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ABSTRACT

Spot blotch disease of wheat (Triticum aestivum L.) caused by Bipolaris sorokiniana (Sacc) Shoemaker causes
significant yield and quality losses in warm and humid agro-ecologies of the world. Breeding for resistance is
considered to be the most economical and sustainable approach of controlling the disease. The objective of this study
was to determine the genetic effect influencing inheritance of resistance to spot blotch in selected wheat genotypes
using generation mean analysis to devise a resistance breeding strategy. Populations involving six generations (P1,
P2, F1, F2, BCP1 and BCP2) were developed comprising two selected parental lines, i.e., Loerrie Il and 1I9HRWSNG6.
Test materials were field evaluated for resistance to spot blotch during the 2014/15 cropping season in Zambia.
Additive genetic effects were significant and accounted for 94.79% of the total genetic variation for spot blotch
resistance in wheat. Dominance and epistatic effects were not detected. The predominance of additive genetic effects
suggests that recurrent selection strategy could boost spot blotch resistance in these population to develop pure line

wheat cultivars.
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INTRODUCTION
Spot blotch disease (Figure 1) caused by Bipolaris
sorokiniana (Sacc.) Shoemaker is the major fungal
disease affecting wheat production in the warm and
humid environments worldwide. The pathogen infects
all plant parts, thus resulting in reduced yield and
quality due to shrivelled grains. Yield loss reaching up to
100% on susceptible cultivars has been reported in
Zambia due to the disease (Muyanga, 1995). Various
control methods (crop rotation, removing of diseased
leaves and use of chemicals) are used to reduce damage
caused by the disease. However, these have not been
either effective, practical or economical. Breeding for
resistance is considered to be the most viable,
economical and sustainable approach to reducing losses
caused by the disease.
Knowledge on the genetics of spot blotch resistance is
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required for effective resistance breeding against the
disease (Ajith and Anju, 2005; Eshghi and Akhundova,
2009; Zaazaa et al,, 2012). Previous studies on the type
of gene action controlling inheritance of resistance to
spot blotch disease have reported conflicting reports
(Joshi et al, 2004b; Prashant and Kumar, 2010).
Prashant and Kumar (2010) and Neupane et al. (2007)
reported that resistance to spot blotch disease was
dominant and controlled by one major gene. Duveiller
and Sharma (2009) suggested that dominant, recessive
and epistatic gene effects governed the inheritance of
resistance to the disease. Similarly, studies by Ragiba et
al. (2004) indicated the importance of the dominant and
recessive gene in conditioning resistance. Singh et al.
(1998) showed two recessive genes responsible for
governing inheritance of resistance to the disease.
Sharma et al. (2006) found that partially dominant genes
controlled the inheritance of resistance and that
resistance was inherited quantitatively with moderate to
high heritability

estimates. Conversely,
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Joshi et al (2004a) indicated the presence of three
additive genes controlling the inheritance of resistance.
It is clear that more information about the inheritance of
resistance and the type of gene action controlling
resistance to spot blotch is required for the successful
spot blotch resistance breeding of wheat. The objective
of this study was to determine the genetic effect
influencing inheritance of resistance to spot blotch in
selected wheat genotypes using generation mean
analysis to devise a resistance breeding strategy.
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Figure 1. Spot blotch disease on wheat.

MATERIALS AND METHODS

Plant materials and crosses: Two parental wheat
genotypes (1I9HRWSN6 and Loerrie 1I) contrasting for
resistance to spot blotch, were crossed to generate F1
population in 2013 off-season (May-September) under
irrigation at Mt. Makulu Research Station in Zambia.
19HRWSN6 (Kenya Heroe, (P1)) is an introduced
genotype from the International Maize and Wheat
Improvement Centre (CIMMYT) - Mexico. It is resistant
to spot blotch, has white grain type and adapted to high
rainfall regions. Loerrie Il (P2) is a red grain type
genotype obtained from Zambia. It is high yielding,
locally adapted and susceptible to spot blotch.

Hand emasculation and pollination was used for
crossing the wheat lines. The F1 plants were advanced to
F2 by self-pollination. The F1 plants were also crossed
to the resistant parent (P1) and susceptible parent (P2)
to produce backcross generations BCP1 and BCP2,
respectively. Thus, six generations were developed
consisting of two parents, F1, F2, BCP1 and BCP2.
Experimental sites: The experiment was conducted in
Zambia in Mpongwe, Copperbelt Province (12206.622'S,
28214.660' E, 1700 m) and Mt. Makulu Research Station,
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in Chilanga, Lusaka Province (15232.946' S, 28915.078'
E, 1300 m). Mpongwe receives over 1000 mm of rainfall
while Mt. Makulu receives rainfall between 800 - 1000
mm rainfall during the crop growing season (Bunyolo et
al, 1997) Evaluation of genotypes was done under
natural conditions.
Field establishment and experimental design: The six
generations P1, P2, F1, F2 and BCP1 and BCP2 were
planted using a randomised complete block design with
two replications with the parents and F1 consisting of
one row each, an F2 population with six rows and BCP1
and BCP2 families with four rows each. Each row was 3
m long with an inter-row spacing of 20 cm and intra-row
spacing of 10 cm. Each row was planted with 60 seeds
which were later thinned keeping 30 plants per row.
Early planting (8- 9 November 2014) was done to
enhance disease spread during flowering. To create
enough disease pressure on to the plants, one row of
Sonalika, spot blotch susceptible wheat variety, was
planted as spreader row in the alleyways and borders.
Standard agronomic practices were followed for good
crop management. Weeding was done using hand hoes.
Disease assessment: Disease severity was estimated
visually based on foliar symptoms. All plants were
scored for disease severity using a 0-9 scale based on
Saari and Prescott’s scale for assessing foliar disease at
Zadoks’ stage ZGS77 (Eyal et al, 1987). The genotypes
were classified using the criterion proposed by
Chaurasia et al. (1999). Genotypes falling in the 1-3
category were recorded as resistant, 4 as moderately
resistant, 5-6 moderately susceptible and 7-9 as
susceptible.
Data analysis: The data collected was subjected to
combined analysis of variance using the general linear
model procedure (PROC GLM) in SAS version 9.3 (SAS
Institute, 2011) to determine whether there were
significant differences. The model used was;

Yijk = u+ Gi + Ej + G x E + rk (E) + eijk
Where Yijk= spot blotch disease score of ith generation in
ji environment of kth replication, p= overall mean, gi=
generation mean, Ej= jth environment, G x E= generation
x environment interaction, rk= kt replication within E
environment and eijk= residual factor.
Mean separation between generations was done in SAS
version 9.3 (SAS Institute, 2011) using least significance
difference (LSD) procedure for pairwise comparison (P<
0.05) as suggested by Kang (1994).
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Data was subjected to generation mean analysis (GMA)
using the methodology proposed by Mather and Jinks
(1971) following analysis of variance. The GMA was
performed using PROC GLM and PROC REG procedures
in accordance with SAS macros described by Kang
(1994). The genetic model used was;
Y=m+ ca+ fd + o?aa + 2afad +/7dd

Where;

a and S are the coefficients for a and d, respectively

Y = generation mean

m = mean of the F2 generation as the base population

and intercept value

a = additive effects

d = dominance effects

aa = additive x additive gene interaction effects

ad = additive x dominance gene interaction effects

dd = dominance x dominance gene interaction effects
A stepwise linear regression was used to estimate the
additive and dominant parameters. The regression
analysis was carried out using PRO REG macros in SAS
developed by Kang (1994). The regression analysis was
weighted based on the inverse of the variance of means
and matrix parameter (Checa et al, 2006). To establish
the parameters that were acceptable within the model,
RZ and F-test (goodness of- fit) were used (Ceballos et al,
1998). The F-test was calculated using the formula
below (Checa et al, 2006):

Fc= [(SSq general model) - (SSq reduced
model)/difference in df] divided by SSq residual from
the general model/df residual from the general model

SSq residual from the general model/df residual from
the general model
Where
SSq = sums of squares, df = degrees of freedom, Fc = F
calculated
To determine the importance of additive, dominance
or epistatic effects, the model’s parameters were
tested sequentially one at a time starting with
additive effects and then in combination with other
parameters of the model (Ceballos et al, 1998). The
importance of the gene effect estimates was based on
the ratio between the sums of squares and the total
sums of the square after entering the different
elements in the model. The significance of the genetic
estimates was determined by dividing the estimated
parameter values with their standard errors, if the
value exceeded 1.96 then it was considered significant
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(Singh and Chaudhary, 1995).
Variance components (additive,
environmental) were estimated as described by Mather
and Jinks (1971) using the equation below;

A = (202F2) - 62BCP1+ g2BCP2

D= 02G (F2) - 0%A (F2)

E =1/4 (02P1 + 02P2 + (202F1)
Where: A = Additive genetic variance, D = Dominance
variance and E = Environmental component of variance
Where: 02P1 = variance of parent 1; 62P2 = variance of

dominance or

parent 2; 02F1 = variance of F1; 62F2 = variance of F2
generation; 02BCP1 = variance of backcross to parent 1;
02BCP2 = variance of backcross to parent 2.

Narrow sense heritability (h%) was estimated as follows;
(Warner, 1952).

h2= [02F2 - (02BCP1 + 62BCP2) /2] / 02F2.

Where, 02F2 = variance of F2 generation, ¢2BCP1 =
variance of backcross to parent 1; 62BCP2 = variance of
backcross to parent 2.

The coefficient of dominance (F) was calculated by the
formula: (Mather and Jinks, 1971).

F = 02BCP2 - 02BCP1

RESULTS

Analysis of variance of spot blotch disease severity: The
analysis of variance (Table 1) revealed highly significant
differences among generations for resistance to spot
blotch disease (P<0.001). Environments and generation
x environment interaction were not significantly
different (P> 0.05) for spot blotch disease severity.

Table 1: Analysis of variance showing degrees of
freedom, mean squares and significance tests of six
generations of Loerrie II x 19HRWSNG6 cross evaluated
across two testing environments in Zambia during
2014/15 cropping season.

. Degree of
Source of variation Mean square
freedom
ENV 1 0.26ns
Rep (ENV) 2 13.74
Generation (G) 5 2.90%**
Gx ENV 5 0.18ns
Error 10 2.33
Corrected total 23
Overall mean 5.84
CV (%) 8.1
R2% 94.87

*** Significant at p<0.001, ns= not significant; ENV=
Environment; Rep=Replication.



J. Plant Breed. Genet. 06 (01) 2018. 33-38

Mean spot blotch disease severity of populations:
The means of spot blotch disease severity score for the
six generations of Loerrie II x 19HRWSN6 cross are
presented in Table 2. The F1 population had less disease
compared to P1, F2, BCP1 and BCP2 but not with P2
(resistant parent). The F2 generations had a mean
severity score less than the mean of the susceptible
parent (P1). Nonetheless, non-significant differences
were observed between the means of the susceptible
parent P1, BCP1, BCP2 and F2 generations (Table 2). The
means of the F2 generations were not significantly
different from the means of F1. Table 2 also shows that
the F1 was significantly different from P1 and BCP1. The
resistant parent P2 was significantly different from F1
and P1, F2, BCP1 and BCP2 generations.

Generation mean analysis: The analysis of variance for
generation means for spot blotch disease reaction (Table
3) revealed highly significant differences for additive
gene effects (P < 0.001). The additive gene effects
accounted for 94.79% of the total genetic variation. The
dominance, additive x additive, additive x dominance
and dominance x dominance effects were non-

significant (P > 0.05). Dominance effects explained
1.19% of the total variation (Table 3). Additive x
dominance gene interaction contributed most of the
total genetic variation (5.34%) amongst other epistasis
gene interaction.

Table 2: Generations of means of spot blotch disease
severity scores of six generation of Loerrie II x
19HRWSN6 cross evaluated over two locations in
Zambia during 2014 /15 cropping season.

Generation Mean
P1 6.68 a
BCP1 6.54 a
F2 6.34 ab
BCP2 5.99 ab
F1 5.73b
P2 4.36¢
LSD (5%) 0.76

P1= Loerrie II (susceptible parent), P2=19HRWSN6
(resistant parent). Means followed by the same letter in
a column are not significantly different at P<0.05.

Table 3: Mean squares of gene effects for spot blotch scores and the relative contribution of gene effects to the model
total sums of square of Loerrie II x 19HRWSN6 cross evaluated at Mpongwe and Mt. Makulu sites during 2014/15
cropping season.

Source of variation Mean Square The relative contribution of gene effects (%)

Replication 26.83** B

Additive (a) 10.81%** 94.79
Dominance (d) 0.14ns 1.19
Additive x additive (aa) 0.01ns 0.12
Additive x dominance (ad) 0.61ns 5.34
Dominance x dominance (dd) 0.38ns 3.34

*** highly significant p <0.001, ** significant p< 0.01; ns= not significant.

Gene effects of spot blotch resistance: The results
summarized in Table 3 did not give any evidence for
epistasis, hence, the additive-dominance model was used
with the following three parameters: mean (m), additive
(a) and dominance (d). The gene effects estimate of (m),
(a) and (d) are as presented in Table 4. The mean effect
was highly significant (P <0.001) while the additive effect
was significant at P <0.01. The dominance effect was not
significant. It was also observed that the additive effects
were higher in magnitude than the dominance.

The narrow sense heritability estimate was moderately
high (55.45%). The coefficient of the degree of dominance
was found to be negative and less than unity (-0.07).
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Table 4: Estimates of genetic effects (+ SE) fitted to a
three parameter model for resistance to spot blotch for
the Loerrie II x 19HRWSNG6 cross.

Model Gene effects estimates
Mean (m) 5.60 * 0.43***
Additive (a) 1.26 £ 0.43**
Dominance (d) 1.13 £ 0.99ns

*#* and ** indicate significance at P <0.001 and P <0.01,
respectively. ns= not significant; SE=Standard error.

DISCUSSION
The significant differences established from the analysis
of variance involving the following six generations: P1,
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P2, F1, F2, BCP1 and BCP2 revealed differential
responses to spot blotch disease, indicating the contrast
between the progenitors, P1 and P2, which is a
requirement for GMA. The mean disease severity score
of the susceptible and resistant parent were different
from the means of F1 and F2. Additionally, the mean
comparisons revealed significant differences between
the parental genotypes. Furthermore, the means of BCP1
and BCP2 tended to be closer to the respective recurrent
parent indicating the divergence of the parents which
further satisfied the basic prerequisite for generation
mean analysis (Mather and Jinks, 1971).

The resistant parent, P2, showed resistant reaction to
spot blotch disease due to the low disease severity score
observed. For this reason, P2 could be identified as a
good source of resistance. The mean disease severity of
F1 was in between the parental genotypes, suggesting
partial dominance (Checa et al, 2006). The coefficient of
dominance F was negative and nearly zero implying that
the dominant genes were low in 19HRWSNG6, the
resistant parent (Mohamed, 2014). According to the
mean comparison, the mean of BCP1 and BCP2 were not
significantly different. Nevertheless, it was observed that
backcross breeding method could provide a useful
means of improving resistance to spot blotch disease
because BCP2 had disease severity scores lower than the
susceptible parent indicating a reduction in the disease
in each backcross.

The additive gene effects were significant and positive
showing that they were important in controlling
resistance to spot blotch disease. Besides, the higher
magnitude of the contribution of additive effects
(94.79%) to the total variation of generation further
indicated a much larger role of additive effects in the
inheritance of resistance to spot blotch disease
compared to dominance genetic effects. Sharma et al
(2006) reported similar findings. This suggests that the
resistance levels in wheat genotypes could be improved
through simple mass selection in early segregating
generations (Mumtaz et al, 2015). Furthermore, the
predominance of additive gene effects indicates that
recurrent selection for spot blotch resistance could be
effective. The narrow sense heritability was moderately
high (55.45%) revealing a large contribution of additive
effects in controlling resistance to spot blotch disease.
Moderate narrow sense heritability estimates for spot
blotch disease agreed well with earlier reports by
Sharma et al. (1997b) and Sharma et al. (1997a). In this
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study non-allelic interactions were found not important
in controlling resistance to spot blotch disease,
suggesting that selection for resistance to spot blotch
disease is possible in early segregating generations. The
resistant parent, 19HRWSNG6, could further be
incorporated in breeding programmes to
resistance to spot blotch disease.

CONCLUSION

Additive gene effects were important in the inheritance

of resistance to spot blotch in selected wheat genotypes.

This was further confirmed by moderate high narrow-

sense heritability estimates which suggests a great

involvement of additive gene effects in the expression of
resistance to the disease. Epistasis had no effect in the
control of resistance to spot blotch disease.
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