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INTRODUCTION

Blue mould, caused by Peronospora
tabacina Adam, is one of the most important fun-
gus diseasea that exist and cause serious damage
to tobacco crop. The fungus has been a serious
tobacco production problem in Albania since
1960. It is now present in all tobacco-growing
regions.

Blue mould is a disease of seedbeds and
field and can be exceedingly destructive in both,
although, weather conditions largely confine it
to being a field problem in Albania. It can be
seen that the relatively mild and moist Albanian
summer provides an excellent environment for
blue mould. Much of the oriental tobacco crop
will escape serious field damage in normal sea-
son because little rains are expected once the crop
is planted out.

Blue mould is difficult to control, par-
ticularly when environmental conditions are in
its favour. On its control, cultural practices, fun-
gicides and resistant cultivars are valuable aids
to sound farming.

Resistance is graded in variety specifi-

cations and needs relating to particular disease
and cropping situations. It is known that in most
types of tobacco, hybrids have been recom-
mended for temporary situation or for specific
uses such as disease resistance.

Genes conditioning qualitative resistance
have been intensively used in breeding of tobacco
and other plants. This has often resulted in de-
velopment of virulent isolates (2,3,4,7,11,13).

Quantitative resistance introduced into
cultivars with good agronomic performance of-
fer a chance to reduce the selection pressure for
virulence and to stabilise the host-pathogen sys-
tem where level of quantitative resistance remain
durable over a long period of time
(2,3,4,7,8,9,11,13). This is more difficult than
working with qualitative resistance. Thus, for
better understanding of the genetic basis of quan-
titative resistance, combining abilities and het-
erosis were estimated and divided into their com-
ponents by analysing a diallel cross of tobacco,
following Gardner and Eberhart (1966).

MATERIALS AND METHODS

The experimental plants material is rep-
resented from eight tobacco lines selected as par-
ents with different relative levels of resistance
to blue mould (P. tabacina). The genotypes se-
lected as parents lines were Bel 61-9 (resistant),
Floria (resistant), Nevrokop and Krumovgrad
(susceptible), Hicks-Resistant (resistant), Ft2-5
(resistant) and Basma (susceptible). These eight
parental lines were crossed with each other giv-
ing a diallel series of crosses (28 crosses), with-
out reciprocal crosses.

The experiment, containing 28 F1 crosses
and eight parental lines, was arranged in a ran-
domized block design with four replications.
Experiments were conducted for three years at
the experimental field of Tobacco Institute of
Cerrik. Plants were grown in two rows with 20
plants per plot.

No fungicide effective against blue
mould was applied in the seedbeds and in the
field. The other cultural and curing practices used
were the current ones applied in the area.
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Symptoms of natural infestation of dis-
ease were observed and evaluated. Ratings were
carried out upon first appearance of the pest, and
further ratings were calculated at 15 days inter-

vals. The scale of damage ratings was defined
according to CORESTA rules defined by P.
SCHILTZ (1974). Ratings for upper, middle, and
lower leaves were made separately.

For each experiment, rating correspond-
ing to the maximum of intensity for susceptible
genotypes was taken into account in the follow-
ing synthesis (Table 2, 3, 4 and 5).

The general combining ability (GCA)
effects; the specific combining ability (SCA) ef-
fects and heterosis were the calculated param-
eters. The general combining ability (GCA) ef-
fects of each line was calculated on the devia-
tion of means of F1s with this variety ( j) from
the overall mean of F1s ( c) (i.e.)  gj = (p - 1)/
(p-2)( j - c ), where p is the number of ho-
mozygous lines or parents. These parameters
were computed following Gardner and Eberhard
(1966) method II and Griffing (1956).

For each combination the specific com-

bining ability (SCA) effect was obtained by cal-
culating the deviation between expected F1 (on
the basis of GCA effects only) and observed F1
performance (i.e.) Sij = yij - c - gi - gj; where yij
is the observed value of the F1 between lines i
and j.

Taking into account the values of the
parental lines (yjj) heterosis is calculated and di-
vided into average heterosis ( m = c - p);
variety heterosis (hj = gj - 1/2(yjj - p) and spe-
cific heterosis (corresponds to SCA) as proposed
by Gardner and Eberhard (1966). p is the mean
of the parents. The difference between yjj and

p is the variety effect (vj) of cultivar j. For the
analyses of variance, the fixed effects model was
applied.

Table 1.  Provenience, reaction against blue mould and tobacco varieties crossed in a diallel
design.

Tabela 1  Poteklo, reakcija kon bolesta plamenica i sorti tutun vkrsteni po
direkten model

Compatible host reaction of parents and
F1s occurred and leaf symptomes of disease were
formed on all genotypes.  ANOVA analysis re-
vealed the presence of an important variability
in the experimental plant materials. Significant
quantitative differences of resistance between all
genotypes were found. Mean squares for parents
and hybrids were highly significant (at the P001
level of the probability) (Table 2). In addition,
the contribution of genotypes on total variance
is very high (R2 = 0,9705). The distribution of

the values (midparent/ F1 resistance) around the
regression line (with equation y = 1.0857x -
1,7927) proved that the observed quantitative
resistances are heritable as shown in Figure 1.

The position of the values influenced by
Bel 61-9, (the values ranged in low on the left of
the regression line), proved that dominance for
resistance occurred in crosses of this variety,
whereas dominance for susceptibility occurred
in crosses  of Samsoun variety (the values ranged
in upper position on the right of regression line).

RESULTS AND DISCUSSION

DATA ANALYSES
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In other crosses, expected heterosis is less ex-
pressed. The regression of F1 on midparent for
all crosses is 0,88721 (Standard error). In our
study, significant general combining ability ef-
fects (gj) were found whereas the specific com-
bining ability effects were significant only in
some individual crosses (Table 5).

Significant GCA (gj) effects and large
values of variance ratio of additive and non-ad-
ditive variances (GCA/SCA) proved that addi-
tive genetic variance is more important compo-
nent in the inheritance of "quantitative resistance
" character (Tables 3,4). Our results are similar
to those reported by other authors
(1,3,4,7,8,11,13) that have in other host-patho-
gen systems found high values for additive gene
action and where most gene action among loci
was additive (9,11,12,1,2).

Significant of SCA (Sij) effects in some
individual crosses proved that in particular
crosses the specific heterosis plays an evident
role in the inheritance of "resistance" character.
Marani and Sachs (9), Jinks (8) and Matzinger
at al. (10) found high values for additive and
dominance variance, and where dominance ef-
fects became greater in the adult plant stages (9).
Several published results showed that dominance
and epistatic effects occurred despite additive
effects (1,2,3,4,8,9,10,11).

The data of F1s and parents were com-
bined to perform Analysis II as proposed by
Gardner and Eberhart (1966). Significance of
variety heterosis (hj), variety effects (vj), GCA
effects (gj) and parents were obtained too, and
significant average heterosis was also obtained
but its effect was small. Analysis of data for GCA
components (gj = hj + 1/2  vj) show that, signifi-

cance differences, among eight parental lines for
gj, hj and vj were found (see Tables 3,4). In Table
4 the relation between the quantitative resistance
of varieties (yjj), and variety effects (vj), GCA
effects (gj) and variety heterosis (hj) is given.
No significant relation exists between yjj and hj
and significance relation exists between yjj and
gj. Our results similar to those reported by Bulmer
(1) proved that this correlation might also be
negative. This means that if parental value at-
tempts to be higher, the potential value of het-
erosis attempts to be lower (1,8,9). The ranking
of the varieties according to their GCA effects
calculated according Gardner and Eberhart (5)
and Griffing (6) was similar and, the ranking of
hosts according to their pure line performance
(yjj) corresponds to that resulting from GCA ef-
fects (gj)(Table 4). Nevertheless, it becomes evi-
dent that a great part of the observed variation in
GCA (gj) was conditioned by variety effects (vj).
By using homozygous varieties (i.e. when dj =
0) these variety effects (contain additive aj gene
action) are representing the contribution of ho-
mozygous loci to the jth variety mean (6,8).

Such effects can be used by breeding pure
lines and, since differences exist, selection for
improved quantitative blue mould resistance may
be effective (6,1,8,12).

In our study, the differences between F1
and parent means were significant in a great part
of individual crosses. Expressed in percentage
of heterosis, the average heterosis for all Bel 61-
9 crosses was - 13,7%; for Krumovgrad crosses
-0,83% and for Samsoun crosses it was -2,87%;
but the observed difference ( c - p) calculated
for all data combined is -0,513.

Fig. 1.            The distribution of the values expected and observed
                      Around the regression line (mid parent/F1 resistance)
Grafikon 1  Raspored na o~ekuvanite i nabquduvanite vrednosti po regresiona
                        kriva
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Table 2.     Analysis of variance for 8 tobacco varieties and 28 F1s infected by Blue mould.
                  (P. tabacina Adam) (Means of three years)
Tabela 2.  Analiza na varijansata kaj 8 tutunski sorti i 28 F1 inficirani od
                   plamenica (sredina za 3 godini)

Table 3.     Analysis of variance for GCA effects and SCA effects (specific heterosis), average
                  heterosis ( m), variety heterosis (hj) and variety effects (vj)
Tabela 3.  Analiza na varijansata za OKS i SKS (specifi~en heterozis) prose~en
                    heterozis ( m), heterozis na sortata (hj) i vlijanie na sortata (vj)

Table 4.     Quantitative Blue mould resistance of eight tobacco varieties (yjj), variety effects (vj),
                 variety heterosis (hj), means of F1s according varieties and GCA effects (gj)
Tabela 4.  Otpornost na plamenica kaj 8 tutunski sorti (yjj), vlijanija na sortata (vj),
                   heterozis na sortata (hj), sredina na Fj  po sorti i OKS (gj)

Note1:  gj* is calculated following Gardner & Eberhart (1966), and gj** according to Griffing (1956).
          2: The variety values (Yjj) followed by the same letter are not significantly different by
               Duncan's multiple range test (P=5%).
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(Mé = Me/nb; where nb → number of blocks = 4)
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Summarising the data presented and the
published results (1,2,3,4,5,7,8,9,12) it becomes
evident that the predominance of additive effects
is very common in host-pathogen systems.

CONCLUSIONS
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bacco Blue Mould (P. tabacina Adam).

1-Bulmer M. G., 1980. The mathemati-
cal theory of quantitative genetics. Claredon
Press, Oxford, 255 p.

2-Burk L. G., Heggestad H. E., 1966.
The genus Nicotiana: A source of resistance to
disease of cultivated tobacco. Econ. Bot. 20, 76-
88.

3-Clayton E.E., 1953. Control of tobacco
diseases through resistance. Phytopathology, 43,
239-244.

4-Corbaz R., 1962. Research on the con-
trol of blue mould of tobacco.Cor.INF.BULL.1:9-
19.

5-Gardner, C. O. & S. A. Eberhart,
1966. Analysis and interpretation of the variety
cross diallel and related populations. Biometrics
22, 439-452.

6-Griffing, J.B., 1956. Concept of gen-
eral and specific combining ability in relation to
diallel crossing systems. Aust.J. Biol.Sci.9: 463-
493.

7-Honarnejad R, Shoai Daylami M,
Mesbah M., 1998. Genetic resistance to tobacco
blue mould (Peronospora tabacina). Information
Bulletin 2000 CORESTA Congres, Lisbon-Por-
tugal, 15-19 October, P. 139.

8-Jinks J.L., 1954. The analysis of con-
tinuous variation in a diallel cross of N.rustica
varieties. Genetics.39:767-788.

9-Marani A., Y. Sachs, 1966. "Hetero-
sis and combining ability in a diallel cross among
nine varieties of oriental tobacco". Crop Sci.
6:19-22.

10-Matzinger, D.F, J.J.Mann, C.C.
Cockerham., 1962. Diallel cross in Nicotiana
tabacum. Crop.Sci. 2:383-386.

11-Robinson H. F., Mann T. J.,
Comstock R. E., 1954. An analysis of quantita-
tive variability in Nicotiana tabacum. Heredity,
8, 365-376.

12-Schiltz P., 1974. Tentative d'ameliro-
ration de l'essai collectif destine a determiner le

Table 5.  Values of SCA effects (Sij).
Tabela 5.  Vrednosta na efektite na SKS

(Sij* significance for P0,05  that is =0,88 and  Sij** significance for P0,01 that is = 1,19 ).

Tutun/Tobacco, Vol.54, No 9-10, 198-203, 2004



203

pouvouir pathogene de P.tabacina. Bull. Inf.
CORESTA. 1:16-22.

13-Wricke  C, W.E.Weber., 1986. Quan-
titative genetics and selection in Plant breeding.
Berlin.

14-Zanardi D., 1961. La "Mufa Blu" del
tabacco, storia, biologia, danni e difesa. Il
Tabacco Nr. 698, 3-19.

KOMBINACISKATA SPOSOBNOST I HETEROZISOT ZA
KVANTITATIVNA OTPORNOST NA Peronospora tabacina Adam KAJ

ORIENTALSKIOT TUTUN

Bequl Gixari,  Ferit ^anlari
Institut za tutun - ^erik

Albanija

REZIME

Kvantitativnata otpornost treba da se vnese vo sortite so dobri agromnomski
svojstva po pat na oblagoroduvawe na rastenijata. Za podobro razbirawe na genetskata
osnova na kvantitativnata otpornost, vo ovoj trud }e go prezentirame ispituvaweto
na kombinaciskite sposobnosti i heterozisot za kvantitativna otpornost na
plamenicata (Peronospora tabacina Adam) kaj osum orientalski tutunski sorti. Za taa
cel, edna poludijalelna krstoska i nejzinite roditeli (Bel 61-9; Florija, Nevrokop,
Krumovgrad, Samsun, Hicks-Rezistent, Ft2-5 i Basma) se ispituvani vo ~etiri
povtoruvawa po slu~aen blok sistem.

- Simptomite na prirodna zaraza od bolesta se nabquduvani i procenuvani
spored metodologijata na CORESTA, vo tekot na tri godini.

- Zabele`ana e signifikantna op{ta kombinaciska sposobnost, dodeka
specifi~nata kombinaciska sposobnost be{ e signifikantna samo kaj nekoi
individualni krstoski, a golem del od op{tata kombinaciska sposobnost mo`e da se
objasni so vlijanijata na varietetot. Isto taka, dobien e i signifikanten heterozis
na varietetot, kako i signifikanten prose~en heterozis, ama negovoto vlijanie e malo.

- Me|u sortite {to se odbrani vo ova prou~uvawe, Bel 61-9 i Hicks-Rezistent se
najdobri za natamo{ni vkrstuvawa za otpornost na tutunot protiv plamenicata.
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