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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.
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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.

DATA ANALYSES

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 Fs with this variety (¥) from
the overall mean of Fys (Y ) (i.e.) g = 3p - 1)/
(p-2)(yj - Y.), 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.) S;;i=Vi-Y.-8-8 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 (H, =Y - Yp);
variety heterosis (hj =g- 12(y;, - Yp) and spe-
cific heterosis (corresponds to S&@) as proposed
by Gardner and Eberhard (1966). Yp is the mean
of the parents. The difference between y.. and
Yp is the variety effect (v,) 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.
Ta6ena 1 Ilorekno, peakiyja KOH 6osiecTa IIaMeHHUa ¥ COPTH TYTYH BKPCTEHHU 110
IUPEKTEH MOJIET

Yariety Provenicace Keaction against blue mould
Copra Morex:ao Peakunga ko iwsamenimi
Bul 61-9 LisA Resistant - oTnopH:i
Floriz Austng Resistant - oTnopi
Nevrokop Bulrana Suseephible - OCRTINER
Krumov il Bulrana Suseephible - OCRTINER
Samsoun Turkey Suscaptible - oevrns
| licks-Resistant Framncy Eesistant - oTnopa
Fi2-3 Grovee Resistanl - oTHopHy
Basma Grovee Suseephible - OCRTINER
RESULTS AND DISCUSSION

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 P,
level of the probability) (Table 2). In addition,
the contribution of genotypes on total variance
is very high (R? = 0,9705). The distribution of

the values (midparent/ F, 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).
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In other crosses, expected heterosis is less ex-
pressed. The regression of F, 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 (S;,) 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 F s and parents were com-
bined to perform Analysis Il as proposed by
Gardner and Eberhart (1966). Significance of
variety heterosis (hj), variety effects (Vj), GCA
effects (g;) and parents were obtained too, and
significant average heterosis was also obtained
but its effect was small. Analysis of data for GCA
components (gj =h,+ 1/2 Vj) show that, signifi-

Fig. 1.

cance differences, among eight parental lines for
g., h. and v. were found (see Tables 3,4). In Table
4’the relation between the quantitative resistance
of varieties (yj.), and variety effects (vj), GCA
effects (g.) and variety heterosis (hj) is given.
No signiﬁ'cant relation exists between yjj and hj
and significance relation exists between yjj and
g.. Our results similar to those reported by Bulmer
(i) 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 d. =
0) these variety effects (contain additive a. gene
action) are representing the contribution of ho-
mozygous loci to the j™ 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 (¥ - Y ) calculated

for all data combined is -0,513. P

The distribution of the values expected and observed

Around the regression line (mid parent/F1 resistance)
I'padpuxon 1 Pacnopepn Ha ouekyBaHUTE U HAOJbYyBAHUTE BPEJHOCTH 1O pETPEeCOHa

KpHuBa

30 -
25 7
20 A
15 4

Observed values
{F1)

v .

R® =0.9705

2 A y = 1.0857x- 1.7927

0 10

20 a0

Expected values (midparent)

200



B. Mupapu, ®. Yannapu: KombrHaumckata crnocobHOCT U XeTEPO3UCOT 3a KBAaHTUTATMBHA OTNOPHOCT Ha Peronospora
tabacina Adam Kaj OpUeHTanCK1oT TyTyH

Table 2.

(P. tabacina Adam) (Means of three years)
TaGemna 2. Ananusa Ha BapujaHcaTa Kaj 8 TyTyHCKU copTH U 28 F, nHunmpanu of
IaMeHuna (cpeuHa 3a 3 rojIuHM )

Analysis of variance for 8 tobacco varieties and 28 F s infected by Blue mould.

Seurey of variation Sum of squarnes | Degrees of Muoan sguars F-valuus
H1sop Ba 300p HiL freedom CponnHa Ha F - ppeanocTi
GRS EMNGIE KBAAPITH CHCIHCH Ha KRAAPATHTE
10001

Crenatypes 4304,1236 35 1229749 136.06**
Hvbnds 2TTVANAR 27 ld_[302 NEN | ks
Prrenzs F324af78 7 278025 20 P
Hacks 66,7703 3 22567 245069
Residual 219036 [N (] 0.9038 = {Me)
Total 4405,7975 i+

Table 3.  Analysis of variance for GCA effects and SCA effects (specific heterosis), average

heterosis (H ), Varlety heterosis (h.) and variety effects v,)
TaGena 3. Ananusa Ha Bapujancara 3a OKC u CKC (cneunqmqeﬂ XeTEepO3NUC) MPOCEeUeH
xeteposuc (H m)» XETEPO3UC HaA copTaTa (h ) ¥ BIMjaHNE Ha copTaTa (V)

Source of vartation Sum of Degrees of | Muan sguare | F-values
H3Bap B RapHjamja scjuares trecdom Cpennda va | F - ppoanocTn
301p Ha CTeneH Ha | KBanpyRITHTC
KEBIPATH CACHHTEL
GOA () O3 2748 | 7 1531 14821 Ma/hle = OHK DA+
SCA{SI]) (specific LY 0807 25 (6E]A = R0
hete rosis)
Average heterosts ((m) 2339355 1 J33 4335 Maihde = 247.77+%
Vuriety ¢ffects (v j324nidd | 7 2 7.RG20 o= 2 QRE
Variely heterosis Chj) 201031 7 2R72I R §ih
Eesidual ARV VK] 1004 {19035

(Mit =

Table 4.

Me/nb; where nb — number of blocks = 4)

Quantitative Blue mould resistance of eight tobacco varieties (y..), variety effects ),

variety heterosis (h,), means of F s according varieties and GCA effects (g,)
Tabena 4. OTnopHOCT Ha HJIaMeHI/IHa Ka] 8 TYTYHCKM COPTH (Y,), BIIMjaHUja Ha copTaTa vy,
xereposuc Ha coprara (h), cpeura Ha F; 1o copti 1 OKC (g,

w1 s | w [ w [w]a [ &
[ Bel 6 1-9 5530 a S el S Bk G40 oS HEEE ENTEE
2 Flaria Lol ¢ lgaEE TRCEL 12 74 SNELL ERViE
3 Nevrrhop 2140 ¢ G IFk* |25 1693 7 GeE L
4 Krumuvird 250 ¢ A3k 00.145 1727 SKELL T At
3 Samsoun MHa? f L L 1907 T 5 7%
f | hichs-Resistant FR A TRIEE 1125 1098 S EE INTLE
7| Ft2-3 087 ¢ [ ~hog** U0 | 1262 | -LUR¥E | 2 DRE*
& Brasma Twan d L 024 1639 7 2TRE 7 7%

LED {14 |33 1.30 0416 0333 333

LsDuwol |73 1.76 RIS 0.4u? 0.4u?

Notel: g *is calculated following Gardner & Eberhart (1966), and g according to Griffing (1956).
2: The variety values (Y,) followed by the same letter are not significantly different by
Duncan's multiple range test (P=5%).
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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.

Table 5. Values of SCA effects (S,).

Among the fixed set of parents analysed Bel 61-
9 and Hick-Resistant are the best for further
crosses and for improvement of quantitative blue
mould (P. tabacina) resistance in tobacco.

Ta6ena 5. Bpegnocra Ha ecpeKTJI/ITe na CKC

2 3 4 5 f 7 "
| .24 -2 AR -1 ] .Ag*s .06* 2R
2 -1.24 -5 100 017 22 ERPRLA
3 [ e | 4] * =130 b fal} 2 ARw
o 74 143 L2 o Khi
5 10k () Bl [+
fa .22 [ Ly
7 JATEE

(S,* significance for P . that is =0,88 and S,** significance for P thatis=1,19).

CONCLUSIONS

From the data presented on teh combin-
ing ability and heterosis for quantitative Blue
Mould (Peronospora tabacina Adam) resinstence
in oriental tobacco, the following statements
might be drawn:

- Significant general combining ability
was found whereas the specific combining abil-
ity was significant only in some individual
crosses, and variety effects could explain a great

part of the general combining ability. Significant
variety heterosis was obtained too, and signifi-
cant average heterosis was also obtained but its
effect was small.

- Among those selected for this study, Bel
61-9 and Hicks- Rezistent were the best for fur-
ther crosses for tobacco resistance against to-
bacco Blue Mould (P. tabacina Adam).
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KOMBUHAIINCKATA CITIOCOBHOCT U XETEPO3UCOT 3A
KBAHTUTATUBHA OTHHOPHOCT HA Peronospora tabacina Adam KAJ
OPUEHTAJICKUOTTYTYH

bemyn I'mgapn, ®epur Yannapn
Hnciuuinyiu 3a inyinyn - Yepux
Anbanuja

PE3UHME

KBaHTHTaTHBHAaTa OTHOPHOCT Tpeba Jja ce BHECE BO COPTUTE CO JOOPU arpOMHOMCKH
CBOjCTBa IO AT Ha 0OJIaropoyBamk-e Ha pacTeHrnjaTa. 3a mofoopo pa3dbupame Ha TeHeTcKaTa
OCHOBA Ha KBaHTUTATHBHATa OTIOPHOCT, BO OBOj TPYy/] Ke TO Ipe3eHTHpaMe UCIUTYBAHETO
Ha KOM6I/IHaI[I/ICKI/ITe CHOCOOHOCTH U XCTEPO3UCOT 3a KBAHTUTATHUBHA OTHOPHOCT Ha
mamenunatra (Peronospora tabacina Adam) Kaj 0CyM OPHEHTAJICKU TYTYHCKHM COPTH. 3a Taa
1eJ1, efHa OJyinjaseliHa KpcTocka u Hej3unute poputenn (ben 61-9; dmopuja, Hespoxkor,
Kpymosrpan, Camcyn, Hicks-Rezistent, ®12-5 u Bacma) ce ucnutyBanu BO 4eTHUPHU
MOBTOPYBama MO CIIy4aeH OJIOK CUCTEM.

- CumnTomMuTe Ha NMpUPOJHA 3apa3a off OoJsiecTa ce HaObYAyBaHU U MPOLECHYBaHU
cniopen metoponorujata Ha CORESTA, BO TEKOT Ha TpU TOIMHU.

- 3abenexaHa € CUTHU(PUKAHTHA ONIITa KOMOMHAKUCKA COIOCOOHOCT, JlofieKa
cnenuduryHaTa KOMOMHAIIMCKA CIOCOOHOCT Oelll € CUTHU(UKAaHTHA caMO Kaj HEKOHU
VMHAUBHUAYATHA KPCTOCKH, a TOJIEM JIeJ Off ONIIITaTa KOMOUHAIMCKA CIOCOOHOCT MOXeE Jia ce
o0jacHH cO BIWjaHUjaTa HA BapueTeToT. MlcTo Taka, JOOMEH € U CUTHU(DUKAHTEH XeTEPO3NC
Ha BapHETETOT, KaKO ¥ CUTHU(PUKAHTEH IIPOCEYEH XETEPO3UC, aMa HETOBOTO BIIMjaHKE € Mallo.

- Mefy coprure mro ce ogOpaHu BO oBa npoyuyBame, ben 61-9 u Hicks-Rezistent ce
HajioOpu 32 HaTaMOIIHK BKPCTYBama 3a OTIHOPHOCT Ha TYTYHOT IIPOTHB IIJIAMEHUIIATA.
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