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Turkey is an important tobacco producing country and leading the world in oriental
tobacco production. In the present study, effect of heterosis on yield and quality of
oriental tobacco was investigated, and development of oriental tobacco hybrids with
high yield and quality properties for Black Sea region of Turkey was targeted. Seven
oriental tobacco genotypes with considerable acreages in Turkey (Xanthi-2A, Nail,
Gilimiishacikdy, Tasova, Katerini, Canik, Erbaa) and 21 hybrids produced by half-
diallel crosses among them were compared. Field trials were conducted in Erbaa and
Bafra locations in 2012 and 2013 growing periods. Cured leaf yields, reducing sugar
and nicotine contents of leaves and expertise quality were studied. Xanthi-2A x
Katerini (1.70 t ha! cured leaf yield and 75% quality grade index) and Nail x Katerini
(1.64 t ha cured leaf yield and 75% quality grade index) hybrids showed good yield
and quality properties in Erbaa conditions, while Nail x Katerini (1.88 t ha™* cured leaf
yield and 75% quality grade index) and Katerini x Erbaa (1.65 t ha* cured leaf yield
and 78% quality grade index) had good yield and quality properties in Bafra
conditions. It has been concluded that hybrid cultivars that can meet the demands of
tobacco sector could be developed from some currently grown oriental tobacco
cultivars in Turkey. Based on average of locations, an average of 16.20% and 6.85%
heterosis were found as the average of all hybrids for cured leaf yield and expertise
quality. Yield effects due to heterosis could be increased in future by adopting
growing techniques adjusted for hybrids.

Keywords: Diallel crossing, quality grade index, nicotine content, oriental
tobacco, reducing sugar

Corresponding authors: Ahmet Kinay, Tokat Gaziosmanpasa University, Faculty of Agriculture,
Department of Field Crops, Tokat, Turkey, ahmetkinay@gmail.com
*This article is produced from PhD thesis of Ahmet Kinay



mailto:ahmetkinay@gmail.com
https://doi.org/10.2298/GENSR2002727K

736 GENETIKA, Vol. 52, No2, 735-750, 2020

INTRODUCTION

Tobaccos grown in the world could be categorized into two groups: yield and quality
types. Virginia and Burley type tobaccos have high yields while oriental tobaccos have high
qualities. Quality type oriental tobaccos are mostly used in cigarette blends as regulator.
Therefore, breeding efforts in oriental tobaccos need to concentrate on physical quality
properties such as aroma, leaf size and leaf color and chemical quality properties such as
reducing sugar and nicotine contents. In addition, yields of new cultivars should satisfy farmers.
Breeding of oriental tobacco should aim to improve both yield and quality together, or in other
words, should aim to increase yields without decreasing the quality.

Hybrid breeding relies on the principle of producing superior F; plants compared to their
respective parents. Hybrid cultivars can have high performance in good growing conditions as
well as in relatively poor ones (PHILOUZE, 1976). Therefore, replacing classical pure line tobacco
cultivars with hybrids could improve both yield and quality in diverse environments. vYi et al.
(2005) reported that hybrids between different burley cultivars were 2.9% superior to their
parents. Another study on burley tobaccos revealed that yields of hybrids were 9.8% higher than
parents (MATZINGER et al., 1971). In flue-cured tobaccos, hybrid cultivars were found to have
1.16% higher yields than pure line cultivars (MATZINGER et al., 1962). In oriental tobaccos,
hybrid cultivars had 2.8-4.7% higher cured leaf yields compared to their parents (GIXHARI et al.,
2010b). Studying nine oriental tobacco cultivars and their hybrids, MARANI et al. (1966)
determined that average cured leaf yields of hybrids were higher than their parents.

Agronomic studied indicate mixed associations between cured leaf yield and quality
properties (SIFOLA et al., 2003; KARAIVAZOGLOU et al., 2006) in tobaccos. Hybrid breeding
studies in Virginia and burley type tobaccos show a negative association between cured leaf
yield and quality traits (MATZINGER et al., 1971; ALEKSOSKI et al., 2011). On the other hand,
simultaneous yield and quality improvements have been reported in hybrid oriental tobacco (YI
et al., 2005; GIXHARI et al., 2010), which might indicate that hybrid breeding could be method of
choice for oriental tobaccos.

Decreasing oriental tobacco production in Turkey and in the world in recent years has led
to problems to meet the needs of tobacco industry. As a traditional oriental tobacco producer,
Turkey has an important role to increase the production. When the yields of oriental tobacco are
insufficient because of too much attention to quality, farmers easily give up this crop also as a
result of difficulties in growing and processing the crop during curing operations. Although there
are a number of oriental tobacco cultivars in Turkey, there is a need to develop new cultivars that
could satisfy both farmers and industry. Aims of the present study were to develop superior
hybrid cultivars from oriental tobacco cultivars or lines produced in traditional oriental tobacco
production areas of Erbaa and Bafra in Black Sea region of Turkey and to determine heterosis
effect in oriental tobacco.

MATERIALS AND METHODS
Plant materials

Seven oriental tobacco lines or cultivars grown in Black Sea region of Turkey (Xanthi-
2A, Nail, Giimishacikdy, Tasova, Katerini, Canik, Erbaa) and 21 hybrids produced by half-
diallel crosses (without reciprocal crosses) among them were used (Table 1). F1 hybrid seeds
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were produced using plants grown in greenhouse in 2011 based on method described by
WERNSMAN et al. (1980).

Table 1. Half diallel crossing of parents

/3 Nail Giimiighacikdy Tasova Katerini Canik Erbaa
Xanthi-2A X X X X X X
Nail X X X X X
Giimiighacikdy X X X X
Tasova X X X
Katerini X X
Canik X

Meteorological conditions

Field trials were carried out in Erbaa county of Tokat province (latitude 40°60’ N,
longitude 36°62’ E, elevation 580 m) and Bafra county of Samsun province (latitude 41°03' N,
longitude 35°04' E, elevation 162 m) in 2012 and 2013. Climatic data for tobacco growing period
in long term (1975-2011) and experimental years were given in Table 2.

Table 2. Climatic data for Erbaa and Bafra locations during tobacco growth period

Average temperature (°C) Average Moisture (%)  Total precipitation (mm)

Months Years
Erbaa Bafra Erbaa Bafra Erbaa Bafra
1975-2011 18.5 15.4 53.8 78.6 735 46.3
May 2012 17.6 17.4 62.6 89.0 114.7 28.6
2013 194 18.5 53.1 84.1 32.3 28.8
1975-2011 21.1 20.1 49.8 74.2 36.2 44.9
June 2012 21.4 22.4 56.5 79.7 36.3 69.8
2013 20.8 215 52.4 81.1 36.1 43.6
1975-2011 22.7 22.8 49.1 725 16.2 29.8
July 2012 23.6 24.2 54.6 81.5 30.7 116.8
2013 21.9 233 51.0 81.4 16 48.0
1975-2011 23.1 22.7 47.4 73.9 1.0 44.4
August 2012 234 23.2 51.8 82.8 15 209.8
2013 22.8 23.8 49.3 87.8 04 66.8
1975-2011 20.1 19.2 54.1 76.3 8.7 58.5
September 2012 20.3 20.5 50.9 85.8 5.1 78.2
2013 19.8 18.9 47.8 82.8 12.3 37.2

Turkish state meteorological service

Monthly temperature averages in experimental years were similar to long term averages.
Erbaa location had higher precipitation in 2012 compared to long-term precipitation in growing
season. Precipitation was almost three times the long-term average in the month of July.
However, the same location had lower amount of precipitation in 2013. Total amounts of
precipitation in both location were higher in the first experimental year, the difference being
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clearly evident in Bafra location (Table 2). Average moisture was slightly higher in most months
of tobacco growing season in experimental years compared to long-term averages.

Results of soil analysis carried out in experimental areas were given in Table 3. Soil of
Erbaa location was slightly alkaline, moderate in CaCOs, rich in organic matter, insufficient for
phosphorus, sufficient for potassium in 2012, and slightly acidic, insufficient for CaCOs,
insufficient in organic matter, sufficient for potassium but had excess phosphorus in 2013. Soil
of Bafra location was strongly alkaline, moderate in organic matter, strongly insufficient for
phosphorus, sufficient for potassium but had excess amount of CaCOs3 in 2012, and strongly
alkaline, insufficient for CaCQs, sufficient in organic matter, sufficient in potassium but had
excess amount of phosphorus in 2013 (KARAMAN et al., 2004).

Table 3. Soil properties of experimental fields in Erbaa and Bafra locations

Erbaa Bafra

2012 2013 2012 2013
Texture Sandy clayed loam Clay Clay Clay
pH 7.87 — Slightly 6.98 — Slightly 8.05 — Strongly alkaline 8.34 — Strongly

alkaline acidic alkaline
EC dS/m 0.23 - non-salt 1.10 — low salt 0.57 — low salt 0.48 — non-salt
% CaCOg3 10.66 — Moderate 3.71 — Insufficient 20.87 — Excess 4.60 — Insufficient
Organic matter (%) 4.41 — High 1.82 — Insufficient 2.03 — Moderate 3.80 — Sufficient
P,0Os kg da* 3.55 — Insufficient 9.38 — High 2.38 — Strongly 17.50 — Excess
insufficient

K,O kg da! 42.98 — Sufficient 49.14 — Sufficient 50.24 — Sufficient 47.19 — Sufficient

Methods

Field trials were conducted in farmers’ fields to better represent tobacco growing areas
under rainfed conditions. Plots consisted of four rows of 4 m with 45 cm row spacing.
Fertilizations were made at the rates of 60 kg ha™* N, 40 kg ha'* phosphorus (P20s) and 60 kg ha'
potassium (K20) using 15-15-15 composed fertilizer, ammonium sulfate and potassium nitrate
(KINAY, 2010). All fertilizers were applied to plots before planting and mixed into soil (CAMAS et
al., 2011). Seedlings were grown in seedling trays under controlled greenhouse conditions.
Plantation was made to field when seedlings had 4-6 leaves and were 12-15 cm tall. Maintenance
procedures were applied such as hoeing, stripping off the lower leaves, soil pulling up around the
base of plants and pest and disease control. Leaves were primining three times when they
reached harvest maturity. Harvested green leaves were stringed and cured by hanging inside a
greenhouse. After curing, strings containing tobacco leaves were packed (KURT and YILMAZ,
2018). Leaves were weighed, moisture contents were determined and cured leaf yields were
calculated based on 17% moisture content. Organoleptic observations were made on cured leaves
based on procedure defined by Turkish Standards Institute (TSI, 2006). Organoleptic evaluations
(quality grade index) were made by consensus of three tobacco experts. Reducing sugar and
nicotine contents of leaves were determined in Chemical Analysis Laboratory of Field Crops
Department at Tokat Gaziosmanpasa University using spectrophotometric method (KINAY,
2010).
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Statistical analysis

Experimental design was randomized complete blocks with three replications. Statistical
analyses were made using SPSS software (Version 20, IBM Software, Chicago, Illinois).
Differences among treatments were compared using Duncan’s multiple range test (WANG et al.,
2013). In order to compare the differences between hybrids and their respective parents, one-
degree of freedom test was carried out.

RESULTS AND DISCUSSION

Significant differences were found among genotypes for cured leaf yields in all four
environments (Table 4). Due to heterogeneity of error variances from environments, a combined
analysis was not performed. Based on one-degree freedom statistical analysis, hybrids had
significantly higher cured leaf yields than parents in all locations (Table 4). In Erbaa location,
parents had cured leaf yields of 1.181-1.557 t ha (average 1.312 t) in 2012 and 1.182-1.749 t ha-
1 (average 1.546 t) in 2013 while hybrids had leaf yields of 1.216-1.732 t ha* (average 1.432 t) in
2012 and 1.441-2.078 t ha (average 1.732 t) in 2013. In Erbaa location, average cured leaf
yields of hybrids were 9.15 and 10.74% higher than average leaf yields of parents in 2012 and
2013, respectively. Cv. Xanthi-2A is the commonly grown cultivar in Erbaa location and only
one genotype (Nail) gave significantly higher cured leaf yield than cv. Xanthi-2A in 2012 and
two genotypes (cvs. Nail and Katerini) in 2012, while four hybrids (Canik x Erbaa,
Gilimiishacikdy x Canik, Tagsova x Erbaa and Xanthi-2A x Katerini) had significantly higher
yields than cv. Xanthi-2A in 2012 and 11 hybrids (Nail x Canik, Canik x Erbaa, Katerini x
Erbaa and eight others) in 2013. Superior cured leaf yields of hybrids were more pronounced in
Bafra location. Parents had cured leaf yields varying from 0.758 to 1.962 t ha* (average 1.288 t)
in 2012 and from 0.946 to 1.364 t ha (average 1.573 t) in 2013 whereas cured leaf yields of
hybrids varied from 0.967 to 2.439 t ha'! (average 1.166 t) in 2012 and from 1.143 to 1.818 t ha™*
(average 1.383 t) in 2013. In Bafra location, average cured leaf yields of hybrids were 22.13 and
18.60% higher than average leaf yields of parents in 2012 and 2013, respectively. Nail is the
commonly grown cultivar in Bafra location and only one genotype (cv. Canik) gave significantly
higher cured leaf yield than Nail in 2012 and no genotype had better yield than Nail in 2013,
while five hybrids had significantly higher yields than Nail in 2012 (Canik x Erbaa, Nail x
Katerini, Nail x Canik, Katerini x Canik and Nail x Erbaa) and two hybrids (Tasova x Katerini
and Katerini x Canik) in 2013. One-degree of freedom analysis showed that hybrids of only one
parent was superior to that parent (cv. Glimiishacikdy) in Erbaa 2012 location while two (cvs.
Xanthi-2A and Giimishacikdy) in Erbaa 2013, four (cv. Xanthi-2A, Nail, Erbaa and
Glimiishacikdy) in Bafra 2012 and four (cvs. Giimiishacikdy, Tagova, Katerini and Canik) in
Bafra 2013 (Table 5).

Reducing sugar content of cured tobacco leaves directly affects the quality of oriental
tobacco and higher amount of reducing sugars means higher quality. Reducing sugar contents in
Erbaa location (11.6% in 2012 and 11.8% in 2013) were clearly higher than those in Bafra
location (4.08 and 6.75% in 2012 and 2013, respectively) (Table 6). Most of the hybrids had
higher reducing sugar contents than Xanthi-2A cultivar in Erbaa in 2012 and 2013. In Bafra
location, however, commonly grown Nail genotype had higher reducing sugar content than
hybrids in both years. Average of parents did not differ from average of hybrids in any location
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(Table 6). However, there were significant differences among genotypes and between some
hybrids and their parents. Nail and Katerini generally had higher reducing sugar contents across
the environments. However, hybrids of these two genotypes had significantly lower reducing
sugar content in three out of four environments. On the other hand, hybrids of Xanthi-2A,
genotype with the lowest reducing sugar content, had significantly higher levels in three out of
four environments (Table 7). Hybrids of Glimiishacikdy and Erbaa had significantly higher sugar

content in one environment and significantly lower in one environment.

Table 4. Cured leaf yields of tobacco parents and hybrids (t ha™) grown in Erbaa and Bafra locations

No Parent or hybrid Erbaa Bafra Average of
genotype
2012* 2013* 2012* 2013*
1 Xanthi-2A 1.273 d-g 1391 gh 0.845 KI 1.245 c-g 1.189
2 Nail 1557  ae 1749 b-e 1485 e-h 1265 cg 1514
3 Giimiishacikdy 1181 g 1182 h 0.758 | 0.946 g 1.017
4  Tasova 1225 fg 1.447  fgh 1311 f4 1.031 fg 1.254
5 Katerini 1.314 b-g 1704  b-f 1.446 e 1.201 c-g 1.416
6 Canik 1355  b-g 1.686 b-g 1.962 bc 1112 efg 1.529
7 Erbaa 1.282 d-g 1.666  b-g 1.210 g-k 1.364 c-f 1.381
8  Xanthi-2A x Nail 1377 Db-g 1733 b-f 1594 c-g 1206 c-g 1.478
- X
9 ég”mtggﬁa‘zlkéy 1216 fg 1549 g 1412 e 135 of 0
10 Xanthi-2A x Tagova 1.237 e-g 1441  f-h 0.967 jki 1.316 c-f 1.240
11 Xanthi-2A x Katerini 1.627 abc 1779  b-e 1.287 f+ 1.538 abc 1.558
12 Xanthi-2A x Canik 1.389  b-g 1.691  b-f 1331 fij 1271 c-g 1.421
13 Xanthi-2A x Erbaa 1269  dg 1598 d-g 1451 e1 1516 abc 1.459
14 Nail x Giimiighacikdy 1598 a-d 1556 e-g 1.688 c-f 1.143 efg 1.497
15 Nail x Tasova 1.258  efg 1.904  abc 1544 d-g  1.260 c-g 1.492
16 Nail x Katerini 1485 ag 1793 a-e 2.255 ab 1.498 a-d 1.758
17 Nail x Canik 1.404 a-g 2078 a 1.976 bc 1503 a-d 1.741
18 Nail x Erbaa 1.446 a-g 1894 ad 1.916 bed 1.445 b-e 1.676
19 Giimiishacikdy x Tagova 1.288 d-g 1586 e-g 1.486 e-h 1.306 c-f 1.417
20 S;gﬁfimk"y x 1510  ag 1646 bg 1582 cg 1165 dg .
21 Giimiishacikdy x Canik  1.643 ab 1.898 abc 1.381 e 1.244 c-g 1.542
22 Gumiishacikdy x Erbaa  1.448 a-g 1821 a-e 1.248 g-k 1.371 c-f 1.472
23 Tasova x Katerini 1.299 c-g 1621 cg 1.129 h-l 1.818 a 1.467
24 Tagova x Canik 1284 d-g 1597 d-g 1.074 1l 1.258 c-g 1.304
25 Tagova x Erbaa 1634 ab 1546  efg 1.539 d-g 1.131 efg 1.463
26  Katerini x Canik 1514 a-f 1782 a-e 1.974 bc 1.745 ab 1.754
27 Katerini x Erbaa 1413 ag 1932 ab 1.764 cde 1.536 abc 1.662
28 Canik x Erbaa 1.732 a 1941 ab 2439 a 1422 b-e 1.884
Average of location 1.402 1.686 1.502 1.329 1.480
CV (%) 12.4 10.7 14.6 148
*p<0.05

Nicotine content of cured leaves is another quality criterion in tobacco. Higher nicotine
content in oriental type tobaccos, also called quality type, results in lower quality. Erbaa location
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had similar average nicotine contents in 2012 and 2013 (1.64 and 1.65%, respectively) while
Bafra location resulted in somewhat lower nicotine content in 2012 (1.24%) and higher in 2013
(2.00%) (Table 8). There were significant differences among genotypes in all environments, but
hybrids did not differ from parents based on one-degree freedom analysis (Table 9). Nicotine
content of Xanthi-2A in Erbaa where it is the mainly grown cultivar was in the highest group in
both years. Similarly, nicotine content of Nail genotype in Bafra was among genotypes with the
highest nicotine content. These findings indicate that genotypes grown in these areas are not
suitable for their nicotine content. Cv. Giimiishacikdy on the other hand had clearly low nicotine
contents in all four environments compared to other parents as well as hybrids. When hybrids
and their parents were compared using one-degree of freedom analysis, it was observed that
hybrids of Xanthi-2A and Katerini, cultivars with the highest nicotine contents, had significantly
lower nicotine contents in four and three environments, respectively. On the other hand, nicotine
contents of hybrids of Giimiishacikdy and Canik, cultivars with the lowest nicotine contents, had
significantly higher nicotine content in three out of four environments.

Table 5. Results of one-degree freedom analysis for cured leaf yields (t ha?) of tobacco parents and hybrids
grown in Erbaa and Bafra locations

Parent or hybrid Erbaa 2012 Erbaa 2013 Bafra 2012  Bafra2013  Average (I%/lof)ference
Xanthi-2A 1.273N8 1.390" 0.846™ 1.246"N8 1.189 197
Xanthi-2A hybrids 1.353 1.632 1.341 1.368 1.424

Nail 1.557Ns 1.749N8 1.485" 1.266 N 1514 6.1
Nail hybrids 1.428 1.827 1.829 1.343 1.607
Giimiishacikoy 1.182" 1.182" 0.758™ 0.947" 1.017 440
Giimiishacikdy hybrids 1.451 1.676 1.467 1.264 1.465

Tasova 1.225N8 1.448Ns 1311 1.031" 1.254 114
Tasova hybrids 1.334 1.616 1.290 1.348 1.397

Katerini 1.314N8 1.705Ns 1.447N8 1.200 1.417 138
Tagova hybrids 1.475 1.759 1.666 1.550 1.613

Canik 1.356"N 1.686NS 1.963N¢ 1.112° 1.529 51
Canik hybrids 1.495 1.831 1.696 1.408 1.608

Erbaa 1.282N8 1.667 NS 1.210™ 1.365MN¢ 1.381 161
Erbaa hybrids 1.491 1.789 1.727 1.404 1.603

Average of parents 1.312° 1.546° 1.288° 1.166° 1.329

Average of hybrids 1.4322 1.7322 15732 1.383¢ 1531

NS: Non Significant, *p<0.05, **p<0.01

Quality grade index is an organoleptic quality index determined by tobacco experts to be
used purchasing price of oriental tobacco in Turkey. It is determined by integrity, color, texture
and smell of tobacco leaves and is expressed as percentage. Since the prices for different grades
with expertise quality scores higher 60% do not differ greatly, quality grade index larger than
60% is considered satisfactory.
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Table 6. Reducing sugar contents (%) in cured leaves of tobacco parents and hybrids grown in Erbaa and
Bafra locations

N Parent or hvbrid Erbaa Bafra Average of
° arent oriybr 2012* 2013* 2012 2013 genotype
1 Xanthi-2A 11.8 fi 84 ik 166 9 7.80 b-e 142
2 Nail 154 bc 11.8 gh 577 b 964 a 10.65
3 Giimiishacikoy 11.8 O 11.8 f1 561 be 541 fgh 8.66
4  Tasova 95 |1 117 fa 499 ¢ 517 fgh 7.84
5  Katerini 112 hij 12.7 d-g 730 a 760 b-e 9.70
6 Canik 105 kI 129 b-g 089 h 595 d-g 7.56
7  Erbaa 11.0 1k 136 b-f 234 ef 571 fgh 8.16
8  Xanthi-2A x Nail 16.2 ab 138 b-e 181 ¢ 7.81 bed 9.91
9 Xanthi-2A x
Glimiighacikoy 13.1 efg 160 a 243 ef 8.68 ab 10.05

10 Xanthi-2A x Tagova 119 g4 76 k 3.10 de 8.49 abc 7.77
11  Xanthi-2A x Katerini 142 cde 13.7 b-f 3.03 de 8.16 bc 9.77
12 Xanthi-2A x Canik 124 fa 99 1y 324 de 5.90 efg 7.86
13 Xanthi-2A x Erbaa 13.0 e-h 121 d-g 2.63 de 5.83 efg 8.39
14 Nail x Giimiighacikdy 114 hy 124 d-g 131 ¢ 737 b-e 8.12
15 Nail xTagova 121 f4 14.7 abc 336 d 733 b-e 9.37
16  Nail x Katerini 10.7  jkl 84 jk 3.48 de 6.47 c-f 7.26
17  Nail x Canik 128 e-h 12.7 c-g 311 de 464 gh 8.31
18 Nail x Erbaa 16.2 ab 13.4 b-f 367 d 723 c-f 10.13
19  Giimiishacikdy x Tagova 11.7 hy 139 bcd 331 de 593 d-g 8.71
20 Giimiishacikdy x Katerini 118 g 113 gh 248 ef 6.60 c-f 8.05
21  Giimiighacikdy x Canik 123 f 146 ab 267 ef 357 h 8.29
22 Giimiishacikdy x Erbaa 118 g 104 251 ef 388 h 7.15
23 Tasova x Katerini 9.8 ki 119 e-h 364 d 6.80 c-f 8.04
24 Tasova x Canik 171 a 101 g 327 d 4.69 gh 8.79
25 Tasova x Erbaa 15.0 bcd 124 d-g 255 ef 9.03 ab 9.75
26  Katerini x Canik 10.8  jkl 106 196 fg 453 gh 6.97
27  Katerini x Erbaa 122 fa 124 d-g 170 ¢ 447 gh 7.69
28 Canik x Erbaa 13.6  def 122 d-g 149 ¢ 6.87 c-f 8.54

Average of location 12.6 12.1 3.05 6.48 8.56

CV (%) 2.62 5.76 1.67 3.75
*p<0.05

Three of the four environments had similar average quality scores around 70%, while
average quality score of Erbaa location in 2012 was somewhat lower (64%). Quality grade index
of Katerini was high in all for environments, being significantly higher than other parents in
Erbaa 2013 and Bafra 2013 environments (Table 10). Quality grade index of Xanthi-2A was
highest in 2012 and second highest in 2013 in Erbaa conditions. Quality grade index of Nail
genotype was among the top group in 2012 and 2013 in Bafra conditions. These findings mean
that these cultivars had satisfactory quality levels in the environments where they are the most
commonly grown oriental tobacco genotype. Average quality grade index of hybrids were 5-9%
higher than that of parents in three out of four environment, and 3% lower in Erbaa 2012
environment. However, differences were not significant. Four or five out of seven parents (57-
71%) had satisfactory expertise scores of over 60% in all four environments while 17-19 hybrids
out of 21 (81-90%) had satisfactory quality grade index in three environments and all of the
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hybrids had satisfactory quality grade index in one environment (BAFRA, 2013). A comparison of
parents and their hybrids using one degree of freedom analysis revealed that quality scores were
significantly improved in all four environments in Canik hybrids and in three out of four
environments in Glimiishacikdy hybrids compared to their common parent (Table 11). These
were the cultivars with the lowest quality grade index. On the other hand, quality grade index of
Katerini hybrids, the cultivar with the highest overall quality grade index across four
environments were decreased significantly in all four environments.

Table 7. Results of one-degree freedom analysis for reducing sugar (%) in leaves of tobacco parents and
hybrids grown in Erbaa and Bafra locations

Parent or hybrid Erbaa 2012 Erbaa 2013 Bafra 2012 Bafra 2013 Average Difference (%)
Xanthi/l2A 11.87 8.4™ 1.66™ 7.80N 7.40 20.95
Xanthi/2A hybrids 135 12.2 2.70 7.48 8.95 )
Nail 15.4™ 11.8N 5.777 9.64™ 10.63 1718
Nail hybrids 13.2 12.5 2.79 6.81 8.80 '
Giimiighacikoy 11.8N 11.8" 5.61" 541N 8.65
ﬁ'“m_”ﬁhac‘koy 12.0 131 245 6.01 8.38 -3.18
ybrids
Tagova 9.5™ 11.7N 4.99™ 5177 7.80 11.86
Tagova hybrids 12.9 11.8 3.20 7.04 8.73 )
Katerini 11.2MN8 12.6" 7.29" 7.60™ 9.65 17.62
Katerini hybrids 11.6 114 2.71 6.17 7.95 '
Canik 10.57 12.8" 0.89™ 5.95Ns 7.50
Canik hybrids 13.2 11.6 2.62 5.03 8.10 8.00
Erbaa 11.0™ 13.5" 2.34N8 571N 8.13 585
Erbaa hybrids 13.7 12.1 2.43 6.22 8.60 '
Average of parents 11.6 11.8 4.08 6.75 8.56
Average of hybrids 12.9 12.1 2.70 6.39 8.52

NS: Non Significant, *p<0.05, **p<0.01

Cured leaf yield and quality traits should be simultaneously taken into account in
breeding of oriental tobaccos. There are many factors affecting cured leaf yield and quality of
tobaccos (SHOAI et al., 1996; BUTORAC, 2000; BUTORAC et al., 2004; GIXHARI et al., 2010a).
Genotype used is at the forefront of these factors.

Cured leaf yields of hybrids (1.531 t/ha) were about 15% higher than those of pure lines
(1.329 t/ha) in all locations. Cured leaf increases of 1.2-28.9% were reported for tobacco in
general (MATZINGER et al., 1971; GuDoOY et al., 1988; Vi1 et al., 2005) and 2.8-16.2% for oriental
tobaccos (GIXHARI et al., 2010a; GIXHARI et al., 2010b) due to heterosis. Calculated heterosis
values of different hybrids for cured leaf yield in the present study (5-44%) were higher than
those reported in literature. An examination of heterosis values based on parents revealed higher
heterosis levels for parents with low cured leaf yields, which was also indicated by a significant
negative association of r= -0.892 between average heterosis value of parents and their average
cured leaf yields. Although the parents used in the present study are genotypes used for
production in the oriental tobacco growing regions of Turkey, they are not genotypes subjected
to intense breeding. In fact, of the genotypes used, Nail and Erbaa are not registered varieties;
they are pure lines commonly grown by farmers for oriental tobacco production.
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Table 8. Nicotine contents (%) in cured leaves of tobacco parents and hybrids grown in Erbaa and Bafra

locations
_ Erbaa Bafra Average of
No Parent or hybrid genotype
2012* 2013* 2012* 2013*

1 Xanthi-2A 221 a 236 a 160 a 253 b 2.18
2 Nail 145 bc 171 ¢ 114 a 248 b 1.70
3 Giimiishacikdy 080 € 071 e 076 b 058 f 0.71
4 Tasova 237 a 168 C 136 @ 231 b 1.93
5 Katerini 227 a 252 a 118 a 275 ab 2.18
6  Canik 171 bc 123 ¢ o777 b 155 cd 1.32
7 Erbaa 158 bc o0gs e 18 a 125 cd 1.39
8 Xanthi-2A x Nail 148 bc 245 a 145 a 251 b 1.97
9 Xanthi-2A x Gimiishactkdy 133 bc 142 ¢ 089 b 173 cd 134
10 Xanthi-2A x Tagova 23 a 124 C 143 a 189 ¢C 173
11 Xanthi-2A x Katerini 193 b 254 a 135 a 208 a 2.20
12 Xanthi-2A x Canik 18 bc 174 ¢ 116 a 226 b 176
13 Xanthi-2A x Erbaa 228 a 213 a 175 a 271 b 2.22
14 Nail x Giimiishactkoy 144 bc 72 e 108 a 105 ef 1.07
15 Nail x Tagova 177 bc 163 ¢ 099 b 263 Db 176
16 Nail x Katerini 164 bc 237 a 132 a 238 b 193
17 Nail x Canik 139 bc 159 ¢ o081 b 173 «cd 1.38
18 Nail x Erbaa 157 bc o095 d 138 a 154 cd 1.36
19 Giimiishacikdy x Tasova 127 bc 119 ¢ 130 a 119 de 124
20 Giimiighacikdy x Katerini 105 c¢d 252 a 067 b 167 cd 148
21 Giimiishacikdy x Canik 095 de o065 € 070 b 106 de 0.84
22 Giimiishacikdy x Erbaa 098 c¢d 064 € 072 b 090 ef 0.81
23 Tasova x Katerini 218 a 18 ¢C 161 @ 278 ab 211
24 Tasova x Canik 182 bc 128 ¢ 131 a 261 b 1.76
25 Tasova x Erbaa 133 bc 231 a 164 @ 239 b 1.92
26 Katerini x Canik 156 bc 235 a 135 a 250 b 1.94
27 Katerini x Erbaa 173 bc 193 b 174 a 244 b 1.96
28  Canik x Erbaa 160 bc 159 ¢ 13 a 161 cd 154

Average of location 1.64 1.65 1.24 2.00 163

CV (%) 0.50 0.96 0.35 0.81

*p<0.05

Similar to our results, PICKETT (1993) reported for wheat, another self-pollinating crop
like tobacco, that hybrids developed from highly bred parents had less heterosis than older, lower
yielding parents of wheat. It is possible that negative effects of deleterious alleles of some genes
on performance and quality of tobacco crop in one of low-bred parents were compensated by
non-deleterious alleles from other parent of the hybrid in heterozygous condition.
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Table 9. Results of one-degree freedom analysis for nicotine content (%) in leaves of tobacco parents and
hybrids grown in Erbaa and Bafra locations

Parent or hybrid Erbaa 2012 Erbaa 2013 Bafra 2012 Bafra 2013  Average Difference (%)
Xanthi/2A 2217 2.36™ 1.60™ 253" 2.18 13.79
Xanthi/2A hybrids 1.88 1.92 1.34 2.35 1.88 '
Nail 1.45N8 171N 1.14N8 2.48™ 1.70 735
Nail hybrids 1.55 1.62 117 1.97 1.58 o
Giimiishacikdy 0.80™ 0.717 0.76NS 0.58™ 0.73 58.62
Giimiishacikéy hybrids 1.17 1.19 0.90 1.27 1.15 '
Tasova 2.377 1.68Ns 1.36NS 2.31N8 1.95 -8.97
Tagova hybrids 1.79 1.58 1.38 2.25 1.78 '
Katerini 227" 252" 1.18" 2.75™ 2.20 1136
Katerini hybrids 1.68 2.26 1.34 2.46 1.95 '
Canik 1.70Ns 1.23" 0.77" 155" 1.33 13.21
Canik hybrids 1.54 1.53 112 1.96 1.50 ’
Erbaa 1.58Ns 0.88™ 1.86™ 1.257 1.43 14.04
Erbaa hybrids 1.58 1.59 1.43 1.93 1.63 '
Average of parents 1.77 1.58 1.24 192 1.63

Average of hybrids 1.60 1.67 1.24 2.03 1.64

NS: Non Significant, *p<0.05, **p<0.01

Table 10. Quality grade index (%) of tobacco parents and hybrids grown in Erbaa and Bafra locations

. Erbaa Bafra Average of
No Parent or hybrid 2012* 2013* 2012* 2013 genotype
1 Xanthi-2A 80 a 75 d 80 a 70 c 76.3
2 Nail 70 abc 65 f 75 c 70 c 70.0
3 Giimiishacikdy 55 de 55 h 55 g 50 e 53.8
4  Tasova 60 cde 75 d 55 g 70 c 65.0
5 Katerini 75 ab 90 a 75 c 80 b 80.0
6 Canik 50 ef 55 h 50 h 45 f 50.0
7 Erbaa 70 abc 60 g 75 c 70 c 68.8
8  Xanthi-2A x Nail 65 bcd 80 c 70 d 70 c 713
9  Xanthi-2A x Giimiishacikoy 70 abc 65 f 75 b 70 c 70.0
10 Xanthi-2A x Tasova 80 a 80 c 80 a 80 b 80.0
11 Xanthi-2A x Katerini 60 cde 90 a 70 d 80 b 75.0
12 Xanthi-2A x Canik 60 cde 80 c 70 d 70 c 70.0
13 Xanthi-2A x Erbaa 75 ab 90 a 80 a 70 c 78.8
14 Nail x Giimiishacikoy 70 abc 55 h 75 c 65 d 66.3
15 Nail x Tagova 65 bed 90 a 70 d 85 a 775
16 Nail x Katerini 60 cde 90 a 70 d 80 b 75.0
17 Nail x Canik 40 f 65 f 65 e 80 b 62.5
18 Nail x Erbaa 60 cde 70 e 70 d 70 c 67.5
19 Giimiishacikdy x Tagova 65 bcd 65 f 75 c 70 c 68.8
20 Gumiishacikdy x Katerini 60 cde 60 g 70 d 80 b 67.5
21 Gumishacikdy x Canik 55 de 60 g 75 c 70 c 65.0
22  Giimiishactkdy x Erbaa 40 f 40 1 60 f 70 c 52.5
23 Tasova x Katerini 70 abc 70 e 75 c 85 a 75.0
24 Tasova x Canik 70 abc 75 d 75 c 65 d 71.3
25 Tasova x Erbaa 75 ab 85 b 75 c 70 c 76.3
26 Katerini x Canik 50 ef 75 d 70 d 70 c 66.3
27 Katerini x Erbaa 70 abc 75 d 75 c 80 b 75.0
28 Canik x Erbaa 65 bcd 70 e 60 f 65 d 65.0
Average of location 64 72 70 71 69.3

CV (%) 5.75 456 5.60 6.02
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Table 11. Results of one-degree freedom analysis for quality grade index (%) in leaves of tobacco parents
and hybrids grown in Erbaa and Bafra locations

Parent or hybrid Erbaa 2012 Erbaa 2013 Bafra 2012 Bafra 2013 Average Difference (%)
Xanthi-2A 63.6™ 60.1" 63.6™ 56.8™ 61.03 184
Xanthi-2A hybrids 56.0 64.7 59.8 59.1 59.90 '
Nail 56.8™ 53.8™ 60.1" 56.8™ 56.88 0.70
Nail hybrids 50.9 61.0 56.9 60.3 57.28 )
Giimiishacikdy 47.9N8 47.97 47.9™ 45.0™ 47.18 14.31
Giimiighacikdy hybrids 50.9 49.2 58.2 574 53.93 '
Tagova 47.9N8 60.17 47.9™ 56.8™ 53.18 10.16
Tagova hybrids 50.9 62.3 60.1 61.0 58.58 )
Katerini 60.1" 7197 60.1" 63.6N 63.93 821
Katerini hybrids 51.8 61.9 57.9 63.1 58.68 )
Canik 45.07 47.97 45.0™ 4217 45.00 29,00
Canik hybrids 48.9 57.4 56.4 56.9 54.90 )
Erbaa 56.8N5 50.8™ 60.1" 56.8™ 56.13 094
Erbaa hybrids 53.5 58.7 57.0 574 56.65 )
Average of parents 66 68 66 65 66.3
Average of hybrids 63 73 72 74 70.5
NS: Non Significant, *p<0.05, **p<0.01
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Leaf yield of tobacco is influenced by number of leaves, leaf width and leaf length. Leaf
width trait has been reported to be more important than other traits to determine leaf yields
(DYULGERSKI et al., 2012). It has been reported that leaf width is determined by genes which
have both additive and non-additive effects (OGULVIE et al., 1980; NAUMVSKI, 1990; LEGG et al.,
1970; PANDEYA et al., 1983; WILKINSON et al., 1990; GIXHARI et al., 2010b). Therefore, studies
aiming to increase tobacco leaf yields should take leaf width trait into account.

Major chemical quality properties of tobacco are reducing sugar and nicotine contents of
cured leaves. In oriental tobaccos, higher reducing sugar is associated with better quality, but
higher nicotine content means lower quality. Although the sugar contents of cured leaves in the
present study were within the limits acceptable for tobacco industry, leaves produced in Bafra
location had somewhat lower sugar contents. Nicotine contents of the leaves, on the other hand,
were lower than desired levels. However, desired level of chemical contents of tobacco leaves
could be possible through manipulation of agricultural practices (LOURENCO et al., 2000;
GONDOLA, 2002; KARAIVAZOGLOU et al., 2006). Hybrids of parents with low reducing sugar and
nicotine contents generally had higher contents, while hybrids of parents with higher reducing
sugar and nicotine contents generally had lower values. In other words, a “moderating effect”
was observed in hybrids compared to parents for reducing sugar and nicotine contents. A similar
effect in oriental tobaccos were also obtained by Godoy LUSSO et al. (2015). Observation of
such an effect could indicate that it is possible to target higher leaf yields via heterosis while
maintaining sufficient quality without much changes in reducing sugar and nicotine contents.

Physical quality of cured leaves, as measured by expertise quality, is another
consideration that needs to be taken into account while aiming to increase cured leaf yields.
Quality grade index should be 60% and over (KINAY, 2010; KURT, 2014). In general, quality
grade index of hybrids were at acceptable levels. In addition, “moderating effect” observed in
hybrids for protein and nicotine contents was also observed for quality grade index. This finding
implies that as in chemical quality properties, it could be possible to produce higher yielding
hybrids without major losses in physical quality of the leaves.

CONCLUSIONS
Results of the present study using hybrids between oriental tobacco genotypes of Turkey
which were not subjected to extensive breeding revealed relatively high heterosis values for
cured leaf yields. A “moderating effect” was observed in hybrids for quality traits, and hybrids of
parents with low quality values generally had higher quality properties and vice versa. Although
quality properties of hybrids varied based on location, hybrids generally had satisfactory
chemical and physical quality levels. Conducting agronomic studies could be useful to achieve
better quality traits (reducing sugar content of 8-12% and nicotine content of 2.2-2.7%) in
hybrids which already promised higher leaf yields. Using new hybrid variety candidates in
production could be really valuable for oriental tobacco farmers and to Turkish economy and
could help close the gap of quality oriental tobacco production in the world, which has been
steadily decreasing in recent years.
Received, March 30", 2019
Accepted January 18, 2020



748 GENETIKA, Vol. 52, No2, 735-750, 2020

REFERENCES

ALEKSOSKI, J.A., A.T., KORUBIN-ALEKSOSKA (2011): Degree of inheritance and heritability of yield in parental genotypes
and F, hybris of tobacco. Journal of Agricultural Science, 56 (3):165-172.

BUTORAC, J. (2000): Heterosis and combining ability of certain chemical traits in burley tobacco. Rostlinna Vyroba, 46
(5):219-224.

BUTORAC, J., J., BELJO, J., GUNJACA (2004): Study of inheritance of some agronomic and morphological traits in burley
tobacco by graphic analysis of diallel cross. Plant Soil Environ., 50: 162-167.

CAMAS, N., H., KARAALI, D., KURT, A., KINAY (2011): Evaluation of quality factors for Basma kind of tobacco production
in Middle Black Sea region. 9. Field Crops Congress. 2: 909-914

DYULGERSKI, Y., D., DIMANOV (2012): Study on heterozis behaviour related to the leaves size by the tobacco of burley
variety group. Acta Agriculturae Serbica, XVII (34):75-82.

GIXHARI, B., H., VRAPI, V., HOBDARI (2010a): Heterosis and combining ability for quantitative blue mould (Peronospora
tabacina Adam) resistance in tobacco. Studii si Cercetari, Biologie, 19: 100-104.

GIXHARI, B., H., SULOVARI (2010b): Nature of inheritance and heterosis estimated on some morphological quantitative
characters that influence the tobacco yield. Studii si Cercetari, Biologie, 18: 46-50.

GUDOY, L.B., E.B., VENTURA, R.L., RIVERA (1988): Diallel cross and combining ability in burley tobacco. Journal of
Tobacco Science and Technology, 1(9):240-245.

GONDOLA, 1. (2002). Influence of crop year, n fertilization and genotype on the variability of some agronomic and
chemical properties of burley tobacco (Nicotiana tabacum L.). Novenytermeles, 51(2): 143-159.

GODOY LUSSO, M.F., G., DAVIS, J.W., MORRIS (2015): High yielding tobacco with oriental tobacco characteristics. United
States Patent Application Publication. US2015/0136152 Al. US

KARAMAN, M.R., A., BROHI (2004): Limit values of plant nutrition in soil based on different methods. proceedings book
for agriculture, industry, environment. Appendix Tables. Nobel Publishing, Editors names: M. R. Karaman, A.
Brohi 1415-1426. Ankara. (In Turkish)

KARAIVAZOGLOU, N.A., N.C., TSOTSOLIS, C.D., TSADILAS (2006): Influence of liming and form of nitrogen fertilizer on
nutrient uptake, growth, yield and quality of virginia (Flue-cured) tobacco. Science Direct, Field Crops
Research, 100: 52—60.

KINAY, A. (2010): Effects of different nitrogen rates on yield and quality of tobacco (Nicotiana tabacum L.). M. Sc.
Thesis. Tokat Gaziosmanpasa University, Graduate School for Applied Sciences, Department of Crop Science.
Tokat.

KURT, D., A.K., AYAN (2014): Effect of the different fertilizer sources and doses on yield in organic tobacco (Nicotiana
tabacum L.) production. Journal of Agricultural Faculty of Gaziosmanpasa University, 31(2): 7-14.

KURT, D., G., YILMAZ (2018): Hand groups oriented yield and grade index characters of oriental tobaccos. Anadolu
Journal of Agricultural Sciences, 33(3): 254-260.

LEGG, P.D., G.B., COLLINS, C.C., LITTON (1970): Heterosis and combining ability in diallel crosses of burley tobacco
Nicotiana tabacum L. Crop Science Society of America, 10(6): 705-707.

LOURENCO, M.G., J.M., FERRAO, E.L., FIGUEIREDO, J.A., AMARO, M.E., ROCHA (2000): Effects of N fertilization and
antioxidant application on alkaloit concentration of flue-cured tobacco. Tropical Agriculture, 77(2): 93-97.

MARANI, A., Y., SACHS (1966): Heterosisand combining ability in a diallel cross among nine varieties of oriental
tobacco. Crop Sci., 6: 19-22.

MATZINGER, D.F., T.J., MANN, C.C., COCKERHAM (1962): Diallel crosses in Nicotiana tabacum. Crop Sci., 2: 383-
386.



A. KINAY et al.: QUALITY PROPERTIES OF ORIENTAL TOBACCO HYBRIDS 749

MATZINGER, D.F., E.A., WERNSMAN, H.F., ROSS (1971): Diallel crosses among burley varieties of Nicotiana tabacum L. in
the F, and F, generations. Crop Science Society of America, 11(2): 275-279.

NAUMOVSKY, K. (1990): Studying Components of Genetic Variance in Virginia-type Tobacco. Coresta Inf. Bulletin. v.
5983, pp.3-4.

OGILVIE, 1.S., V., KOZUMPLIK (1980): Genetic analysis of quantitative characters of height and leaf number in some local
tobacco varieties. Coresta Inf. Bull., 6594: 3-4.

PANDEYA, R.S., V.A., DIRKS, G., POUSHINSKY (1983): Quantitative genetic studies in flue-cured tobacco (Nicotiana
tabacum). 1. Agronomic Characters. Can. J. Genet. Cytol., 25: 336-345.

PHILOUZE, J. (1976): Tomato hybrids: Their importance, techniques of hybridization, utilization of male sterility. Pepinier
Hortic. Maraich., 164(11): 13-18.

PICKETT, A.A. (1993): Hybrid Wheat-Results and Problems. Advances in Plant Breeding. 15. Berlin. Paul Parey Sc.
Publications.

SIFOLA, M.I., L., POSTIGLIONE (2003): The effect of nitrogen fertilization on nitrogen use efficiency of irrigated and non-
irrigated tobacco (Nicotiana tabacum L.). Plant and Soil, 252: 313-323.

SHOAI, D.M., R., HONARNEJA (1996): Gene effects and combining ability of some quantitative characteristics of tobacco
varieties (Nicotiana tabacum). Bull. Spec. Coresta, 182.

TSI (Turkish Standards Institution). (2006): Tobacco Standards. [2017-05-18].
https://intweb.tse.org.tr/Standard/Standard/Standard Ara.aspx

WANG, X., G., FENG, Z., DENG, W., WANG, L., JIN (2013): Microsporogenesis and microgametogenesis of male-sterile
mutant msl in alfalfa. Crop Science, 53(2): 679-687.

WERNSMAN, E.A., D.F., MATZINGER (1980): Hybridization of crop plants. Tobacco. Edit: Crop Sci. Soc. of America, 657-
668.

WILKINSON, C.A., R.C., RUFTY (1990): Diallel analysis among united states and european burley tobacco cultivars.
Coresta Inf. Bulletin, 2: 5591.

YI, W., L., GUO-PING, X., ZONG-YOU, H., WEN-CHANG, Z.,YIONG-BIL, Z., JUN-JIEL, X., RU-BING, Z., YUN-FEIL, C., GUA-HUA,
Z., CHUAN-LIANG (2005): Breeding of a new burley variety eyan 4 and its characteristics. en.cnki.com.cn.


https://intweb.tse.org.tr/Standard/Standard/StandardAra.aspx

750 GENETIKA, Vol. 52, No2, 735-750, 2020

PRINOS | OSOBINE PRINOSA NEKIH ORJENTALNIH HIBRIDA DUVANA
(Nicotiana tabacum L.)

Ahmet KINAY?, Giingdér YILMAZ!, Nejdet KANDEMIR!
Tokat Gaziosmanpasa Univerzitet, Poljoprivredni fakultet, Department za useve, Tokat, Turska

Izvod

Turska je vazna zemlja za proizvodnju duvana i vodeca u svetu u proizvodnji orijentalnog
duvana. U ovoj studiji istraZzen je uticaj heterozisa na prinos i kvalitet orijentalnog duvana, a
posebno je istrazen razvoj orijentalnih hibrida duvana visokih prinosa i kvalitetnih svojstava za
crnomorski region Turske. Poredeno je sedam genotipova orijentalnog duvana sa znatnim
povr§inama u Turskoj (Ksanthi-2A, Nail, Gumushacikoi, Tasova, Katerini, Canik, Erbaa) i 21
hibrid proizveden polu-dialelnim ukr$tanjima. Poljski ogledi su postavljeni na lokacijama Erbaa i
Bafra u vegetacionim sezonama 2012. i 2013. godine. Proucavani su prinosi suvih listova,
smanjenje sadrzaja Secera i nikotina u liS¢u i ekspertiza kvaliteta. Ksanthi-2A x Katerini (1.70 t
ha-1 prinos listova i 75% indeks kvaliteta) i hibridi nokta x Katerini (1,64 t ha-1 prinosa listova i
75% indeksa kvaliteta) pokazali su dobra prinosna i kvalitetna svojstva u Erbai uslovima, dok su
Nail x Katerini (1,88 t ha-1 suSeni prinos liS¢a i 75% indeks kvaliteta) i Katerini x Erbaa (1,65 t
ha-1 prinos suSenog lis¢a i 78% indeks kvaliteta) imali dobra svojstva u prinosu i kvalitetu u
Bafri uslovima. Zakljueno je da bi se hibridni kultivari koji mogu zadovoljiti zahteve
duvanskog sektora mogli razviti iz nekih trenutno gajenih orijentalnih sorti duvana u Turskoj. Na
osnovu proseka lokacija utvrdeno je prose¢no 16,20% i 6,85% heterozisa kao prosek svih hibrida
za prinos suvog lis¢a i kvalitet. Efekti prinosa usled heterozisa mogli bi u buducnosti biti
povecani primenom novih tehnika prilagodenih hibridima.
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