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Bacterial blight (BB), caused by Xanthomonas oryzae pathovar oryzae (Xoo), is a major threat to rice
production, especially in Asia and Africa. Developing BB resistant elite rice varieties by deploying BB-
resistant genes is essential for enhancing rice breeding programs is the most effective way to protect the
crop and significantly elevate the yield. An experiment was conducted using fifteen IBTWGL lines developed
through marker-assisted pedigree breeding from the crosses MTU1010 × RMSGM3, MTU-IL × RMSGM3,
and (MTU1010 × RMSGM3) × (MTU1010 × RP5923). These lines were phenotypically screened for resistance
to bacterial blight (BB) using artificial inoculation method against three virulent Xanthomonas oryzae pv.
oryzae (Xoo) isolates, RPR, IXO-20, and RRC-ARI at the ICAR-Indian Institute of Rice Research (ICAR-
IIRR), Hyderabad, Telangana, during the Rabi season of 2020-21. The study included parental lines and
checks such as MTU1010, TN1, RMSGM3, MTU-IL and RP5923. Additionally, the lines were genotyped for
the presence of the BB resistance genes Xa21 and xa13 using gene-specific or linked markers, pTA248 and
xa13-prom, respectively and were visually assessed for agro-morphological traits. All advanced breeding
lines exhibited a resistant reaction in the phenotypic screening, with an average diseased leaf area (%)
ranging from 2.4% to 4.6% and a score of 1 according to the Standard Evaluation System (IRRI, 2013).
Among these, seven lines demonstrated significantly higher yield per plant compared to the check variety
MTU1010, carried the BB resistance genes xa13 and Xa21 and displayed a resistant disease reaction. These
top-performing lines have the potential for advancement to multi-location yield trials and could be valuable
resources in future rice breeding programs.
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ABSTRACT

Introduction
Rice (Oryza sativa L.) is a staple cereal crop that

sustains over half of the world’s population. In India, rice
production was 137.82 million tonnes harvested from land
area of 47.82 million hectares with productivity of 2858
Kilogram per hectare (Indiastat, 2023-2024). Worldwide,
India stands first in area and second in production after
China. To meet the demands of a growing population,
rice production must increase by 42% from current levels
by 2050 (Ray et al., 2013). However, yield potential of

rice cultivation is highly vulnerable to various biotic and
abiotic stresses. Among the biotic factors affecting rice
production, bacterial blight (BB) is one of the most serious
diseases caused by Xanthomonas oryzae pv. oryzae
(Xoo), which is responsible for a yield loss of up to 80%
depending on the severity (Kumar et al., 2012).

Bacterial blight (BB) is a devastating disease in India
during the South-West monsoon season (Kharif or wet
season). This vascular disease manifests as drying and
yellowing of leaves, beginning at the tips and progressing
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downward. The disease thrives at temperatures between
25°C and 34°C, with relative humidity exceeding 70%.
The BB pathogen, Xanthomonas oryzae pv. oryzae,
infiltrates the xylem vessels through natural leaf openings
such as hydathodes and wounds. In field conditions,
symptoms emerge at the tillering stage and intensify as
the plant grows, peaking during the flowering stage. The
most severe form, known as kresek, affects seedlings
and can lead to partial or complete crop failure. The
pathogen exhibits substantial genetic variation, leading to
the evolution of new pathotypes and a high degree of
resistance breakdown.

Studies indicate that cultural and chemical control
methods are often ineffective and expensive, particularly
during epidemics. Among the various management
strategies, host plant resistance remains the most viable
solution, as it is both environmentally sustainable and cost-
effective (Yugander et al., 2018). Both the conventional
and molecular breeding approaches for BB resistance
aim at improving the genetic underpinnings of rice cultivars
and the BB pathogen for host plant resistance (Li et al.,
2020). In the present situation, it is very difficult to meet
the growing challenges only with the application of
conventional plant breeding techniques and tools. It would
be very difficult to select rice lines possessing multiple
resistance genes using the conventional approach alone,
because of the several limitations in conventional breeding
(Sundaram et al., 2014). Molecular tools of biotechnology
can be helpful to meet the rice production and productivity
targets by improving resistance against several diseases.
Plant breeders are currently using Marker-Assisted
Selection (MAS) to identify and select plants based on
DNA markers associated with specific genes responsible
for desirable traits. Since, these markers are located near
or within the DNA sequence of the target gene, they are
inherited across generations according to the standard
laws of inheritance. Likewise, the genetic basis of
resistance to the pathogen has been well studied in rice,
and to date, approximately 45 resistance (R) genes against
bacterial blight (BB) have been identified from various
rice sources (Neelam et al., 2020). Nevertheless,  only
11 of these R genes (Xa1, Xa3/Xa26, Xa4, xa5, xa13,
Xa21, Xa23, Xa25, Xa27 and Xa41) have been cloned
and functionally assessed. It was found that the gene
pyramided lines genes Xa21, xa13 and xa5 are the most
effective BB resistance genes, when evaluated against
prevalent Xoo isolates in India (Muralidharan et al., 2003).

This study was conducted to evaluate responses of
15 IBTWGL advanced generation rice breeding lines
against 3 different isolates of Xoo, genotyped for the
presence of BB resistant genes i.e., Xa21 and xa13 as

these genes offer durable resistance to BB and also to
select superior resistant plants that can be forwarded
further towards developing new resistant high yielding
rice varieties.

Materials and Methods
Plant material

In the current study, fifteen IBTWGL lines, were
derived from three different crosses i.e., MTU1010 ×
RMSGM3, MTU-IL × RMSGM3, (MTU1010 ×
RMSGM3) × (MTU1010 × RP5923), which were raised
along with parents and checks in Rabi 2020-21 (Table
1).
Phenotypic evaluation for bacterial blight resistance
using artificial inoculation

Phenotypic screening for bacterial blight (BB)
resistance was conducted on all advanced backcross lines
(ABLs), along with their parental lines and check varieties.
Three pots were prepared for each genotype, with three
plants in each pot. Pot-1, Pot-2, and Pot-3 were inoculated
with Isolate-1 (RPR), Isolate-2 (IX0-20) and Isolate-3
(RRC-ARI), respectively. These isolates were collected
from Raipur, Chhattisgarh; Hyderabad, Telangana and
Rajendranagar, Telangana. For each plant, 5-6 leaves
were clipped and inoculated at the maximum tillering
stage (55 days after transplanting) using the method
described by Kauffman et al. (1973). The disease
reaction was scored 14 days post-inoculation based on
the Standard Evaluation System (SES) for rice, IRRI
(2013), as outlined in Table 2.
Genomic DNA isolation and PCR amplification

Fresh, young leaves were collected and stored in
1.5 mL microcentrifuge tubes at - 20°C. DNA extraction
was carried out following the Cetyl Tri methyl Ammonium
Bromide (CTAB) method. Extracted DNA pellets were
dissolved in 100 ìl of 1X TE (Tris EDTA) buffer. The
quality and quantity of isolated DNA was checked through
Ethidium Bromide stained Agarose gel electrophoresis
(AGE). 0.8% agarose gel was prepared and the samples
were electrophoresed at 75-80V for 20-30 minutes till
the bromophenol dye front reached 2/3rd of the running
length of the gel.

The gel was then visualized under UV light in an
Alpha Innotech gel documentation system (Alpha
Innotech, USA) for checking the quality and quantity of
DNA. Based on comparison with intensity of DNA
solution of known concentration, the concentration of
samples was determined. Afterwards, the DNA samples
were diluted to a final concentration of ~50 ng/µl using
1X TE buffer and stored at 4°C. 
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Genotyping of rice lines was carried out using PCR
analysis with gene-specific or gene-linked primers. The
amplification was performed in a thermocycler (AB
Veriti, USA) with a final reaction volume of 10 µl. The
PCR program consisted of an initial denaturation step at
95°C for 5 minutes, followed by 35 cycles of amplification
with the following conditions: denaturation at 94°C for
30 seconds, primer annealing at 55°C for 30 seconds,
and primer extension at 72°C for 1 minute. A final

extension step was performed at 72°C for 7 minutes.
Several gene-specific/linked markers have been used

for screening BB resistance alleles (Anik et al., 2022;
Mohapatra et al., 2023; Kanipriya et al., 2024; Sumuni
et al., 2024). In the present study, Xa21 and xa13 genes
were screened using the markers pTA248 and xa13-
prom respectively. The details of the markers, their
sequences and allele sizes are given in Table 3.
Agro-morphological traits

Fifteen IBTWGL ABLs along with parents and
checks were grown during Rabi season 2020-21 at
College Farm, PJTSAU, Rajendranagar. Three well
established plants were selected for carrying out agro-
morphological evaluation. The observation was recorded
on days to 50% flowering (DFF), plant height (cm),
number of productive tillers per plant, number of filled
grains per panicle, panicle length (cm), panicle weight
(g), 1000 seed weight (g) and grain yield per plant (g)

Table 2 : Bacterial blight disease scoring according to
Standard Evaluation System (SES) scale (IRRI, 2013).

Score % Leaf area infected Category
1 1-5% Resistant
3 6-12% Moderately resistant
5 13-25% Moderately susceptible
7 26-50% Susceptible
9 51-100% Highly susceptible

Table 1 : List of IBTWGL lines selected for raising during Rabi 2020-21.

S. no. Entry used Parentage Gene combination in F5

1 IBTWGL1 Xa21, xa13, Gm4, Gm8

2 IBTWGL2 Xa21, xa13, Gm4, Gm8

3 IBTWGL3 Xa21, xa13, Gm4, Gm8

4 IBTWGL4 Xa21, xa13, Gm4, Gm8

5 IBTWGL5 MTU1010 × RMSGM3 Xa21, xa13, Gm4, Gm8

6 IBTWGL7 Xa21, xa13, Gm4, Gm8

7 IBTWGL8 Xa21, xa13, Gm4, Gm8

8 IBTWGL9 Xa21, xa13, Gm4, Gm8

9 IBTWGL10 Xa21, xa13, Gm4, Gm8

10 IBTWGL15 Xa21, xa13, Gm4, Gm8

11 IBTWGL16 Xa21, xa13, Gm4, Gm8

12 IBTWGL19 MTU-IL × RMSGM3 Xa21, xa13, Gm4, Gm8

13 IBTWGL21 Xa21, xa13, Gm4, Gm8

14   IBTWGL22 (MTU1010 × RMSGM3) × Xa21, xa13, Gm4, Gm8, gm3

15 IBTWGL31 (MTU1010 × RP5923) Xa21, xa13, Gm4, Gm8, gm3

Table 3 : Details of gene specific and gene linked markers for bacterial blight resistance.

S. Target Molecular Type of Chromosome Forward primer Reverse primer Allele References
no. gene marker marker location size

(bp)

1 Xa21 pTA248 Gene linked 11 F:AGACGCGAAGG R: AGACGCGGTAATC R-990 Ronald
marker GTGGTTCCCGA GAAGATGAAA S-750 et al. (1992

2 xa13 xa13- prom Gene 8 F:GGCCATGGCTC R:GAGCTCCAGCTC R-500 Sundaram
specific AGTGTTTAT TCCAAATG S-300 et al. (2008)
marker

R - Resistant allele S - Susceptible allele.
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and analyzed for determining the yield potentiality of
genotypes.
Statistical analysis

The data recorded from the three selected plants
were averaged to derive representative means for each
genotype. The means for each trait across replications
were then subjected to statistical analysis to calculate
the mean, range, standard error (SE), coefficient of
variation (CV) and critical difference (CD), which were
determined using the OPSTAT software.

With each set of genotypes, earliness and other yield
parameters of all the lines were compared with check
MTU1010, the best lines with earliness and statistically
significant higher yield than MTU1010 were identified
and selected.

Results and Discussion
Phenotyping for bacterial blight resistance

Scoring for BB reaction was done 14 days after
inoculation (DAI) using the SES (IRRI, 2013) and lesion
length was recorded. According to which, the susceptible
check, TN1, MTU1010 have shown highly susceptible
reaction (HS) with a score of 9. RMSGM3, RP5923 and
MTUIL for IBTWGL lines showed resistant reaction (R)
to BB with a score of 1. All entries showed resistance
against all the three isolates with the diseased leaf area
ranged between 2.4% to 4.6% against Isolate-1, 2.6% to
4.1% against Isolate-2 and 3.1% to 4.3% against Isolate-
3 with score of 1 (Table 4) as per SES (IRRI, 2013)
scale (Fig. 1).

The findings of the present study align with previous
research that employed the leaf clipping method of

Kauffman et al. (1973) for phenotypic screening of rice
genotypes against bacterial blight (BB). This method has
been widely utilized by various researchers across
different generations of rice lines, as demonstrated in
studies by Divya et al. (2015), Arunakumari et al. (2016),
Busungu et al. (2016), Laha et al. (2017), Das et al.
(2018), Swathi et al. (2019), Kotasthane and Gaikwad
(2021), and Akter et al. (2022). These studies have
confirmed the efficacy of the leaf clipping method in
assessing BB resistance in both early and advanced
generations of rice breeding programs.

Additionally, Yugander et al. (2018) demonstrated
that backcross-derived lines can be effectively screened
using multiple Xanthomonas oryzae pv. oryzae (Xoo)
strains, further validating the robustness of this
methodology. Similar to our approach, Das et al. (2018)
employed the leaf clipping technique at the maximum
tillering stage to evaluate gene pyramids in the Tapaswini
variety against BB. Furthermore, Kotasthane and
Gaikwad (2021) successfully screened an F3 population
derived from a cross between IRBB59 and Karma
Mahsuri, reinforcing the reliability of this method for
resistance assessment in segregating populations.

A notable trend observed in earlier literature is the
predominant use of single isolates for screening BB
resistance in rice lines, as reported by Arunakumari et
al. (2016), Abhilash Kumar et al. (2017), Nikita et al.
(2018), Fatima et al. (2018), Swathi et al. (2019),
Kotasthane and Gaikwad (2021), and Kumar et al.
(2023). However, in contrast to these studies, a few
researchers, including Mondal et al. (2014), Das et al.
(2018), Yugander et al. (2018), Jamaloddin et al. (2021),
and Kanipriya et al. (2024), have tested multiple isolates,
a practice also employed in the present study. The use of
multiple isolates provides a more comprehensive
evaluation of resistance, as it accounts for the genetic
diversity and pathogenic variability of Xoo strains.

By incorporating multiple isolates in our study, we
were able to assess the resistance spectrum of the tested
genotypes more effectively. This approach is particularly
crucial in breeding programs aimed at developing broad-
spectrum resistance to BB, as it ensures that selected
lines possess durable resistance across diverse pathogen
populations. The observed results reinforce the need for
continued efforts in deploying multiple isolates for
resistance screening to enhance the robustness of
breeding strategies targeting BB resistance in rice.
Genotyping for bacterial blight resistance

Functional marker xa13-prom was used for the xa13,
a recessive BB gene with 500 bp as resistant allele size

Fig. 1 : Bacterial blight reaction in IBTWGL lines during Rabi
2020-21. TN1: Taichung Native 1 (Negative check for
BB), RMS: RMSGM3 (Positive check for BB), RP5:
RP5923, MIL: MTUIL, M: MTU1010 (Negative check
for BB), 1: IBTWGL1, 2: IBTWGL2, 3: IBTWGL3, 4:
IBTWGL4, 5: IBTWGL5, IBTWGL7, 7: IBTWGL8, 8:
IBTWGL9, 9: IBTWGL10, 10: IBTWGL15, 11:
IBTWGL16, 12: IBTWGL19, 13: IBTWGL21, 14:
IBTWGL22, 15: IBTWGL31.
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and 300 bp as susceptible allele size. Similarly, pTA248,
a gene linked marker with resistant allele size of 990 bp
and susceptible allele size of 750 bp was used for
dominant gene Xa21 mapped on to chromosome 11
(Ronald et al., 1992). Among 15 lines, all were carrying
Xa21 (Fig. 2) and xa13 (Fig. 3) in homozygous condition
as a result, the study found that combining various BB
resistance genes to generate durable resistant lines with
long-term steady performance is quite beneficial. Although

several effective BB resistance genes, such as xa13 and
Xa21, have been identified (Hajira et al., 2016), although
single resistant gene is usually race-specific and can be
overcome as new races emerge, whereas the combination
of different resistance genes gives broad spectrum
durable resistance against a wide range of races.

The results of present study line up with previous
findings that pyramiding multiple BB resistance genes
into a single genetic background enhances the durability
and broad-spectrum resistance of rice cultivars. The
incorporation of two or more resistance genes (xa5, xa13
and Xa21) has been shown to provide significant
protection against diverse strains of the bacterial blight
pathogen, which supports the effectiveness of this
approach for developing resilient rice varieties (Sundaram
et al., 2008; Arunakumari et al., 2016; Jamaloddin et al.,
2020).

The use of molecular markers, particularly xa13-prom
and pTA248, has proven to be a reliable tool for confirming
the presence of BB resistance genes xa13 and Xa21
(Mohapatra et al., 2023; Kanipriya et al., 2024; Sumuni
et al., 2024). In this study, six pyramided lines were
successfully developed in the genetic backgrounds of
Swarna and IR64. Their evaluation across different
regions suggests their potential as broad-spectrum
resistant cultivars. This geographical assessment is
crucial, as pathogen virulence can vary by location, and
resistant lines must demonstrate effectiveness across
diverse environments (Pradhan et al., 2015).

Moreover, the successful introgression of xa5, xa13,
and Xa21 into the salt-tolerant, high-yielding Basmati
variety CSR-30 by Nikita et al. (2018) underscores the
feasibility of combining biotic and abiotic stress tolerance.
The use of Marker-Assisted Backcross Breeding
(MABB) in this process has facilitated the precise
selection of resistant individuals, reducing linkage drag
and ensuring that desirable agronomic traits are retained.
This reinforces the importance of marker-assisted
selection in modern breeding programs.

While pyramiding BB resistance genes has shown
promise, further long-term field evaluations are necessary
to assess their stability under varying environmental
conditions. Additionally, continuous pathogen monitoring
is essential, as new virulent strains may emerge that could
potentially overcome the resistance conferred by these
genes. Future studies should explore the combination of
BB resistance genes with other disease resistance genes
to develop even more robust cultivars.
Evaluation of agro-morphological traits

Phenotypic data were recorded for all the rice lines

Fig. 2 : Molecular confirmation of IBTWGL lines xa21 gene
using gene linked marker pTA248. Three plants of each
line of the 15 IBTWGL lines were used for PCR
analysis. The marker pTA248 showed resistance allele
size of 990 bp and susceptible allele size of 750 bp L:
100 bp ladder, RM: RMSGM3, RP: RP5923, ML: MTU-
IL, M: MTU1010, TN1: Taichung Native 1 (Negative
check).

Fig. 3 : Molecular confirmation of IBTWGL lines for xa13
gene using gene-specific marker xa13-prom. Three
plants of each line of the 15 IBTWGL lines were used
for PCR analysis. The marker xa13-prom showed
resistance allele size of 500 bp and susceptible allele
size of 300 bp L: 100 bp ladder, RM: RMSGM3, RP:
RP5923, ML: MTU-IL, M: MTU1010, TN1: Taichung
Native 1 (Negative check).



2644 K.P. Gaganashree et al.

along with parents and checks which were grown with
two replications in Randomised Complete Block Design
(RCBD) at college farm, PJTSAU, Rajendranagar during
Rabi 2020-21. The traits recorded were days to 50%
flowering (DFF), plant height (cm), number of tillers,
number of productive tillers, panicle length (cm), panicle
weight (g), number of grains per panicle, 1000 seed weight
(g), grain yield per plant (g) and were statistically analysed
using software OPSTAT. Based on the phenotypic data,
best performing lines with BB resistance were selected
and forwarded to next generation.

All the lines were observed early compared to
MTU1010 in duration. Five among 15 IBTWGL lines
[IBTWGL4 (28.17 g), IBTWGL8 (27.65 g), IBTWGL16
(28.55 g), IBTWGL21 (27.58 g) and IBTWGL31 (28.92
g)] were recorded statistically significant superior yield
than the MTU1010 whereas, two lines IBTWGL5 (26.0
g) and IBTWGL10 (26.92 g) were numerically higher in
yield when compared to MTU1010 (Table 5).

The identification and development of disease-
resistant rice lines with improved yield potential have been
a key focus of recent breeding efforts. Arunakumari et

al. (2016) identified three ICF3 promising lines with grain
yields comparable to MTU1010, highlighting their potential
for BB and blast resistance. Similarly, Abhilash Kumar
et al. (2017) demonstrated that RPIC-16-65-125, a single
ICF4 line carrying the Xa21, Gm4, and Gm8 genes,
exhibited superior panicle structure and a higher grain
count per panicle compared to the recurrent parent
RPHR-1005. This suggests that these genetic factors
contribute to enhanced grain output per plant.

Further advancements in BB-resistant rice breeding
were reported by Nguyen et al. (2018), who identified
11 BC3F3 plants, selecting eight based on agronomic
traits. Among these, five high-performing plants with
strong BB resistance were chosen to develop pure lines
for evaluating the potential of BB-resistant LT2. Similarly,
Dixit et al. (2020) employed a rigorous phenotypic
selection process following genotypic screening for BB
resistance genes Xa21, xa13, Xa4, and xa5. Their study
successfully identified seven high-yielding introgressed
lines (ILs) that performed well under various biotic
stresses, including BB, blast, gall midge (GM), and brown
planthopper (BPH). Varanasi et al. (2023) reported that

Table 4 : Disease reaction of IBTWGL rice breeding lines against three Xoo isolates.

Isolate-1 (RPR) Isolate-2 (IX0-20) Isolate-3 (RRC-ARI)
S. no. Genotypes

Diseased BB Reaction Diseased BB Reaction Diseased BB Reaction
leaf area Score* leaf area Score* leaf area Score* Reaction
% % %

1 IBTWGL1 3.3 1 R 3.9 1 R 3.7 1 R
2 IBTWGL2 3.5 1 R 3.8 1 R 3.4 1 R
3 IBTWGL3 2.7 1 R 2.6 1 R 3.5 1 R
4 IBTWGL4 2.4 1 R 3.0 1 R 4.1 1 R
5 IBTWGL5 4.1 1 R 4.1 1 R 3.2 1 R
6 IBTWGL7 3.6 1 R 3.5 1 R 3.1 1 R
7 IBTWGL8 3.4 1 R 3.1 1 R 4.0 1 R
8 IBTWGL9 2.8 1 R 3.9 1 R 4.3 1 R
9 IBTWGL10 4.6 1 R 3.2 1 R 3.5 1 R
10 IBTWGL15 3.6 1 R 2.6 1 R 4.3 1 R
11 IBTWGL16 3.7 1 R 3.6 1 R 3.8 1 R
12 IBTWGL19 3.5 1 R 3.5 1 R 3.7 1 R
13 IBTWGL21 4.0 1 R 3.4 1 R 3.1 1 R
14 IBTWGL22 3.9 1 R 4.0 1 R 3.4 1 R
15 IBTWGL31 3.0 1 R 3.7 1 R 4.2 1 R
16 RP5923 3.5 1 R 3.3 1 R 4.4 1 R
17 MTU1010 67.7 9 HS 71.7 9 HS 69.1 9 HS
18 RMSGM3 2.7 1 R 3.8 1 R 4.1 1 R
19 MTUIL 2.5 1 R 3.8 1 R 3.5 1 R
20 TN1 69.2 9 HS 81.2 9 HS 64.5 9 HS

*Bacterial blight reaction scoring was done as per SES (IRRI, 2013). HS: Highly Susceptible, R: Resistant.
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2.5

9
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6
1.5

8
1.3

9
0.6

4
11

.49
0.4

7
2.0

4

among the RP1-ILs, seven recorded
higher grain yield than Krishna
Hamsa, while the remaining 15 had
similar grain yield. Similarly, among
the RP2-ILs, 14 recorded higher
grain yield than WGL 14, whereas
the remaining five had comparable
grain yields with resistance to
bacterial blight.

These studies collectively
emphasize the significance of
integrating resistance genes into elite
rice varieties to enhance both yield
and resilience. The identification of
high-yielding and disease-resistant
lines offers promising prospects for
future breeding programs aimed at
improving rice productivity under
biotic stress conditions.

In this study, all 15 IBTWGL
lines carrying the BB resistance
genes (Xa21 and xa13) exhibited
resistance to three Xoo isolates in
phenotypic screening. Agro-
morphological analysis indicated that
these lines had an earlier maturity
duration compared to MTU1010.
Among them, five ABLs
(IBTWGL4, IBTWGL8,
IBTWGL16, IBTWGL21, and
IBTWGL31) demonstrated
significantly higher yields, while two
(IBTWGL5 and IBTWGL10)
recorded numerically superior yields
than MTU1010. These seven high-
yielding, BB-resistant advanced-
generation rice breeding lines show
strong potential for further
development. Additionally, as these
lines carry genes for gall midge
resistance, further screening could
help identify those with multiple biotic
stress resistance.

Conclusion
Sustaining rice production and

productivity is increasingly
challenging with conventional
breeding alone due to its limitations
in phenotype-based selection.
Additionally, the high variability of the
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BB pathogen and the constant evolution of virulent Xoo
isolates necessitate the continuous identification and
integration of new BB resistance genes into popular
varieties. Marker-assisted backcross breeding has proven
effective in incorporating major resistance genes against
BB and other biotic stresses, enhancing both yield and
disease resistance. The identification, characterization,
mapping, tagging, and introgression of BB resistance
genes into elite rice varieties have played a crucial role in
establishing durable resistance worldwide. The adoption
of molecular approaches to combat BB has shown
promising results and is expected to significantly improve
rice productivity, quality, and overall production in the
coming years. The present study was an attempt to
evaluate advanced generation rice breeding lines and to
identify the best performing high yielding lines with durable
BB resistance. These lines could be evaluated further
and promising ones could be forwarded towards release
as BB resistant high yielding varieties that would be useful
to the rice farming community.
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