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Abstract

The mode of inheritance and heterotic effect were studied in ten F, crosses obtained by one-way diallel
crossing between five parental genotypes: MV-1, P 76/86, Adiyaman, Basma-Djebel and P 66 9 7. The following
quantitative traits were studied: the number of leaves per stalk, length of leaves from the middle belt of the
stalk and yield of green leaf mass per stalk and per hectare. The trial was set up in the experimental field of
Scientific Tobacco Institute-Prilep, using a randomized block design with four replications in the period 2018-
2019. Traditional cultural practices were applied during the growing season of tobacco in the field.

The aim of this research was to study the mode of inheritance of the quantitative traits, to detect heterosis
in the F, generation and to assess its economic viability.

Analysis of variance determined statistically significant differences in traits between parents and hybrids
in the two-year investigation. The most common way of trait inheritance is partial-dominant, then intermediate.
The negative heterotic effect on the number of leaves per stalk has P 76/86 x P 66 9 7. The hybrids MV-1 x
Adiyaman, P 76/86 x Basma-Djebel, P 76/86 x P 66 9 7 and Basma-Djebel x P 66 9 7 have a positive heterotic
effect on the length of the leaves. Oriental hybrids, where one of the parents is the variety P 66 9 7, have
positive heterosis in the yield of green leaf mass per stalk. The investigation provides very useful guidance for

future successive selection activities.
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INTRODUCTION

The mode of inheriting traits is an important
factorfordeterminingthedirectionsand duration
in different selection programmes. Heterotic
effect or F, vigour is a phenomenon that occurs
in the first generation, where the offspring shows
higher (or lower) values of particular trait from
both parents. It is widely used in many crops
where high-yielding hybrids are developed.
In tobacco, F, hybrids with heterotic effect are
rarely used due to their economic unviability.
However, there are possibilities for their use,
such as resistance to economically significant
diseases.

The topic of this paper is focused on the
mode of inheriting of the most important
quantitative traits in F, offspring of hybrids
obtained by diallel crossing between varieties
of different tobacco types. In the last ten years,
a number of authors — breeders have worked on

this subject: Aleksoski (2010), in a two-year study
of four parental genotypes and their six diallel F,
hybrids, obtained a different way of inheriting of
leaf length and a weak heterotic effect without
economic justification. Gixhari & Sulovari (2010),
conducted three-year research at two locations
in a genetically diverse population of eight
oriental tobaccos and their one-way diallel
hybrids and obtained a dominant and partial-
dominant mode of inheritance and heterosis
in leaf size and yield. Aleksoski & Korubin -
Aleksoska (2011), conducted three-year studies
for green and dry mass yields in a one-way diallel
on three oriental and one large-leaf variety
and their six F, crosses and obtained positive
and negative heterosis. Dimanov & Dyulgerski
(2012), found heterosis with varying strength
in number of leaves in ten F, crosses obtained
from parent pairs of local and introduced Burley
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tobacco varieties. Dyulgerski & Dimanov (2012),
performed examinations of the dimensions of
7-8 leaves and 13-14 leaves in the P, P, and F,
populations at ten crosses originating from local
and introduced varieties of Burley tobacco and
obtained a high heterotic effect of significant
economic importance. In an experiment in Khan
Gari, Mardan, Pakistan, with seven Virginia flue-
cured genotypes and their 42 two-way diallel
crosses, Imtiaz et al. (2014), found heterosis
with high heterotic effect, with the possibility of
using it on leaf number per stalk, leaf length and
weight of green leaf mass per plant. Dyulgerski
& Radoukova (2015), studied the mode of
inheritance, the coefficient of inheritance and
the expression of heterosis and transgression
in seven Burley-type crosses and seven Virginia-
type crosses of local and introduced origin in
F, and F, offspring and found a dominant and
partial - dominant inheritance in the length of
the leaves, always in the direction of the parent
with longer leaves, and the resulting heterosis

had no economic importance. Ramachandra
et al. (2015), obtained hybrids superior to the
control variety in number and length of leaves,
in genetic studies on the yield and quality of
62 genotypes (six lines of different types of
tobacco, eight testers and their crosses), at the
Agricultural Research Station, Nipaniat Belgaum,
Karnataka - India. Shah et al. (2017), found highly
significant differences in the number of leaves
per stalk in a two-year study of ten Virginia flue-
cured hybrids. The field experiment was set up
in agro-ecological conditions at Khan Gari in
Mardan, Pakistan.

The aim of these investigations was to
study the mode of inheritance and to detect
possible heterosis in the number of leaves per
stalk, length of the leaves from the middle belt
and yield of green leaf mass per stalk and per
hectare. The F, generation obtained by diallel
crosses of tobacco varieties from different types
will give us an important guidance for future
selection programs in tobacco breeding.

MATERIAL AND METHODS

In order to investigate the quantitative traits
of tobacco, in 2016, five varieties of different
tobacco types were selected with previous
studies of the available assortment at the
Scientific Tobacco Institute - Prilep: MV-1 is a
large-leaf variety of the Virginia type, P 76/86 is
an oriental variety of the Prilep type, Adiyaman is
an oriental variety of the Kabukalak type, Basma-
Djebel (Basma-Dzebel or Basma-Cebel) is an
oriental variety of the type Basma, P 66 9 7 is an
oriental variety of the Prilep type.

In 2017, ten one-way diallel crosses were
made in field conditions, by applying the diallel
method of crossing, using hand castration and
pollination method: MV-1 x P 76/86, MV-1 x
Adiyaman, MV-1 x Basma-Djebel, MV-1 x P 66 9
7, P 76/86 x Adiyaman, P 76/86 x Basma- Djebel,
P 76/86 x P 66 9 7, Adiyaman x Basma-Djebel,
Adiyaman x P 66 9 7 and Basma-Djebelx P 66 9 7.

In 2018, the trial with 15 genotypes (5 parents
and 10 F, hybrids) was set up in the experimental
field of STI-Prilep, using randomized block
system in four replications. The same year, seeds
for the second generation were collected and
again diallel crosses between the listed parents
for the first generation were made.

In 2019, a trial was set up using the same
method, in which the same set of 15 genotypes
was planted. The total area of the trial (working

area-405m? + area of paths-477 m?) was 882 m2.
826 plants (770 plants + 56 plants as protection)
were planted to fill the surface of one repetition.
A total of 3304 plants (stalks) were planted in the
experiment.

This paper places the analysis based on:
number of leaves per stalk, length of leaves from
the middle belt and yield of green mass per stalk
and hectare. Measurements of leaf number and
length were taken during flowering, in late July
and August,whenthepopulationisinlushgrowth.
Due to the uniformity of the homozygous parent
genotypes and the heterozygous F, offspring,
20 stalks of each variant were measured in one
replication, i.e., 80 plants in the four replications
(1200 plants in total). The yield of green leaf mass
was measured after each harvest, the weight of
all harvests from each plot was added and then
it was divided by the number of plants from
which the tobacco was harvested, which gave
us the weight of a green leaf per stalk. The yield
of green leaf mass per hectare was obtained by
multiplying the weight of the green leaf per stalk
by the number of plants planted on the surface
of one hectare.

Statistical data processing was performed
using the measurements of the subject traits of
each variant. The mode of inheritance of traits is
determined on the basis of test-significance from
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the mean value of the F, generation in relation to
the average of both parents. Intermediate mode
of inheritance (i) occurs when the mean value of a
traitinthe offspringis equal to the parentaverage.
There is a partial-dominant mode (pd) when the
mean value of the hybrid offspring approaches
one of the parent varieties. Dominance in
inheritance (d) - positive or negative, occurs
when the mean value of the cross coincides with

the mean value of one of the parents (+d - when
the parent with a higher mean value dominates,
-d - when the parent with a lower mean value
dominates). Positive heterosis (+h) occurs in the
hybrid with a significantly higher value than that
of the parent with a higher mean value, while
negative heterosis (-h) occurs in the hybrid with
a significantly lower value than the one from the
parent with a lower mean value.

Climatic and soil conditions in the area of investigations
A more realistic vision for the inheritance data on climatic conditions during the tobacco

of quantitative traits is obtained by displaying

vegetation in 2018 and 2019 (Table 1).

Table 1. Weather conditions in Prilep presented by monthly averages for 2018, 2019.

o 5
> EC > 2 > > 3 _
G 8 = 3 3 2 &b x
2018 | Avg. temp. (°C) 19.80 2240 | 24.40 23.90 20.10 22.12
Min. temp. (°C) 11.00 12.90 | 15.80 15.30 12.00 13.40
Max. temp (°C) 22.30 2590 | 27.50 29.80 23.60 25.82
Humidity (%) 81.00 80.00 | 78.00 75.00 80.00 78.80
Precipitation 18.00 20.00 | 21.00 20.00 90.00 > =169.00
/Rainfall (mm)
2019 | Avg. temp. (°C) 15.77 22.77 | 24.26 27.39 21.97 22.43
Min. temp. (°C) 8.00 16.00 | 14.00 22.00 14.00 14.80
Max. temp (°C) 20.00 28.00 | 29.00 32.00 27.00 27.20
Humidity (%) 71.30 67.17 | 59.42 42.61 53.00 58.70
Precipitation / 12410 | 139.90 | 91.80 9.50 39.50 > =404.80
Rainfall (mm)

Source: https://en.climate-data.org/europe/macedonia/prilep/prilep-37313/

The results of the temperature and relative
humidity are within the optimal limits for normal
development of tobacco and obtaining quality
tobacco raw material. In July and August, one
irrigation was performed with a watering norm
of 300 m3/ha of water.

The soil with its mechanical composition
and nutrient content is the substrate on which
tobacco grows and develops. Our investigations
were performed in the experimental field of
Scientific Tobacco Institute - Prilep on deluvial
soil type. This soil is characterized by low humus

and total nitrogen content, moderately acidic to
neutral reaction, low to extremely low supply
with readily available phosphorus and medium
to good potassium supply. Throughout its depth,
the soil is carbonate-free. Taking into account the
stratigraphy of the profile and the agrochemical
traits of the soil for the performance of the profile,
it was properly prepared. One autumn and
spring plowing were carried out along with basic
tillage. The basic fertilization was performed
with the spring plowing, using 250 kg / ha NPK
fertilizer 8:22:20.
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RESULTS AND DISCUSSION

The number of leaves is a trait that is directly
related to yield. Because of that, it is the most
common subject of research in all selection
programs for tobacco breeding.

In 2018 the most common way of inheriting
of the number of leaves per stalk in the F,
generation is the partial-dominant. Intermediate
inheritance occurs only in Adiyaman x P 66 9 7.
The hybrid P 76/86 x P 66 9 7 has heterosis with
a negative heterotic effect, which means that
the offspring in the F, generation has less leaves

than both parents. In 2019 we found an identical
scheme for this trait. This indicates the fact that
these are stable homozygous parents whose
offspring forms the first investigated generation.
The number of leaves is a highly inherited trait
on which environmental factors have limited
influence.

Table 2 shows the mean values of the number
of leaves per stalk in the parental genotypes and
their diallel F, offspring, as well as the mode of
inheritance of this trait in 2018 and 2019.

Table 2. Mode of inheritance of the number of leaves per stalk in diallel F, hybrids in 2018 and 2019.

Number of leaves per stalk
2
. o g 5 -
5 I S § £ @
8 = o 2 8 ﬁ
2018
MV-1 27.65 37.90 Pd 28.09 Pd 25.02 Pd 3275 Pd
P 76/86 60.09 35.09 Pd 28.60 Pd 48.55 -h
Adiyaman 29.89 25.86 Pd 44621
Basma-Djebel 18.07 29.84 Pd
P6697 54.81
2019
MV-1 28.52 39.32 Pd 28.88 Pd 24.62 Pd 33.93Pd
P 76/86 59.56 36.68 Pd 27.54 Pd 49.72°h
Adiyaman 30.82 26.46 Pd 46.08
Basma-Djebel 17.26 27.51Pd
P6697 56.44

In the inheritance of the leaves’ length from
the middle belt of the F, offspring in 2018, all the
modalities are present.

There is intermediate inheritance in
Adiyaman x P 66 9 7. There is a partial-dominant
way of inheritance in MV-1 x Basma-Djebel, MV-1
x P 66 9 7, P 76/86 x Adiyaman and Adiyaman
x Basma-Djebel. Positive dominance occurs in
MV-1 x P 76/86. Positive heterosis in inheritance
of this trait occurs in MV-1 x Adiyaman, P 76/86
x Basma-Djebel, P 76/86 x P 66 9 7 and Basma-

Djebel x P 66 9 7, which means that the F,
generation has longer leaves than the leaves of
the both parents.

The same mode of inheriting in crosses was
obtained in 2019, which means that the trait is
highly inherited and it is a varietal characteristic.

Table 3 shows the mean values of the leaf
length of the middle belt of the stalk in the
parental genotypes and their diallel F, offspring,
as well as the mode of trait inheritance in 2018
and 2019.
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Table 3. Mode of inheritance of the length of the leaves from the middle belt of the stalk in diallel F1
hybrids in 2018 and 2019.

Length of the leaves from the middle belt of the stalk (cm)
’ o 5 . ~
¥ = a < e o
2018
MV-1 50 4851 +d 5522 th 45.12 Pd 46.23 Pd
P 76/86 23.62 31.55 Pd 25.04th 24.47 th
Adiyaman 35.75 30.53 Pd 30261
Basma-Djebel 20.57 2439 *h
P6697 23.01
2019

MV-1 52.57 51.861d 56.57 th 43.78 Pd 47.05 Pd
P 76/86 23.44 35.22Pd 2436 *h 24.16 h
Adiyaman 37.29 32.05 Pd 29.281
Basma-Djebel 20.74 2373 *h
P6697 22.49

Table 4. Mode of inheritance of green mass yield per stalk in diallel F, hybrids in 2018 and 2019.

Green mass yield per stalk (g)
0 o 5 . ~
: 3 < s | 8 s
& = a -g =) a
2018
MV-1 970.94 71614 Pd | 74264 Pd 567.411 667.67 Pd
P 76/86 168.95 16525Pd | 16345%d | 17758+h
Adiyaman 153.81 14479+d | 16807 *h
Basma-Djebel 63.59 148.85 th
P6697 137.12
2019
MV-1 990.42 751.47Pd | 757.34Pd 581.72 ! 683.86 Pd
P 76/86 172.45 17454%d | 17728%d | 18249*h
Adiyaman 150.38 135.15Pd | 17680 th
Basma-Djebel 69.84 15335 th
P6697 129.39
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In 2018, the most common way of
inheritance of the yield of green leaf mass per
stalk in F, offspring is the partial-dominant in
the direction of the parent with higher yield,
followed by the positive-dominant. Intermediate
mode is found only in MV-1 x Basma-Djebel.
Crosses where one parent is P 66 9 7 have
positive heterosis, which means that they are
more productive than the parent with higher
yield (with the exception of MV-1 x P 66 9 7 in
which there is partial dominance).

In 2019, the vision for complete identity is
changed by the cross P 76/86 x Adiyaman (with
positive dominance) and Adiyaman x Basma-
Djebel (with partial dominance). If we take into
account that the yield is a variable quantity that
is greatly influenced by environmental factors,

then the obtained values are very reliable and
reflect the professional setting of the experiment
and timely activities for its cultivation and
analysis.

Table 4 shows the mean values of the
yield of green leaf mass per stalk in the parent
genotypes and their diallel F, offspring, as well
as the mode of inheritance of this trait in 2018
and 2019. In 2018, the mode of inheritance of the
yield of green leaf mass per hectare in F, offspring
is partially-dominant and positively dominant.
Negative heterosis is present in crosses where
one parent is MV-1 (with the exception of MV-1 x
Basma-Djebel in which there is partial dominance
in the direction of the weaker parent). The
occurrence of positive heterosis has the Oriental
crosses where one parentis P 66 9 7.

Table 5. Mode of inheritance of green mass yield per hectare in diallel F, hybrids in 2018 and 2019.

Green mass yield per hectare (t)
C
) O g 1 N
+— ©c =
3 S s 1 g
& = a 3 i) o
2018
MV-1 21576 159140 16.503 N 12.609 Pd 148370
P 76/86 25.030 24.482 Pd 24215+ 26.307 D
Adiyaman 22.786 21.450 T@ 24.899 TN
Basma-Djebel 9.420 22,051 *h
P6697 20314
2019
MV-1 22.009 16.699 N 16.830 " 12.927 Pd 15.197 N
P 76/86 25.548 25858 +d 26.264 1 27.035th
Adiyaman 22278 20.022 Pd 26.193 th
Basma-Djebel 10.347 22.718 +h
P6697 19.170

In 2019, there are changes in the way of
inheritance of the yield of green leaf mass per
hectare and the yield of green leaf mass per stalk
(P 76/86 x Adiyaman - positive dominance and
Adiyaman x Basma-Djebel - partial dominance).

The analysis of the heredity of the yield
of green leaf mass per stalk and the yield of
green leaf mass per hectare indicates drastic
differences and therefore it is necessary to
indicate the reasons. From the shown heredity in
the crosses where the parent pairs are of oriental

type, the reliability of the results is confirmed as
a reflection of the professional approach to the
overall work. Namely, all oriental hybrids showed
the same inheritance pattern in yield per stalk
and yield per hectare. But this is not the case with
hybrids where one parent is the large-leaf variety
MV-1.

Here, instead of partial dominance, negative
heterosis occurs (with the exception of MV-1 x
Basma-Djebel, where instead of intermediate,
partial dominance occurs).
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Thereason for this outcomeisin the different
planting distance of the plants in the experiment.
Oriental parents and oriental hybrids are planted
with a row spacing of 45 cm and plant spacing
of 15 cm, while the large-leaved MV-1 and its
crosses are planted with a row spacing of 90 cm
and plant spacing of 50 cm, which means that
the calculation of yield per hectare is different,

depending on the plant composition of the
genotype.

Table 5 shows the mean values of the yield
of green leaf mass per hectare in the parent
genotypes and their diallel F, offspring, as well as
the mode of inheritance of the trait in 2018 and
2019.

CONCLUDING REMARKS

Inheritance of the number of leaves per
stalk in F, generation in 2018 and 2019 is
partial- dominant (only Adiyaman x P 66 9 7 has
intermediation). The hybrid P 76/86 x P 66 9 7
showed a negative heterotic effect.

All the modalities in the two years of
investigations can be found in the length of the
leaves from the middle belt of the stalk. Positive
heterosis in this trait occurs in MV-1 x Adiyaman,
P 76/86 x Basma-Djebel, P 76/86 x P 66 9 7 and
Basma-Djebel x P 66 9 7.

Inheritance of the number of leaves per stalk
and the length of the leaves from the middle belt
of the stalk in F, hybrids shows identical values
for both years of research, which indicates the
fact that the parents in the diallel are stable and
homozygous and the environmental factors
have a limited impact on these traits.

The mode of inheritance of the yield of
green mass per stalk is partially-dominant in
the direction of the parent with higher yield
and positively-dominant (only in MV-1 x Basma-
Djebel there is an intermediate mode). Positive
heterosis occurs in Oriental crosses where one
parentis P 669 7.

The mode of inheritance of the yield of

green leaf mass per hectare is partially-dominant
and positively dominant. Negative heterosis is
present in hybrids where one of the parents is
MV-1 (with the exception of MV-1 x Basma-Djebel
where there is partial dominance in the direction
of the weaker parent). The occurrence of positive
heterosis has the Oriental hybrids where one of
the parentsis P66 9 7.

The picture of the heritability of the yield
detects small differences in relation to the
two years of research, which indicates the fact
that it is a trait that is greatly influenced by the
environmental factors, but also that there is a
professional approach to the overall work.

From the analysis of the inheritance of the
yield of green leaf mass per stalk and the yield
of green leaf mass per hectare, it is concluded
that there are no differences with the oriental
hybrids, but there are differences with the
hybrids where one of the parents is MV-1, and
that is a consequence of the different planting
distance of plants in the experiment.

The results of this paper are good original
source material for further successive selection
activity.
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XETEPOTUYKU EQOEKT HA HEKOU KBAHTUTATUBHU KAPAKTEPUCTUKWU KAJ AVNJANENHUTE
F1 XusePugu o PA3JIMMHN BUAOBU TYTYH

JaHe Anekcockn
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Pesume

Tpynot ondaka NpoyuyBatba 32 HAUMHOT Ha HacNeflyBatbe 1 XeTePOTUYHNOT ebeKT Kaj fleceT F, KpcTocKku
[O6MEeHN CO eHOHACOYHW AuvjaniefiHN BKPCTyBatba MOMeEry neT poAauTencku reHotunosu: MV-1, P 76/86,
Adiyaman, Basma-Djebel n P 66 9 7. AHanusnpaHu ce cnefHUBE KBAaHTUTATUBHUW KapaKTepucTuku: 6poj Ha
NIUCTOBU NO CTPakK, AO/MKMHA Ha NINCTOBUTE OA CPeAHMOT Nojac Ha CTPAKOT M NPUHOC Ha 3eneHa NNcHa maca
no cTpak 1 no xektap. ONuTOT Gelle NOCTaBEH Ha eKCNepUMEHTaHO nose Npu HayyeH MHCTUTYT 3a TYTYH —
Mpunen, No paHgoMMn3MpaH 6JI0K-CUCTEM CO YeTPY NOBTOPYBatba Bo nepuogoT 2018-2019 rogumHa. 3a Bpeme
Ha BereTaLOHMOT NeproA BO NOJSIeTO 6ea NPUMEHETM TPAZNLMOHANHN KYNTYPHU NPAKTUKN.

Llenta Ha oBuMe ucTpaxkyBarba Gelle fa ce MPOYYM HAUMHOT Ha HacnedyBatbe Ha KBAHTUTATUBHUTE
0CO6UHM, fla Ce OTKpUe XeTepo3nc Kaj F, reHepaumjaTta 1 Aa ce NpoLeHN HeroBaTa eKOHOMCKa NCMIATMBOCT.

Co aHanu3aTta Ha BapwjaHcaTa Ce YTBPAMWjA CTAaTUCTMYKKU 3HAYajHMU Pas3fvK/ BO OCOOUHWTE mnomery
poauTennTe U HUBHWUTE XMOPUANU BO ABErOAULIHOTO UCTPa)KyBarbe. HajuecTMOT HAuMH Ha HacnefyBare Ha
0COOMHUTE e NapLyjaiHO JOMUHAHTHUOT, NOTOA UHTEPMeANjapHMOT. HeraTuBeH xeTepoTuueH edekT 3a 6pojoTt
Ha IMCTOBY NO CTPaK 1Ma Kaj P 76/86 x P 66 9 7. Xubpuante MV-1 x Adiyaman, P 76/86 x Basma-Djebel, P 76/86
X P 66 9 7 1 Basma - Djebel x P 66 9 7 nmaaT no3nTnBeH XeTepoTnyeH epeKT 3a AO/KMHATA HA NIMCTOBUTE.
OpuieHTanHuTe Xnbpuan, Kage efeH of poautenute e coptata P 66 9 7, umaaT NO3UTUBEH XeTepo3KC 3a
NPUHOCOT Ha 3eneHaTta JICHa Maca No CTpak. VicTpaxyBarbaTa HyAaT MHOTY KOPWUCHM HACOKU 3a MAHUTE
CYKLIeCUBHM CeNeKLMOHN aKTUBHOCTM.

KnyuHun 36opoBu: Nicotiana tabacum L., F , KpCmocku, HacneoHocm, 0OMUHAHMHOCM, Xemepo3uc.

Journal of Agriculture and Plant Sciences,
JAPS, Vol. 21, No. 1, pp. 9- 16



