , cm
2007 2008 Difference
Variety o o loveel X +ex s | oves Average |Absolutd Relative
cm %
P 12-2/1 @ | 25.03+0.77| 1.11| 4.42 | 25.43+0.89| 1.42 | 557 | 25.23 / 100.00
P-76/85 | 22.04+1.00| 1.98| 8.98 | 26.55+1.01| 1.93 | 7.27 | 24.30 -0.94 96.29
PNS-72 | 22.70+1.12 | 1.56| 6.87 | 22.52+0.96| 1.47 | 6.54 | 22.61 -2.62 89.62
pP-23 20.98+0.79| 1.05| 5.02 | 21.33+0.69| 0.72 | 3.36 | 21.16 -4.08 83.85
Greek Basmd 25.49+0.90| 0.91| 3.59 | 27.50+0.82| 1.31 | 4.78 | 26.50 | +1.27 | 105.01
Izmir 17.50+0.82| 1.49| 853 | 16.74+1.09| 1.41 | 8.39 17.12 -8.11 67.86
GUMUS | 19321083 | 1.86| 9.62 | 19.84£1.04| 152 | 7.65 | 19.58 | 5.65 | 77.61
Hadzhikej

According to the data presented in Table 4, the average length of the largest leaf on the stalk ranges
from 26.50 cm in variety Greek Basma to 17.12 ¢cm in Turkish variety Izmir. In 2007, the highest
values for standard deviation (1.98 cm) and variation coefficient (8.98%) were obtained in variety
P-76/86. In 2008, the lowest standard deviation of 0.72 cm and variation coefficient of 3.36% was
recorded in variety P-23. It can be concluded that the highest variation coefficient of 9.62% for this
character was recorded in variety Gumus Hadzhikej, which is probably due to low adaptibility of
this variety to agro-ecological conditions and the applied cultural practices, which were the same for
all varieties. According to the length of the largest leaf on the stalk, Turkish varieties are
characterized by smaller size of the middle belt leaves. Such a positive characteristic allows them to
participate with in higher classes in purchase random. The largest leaf width in investigated varieties
is shown in Table 5.
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Table 5. The largest leaf width, cm

Variety _2007 2008 Average Difference .
XteX | o |eve| Y4ex | o |cve AbSC?:]“te Re';:"’e

P12-2/11 © 10.72+0.79 | 0.78| 7.30 | 11.97+1.09| 1.00| 8.37| 11.35 / 100.00
P-76/85 11.20+1.11 | 0.98| 8.72 | 13.45+1.13| 1.22| 9.09| 12.33 0.98 | 108.64
PNS-72 11.15+1.08 | 0.93| 8.31| 11.48+0.94| 0.71| 6.19| 11.32 -0.03 | 99.74
pP-23 9.95+0.91 |0.59| 591| 10.40+0.94| 0.64| 6.19| 10.18 -1.17 | 89.69
Greek Basma | 11.88+0.73 | 0.45| 3.79 | 12.85+1.02| 0.94| 7.29| 12.37 1.02 | 108.99
Izmir 6.74+1.09 |0.56| 8.23| 7.55+1.14 | 0.70| 9.21| 7.15 -4.2 62.98
Gumus Hadzhikej| 8.88+1.28 |1.03/11.68| 9.00+1.15 | 0.85| 9.46| 8.94 -2.41 | 78.80

Table 6. Corrected yield, g/stalk

Difference
Vari Y lk A
ariety ear g/sta verage Absolute, g Relative, %
2007 12.00
P12-2/11 0 2008 14.00 13.00 / 100.00
P-76/86 2007 25.00 25.00 +12 192.31

2008 25.00™
2007 20.00™
PNS-72 2008 20.00° 20.00 +7 153.85

2007 17.00™

- . + .
P-23 2008 17007 17.00 4 130.77
2007 12.00
Greek Basma 2008 12.00 13.00 0 100.00
. 2007 8.00
Izmir 2008 9,00 8.5 -4.5 65.38
I 2007 9.00
Gumus Hadzhikej 2008 9.00 9.0 -4 77.61
2007 2008
LSD 5% 1.93 g/stalk * 1.91 g/stalk *
1% 2.64 g/stalk ™ 2.62 g/stalk **

Figure 1. Corrected yield, g/stalk

e ]

= Variety
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Data in Table 5 show the highest average width of the largest leaf on stalk in variety Greek Basma
(12.37 cm) and the least in variety 1zmir (7.15 cm). In 2007, the highest standard deviation of 1.03
cm and variation coefficient of 11.68% was recorded in Turkish variety Gumus Hadzhikej, and the
lowest variations in Greek Basma. In 2008 the highest standard deviation of 1.22 cm and variation
coefficient of 9.09 was registered in variety P-76/86. The highest variations in this year were
recorded in the variety P-23.

Table 7. Corrected yield, xg/ha

. . Difference
Variety Year kg/ha Average yield Absolute, kg Relative, %
2007 1708
P12-2/11 © 2008 5075 1892 / 100.00
2007 3657
R + )
P-76/86 5008 3638 3673 1781 194.16
2007 2922
PNS-72 2008 3000 2961 +1070 156.54
2007 2543
- + .
P-23 2008 2587 2565 674 135.60
2007 2543
+ .
Greek Basma 5008 3100 2822 930 149.17
. 2007 1759
Izmir 2008 1934 1847 -45 97.62
o 2007 2035
+ .
Gumus Hadzhikej 5008 1908 1971 80 104.23
2007 2008
LSD 5% 313 kg/ha * 265 kg/ha *
1% 429 kg/ha ** 364kg/ha **

According to the data presented in Tables 6 and Table 7 (Figure 1 and Figure 2), the highest
average Yield per stalk (25 g) and per hectare (3673 kg) were obtained in variety P-76/85, while the
lowest one in the variety Izmir (8.5 g per stalk and 1847 kg per hectare). Statistically significant
differences of 1% for this character (g/stalk and kg/ha) were recorded in varieties P-76/86, PNS-72
and P-23 in both years of investigation. Statistically significant difference of 1% for the character kg
/ ha was estimated in Greek Basma in both years, and in variety lzmir in 2007 (LSD=5%).
Compared to the introduced varieties, the local varieties of the type Prilep gave higher yield.
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Figure 2. Corrected yield, kg/ha
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Conclusions

The highest stalk with inflorescence was observed in Gumus Hadzhikej variety (104.47 cm), with
mean values of 103.72 + 0.79 cm in 2007 and 105.22 + 0.76 cm. in 2008. The check variety P 12-
2/1 showed the lowest average height (42.88 cm), with mean values of 43.65 + 0.68 cm in 2007 and
42.10 £ 0.89 cm in 2008. According to variational and statistical data for this character, we
concluded that these varieties are stable. Varieties P 12-2/1, PNS-72 and P-23 are classified as
varieties with small height, while varieties P-76/86, Greek Basma, Izmir and Gumus Hadzhikej are
classified as varieties with medium height. The highest number of leaves was recorded in variety P-
76/86 (55.6), with mean values of 53.0 = 0.80 in 2007 and 58.2 = 1.02 in 2008. The lowest average
number of leaves was found in Greek Basma (29.2), having a mean value of 31,4 + 0.71 in 2007 and
27 +0.92 in 2008. Standard deviation and variation coefficient were low, which is an indication of
stable varieties.

The average length of the largest leaf ranges from 26.50 cm in Greek Basma to 17.12 cm in Izmir
variety. The highest average width of the largest leaf was recorded in Greek Basma (12.37 cm),
while the lowest was in 1zmir variety (7.15 cm).

The highest average yield (25 g/stalk and 3673 kg/ha) was registered in P-76/86, while the lowest
(8.5 g/stalk and 1847 kg/ha) in Izmir variety.

References

Artanacos /1. (1962). TIOtaompousBoacTBo, [1n0BAMB.

Bouecku . (2003). [To3naBame U 00paboTKa Ha TyTYHCKaTa CypoBHHA. [Iprutern.

Dimov D. (2011). Debel Basma - a new generation of oriental tobacco ecotype.Tobacco bulletin of
tobacco science and profesion bulletin of tobacco science and profesion, University ”St. Kliment
Ohridski ”-Bitola, Scientific tobacco institute-Prilep, Republic of Macedonia; pp.130-133.

Topuuk P. (1973). O6naropoaysame Ha TyTyHOT. [Ipuert.

Kapajankos C., Apco 3., Kabpanosa Pomuna (2007). IIpakThkymM MpPOW3BOACTBO HA TYTYH.
daxkynTeT 3a 3eMjoIeNICKN Hayku u XpaHa, Ckomje, CB Kupun u Meronuj — Ckorje; ctp. 67.
Korubin-Aleksoska Ana (2005). Investigation of the more important characteristics of varieties and
lines of tobacco type Djebel. Tobacco bulletin of tobacco science and profesion, Tobacco institute-
Prilep, Republic of Macedonia; pp 55 - 65.

641



SECTION 5: GENETICS AND PLANT BREEDING

Hajuecka Ilseranka (2002). ExcrepuMeHTanHa CTATHCTHKA MPUMEHETa BO 3EMjOJCICKUTE H
OuosomkuTe UcTpaxysama. Ckorje.

VY3ynocku M. (1985). IIpousBoactso Ha TyTyH. CKoTje.

®ununocku K. (2011). CraTucTHdky Bo 3eMjoelIckuTe ucTpaxyBama. [Ipuen 2011.

PE3YJITATH O TIPOYYYBAIBETO HA MOP®O-BHOJIOIIKUTE U
IMPOU3BOJHUTE CBOJCTBA HA JOMAIIIHU U CTPAHCKHN OPUEHTAJICKHA
COPTU TYTYH

Kaponuna Kouocka, Mnuja Pucreckn

AncrpakTt

Co 1enm ga ce mpoydyar HeKOU MOpGhO-OHOJIOIKA W MPOU3BOJAHU CBOjCTBA Kaj HCKOWM TOMAIIHH H
CTPaHCKH OPUEHTAJICKH COPTH TYTYH, BO TekoT Ha 2007 u 2008 roamHa Bo kpyrot Ha Hayunuot
WucTuTyT 32 TYTYH - Ilpriten Genie mocTaBeH ONHT CO 4 AOMAIIHU M 3 CTPAHCKH OPHUEHTAJICKH
COPTH TYTYH, KaJe Kako KOHTpPOJIHA BapHjaHTa Oelle KOpHCTeHa nomamHata copra I1 12-2/1.
HcnuryBamaTta Oca HM3BEIeHHW Ha JCNyBHjaJeH THI Ha I0YBa BO 4 MOBTOpYBama MO METOIOT
ciIydaeH OJIOK CHCTeM, a JOOWMEHHWTe pe3yiTaTH Oea BapHjallMOHO CTATHUCTUYKH OOpabOTeHH IO
METOJIOT Ha aHajn3a Ha BapHjaHca. JloOMeHHTe pe3ysTaTu MoKaxaa JIeKa: BO MPOCEK, CO HajrojieMa
BHCOYMHA HA CTPAKOT CO COLBETHE Ce OUTHKYBa copTata I'ymyc Xaumkej (104.47 cm) a co Hajmana
(42.88 cm) xoutpomnara copra I 12-2/1. Co najronem 0poj Ha JHMCTOBM 1O cTpak (55.6) ce
omnukyBa coprara I1-76/85, a co Hajman (29.2) coprara I'puka bacma. Coprara ['puka Oacma ce
OJIJIMKYBa CO HajrojieMa JO/DKMHA Ha HajrOJIeMHUOT JUCT 01 cTPakoT (26.50 ¢cm) u mupounna(12.37
cm), a co HajManma gomkueHa (17.12 ¢cm) u mmpoumnna (7.15 c¢cm) ce omnmkysa coprara M3mup.
HajBucok mpuHoc mo crpak (25 g) u xexrap (3673 Kg) peructpupan e kaj coprara [1-76/85, a co
HAjHU30K npuHOC 1o crpak (8.5 g) u xexrap (1847 k) ce oanukysa coprata M3mup.

Kay4ysu 300poBH: TYTyH, OpHEHTAJICKU; COPTH, IIPUHOC.
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Abstract

Scientific Tobacco Institute - Prilep possesses a rich collection of varieties and lines of Virginia and
Burley tobaccos, which has been well maintained and regularly enriched. As a result of intensive
breeding, many varieties and lines of these types have been created, distinguished by their high
yields and quality. The aim of this investigation is to present the basic characteristics of both
registered varieties and the newly created perspective lines. The presented varieties and lines were
obtained by intervarietal hybridization, all of them in male-sterile form. Later, they were included in
varietal trials. The results of Burley tobacco breeding show that, starting from the first registered
Macedonian Burley B-96/85 CMS F,, each following variety (line) were increased in size, number
of leaves and yields (e.g., from 3000 kg/ha in B-96/85 CMS F; to 4350 kg/ha in Pelagonec CMS
F1). The quality and number of dry leaves were typical for Burley tobacco. The results for Virginia
show that, starting from the first registered variety of Macedonian Virginia MV-1, all subsequent
lines had larger dimensions, higher leaf number and increased yields (e.g., from 2500 kg/ha in MV -
1 to 3591 kg/ha in the line V-88/09 CMS F;. The color of dry leaves in most of these lines was
golden yellow, which is typical for this type of tobacco.

Key words: tobacco, varieties, lines, Virginia, Burley.

Introduction

In parallel with selection of oriental and semioriental tobaccos, Scientific Tobacco Institute works
on selection of broad-leaf varieties of the types Virginia and Burley. The share of raw material of
these two types in composition of cigarettes is over 75% and it is the main carrier of taste and
strength of tobacco smoke. Great attention during the selection process is paid to three main
objectives: increase of yield, higher resistance to diseases and improvement of some characters
which contribute to achieve higher quality of the raw material. The main goal of the selectionists of
these two tobacco types is to obtain primarily male-sterile varieties that will be better in one or more
characters than the already created. Fertile and male-sterile varieties and lines of domestic and
foreign origin are used as genetic basis for hybridization. As a result of these activities, a number of
Virginia and Burley varieties and lines which give satisfactory yields have been created, with raw
material bearing all characteristics of the corresponding type. From the multiannual trials of
Virginia and Burley varieties and lines it can be seen that most of the characters within the
corresponding type are different, but they are still characteristic for the type to which they belong.
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Material and methods

Data from previous investigations carried out in the Experimental field of Scientific Tobacco
Institute - Prilep with five Burley and 6 Virginia varieties and lines were used as material for
presentation of the results. Soil on which the trials were set up was of alluvial and colluvial type.
From transplanting to the end of curing, all cultural practices typical for corresponding tobacco type
were applied. Subject of analyses for the type Burley were sublimated results of the varieties B-
96/85 CMS F1, Burley 1 CMS F;, B-2/93 CMS F,, Pelagonec CMS F; and line B-98/ N CMS Fg.
For the type Virginia, analyses were made on variety MV-1 and lines V-78/07 CMS F4, V-82/07
CMS F4, V-63/04 CMS F4, V-53 CMS F; and V-88/09 CMS F;. Analyzes were made on the length
and width of the largest leaf, leaf number, stalk height, yield per hectare and the color of dry leaves
(raw material).

Results and discussion

Results for both types of tobacco presented in the tables are product of multiannual measurements
and observations of certain characteristics of the varieties, and as such they can be taken as basic.
Although these properties are strictly genetically controlled, they are closely related to soil and
climate conditions in the region of growing, applied agrotechnics, conditions in which tobacco was
cured, etc.

Characteristics of Burley tobaccos

Some of the characters in investigated varieties and lines of burley tobacco obtained by intervarietal
hybridization are presented in Table 1.

Table 1. Characteristics of Burley varieties and lines

Varieties/Lines
Characters
B 96/85 Burley-1 B-2/93 Pelagonec B-98 N
(‘average values)

CMS F, CMS F, CMS F, CMS F, CMS Fg
Length/Width of the 58 x 36 60 x 37 63 x 39 70x42 | 65x 38
largest leaf, in cm
Leaf number per stalk 30 30 30 34 32
Stalk height, incm 195 185 200 200 188
Yield/ha 3000 3500 4000 4350 3690
Cured leaves color light brown brown light brown | ight brown brown

to brown to brown

As can be seen from the data in Table 1, the highest length (70 cm) and width (42 cm) of the largest
analyzed leaf was recorded in hybrid variety Pelagonec CMS F, the last recognized creation of the
Scientific Tobacco Institute - Prilep. The lowest length (58 cm) and width (36 cm) of the largest leaf
was recorded in the first recognized Burley variety B-96/85 CMS F;. In other varieties and lines the
length of the largest leaf ranges from 60 cm in variety Burley 1 CMS F; to 65 cm in line B-98 / N
CMS Fg, and the width ranges from 37 cm in Burley 1 CMS F; to 39 cm in B-2/93 CMS F;.

The lowest number of leaves per stalk (30) was found in varieties B-96/85 F;, Burley 1 CMS F; and
F, B-2/93 CMS 1, and the highest (34) in variety Pelagonec CMS F;. In line B-98 / N CMS Fg a
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total of 32 leaves was counted. According to Djugerski (2009), in creation of new Burley varieties,
the number of technically suitable leaves on the stalk should range from 26 to 32.

The highest stalk (200 cm) was measured in varieties B-2/93 CMS F,; and F; Pelagonec CMS F;,
and the lowest (185 cm) in variety Burley 1 CMS F;. Risteski et al. (2012) in 2010 and 2011, in the
Experimental field of Tobacco Institute- Prilep made investigations on 6 Burley varieties and came
to conclusion that the average stalk height ranged between 150,5 cm in variety B-21 to 191,5 cm in
variety Pelagonec CMS F;. The same author (2011), describing the basic characteristics of
Pelagonec CMS F; states that stalk height in this variety can be expected to range from 180 to 220
cm.

The highest yield per hectare (4350 kg) was found in variety Pelagonec CMS F;, and the lowest
(3000 kg) in variety B-96/85 CMS F;. Line B-98 / N F8 CMS reached a yield of 3690 kg / ha.
Korubin - Aleksoska Ana (2004) reports that the yield of dry mass in variety Burley 1 CMS F;
ranges from 3500 to 4000 kg/ha and in B-2/93 CMS F; from 3500 to 4500 kg / ha.

Figure 1. Figure 2. Figure 4. Figure 5.
B-96/85 CMS F; Burley-1 CMS F; B-2/93 CMS F; Pelagonec CMS F1 B-98/N CMS F8

Through the color of cured leaves of Burley tobacco, organoleptic assessment of the quality of raw
material can be made. According to the applicable Standards for qualitative assessment of leaf
tobacco of the type Burley, tobaccos in all shades of light brown color are classified in | grade
tobaccos, and all other colors go to the lower grades. The color of cured leaves in varieties
described in Table 1 refers to cured leaves from the middle belt, which are also carriers of the
character stalk yield. From the description of leaf color it can be concluded that the most typical
color for the type Burley (light brown to brown) is found in varieties Pelagonec CMS F; and F1 B-
2/93 CMS F; due to which this raw material is mainly classified in upper grades. Predominantly
brown color is observed in raw material of the variety Burley 1 CMS F; and line B-98 / N CMS Fg,
but it has somewhat lower quality compared to the raw of previously mentioned varieties. Light
brown raw material was observed in variety B-96/85 CMS F, i.e. compared to other varieties
investigated, this variety gives somewhat lower quality.
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Figure 10.

Figure 61 J Figure 7. Figure 8. Figure 9. Figure 11.
MV-1CMSF; V-53CMSF, V-78/07 CMS V-82/02 CMS V-63/04 CMS V- 88/09 CMS
F, F1 Fi1 F

Characteristics of Virginia tobacco
Basic characteristics of some varieties and lines of Virginia tobacco obtained in intervariety
hybridization are presented in Table 2.

Table 2. Characteristics of Virginia varieties and lines

Characters VARIETIES/LINES
( average values ) MV-1 V-53 V-78/07 | V-82/02 | V-63/04 | V-88/09
CMSF; | CMSF; | CMSF; | CMSF; | CMSF,
Length/Width of the 55x35 | 58x36 | 63x38 | 62x37 | 61x36 | 66x 41
largest leaf, in cm
Leaf number per stalk 26 33 30 30 30 33
Stalk height, incm 195 197 182 183 185 186
Yield/ha 2500 3549 2634 2896 2998 3591
Cured leaves color Lemonish Golden Golden Golden Golden Golden
yellow yellow yellow yellow yellow yellow

According to the presented data, the biggest length (66 cm) and width (41 cm) of the largest leaf
were observed in line V-88/09 CMS F; and the smallest (55 cm length and 35 cm width) in variety
MV-1. In other tobacco lines, the length of the largest leaf ranges from 58 cm in F1 VV-53 CMS F, to
63 cm in V-78/07 CMS F4, and the width from 36 cm in lines V-53 CMS F; and VV-63/04 CMS F; to
38 cm in VV-78/07 CMS F;. The lowest number of leaves per stalk (26) were registered in the variety
MV-1 and the highest (33) in varieties V-53 CMS F; and V-88/09 CMS F;. In all other lines the
number of leaves was 30. A number of authors (Cavkaroski D. et al., 1992, Ristski I. 2000, Haws.
S.N.J. Ir (1978) reported the occurrence of the so-called mammoth properties in Virginia tobacco,
when unusually large number of leaves are formed on the stalk and plants begin to bloom when a
daylight decrease. According to the presented results, the maximum stalk height was recorded in
line V-53 CMS F; (197 cm) and the minimum height in line VV-78/07 CMS F; (182 cm). In other
varieties and lines this character ranged from 183 cm to 195 cm in varieties V-82/07 CMS F, and
MV-1, respectively.

The highest yield per hectare was recorded in line V-88/09 CMS F; (3591 kg) and the lowest in
variety MV-1 (2500 kg). In other investigated lines, the yield per hectare ranges from 2634 kg in V-
78/07 CMS F; to 3549 kg in line V-53 CMS F;.
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Kocoska K. (2008) and Risteski I. (2011), in their investigations conducted in Tobacco Institute-
Prilep during 2003 and 2004 reported that the average yield per hectare of the American fertile
variety Sp. G-58 was 2828 kg. The same authors made investigations with other Virginia varieties
in 2008 and 2009 on the same location and revealed that the American fertile variety K-326
achieved an average yield of 2684 kg/ha. From this it can be concluded that, in view of this
character, the newly created Virginia varieties in Tobacco Institute -Prilep are not far behind some
well-known American varieties.

Organoleptic assessment of quality of this tobacco type, among other indicators, takes into
consideration the color of cured leaves. According to the operative Standards for qualitative
assessment, | class consists of leaves from the middle belt with lemonish yellow, yellow, golden
yellow and orange color, bright and uniform. The raw material of the variety MV-1 is characterized
by a lemonish yellow color, while all other lines are golden yellow. Tobacco raw in all other colors
and shades is classified in lower grades. It can be concluded again that, with regard to the color of
cured leaves, the new varieties created in Tobacco Institute provide a good quality raw typical for
Virginia tobacco.

The objectives and aims of Tobacco Institute-Prilep will continue to be directed toward creating
male-sterile hybrid varieties of the types Virginia and Burley, because they displayed a series of
advantages compared to fertile varieties. In many cases they appeared to be more vigorous and
achieve better yields compared to their parents, which is a kind of transgression. It was also noted
that these varieties have a faster root growth and a more uniform development, with better
adjustment to environmental stress, higher resistance to diseases, etc.

Conclusions

According to the leaf size, all of the investigated Virginia and Burley varieties and lines can be
classified in the first grade tobacco.

According to the character number of leaves per stalk, except for the variety MV-1, which has 26
leaves, all other varieties and lines in both tobacco types are characterized by higher number of
leaves.

According to the character stalk height, all of the investigated varieties and lines belong to the group
of high tobaccos.

As a result of somewhat bigger leaf size and higher number of leaves per stalk, Burley tobacco
varieties give higher yields/ha compared to those of the type Virginia, but both types are achieving
yields close to the world average.

All varieties and lines maintained the characteristic color of the type to which they belong.

A common conclusion can be drawn that Tobacco Institute has made an undisputed progress in
breeding of these two types, which is confirmed by the fact that each newly created variety or line is
characterized by improved properties compared to the previously created.
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PE3YJITATH O] OIIVIEMEHYBAIBETO HA KPYITHOJIMCHUTE TYTYHHU BO
HAYYHHUOT HHCTUTYT 3A TYTYH- NPUJIEIN

Winnja Pucrecku, Kaponuna Kouocka

Arncrpakr

Hayunnor WuctutyT 3a TyryH — I[lpmien pacmoiara co ©Oorata KOJEKIMja Ha COPTH U
OIUICMCHYBa4K{ JIMHAM OJ THIIOBUTE BUPUWHHUja W Oepiiej KOM DPENOBHO ce 306oraryBaaT
onpikyBaar. Kako pe3ynrar Ha MHTEH3UBHOTO OIUIEMEHYBaibe Ha OBHE [[BA THIIA TYTYH, CO30aICHU
ce MoBeke COPTH U JIMHUU KOHM CE O[UIMKYBaaT CO MHOTY HOOpH mpuHOCH W kBamutet. Llenrta Ha
HCOHTYBAETO € [a Ce IPUKAKAT OCHOBHUTE KApPaKTEPUCTHKH HA BEKe HPHU3HATHTE COPTH U
nepcrekTuBHuUTe TUHKA. CHTE COPTH U JIMHUK KOH C€ MPEIMET Ha Mpe3eHTanuja JOOUEHH ce O mat
Ha MelycOPTOBO BKpPCTyBame, W CHTe ce BO Mammkoctepuina ¢opma. Ilomorna wuctute Gea
BKJIYYCHHU BO COPTOBH ONMHUTH. Pe3ynTaTure 01 OIIIEMEHYBAHETO HA THIOT Geplie] MOKaKyBaat JeKa
MOYHYBAjKH OJ] TpBaTa Mpu3HaTa MakemoHcka copra b-96/85 IIMC F; kaj cekoja HapemaHa copTa
(nuHMja), TMMEH3UUTE, OPOjOT Ha JIMCTOBUTE M MPUHOCHUTE ce 3rosieMysaar (mpumep oa 3000 kg/ha
kaj b-96/85 IIMC F,, mo 4350 kg/ha xaj coprara Ilenaronen [IMC F;).KBanuteror u Gpojor Ha
CYBHUTE JIMCTOBH C€ THIIMYHM 3a THHOT Oepiiej. PesynraTuTe oI OIUIEMEHYBAHETO HA THIIOT
BHUPIMHI]A [TOKaXyBaaT JeKa MOYHYBajKH O HAIllaTa IIpBa MpU3HATa MakeIoHCKa copra MB-1 cute
MOCIEJOBATENIHU JIMHUU C€ OJUTMKYBaaT CO MOTOJIEMH JIMMEH3UH U Opoj Ha JIHMCTOBH, a MPUHOCHUTE
ce srosiemyBaar ( mpumep ox 2500 kg/ha kaj MB-1, no 3591 kg/ha kaj nunujara V-88/09 LIMC F;).
Bojata Ha cyBUTE JIMCTOBH Kaj MOBEKETO JIMHUH € 3JIaTHO JKOJITAa KapaKTePHCTHYHA 32 OBOj THII Ha
TYTYH.

KiayuHu 300poBu: TyTyH, COpPTH, TUHUH, BUPIIMHL]a, OepIie].
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