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Abstract: The genetic resistance to angular leaf spot (ALS) caused by Phaeoisariopsis griseola in the common bean cultivar Mexico
54 was investigated on disease reactions in parental, F;, F, and backcross generations derived from crosses between a resistant
cultivar Mexico 54 and a susceptible cultivar Kablanketi under screen house conditions. The heritability (h?) estimate was as high as
0.719 indicating a successful transfer of ALS resistance among progenies and thus selection can be performed in early generation.
High heritability coupled with high expected genetic advance of 39.5% is considered to be more useful in predicting the outcome of
selecting the best individuals. Chi-square values were computed to determine whether the observed ratios for disease reactions
deviated from expected Mendelian ratios for a single, dominant gene controlling resistance to angular leaf spot in common bean.
Based on the resistance of the F,, and the backcross generation to the resistant parent, a 3 resistant: 1 susceptible segregation ratio in
the F, and a 1 resistant: 1 susceptible segregation ratio in the backcross generation to the susceptible parent was obtained implying
that resistance to the isolate of Phaeoisariopsis griseola is governed by a single, dominant gene.
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1. Introduction it for daily dietary requirements [3]. Bean production

) . also provides farm households with both a source of
Common bean (Phaseolus vulgaris L.) is an ) . .

) ) ) . income and food for nutrition. It has the nutritional
important grain legume for direct human consumption ) . )

. . benefits such as high source of proteins and high
[1]. Tt is a staple food for more than 100 million . . .

) ) ] ] ) mineral contents especially Fe and Zn which combat
people in Africa with per capita consumption of 60

kg/person/year in the Great Lakes Regions (GLR) [2].
The crop represents one of the principal crops in East

high prevalence related micronutrient deficiencies [4].
Consuming beans also have medicinal benefits that
contribute to treating human aliments like cancer,
diabetes, and heart diseases [5].

The average yield of common bean is around 500

Africa in terms of total area planted and number of
farmers involved in production. It is an important

source of dietary protein and starch in Africa and a . i . . . .
. . . . kg/ha in Africa while the potential yields being at
primary staple in parts of the GLR. It is estimated that i .
. . 1,500 kg/ha [6]. Across farming systems, biotic and
over 75% of rural households in Tanzania depend on o i )
abiotic stresses continue to present the major

constraints for increasing bean production and high
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yields, and bean diseases represent the major
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constraints to production by reducing yields and seed
quality [6]. Angular leaf spot (ALS) disease caused by
the fungus Phaeoisariopsis griseola (Sacc.) Ferr. is
one of the most devastating diseases of common bean
in the tropical and subtropical countries [7]. In
Tanzania the disease is endemic in low to high altitude
bean producing zones. Angular leaf spot disease
causes an estimated yield loss of 389,900 t/year in
sub-Saharan Africa, 263,600 t/year in East Africa,
Tanzania inclusive, and 125,300 t/year in Southern
Africa [1].

Angular leaf spot disease development occurs over
a wide range of temperature with the optimum
development at 24 °C [8]. High relative humidity
(90%-100%) favours the growth of the fungi.
Infection may not occur if the humidity is below 85%
[1]. The disease affects all aerial plant parts especially
pods, seeds, leaf petioles and lower surface of the
leaflets, causing premature leaf drop, foliar and stem
necrosis which often result to poorly filled seeds and
reduce seed quality [9]. The lesions on leaves can
cause severe defoliation and decreased leaf area index
[10] resulting to yield losses of up to 80% under
severe infection [11, 12].

Control strategies for ALS include chemical
applications, cultural practices, and genetic resistance.
However, among the existing strategies, genetic
resistance is considered most appropriate, safe and
cost effective for small scale bean growers [13].
Selection of bean genotypes resistant to ALS is
important for improving common bean production in
terms of quality and quantity [1, 14]. Thus the need to
breed for high resistance levels to ALS is paramount.
Such techniques as introgression of resistant genes in
locally adapted cultivars such as Kablanketi (in case
of Tanzania) will optimize resistance levels of the
variety since the mode of gene action and inheritance
is subject to the background used. This study aimed at
incorporating ALS resistance in locally adapted and
preferred common bean cultivar and to determine

inheritance of ALS resistance.

2. Materials and Methods
2.1 Sources of Resistance

The resistant parents were obtained from the
Kawanda National Agricultural Research Institute,
Uganda. The cultivar Mexico 54 was used donor
parent for resistance to ALS while the landrace
Kablanketi/Soya was wused as recurrent farmers
preferred cultivar and was collected from farmers’
fields in Mbeya Region.

The cultivar Mexico 54 is an indeterminate strong
climber resistant to most African isolates of ALS
disease [15]. This cultivar is therefore, a potential
source of resistance in breeding work. Kablanketi is the
landrace which has a good market class and displays
other good agronomic traits but is generally susceptible
to various diseases including ALS. It is medium sized
with the growth habit type II and gives low yields.

2.2 Hybridization

The crosses were made in the screen house at SUA.
The crosses were made between susceptible cultivar
and resistant parent where ALS disease resistance was
incorporated into the adapted but susceptible cultivar
Kablanketi (@) x Mexico 54 (&). Then, the
backcrosses were developed and F, population
produced for the inheritance studies. The backcrosses
produced were both for susceptible (Kablanketi x F;)
and resistant (Mexico 54 x F) parents. The left parent
is female (9) and the right parent is male (J3). The
seeds of F;, F, and backcrosses were harvested and

used for ALS evaluation.
2.3 Plant Establishment and Evaluation for ALS

The parents, F,, F, and backcross populations were
grown in plastic pots with one plant per pot filled with
sterilized sandy loam soil. Inocula used were collected
from SUA-crop museum bean plots. Spore was
isolated and grown into V8 agar and purified using
single spore culture in another V8 agar and multiplied.

The number of spores in suspension was determined
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using haemocytometer and the concentration adjusted
to 10%/mL using distilled water containing 0.05% (v/v)
Tween 20 (polyoxyethylene sorbitan monooleate).
Plants were inoculated at the age of 17 days from
sowing when they had 2-3 sets of fully expanded
trifoliolate leaves. The inoculated plants were covered
with plastic sheets for 72 h to create humidity. After
72 h, the plastic sheets were removed and plants put
on tables in screenhouse and plants monitored daily
for disease development and appearance of first
symptoms, seven days after inoculation disease
severity was scored at weekly intervals for a total of
four ratings, using a CIAT 1-9 visual scale [16]. Plants
with a score of 1-3 were considered resistant, 4-6 were
regarded as intermediate while scores greater than 6
were considered susceptible.

2.4 Pathogenicity Test

Susceptible bean genotype locally called Maini was
used for pathogenicity test. The cultivar Maini is a
Mesoamerican, growth habit type II with creamy seed,
it cooks fast and has very good palatability. Plants
were grown in the screenhouse and inoculated at
second trifoliolate leaf. Observations of symptoms on
susceptible genotype were used for confirmation of
the reaction of ALS isolate. The aggressive isolate

was identified and used in an experiment.
2.5 Data Collection and Analysis

Data were collected on the reaction of bean line
(severity) for ALS disease and analyzed using the
GENSTAT statistical package to generate means,
variance, standard deviation, standard error and
coefficient of variation. The variances of parents, Fy,
F, and backcrosses were generated and used to
estimate the heritability in narrow sense based on
scaling test as described by Falcon and Mackay [17].
Narrow sense heritability (hz) was determined from
the variances of the parents, F;’s, F;’s and the
backcross generations where h?= 1/2D/VF,, Vg, is the
total variance of F, and 1/2D is the additive genetic

component of variance of F, calculated from the
variances of the backcrosses and the total variance of
F, and 1/2D = 2 (VE;) — (V1 + Vgy). Inheritance was
calculated based on the crosses generated. The genetic
gain was also calculated as the product of heritability,
phenotypic  standard deviation and selection
differential (Genetic gain/advance (GA) = h’ o, K)
where h® = heritability; K = selection differential at
5% (2.06) intensity of selection; o, = the phenotypic
standard deviation. MS Excel was used to generate the
frequency graphs and estimate Chi-square. Chi-square
values were computed on numbers of resistant and
susceptible plants in each generation to determine
whether the observed ratios deviated from the
expected  Mendelian  ratios for  segregation
expectations according to gene action type and
number of genes controlling resistance to angular leaf

spot in the common bean.

3. Results and Discussion
3.1 Heritability of Angular Leaf Spot Resistance

The heritability (h”) estimated for progenies from
the cross Kablanketi x Mexico 54 for angular leaf spot
was 0.719. The present study reflects that sufficient
variation for disease resistant exists in F, population.
However, other authors reported the heritability for
this trait (angular leaf spot resistance) to range from
medium to high. Amaro et al. [18] reported the
heritability for the reaction of common bean to
angular leaf spot varying from 0.4444 to 0.5886. The
result of this study shows that the heritability for
disease in this study is higher. High h® implies that
there is higher contribution of the genes to this trait
(additive gene effects) than the environmental effects
and it is a reflection of the good general combining
ability suggesting that resistance could be improved
by selection. Estimate of heritability from segregating
population is useful in understanding the genetic
consequences of hybridization and inbreeding. They
can help the breeder in selecting and utilizing the
superior individuals from a population. Heritability is
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the most important parameter in the prediction of
selection response since the effectiveness of selection
depends on the additive portion of genetic variance in
relation to total variance [17]. Traits with relatively
high heritability have been reported to respond highly
to selections for effectiveness in crop improvement at
early generation [17, 19]. It is suggested that
phenotypic selection of the promising plants in large
F, population followed by progeny testing would

increase productivity. However, low heritability can

be obtained depending on the susceptible parents used.

In such situation the application of molecular marker
linked to the genes to be transferred to the susceptible
background is appropriate [18].

The genetic gain in selection for angular leaf spot
resistance was estimated to be 39.5% categorized as
high. This high genetic advance is an efficient
indicator of the nature of variability for the trait under
study and the possible breeding progress expected
under selection. However, the effectiveness of
selection depends upon genetic advance of the
character selected along with heritability [20]. Thus,
the ultimate goal of the plant breeder is to have higher

genetic advance for the material selected.
3.2 Inheritance Pattern

Average disease severity data for angular leaf spot
of all generations from the parents and three different
crosses (Fy, F, and backcrosses) were recorded (Fig.
1). The frequency distributions of observed leaf lesion
reactions of the Mexico 54, Kablanketi, F;, F,
Kablanketi x F; and Mexico 54 x F; populations
illustrated several aspects of the genetic system
conditioning ALS resistance in Mexico 54. Majority
of the plants in the Mexico 54 population exhibited a
resistant reaction (leaf lesion score < 3). All plants in
the Kablanketi population exhibited a susceptible
reaction (leaf lesion score > 4). Majority of plants in
the F; population exhibited a resistant reaction with
the scores of 1-3, suggesting that the ALS resistance is

inherited as a dominant trait. The distribution

frequencies in the F, population and Kablanketi x F,
backcross population indicated that ALS resistance is
mostly conditioned by qualitative rather than a
quantitative genetic system (Fig. 1). The monogenic
inheritance of resistance indicates that pedigree
breeding would be adequate for transferring the
resistance to the susceptible genotypes. The disease
grade distributions (Fig. 1) clearly indicated a
monogenic type of inheritance of resistance to P.
griseola.

The segregation data indicated that ALS resistance
in Mexico 54 is conditioned by a major gene (Table 1).
While segregation for resistance in the F, population
was consistent with a ratio of 3:1 as resistant:
susceptible plants in a population (y* = 0.015, P> 0.05)
and that the backcross to susceptible parent
(Kablanketi) fits a 1:1 ratio (x> = 0.177, P > 0.05)
(Table 2). These results support the hypothesis that a
single dominant gene in Mexico 54 controls resistance
to P. griseola as reported by Muthomi et al. [21].
Similar results were reported using the same source of
resistance on modes of inheritance to P. griseola in
Mexico 54 indicating a single dominant gene effect
for controls resistance [12]. Caixeta et al. [22]
identified monogenic inheritance using BAT 332 as a
source of resistance to P. griseola.

However, several studies in common bean cultivars
have demonstrated or reported that P. griseola is
resistance may be controlled by 1, 2 or 3 dominant or
recessive genes [7, 22, 23]. It has been established
however, that genetic resistance to P. griseola in
different
monogenic and dominant [21]. This implies that the

cultivars as source of resistance is
transfer of this trait to elite cultivars by backcross. The
cultivars that are resistant sources to P. griseola
include AND 277 [23], MAR 2 [24], Cornell 49-242
[25], Mexico 54 [26, 27], BAT 332 [22, 27] and CAL
143 [28]. The total of nine genes has been identified in
some of the resistant cultivars after allelism tests.
These genes include Phg-12, Phg-2°, Phg-3% and
Phg-42 for cultivar AND 227, Phg-2, Phg-5 and Phg-6
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Fig. 1 Comparative frequency distributions of reaction to P. griseola for parental, F;, F, and backcross populations of
Kablanketi (?) x Mexico 54 (J) grown in screenhouse (1 = no visible symptoms/lesions (resistant), 9 = chlorotic leaf tisue

(susceptible)).

Table 1 Segregation for resistance to angular leaf spot (Phaeoisariopsis griseola) in parental, F,;, F, and backcross

populations of the cross “Kablanketi” X “Mexico 54”.

Parents/Population - Observed number of Pl'fmts Expecte(.i Chi-square Probability
Resistant (R) Susceptible (S) radio (R:S)

Kablanketi (P1) 0 59

Mexico 54 (P2) 61

F, (Kablanketi x Mexico 54) 65 6

F, (Kablanketi x Mexico 54) 67 23 3:1 0.015 0.903

BC, F, (P xF)) 27 24 1:1 0.177 0.659

BC,F, (P, x Fy) 34 6 1:0 0.000 1.000

Resistant (R): number of resistant plants (leaf lesion index < 3); Susceptible (S): number of susceptible plants (leaf lesion index > 4);

on CIAT scale of 1-9.

for Mexico 54 and MAR 2 has Phg-4 and Phg-5

resistance genes [29].

4. Conclusions

Selection for traits having high heritability would

be very effective as there would be a close

correspondence between genotype and phenotype.
This work has demonstrated that the heritability for
ALS disease is higher indicating that the trait was

transferred to the offspring and selection can be
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performed in early generation. High heritability
coupled with high expected genetic advance is
considered to be more useful in predicting the
outcome of selection. The study also revealed that
resistance of P. griseola is due to monogenic
dominant gene using Mexico 54 as source of
resistance. The screening technique coupled with the
simple inheritance of angular leaf spot resistance
would lead to easy selection of breeding lines when
the source of resistance is independent of inocula
density. The breeding lines identified to have ALS
resistance with scores of 1-3 and those lines can be
picked as breeding lines for multiplexing other
resistance genes into Kablanketi.
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