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ABSTRACT

Investigations were made on the mode of inheritance of green and dry mass yields per stalk
and genetic analysis was of six parental tobacco genotypes (P-23, MB-3, SM-1, YV 125/3, FL-5 and
0-87), with fifteen diallel crosses of each generation: F1, F2, BC1(P1) and BC1(P2). The trial was set
up in 2008-2009 on the Experimental field of Scientific Tobacco Institute - Prilep in randomized block
system with four replications, using standard agrotechnical practices during the vegetation period.

The aim of investigations was to study the genetics of inheritance of green and dry mass,
using genetic components of variance to determine the types of genes as carriers of the characters
and to assess the impact of the environment on their manifestation.

The yield is the most important agronomic character inherited mostly by partial dominance.
Positive heterosis was observed in the hybrid MB-3 x YV 125/3 and negative heterosis in FL-5 x
0-87. Genetic analysis of the four investigated generations revealed that additive genes were dominant
in creation of yield. Results presented in this paper will give good directions in tobacco selection.

Key words: Tobacco (Nicotiana tabacum L.), mode of inheritance, heterosis, genetic analysis,
components of genetic variance

HACJIEAYBAIGE U TEHETCKA AHAJIN3A HA IIPUHOCOT KAJ TYTYHCKHU
COPTHU U HUBHOTO AUJAJIEJIHO F1, F2 U BC1 IOTOMCTBO

Tpynot conpru mpoydyBama 3a HAUMHOT Ha HAclIeqyBame Ha MPUHOCOT Ha 3€JeHa Maca
Y TIPUHOCOT Ha CyBa Maca 10 CTpak, Kako U HUBHATa TeHETCKa aHalln3a, Kaj IIeCT POIUTEIICKH
reHoturnoBu TyTyH (P-23, MB-3, SM-1, YV 125/3, FL-5 u O-87) u uuBaute 15 F1, u 1o ucto Tonky
F2, BC1(P1) u BC1(P2) nujanennu kpcrocku. Onuror 6emie nocraseH Bo 2008 u 2009 ronuHa Ha
OMHUTHOTO ToJie off HaydHnoT mHCTUTYT 3a TyTyH - [Ipmien mo cirydaen OJIOK - CHCTEM BO YETHPH
MOBTOPYBamka, a 32 BpeMe Ha BETeTATHBHHUOT IEPHOJ Oea MPUMEHETH CTaHIap/IHU arpOTeXHUYKH
MEPKHU.

LlenTa Ha UcTpaKyBamara Oellie Jja ce MpOyYH I'eHeTHKaTa Ha HaclleAyBambe Ha PHHOCOT Ha
3eJieHa ¥ CyBa Maca, IIpeKy OfjpeAyBamke Ha TeHETCKUTE KOMIIOHEHTH Ha BapHjaHcara Jia ce Opeaen
BHJIOT HA TEHUTE - HOCUTENIN HA CBOjCTBATA U Jla CE OIEHH BIHMjaHWETO HA HAJBOPEITHATA CpelnHa
BP3 HUBHOTO MaHU(ECTUPAILE.

[IpuHOCOT KaKko HajBaYKHO arpoOHOMCKO CBOjCTBO CE€ HAacCJeAyBa MPBEHCTBEHO MapIdjaHO
nmomuHAHTHO. Kaj kpcTtockara MB-3 x YV 125/3 nma mojaBa Ha IO3UTHUBEH XETEPO3HC, a kKaj FL-5 x
O-87 HeratuBeH. [ eHeTCKaTa aHAIM3a Ha YETUPUTE POYyUyBaHU I'€HEPALMH IOKAXKYBa I€Ka IPETHOCT
MMaaT aJUTHBHU I'€HU BO HETOBOTO Kpeupame. Pesyararure npuKkakxaHu Bo TPYAOT Ke JaAaT CUTYpPHHU
HACOKH BO CEJIeKIMjaTa Ha TYTYHOT.

Kayunn 360poBu: tyrys (Nicotiana tabacum L.), HaunH Ha HacJleqyBame, XeTEPO3UC, TEHETCKa
aHaJM3a, KOMIIOHEHTH Ha TeHEeTCKa BapyjaHca.
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INTRODUCTION

Properties of the living organisms are
created by genomes. In their genetic system they
are inheritable and have a limited changeability.
Each individual is phenotypic manifestation
of properties, influenced by its own genotype
and environmental factors. In agronomy,
selection is based on phenotypic and genotypic
investigations, in order to increase the yield and to
improve the quality. Tobacco is agricultural crop
which gives pleasure to the consumers and they
can hardly resist it, in spite of its bad influence

on humans health. For this reason, the aim of
breeding, accompanied by various chemical,
medicinal and technological investigations, is to
reduce the risk of disease and death.

The aim of this paper is to study the mode
of inheritance of the characters green and dry
mass yields per stalk and to make their genetic
analysis using biometric methods, which will
improve the knowledge on successive generations
and give further directions in selection of tobacco.

MATERIAL AND METHODS

Investigations included six tobacco
genotypes, of which four oriental (Prilep P-23,
Basma MB-3, Samsun SM-1, Yaka YV 125/3)
and two semi-oriental (Floria FL-5, Otlia O-87).

15 diallel crosses for F1 were made,
from which the following year seed material
for F2 generation was obtained. Backcrossings
were made with one of the parents for BC1 (P1)
and with the second parent for BC1 (P2), after
which a diallel for F1 was crossed again. The
trial was carried out in 2008 and 2009 in the
field of Scientific Tobacco Institute - Prilep in
randomized block design with four replications.
During the vegetation period, adequate cultural
practices were applied on tobacco.

Green mass yield was weighed after each
harvest and after the last harvest, for estimation
of green mass yield per stalk, the total tobacco
weights obtained from each plot were added and
then divided with the number of tobacco stalks.
The same method was used to estimate the dry
mass leaf per stalk, by weighing tobacco after
its manipulation and applying the formulae for
corrected yield.

Mode of inheritance was determined by

the test-significance of mean values of F1, F2,
BC1(P1) and BC1(P2) progenies and parental
average, according to Borojevic (1).

Components of genetic variance were
determined by the methods of Jinks (4), Hayman
(2,3) and Mather & Jinks (5, 6).

The following parameters were analysed:
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H2

D - Component of variance resulting from
additive gene action

H1 - Component of variance resulting from
dominant gene action

H2 - Component of variance resulting from
dominant gene action, corrected in relation to
their distribution,

H1=H2 whenu=v

(u - dominant alleles, v - recessive alleles)

F - Interaction between additive and dominant
effects,

F=0 when u=v

F = positive value, with higher number of
dominant alleles

F = negative value, with higher number of
recessive alleles

E - Noninherited environmental variance,
obtained by the analysis of variance with
randomized block design

[H1
E - Average degree of dominance

H1
- The value lower than 1 (,/— < 1) denotes
partial dominance D

H1
- The value equal to 1 (,/— = 1) denotes
complete dominance D

H1
- The value higher than 1 (,/— > 1) denotes
overdominance D

=u-v -frequency of dominant - uand

4H1 recessive -V genes.
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During tobacco vegetation in field (May-
Sept 2008), mean monthly air temperature was
19.91°C and the total amount of precipitations
(in 39 rainy days) was 235.44 mm. In the same

period in 2009, mean monthly air temperature
was 19.89°C and the total amount of precipitations
(in 42 rainy days) was 240.6 mm.

RESULTS AND DISCUSSIONS

Selected parental genotypes significantly
differ in relation to green and dry mass yields per
stalk. Of all 15 combinations in 2008 and 2009,
only between MB-3 and SM-1 did not show
significant difference for the two characters.
According to the statistical data analysis, there
are no significant differences among replications,

which indicates that the trial was properly set up
and accurately processed.

The highest yield was recorded in the
semi-oriental variety O-87, and the lowest in
the oriental aromatic varieties MB-3 and SM-1
(Table 1).

Table 1. Green and dry mass yields in parental genotypes in 2008 and 2009

Green mass yield per stalk(g)

Dry mass yield per stalk (g)

Parental genotypes 2008 2009 2008 2009
X X X X

1. P1 (Prilep P-23) 156.00 158.00 24.00 25.22
2. P2 (Basma MB-3) 78.00 79.35 12.00 12.18
3. P3 (Samsun SM-1) 81.25 85.46 12.50 13.39
4.P4 (Yaka YV 125/3) 139.75 141.82 21.50 22.15
5. P5 ( FloriaFL-5) 279.50 280.82 43.00 44.30
6. P6 ( Otlia 0-87) 318.50 320.94 49.00 49.55
LSD 0,05 11.36 11.69 1.09 1.33

0,01 17.81 18.32 1.70 2.09

In F1 progeny of 2008, green mass yield
was inherited by partial dominance, intermediate
dominance and positive or negative dominance.
Positive heterosis was observed in MB-3 x
YV 125/3, and negative in FL-5 x O-87. The
mode of inheritance of this character in 2009
was intermediate and partially dominant, and
heterosis appearance was observed in the same

crosses as in the previous year.

All modes were present in inheritance
of the character dry mass yield, with advantage
of the partial dominance. Positive heterosis was
observed in MB-3 x YV 125/3 and negative
heterotic effect in FL-5 x O-87 both in 2008 and
2009 (Table 2, Fig. 1).

81



Tytyn/Tobacco, Vol.60, NO 7-12, 79-87, 2010

Table 2. The mode of inheritance of green and dry mass yields in diallel F1 progeny
in 2008 and 2009

Green mass yield per stalk (g)

Dry mass yield per stalk (g)

FL 2008 2009 2008 2009
generation _ ~ ~ _
X X X X
LPLxP2 12005 i 12095 i 1835 | 19.05 i
2.P1xP3 11398 | 116.55 | 17.55 | 18.23 |
3.PLxP4 14015 14058 pd 21.32 d 21.84 -
4.P1xP5 19957  pd 182.80 i 30.55 pd 30.15 pd
5.PLxP6 16910 - 172.05 pd 2575 -d 26.57 -
6.P2xP3  8L55  +d 83.44 | 12.50 +d 12.28 -d
7.P2xP4 16023  +h 16192 +h 2345 +h 2431 +h
8.P2xP5 12230  pd 12248 pd 18.60 pd 18.99 pd
9.P2xP6 12386  pd 12815 pd 19.15 pd 19.89 pd
10.P3xP4 10205  pd 10650 i 15.55 pd 16.05 pd
11.P3xP5 15629 i 145.45 i 239 pd 24.27 pd
12.P3xP6  149.30  pd 14933 i 22.75 pd 22.85 pd
13.P4xP5 22095 i 22282 i 34.00 i 33.78 i
14.P4xP6 15562  -d 153.78 pd 2365 -d 24.16 -d
15.P5xP6 17375 - 17429 -h 266 -h 27.18 -h
+h
+d
+pd

.pd

F1

S d A O N B o R NMW A OOO
. L . .

P1xP2

PIXP3 P1xP4 PLXP5. P1xP6 P2xP3

P2xP4. P2xP5 P2xP6 P3xP4 P3xP5. P3xP6 P4xP5 P4xP6 P5xP6

‘ B Green mass yield per stalk O Dry mass yield per stalk ‘

Figure 1.

Graphic presentation of the mode of inheritance of green and dry mass yield
per stalk in the diallel F1 progeny

The inheritance of green mass yield in
F2 progeny in 2008 and 2009 was intermediate
and partially dominant. Negative heterosis was

observed in FL-5 x O-87.

Dry mass yield in F2 generation is
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inherited in the same way as the green mass yield.
Intermediate inheritance and partial dominance
denote shortening of the selection process and
fast fixation and stabilization of the investigated
characters (Table 3, Fig. 2).
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Table 3. The mode of inheritance of green and dry mass yields in diallel F2 progeny
in 2008 and 2009

Green mass yield per stalk (g)

Dry mass yield per stalk (g)

F2. 2008 2009 2008 2009
generation _ _ — —
X X X X

1.P1x P2 118.15 i 120.06 pd 18.175 i 18.55 i
2.P1xP3 116.35 i 119.23 i 179 i 1850 i
3.P1x P4 143.22 pd 145.08 pd 22.035 pd 2250 -d
4.P1xP5 208.16 i 206.57 i 32.025 i 3272 i
5.P1xP6 202.31 pd 205.90 pd 31.125 pd 31.63 pd
6. P2 x P3 80.45 pd 82.78 i 12.375 pd 12.65 i
7.P2x P4 130.65 pd 136.21 +d 20.1 pd 20.30 pd
8. P2 x P5 149.82 pd 151.38 pd 23.05 pd 23.42 pd
9. P2 x P6 161.36 pd 163.98 pd 24.825 pd 25.15 pd
10. P3 x P4 105.88 i 109.79 i 16.275 i 16.80 i
11. P3 X P5 167.82 i 164.50 i 25.825 i 26.37 i
12. P3 x P6 173.87 i 176.47 i 26.75 i 27.00 i
13. P4 x P5 21531 i 216.87 i 33.125 i 33.84 i
14. P4 X P6 191.42 pd 192.46 pd 29.45 pd 29.95 pd
15. P5 x P6 235.95 -h 237.90 -h 36.3 -h 37.27 -h

+h

+d

+pd

_pd

—r N —A—

S o A NP o R NMW D OO
. . | . .

F2

P1xP2 PIXP3

PLxP4 P1xP5 PLxP6 P2xP3

P2xP4  P2XP5 P2xP6 P3XP4  P3xP5  P3xP  PAXPS  PaxP6  P5xPG

‘l Green mass yield per stalk O Dry mass yield per stalk ‘

Figure 2 . Graphic presentation of the mode of inheritance of green and dry mass yield
per stalk in the diallel F2 progeny

The most frequent mode of inheritance
of green mass yield per stalk in the backcross
BC1 (P1) generation in 2008 and 2009 was
partial dominance. In several combinations both
intermediate and negatively dominant inheritance

were present. In FL-5 x O-87 the appearance of
negative heterosis was observed.

Dry mass yield in this generation is
inherited identically as the green mass yield
(Table 4, Fig. 3).
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Table 4. Mode of inheritance of green and dry mass yields in diallel BC1(P1) progeny
in 2008 and 2009

Green mass yield per stalk (g)

Dry mass yield per stalk (g)

BC1(P1) 2008 2009 2008 2009
generation _ _ _ _

X X X X
1.P1x P2 137.64 pd 139.72 pd 2122 pd 21.78 pd
2.P1xP3 135.10 pd 137.37 pd 20.84 pd 21.38 pd
3.P1xP4 147.29 i 149.13 i 2245 | 23.35 i
4.P1xP5 177.29 pd 175.86 pd 27.22 pd 27.90 pd
5.P1x P6 161.70 -d 165.15 -d 2481 d 2550 -d
6. P2 x P3 79.62 i 81.25 pd 12.15 pd 1251 pd
7.P2x P4 115.25 i 120.59 pd 17.88 i 17.82 i
8. P2 x P5 99.45 -d 101.01 -d 1541 -d 1539
9. P2 x P6 101.24 -d 103.58 -d 1595 -d 1570 d
10. P3 x P4 91.16 pd 95.70 pd 14.05 pd 14.97 pd
11. P3x P5 118.30 pd 115.65 pd 17.87 pd 18.05 pd
12. P3 x P6 114.56 pd 117.60 pd 17.92 pd 18.19 pd
13. P4 x P5 180.37 pd 182.12 pd 27.94 pd 28.24 pd
14. P4 x P6 146.75 -d 147.68 -d 2292 -d 23.05 -d
15. P5 x P6 226.20 -h 227.87 -h 3470 -h 3555 -h

+h 6
5 4
+d 4 -
3
+pd 21
1
i 07 B
14 L | |
-pd { -2 A
-3 4 -
d { -4 A
5 ||
-h 6 |
F2 ‘l Green mass yield per stalk O Dry mass yield per stalk ‘

Figure 3 . Graphic presentation of the mode of inheritance of green and dry mass yield
per stalk in the diallel BC1(P1) progeny

In BC1 (P2) generation, green mass
yield in both investigating yeras was inherited
mostly with partial dominance. In a number
of combinations intermediary and dominant
inheritance was present. In MB-3 x YV 125/3 in
2008 the character was inherited from the higher-
yielding parent (YV 125/3), and in 2009 this
combination had positive heterotic effect. The
hybrid FL-5 x O-87 showed negative heterosis.

Dry mass yield in this generation was
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inherited mostly with partial dominance. Results
from both investigating years were identical,
except for the hybrid MB-3 x SM-1, which had
positive heterotic effect in 2008 and in 2009
intermediate inheritance was present. This is
a result of the insignificant difference for this
character between the two parental genotypes, so
that small differences appear as a consequence
of the poor effect of non- genetic factors (Table
5, Fig. 4).
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Table 5. Mode of inheritance of green and dry mass yields in diallel BC1(P2) progeny
in 2008 and 2009

Green mass yield per stalk (g)

Dry mass yield per stalk (g)

BC1(P2) 2008 2009 2008 2009
generation _ _ _ _

X X X X
1.P1X P2 98.65 pd 100.40 pd 1541 pd 1530 pd
2.P1xP3 97.66 pd 101.17 pd 15.25 pd 1550 pd
3.P1xP4 139.16 -d 141.04 -d 21.28 -d 2199 -d
4.P1xP5 239.07 pd 237.27 pd 36.81 pd 37.50 pd
5. P1x P6 242.94 i 246.65 i 3759 i 37.85 i
6. P2 x P3 81.25 +d 84.30 pd 12.69 +h 1291 i
7.P2x P4 146.14 +d 151.83 +h 2253 +d 22.70 +d
8. P2 x P5 200.20 i 201.75 i 31.78 pd 31.28 i
9. P2 x P6 22150 i 224.35 34.00 i 34.17 i
10. P3 x P4 120.41 pd 123.88 pd 18.50 pd 19.05 pd
11. P3 x P5 217.42 pd 21335 pd 33.15 pd 34.30 pd
12.P3x P6 233.22 pd 23534 pd 36.57 pd 36.22 pd
13. P4 x P5 250.25 pd 251.62 pd 38.70 pd 39.46 pd
14. P4 x P6 236.11 i 237.24 i 36.33 i 36.59 i
15. P5 x P6 245.70 -h 247.95 -h 3750 -h 38.20 -h

+h 6
5
+d 4 4
3
+pd 2 A
1 |
i 01
B
-pd { -2
-3
d { -4
-5
-h -6
BC]-(PZ) ‘l Green mass yield per stalk 0O Dry mass yield per stalk ‘

Figure 4 . Graphic presentation of the mode of inheritance of green and dry mass yield
per stalk in the diallel BC1(P2) progeny

According to the presented data, mean
values of the characters investigated in 2008
were similar to those in 2009, and the laws of
inheritance were also identical. High similarities
were also observed in meteorological data about
mean monthly air temperatures and total amount
of precipitations during the vegetation period
(May-September).

Genetic analysis of green mass yield per
stalk in F1, F2, BC1(P1) and BC1(P2) progenies
showed high values of the additive component
of genetic variance and low values of the domi-
nant component (D > H1 and H2), which is an
indication that inheritance of the character is
governed both by dominant and recessive genes,
with prevalence of the recessive ones. The posi-
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tive value of the interaction F reveals dominance
of higher-yielding parent in inheritance of this
character. The low value of the environmental
variability (E) indicates a low impact of the en-
vironment in inheritance of the character.

The values for H2/4H1 (genes frequency)
in all generations were below 0.25, which denotes

absence of symmetrical distribution of domi-
nant and recessive alleles. The average level of
dominance is lower than one, which indicates the
presence of partially dominant inheritance. The
results on genetic analysis of green mass yield
per stalk are presented in Table 6.

Table 6. Components of genetic variance for green mass yield per stalk in diallel F1, F2, BC1(P1)
and BC1(P2) generations

Components F1 F2 BC1(P1) BC1(P2)
D 1685.25 1673.05 1644.31 1672.28
H1 51.54 62.72 283.00 115.15
H2 39.28 55.05 191.05 92.18
F 97.66 204.38 809.55 85.37
E 8.22 11.98 22.36 12.29
H2 / 4H1 0.19 0.21 0.16 0.20
JH1/D 0.173 0.173 0.412 0.245

From genetic analysis of the character
dry massyield in F1, F2, BC1(P1) and BC1(P2)
progeny it can be concluded that the additive
components of genetic variance are much higher
compared to those of dominant component (D >
H1 and H2), according to which the inheritance
is governed mostly by recessive genes. The
interaction F for F1 and BC1(P2) has a negative
value, indicating that the lower-yielding parent
has a dominant role in inheritance of the
character, whereas for F2 and BC1(P1) the
interaction has a positive value, indicating the
dominance of the parent with higher dry mass
yield. For this character again, the environmental

variance has a low value, which points out to
the similar meteorological conditions in both
investigation years and to identical application of
suitable cultural practices during the vegetation
period. The values of H2/H41 are lower than 0.25
in all generations, which indicates an absence
of symmetrical distribution of dominant and
recessive alleles. The average level of dominance

~/H1/ D is lower than one, which indicates the
presence of partially dominant inheritance of this
character.. The results of genetic analysis on dry
mass yield per stalk are presented in Table 7.

Table7. Components of genetic variance for dry mass yield per stalk in diallel F1, F2, BC1(P1)
and BC1(P2) generations

Components F1 F2 BC1(P1) BC1(P2)
D 39.55 39.56 39.58 39.47
H1 1.39 1.97 5.04 3.98
H2 1.31 1.82 2.15 3.46
F -4.72 3.54 13.18 -10.62
E 0.14 0.11 0.10 0.20
H2 / 4H1 0.23 0.23 0.10 0.21
JH1/D 0.173 0.200 0.346 0.100
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CONCLUSIONS

The following statements can be drawn

from the results of investigation:

Parental genotypes are homozygous,
uniform and show significant differences
between them.

The inheritance of green and dry mass
yields from the six parents to their
diallel F1, F2, BC1(P1) and BC1(P2)
progenies is mostly partially dominant and
intermediate. Positive heterosis in the first
hybrid generation was present in MB-3 x
YV 125/3, and negative heterosis in FL-5 x
0-87 for both characters and in both years
of investigation.

Genetic analysis reveals that both additive
and dominant genes have an impact on
creation of the investigated characters,
with high dominance of additive genes
(the value of the additive component of
genetic variance - D is dramatically higher
compared to the dominant one - H1 and
H2). From the values of the estimated

parameters, F denotes a presence of
asymmetrical distribution of dominant
and recessive alleles, H2/4H1 indicates
that inheritance of the green mass yield
in four generations and dry mass yield
in F2 and BC1(P1) is prevailed by the
higher-yielding parent and inheritance of
the dry mass yield in F1 and BC1(P2) is
dominated by the lower-yielding parent

and +H1/D indicates the presence of
partially dominant mode of inheritance of
the investigated characters.

Investigations on heritability and genetic
analysis have enormous impact on tobacco
breeding, because they determine the
inheritance of yield as the most important
agronomic character and give useful
directions for creation of new, higher-
yielding varieties. The applied methods of
work are also applicable for determination
of quantitative characters in many other
crops.
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