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Abstract

Two relatively resistant parents of Indian Mustard
Brassica juncea (L.) Czern and Coss., Bio 8 (3) and
Line 81, were selected and crossed to Alte'rnaria
susceptible parents Pusa 8asant, Pusa 8ahar, and
Line 113 to produce six crosses. Six generations (PH
P2' F1' F2' 81, and, 82) of six crosses were planted
under timely sown (TS) and late sown (LS) conditions
to find out the genetics of components of resistance
to Alternaria. The mean of six generations recorded
for time of appearance of Alternaria on leaf (TOAP),
rate of disease increase (r), area under disease
progress curve (AUDPC),final intensity of Alternaria
on plant (FlAP),and final intensity of disease on pods
(FlOP) were subjected to scaling tests to detect
epistasis and to estimate m, d, h, i, j, and I
parameters. Dominance (h) and additive x additive (i)
had predominant role in the inheritance of TOAP, r,
AUDPC, FlAP, and FlOP, whereas additive x
dominance (i) was important for AUDPC, FlAP, and
FlOP.
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Introduction

Rapeseed mustard constitute an important group of
oilseeds second to groundnut in area, production, and
productivity in India, Causes of lower yields are a 'number
of biotic and abiotic factors. Estimates of yield losses due
to Alternaria blight caused by Alternaria brassicae (Berk.)
Sacc" varied between 10 to 70% in different species of
these crops (Kolte, 1985:1991; Saharan and Chand,
1988). Genetics of resistance to Alternaria blight is
governed by a single dominant gene in the cultivar RC
781 of Indian mustard (Tripathi et a/., 1978; 1980).
However, the resistance of cultivar RC 781 has 'broken

, down. There is a lack of information on the genetics of

parameters of horizontal disease resistance in mustard,
which is essential for development of Alternaria blight
resistant genotypes, Therefore, the present investigations

were carried out to find the resistant genotypes to
Alternaria blight and to study the inheritance of
components of its resistance,

Materials and methods

Twelve cultigens of Indian mustard B. juncea, tolerant to
Alternaria brassicae, [OYS~7-1, UON 23, OYS-25-10,
UON-26, UON-67, 51=0 418/MHTE 23-3, 81=0 128/0
313, 87=Kranti/0 246, 113=PR 45/0 403//0 326,174=0
313/HTA-11-1 , 348=HC 951/K-133//W 246 and Bio 8 (3)].
along with susceptible checks (Pusa Bahar, Pusa Basant
and Pusa Bold) were evaluated in a replicated trial for
their reaction to Alternaria under artificial epiphytotic
conditions at the experimental farm of IARI, New Delhi
during rabi season,

Two ~esistantparents, Bio 8(3) and Line 81, were selected
and crossed as male parents to susceptible female
parents, Pusa Basant, Pusa Bahar, and Line 113. Six
generations of the six crosses Pusa Basant/Bio 8(3) C,),
Pusa Basant/Line 81 (C2),Pusa Bahar/Line 81(C3),Pusa
Bahar/Bio 8(3) (C4), Line 113/Bio 8(3) (Cs) and Line
113/Line 81 (Ce)were grown in randomised block design
with two replications during rabi season in rows of 2.25 m
long with spacing of 30 x 15 cm between lines and plants,
The experiment was planted on two sowing dates I.e.,
timely and'iate. An artificial epiphytotic of Alternaria blight
was created to facilitate the screening of various
populations. Besides this infector rows of highly
susceptible lines were planted in and around the
experimental plots. Inoculum was sprayed twice for
screening at 30 days interval.

From the middle rows of each replication five plants each
from P1,P2and F1'40 plants from F2and 20 plants each
from 81 and 82 were randomly selected in each cross,
Observations were recorded on time of appearance of
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disease (TOAP) in days when lesion first appeared on any
leaf of plant from sowing, number of lesion (NOL) by

counting total number of lesions on two leaves on which
the lesions first appeared in succession of the sampled

plants, average size of lesions (mm) (SOL) by measuring
the diameter of first two spots in two perpendicular

directions and then averaging it, area under disease

progresscurve(AUDPC)= Time interval[Y:z (sumof first
and last disease scores) + (sum of all in between disease

scores)] Pandey et al. (1989), rate of increase of disease
(r) by dividing the difference between maximum number
of lesions and number of lesions at first observation by
scoring interval (days), final intensity of disease on plant
(FlAP) (0-5 scale) (Kant, 1997) and final intensity of
disease on pods (FIDP) (0-3 scale) (Kant, 1997).

The data were subjected to A, Band C scaling tests
(Mather, 1949) to detect the presence of epistasis. The
adequacy of additive dominance model was tested by the
joint scaling test (Cavalli, 1952). The gene effects were
studied as per Cavalli (1952) and Hayman (1958).

Results and discussion

The results of the present investigation indicated
dominance of alleles for resistance in parents Bio 8 (3)
and Line 81, which had lesser numbers of disease lesions
(Fig 1) and smaller size of lesions (Fig 2) as against
remaining parents.
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The inheritance of different components of horizontal
resistance appeared to be rather complex (Table 1 to
Table 3). The inheritance pattern varied with the cross,
character and sowing condition under consideration. In
most of the cases better estimates of gene effects were
found tin (LS) condition, probably due to better expression
of disease. A comparison of FISwith mid parent indicated,
in general. a high degree of internal cancellation of gene
effects. B2 means indicated that a second dose of the
resistant parent tends to accumulating genes for
resistance or lowering expression of disease.

Dominance (h) was found to be more important for the
inheritance of TOAP. Cross Pusa BasanUBio 8(3) and
Line 113/Bio 8(3) had both hand 1component significant
and in desirable direction in (LS) condition. A five
parameter model having m = origin, Q = additive, h =
dominance, 1 = additive x additive and i = additive x
dominance was found adequate to explain the inheritance
of TOAP. Therefore, dominance of late appearance of
Alternaria could be utilized in hybrid development
programme. Interaction component 1 being a fixable
component may be exploited in selection programme by
transgressive breeding.

Dominance (h) was more important than additive (Q)and
was in desirable direction for rate of disease increase (r)

(Table 1). The rate of increase of Alternaria blight
indicated multiplication of the disease infection per unit of
time and suggested the slow or fast disease reaction of
the plants to disease. Lower values would be desirable for
selection programme. Negative estimates of h in most of
the cases indicated dominance of negative alleles at most
of the loci though not able to surpass the lower level in
some cases. Pusa BasanUBio 8(3), Pusa Bahar/Bio 8(3)
and Line 113/Bio 8(3) crosses had significant hand 1in
desirable direction in (LS) condition. Dominance x
dominance ill component was in desirable direction and
significant in Pusa BasanU81 and Pusa Bahar/Bio 8(3)
crosses. Many workers have demonstrated reduced
severity of disease by lower infection rate (r) in different
crops. However, low infection rate of resistant cultivars
have been reported to be an important component of
horizontal resistance in Indian mustard by Saharan and
Kadian (1983) and Kadian (1983).

Dominance (h) and additive x additive ill both were found
significant and in desirable direction in Pusa BasanUBio
8(3) and Line 113/Bio 8(3) crosses in (LS) condition for
area under disease progress curve (AUDPC). The hand
1components can be exploited through biparental matings
or recurrent selections. However, the significance of 1
componentin manycasesalsosuggestedthat increased
manifestationof this charactercan be achievedthrough

.selection programmes. However, additive x dominance ill
was significant and in desirable direction in (TS) condition
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in the same crosses. Mani (1991) suggested important
role of hand i for AUDPC along with complementary
epistasis in case of white rust of Indian mustard. He also
foundAUDPCas an importantparameter in differentiating
the genotypes possessing slow and fast rusting
behaviour.

Interaction effects were 'found more important than the
main effects for the inheritance of final intensity of
Alternaria on plant (FlAP) (Table 2). The FlAP is of
practical value under field condition to differentiate
between resistant and susceptible genotypes. Dominance

(h) and additive x additive <D were found significant and in
desirable direction in Pusa BasantlBio 8(3) and Pusa

Bahar/Bio 8(3) crosses. Additive x dominance ill was
important in direction and magnitude in five out, of six
crosses. The significance of hand i components indicated
that biparental mating or recurrent selection could be
resorted to improve this character. However, presence of
duplicate epistatis may hinder the progress in the
selection. Katiyar and Chamola (1995) reported a cultivar
selected in the F7generation of a cross Brassica ,carinata
x Brassica juncea showing stable and goodresistanceto
Alternaria with only a few small lesions developed on the
leaves at completion of fruiting compared with numerous
large lesions occurring at flowering on B. juncea. Gulati et

al. (1985) reported final intensity of disease on plant as a
criterion for selection under field condition in case of

yellow rust of barley. They showed direct relationship
between final intensity of disease and AUOPC. Mani
(1991) also confirmed these findings in case of white rust
of mustard.

Dominance (h) though n'on-significant was of considerable
magnitude and in desirable for final intensity of disease on

"

pods (FlOP) (fable 3). FlOP is of great importance in
disease like Alternaria,which, when in severe formon
pods may lead to shriveling of grains and thereby
ultimately leading to reduced oil content. Interaction
components were of more importance than main effects.
Component i was significant and in desirable direction in
Pusa BasantlBio8(3)and Pusa Basant/Line 81. However,
component i was important in magnitude and direction in
Pu!1aBasantlLine 81 and 'Line 113/Bio 8(3). Tripathi and
Kaushik (1984) reported that intensity of seed infection
varied with number of lesions per siliqua in case of
rapeseed and mustard. More significance of disease on
pods than that of on the leaves was reported by Chahal
and Kang(1979).Relationbetweenthe infectionunitson
seed pods and loss in seed yield compared withthat from
healthy pods was reported by Singh and Bhowmik(1985).
In such cases it may be possible to expect improvement
for this trait in hybrid breeding.

Broadly it can be concluded that dominance (h) had a
predominant role in genetic control of later TOAP, lesser
r, AUOPC"FlAPand FlOP, whereas additive xdominance
<D was predominant for lesser AUOPC, FlAP and FlOP,
Biparental mating or hybrid breeding may be an
appropriate strategy to exploitthese kinds of gene effects,
Additivex additive (i) interaction effects had a major role
in later TOAP, lesser r, AUOPC. FlAP and FlOP. This
indicated the possibility of selecting for transgressive
segregants. In general, crosses with Bio 8(3) showed
better expression of resistance and the cross Pusa
BasantlBio 8(3) appeared to be the best cross
combination with all the components of horizontal
resistance in a desirable direction.

Table 1 Estimates of gene effects t SE for different components for rate of Increase of disease (r)

LS 0.38"%0.03 0.07%0.03 -0.11:1:0.06

TS 0.34.%0.05 -0.05:1:0.04 -0.06:1:0.10

LS 0.64:%0.10 0.02:1:0.06 -0.04.:t0.14 -0.34..:%0.11 -0,03:1:0.18 - 0.10

C1= Puss Basant/Bio 8(3); C2 =Puss Basant/Line 81; C3 =Pus a Bahar/Line 81; C4 =Pusa Bahar/Bio 8(3); C5 =Line 113/Bio 8(3); C6 =Line 113/Line 81
TS =Timely sown; LS =Late sown " .. significant at 5% and 1% level

C6

'"

4.79
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Cross Condition !Jl g h ! j ! i

C1 TS 0.45..%0.07 0,08%0.04 -0.17%0.11 -0.18.%0.08 -0.14%0,15 - 0.63

LS 0.88"%0.16 0.08:t0.06 -1.38..:t0.40 -0.49..:t0.15 -0.03%0,15 0.79..%0.24

C2 TS 0,36..%0,05 -0.OHO.05 0.13:t0.09 - - 4,04

LS 0.15%0.19 0,09:t0,07 0.95%0.52 0.24:t0.17 -0.23%0.20 -0,84"%0,33

C3 TS 0.37..%0.07 -0,02:tO,05 0.08%0.13 - - - 1.95

LS 0.36:%0.25 -0,03:%0,04 0.08:%0,09 - - 4,66

C4 TS 0.17:%0.15 0.07:%0,05 1.22..:1:0.41 0.41..:t0.14 -0.06:1:0,15 -0.81.:1:0.29

LS 0.77..:t0.17 0.03:1:0.04 -1.13..:1:0.43 -0.43.:t0.16 0.52.:1:0.14 0.70.:%0.29

C5 TS 0,24..:1:0.03 0.05:1:0,03 0.11:%0.07 - - - 1.75
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Table 2 Estimates of gene effects :I:SE for different components for final intensity of Alternar/a on plant (FlAP)
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Cross Condition ill 2 h ! j ! i
C1 TS 3.70":1:0.21 0.71":1:0.10 0.15:1:0.30 0.23:1:0.23 -2.49**:1:0.41 1.77

LS 4.70"tO.29 -0.10:1:0.10 -2.00*:1:0.82 -0.60*:1:0.27 0.10:1:0.30 1.40*:1:0.56 -
C2 TS 3.58":1:0.18 0.35**:1:0.09 0.91**to.32 0.67**:1:0.19 -0.90**:1:0.28 - 0.01

LS 3.91**:1:0.07 0.08:1:0.07 0.13:1:0.15 - - 3.76
C3 TS 3.15**:1:0.34 -0.1 OtO. 16 2.65":1:0.97 0.65*:1:0.30 -0.15:1:0.41 -1.60*:1:0.68

LS 4.13**:1:0.03 0.08:1:0.08 -0.25:1:0.23 -0.15:1:0.12 -0.13:1:0.12 0.00:1:0.40

C4 TS 4.58":1:0.14 0.33*:1:0.16 -0.94*:1:0.22 -1.02**:1:0.21 -0.53:1:0.47 - 2.59
LS 4.94**:1:0.40 0.05:1:0.10 -2.57*:1:1.16 -0.69:1:0.39 -0.96":1:0.41 1.73*:1:0.78

C5 TS 4.03*:1:0.04 0.13:1:0.17 0.05:1:0.40 -0.05:1:0.39 -0.58*:1:0.20 -0.20:1:0.74

LS 3.84":1:0.05 0.01:1:0.05 0.68**:1:0.23 0.76":1:0.22 0.13:1:0.08 -0.73*:1:0.32

C6 TS 4.80**:1:0.49 0.35":1:0.09 -2.20:1:1.26 0.55:1:0.48 -0.85*:1:0.39 1.70*:1:0.82

LS 4.10**:1:0.04 0.10:1:0.07 -0.03:1:0.27 -0.38:1:0.22 -0.04:1:0.08 0.86:1:0.46

C1 = Puss BasanUBio8(3); C2 = Puss BasanULine81; C3 = Puss Bahar/Line 81; C4 = Pusa Bahar/Bio 8(3); C5" Line 113/Bio 8(3); C6" Line 113/Line 81
TS = Timely sown; LS = Late sown * .. significant at 5% and 1% level

Table 3 Estimates of gene effects :I: SE for different components for tinallntensity of disease on pods (FlOP)

Cross Condition !!! 2 h 1 I ! i
C1 TS 0.30:1:0.18 0.28**:1:0.09 -0.53:1:0.30 0.55":1:0.19 -0.51:1:0.27 - 2.16

LS 0.92**:1:0.14 0.19*:1:0.08 -0.16:1:0.23 -0.64**:1:0.15 0.34:1:0.25 0.35

C2 TS 0.72**:1:0.13 0.20*:1:0.09 0.19:1:0.21 0.19:1:0.16 -0.69":1:0.25 - 0.09

LS 1.02":1:0.17 -0.10:1:0.10 -0.42:1:0.25 -0.42:1:0.21 -0.40:1:0.30 - 0.10

C3 TS 0.80**:1:0.04 0/05:1:0.09 0.30tO.27 0.10:1:0.25 -0.05iO.13 0.20iO.45 -

LS 0.89"iO.07 0.05:1:0.06 -0.04:1:0.14 - - - 3.18

C4 TS 0.59**:1:0.07 0.28":1:0.07 0.18:1:0.13. - - - 4.67
LS 0.50**:1:0.06 0.29**:1:0.05 0.21:1:0.13 - - - 9.06

C5 TS 0.39**iO.05 0.10iO.11 -0. 1OiO.36 0.35:1:0.31 -0.15:1:0.14 -0.50:1:0.61 -

LS 0.08:1:0.19 0.31":1:0.07 0.54iO.32 0.35iO.20 -0.77":1:0.26 1.52

C6 TS 0.83":1:0/04 0.03:1:0.09 0.20:1:0.29 0.15:1:0.26 -0.13:1:0.12 -0. 1OiO.49 -
LS 0.75**:1:0.09 0.00:1:0.06 0.22:1:0.18 - 1.86

C1 = Pusa BasanUBio 8(3); C2 = Puss BasanVLine 81; C3 = Pusa Bahar/Line 81; C4 = Puss Bahar/Bio 8(3); C5 = Line 113/Bio 8(3); C6" Line 113/Line 81
TS = Timely sown; LS = tate sown *, ** significant at 5% and 1% level
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