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Abstract

Bacterial leaf blight (BLB), caused by Xanthomonas oryzae pv. oryzae (X00) is a significant disease
attacking rice crops worldwide. This disease attacks at various stages of plant growth and causes
significant yield loss. Breeding new varieties resistant to BLB is important to support sustainable
agriculture in the future. This study aimed to identify new superior green super rice (GSR) lines resistant
to BLB disease. The experiment evaluated the resistance of lowland rice lines obtained from anther
culture using a factorial randomized complete block design. The 1% factor was genotype, consisting of
20 lines, 2 checks of commercial varieties (Inpari 42 Agritan GSR and Inpari 18), a resistant check
(Conde), and a susceptible check (Taichung Native 1). The 2" factor was BLB pathotypes (i.e., II, IV,
and VIII). Quantitative data on disease severity and severity index were analyzed using analysis of
variance and t-Dunnett's test at 5% level. The results showed that the interaction between genotype and
pathotype affected the disease severity and severity index in both growth phases. The tested lines
exhibited varying resistance, from susceptible to resistant, to BLB. Four lines (SN 11, 13, 57, and 58)
showed moderate to resistant criteria for BLB disease of 3 pathotypes in both growth phases. The
selected lines can be used as a source of parents for breeders and candidates for new superior varieties
with BLB resistance properties to support the reduction of synthetic chemical bactericide inputs and
control BLB disease. However, further field evaluations are necessary to assess their performance.
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INTRODUCTION

Rice is a staple food consumed by more than
50% of the world’s population (Jiang et al., 2020)
and is a staple food for the majority of people
in Indonesia (Rachman et al., 2022). In 2021,
domestic rice production decreased by around
0.43% from the previous year, and the downward
trend continued until 2023 (Statistics Indonesia,
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2024a). Domestic production has been unable to
meet demand and has sufficient reserves, so the
government has taken steps to import rice. Based
on data from Statistics Indonesia (2024b), over the
last 3 years, Indonesia’s rice imports amounted to
356,286 tons in 2019, then increased to 407,741
tons in 2021 and 429,207 tons in 2022.
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Gram-negative bacteria, specifically
Xanthomonas oryzae pv. oryzae (Xoo) are
responsible for causing bacterial leaf blight (BLB)
disease, which affects rice plants (Ashwini et al.,
2021; Khannetah et al., 2021). This disease
attacks most rice-growing countries worldwide
(Azizi and Lau, 2022). This BLB can cause rice
yield losses of 10 to 20% (Duy et al., 2021)
and even up to 50% (Liu et al., 2014) and is
economically damaging worldwide (Sanya et al.,
2022). Subehi et al. (2020) stated that BLB
attacked rice plantations in Indonesia around
46,185 ha in 2018, 39,540 ha in 2019, and 38,485
ha in 2020.

BLB pathotypes are grouped based on
different levels of virulence. Noer et al. (2018)
confirmed that in Indonesia, 6 pathotypes were
found, while Asysyuura et al. (2017) reported
that pathotype XII was found in Pangkep and
Takalar Regencies of South Sulawesi, Indonesia.
However, the dominant ones that develop and
attack rice production centers in Indonesia are
3 pathotypes: 11, 1V, and VIII (Sudir and Yuliani,
2016). Pathotype Ill predominantly attacks rice
centers in South Sulawesi, South Sumatra, and
Yogyakarta. Pathotype 1V predominantly attacks
the provinces of North Sumatra, Lampung, and
West Nusa Tenggara (Sudir and Yuliani, 2016).
Pathotype VIII attacks the provinces of Banten,
West Java, Central Java, and East Java (Sudir
and Yuliani, 2016). In China, pathotype IX is
a new pathotype growing rapidly (Chen et al.,
2018). Deng et al. (2016) reported that 45
pathotypes of 80 highly virulent Xoo pathotypes
were identified based on identification results
from 1986 to 2011 in Taiwan. Of the 300 Xoo
isolates collected from 17 districts in Pakistan,
they were grouped into 29 pathotypes, with
pathotype 1 being the most virulent of all the
other pathotypes (Arshad et al., 2017). In India,
400 isolates collected were grouped into 22
pathotypes. Pathotypes 1 and 2 were less virulent,
while pathotypes 3 to 22 were highly virulent
(Yugander et al., 2017).

Suppression of bacterial growth can be done
in various ways, such as the use of antagonistic
bacteria (Yasmin et al., 2016), fluridone induction
to suppress abscisic acid (Ding et al., 2019),
bioengineering approaches (Ahmed et al., 2022),
and breeding resistant variety with conventional
and molecular approaches (Chukwu et al., 2019).
Breeding of superior varieties that are responsive
to nitrogen can increase rice production.
However, continuous use of nitrogen combined
with wet environmental conditions can increase

disease incidence. Synthetic disease control can
increase adverse environmental impacts (Pradhan
et al., 2015). Planting resistant varieties may
reduce yield losses due to BLB disease, thus
supporting environmentally friendly agriculture
(Ji et al., 2018).

One of the rice breeding that supports
sustainable agriculture is the development of
green super rice (GSR). GSR has several
characteristics, such as increased yield per unit
area, good quality, resistance to major pests
and diseases, efficient nutrient absorption (Jewel
etal., 2019), tolerance to drought (Yu et al., 2020),
salinity (Amanat et al., 2022), high-temperature
stresses (Zafar et al., 2022), and increased
adaptability to future climate change (Li and Ali,
2017; Zafar et al., 2022). GSR breeding can be
done using biparental crosses (Nurhidayah et al.,
2023), backcrossing to produce rice that is
resistant to pests and diseases (Ali et al., 2021),
pyramiding genes using  Marker-assisted
Selection (MAS) (Chukwu et al., 2019),
identifying of Quantitative Trait Loci (Huerta
et al., 2021), genomic breeding approaches (Yu
et al.,, 2020), and CRISPR-Cas9 (Zafar et al.,
2020). Chemical residues in pesticides will cause
environmental pollution in soil, water, and air.
Apart from that, it will be toxic to other
organisms, such as beneficial insects and non-
target plants (Tudi et al., 2021). GSR varieties
resistant to BLB disease will benefit farmers in the
future because using bactericides becomes more
efficient in supporting environmentally friendly
agriculture.

The Indonesian Ministry of Agriculture
released the Inpari 42 Agritan GSR, Inpari 43
Agritan GSR, and Inpari 46 GSR TDH varieties
from 2016 to 2019 (Susanto et al., 2022).
However, the breeding of GSR varieties that are
more resistant to the 3" pathotype needs further
study to obtain resistant varieties. Therefore, the
researchers used the GSR varieties as biparental
cross parents in this study (Inpari 42 GSR x B22-
1, B-22-1 x Inpari 42 Agritan GSR, Inpari 42
Agritan GSR x Inpari 46 GSR TDH, Inpari 42
Agritan GSR x Inpari IR Nutri Zinc, and Inpari 42
Agritan GSR x Bionil 6-1). Based on these
problems, this study aims to evaluate resistance to
BLB disease in doubled haploid (DH) GSR lines
obtained from anther culture. This study aimed
to identify new superior GSR lines resistant to
BLB disease. These genotypes may contribute
to reducing the use of synthetic chemical
bactericides in the future and suppressing the
spread of BLB disease.
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MATERIALS AND METHOD

Plant materials and field planting

The experiment was carried out in the
greenhouse of the Center for Instrument Standard
Testing of Biotechnology and Agricultural
Genetic Resources, Bogor, West Java Province,
at an altitude of 220 meters above sea level
(m asl) with coordinates of 106°47'06.7" E and
6°34'32.2" S. The research was carried out from
September to December 2023.

The research materials used were rice
genotypes from the previous selection of 20 lines
(Nurhidayah et al., 2023), 2 check commercial
varieties (Inpari 42 Agritan GSR and Inpari 18),
the Taichung Native 1 (TN-1) variety as
a susceptible check, and the Conde variety as
a resistant check (Table 1). Other materials
include soil, manure, and NPK fertilizer.

The seeds were placed in a petri dish, soaked
in sterile water for 24 hours, and then incubated
for 5 days. Next, the germinating seeds were
transplanted into pots filled with mud and manure
in a ratio of 10:1. The seedlings were planted at
a distance of 3 cm x 3 cm and maintained until
the plants were ready to be inoculated. Plants were
fertilized using NPK fertilizer at a dosage of
3 g plant™ which was applied at 1, 4, and 8 weeks
after planting (WAP). Plants were watered in each
plot until the soil was submerged. Weeds that
grew were removed manually. Plants were ready
for inoculation at 30 and 60 days after planting.

Experimental design

The research employed a factorial randomized
complete block design with 2 main factors:
genotype and BLB pathotype. The genotype
factor comprised 24 genotypes while the BLB
pathotype factor consisted of 3 pathotypes
(1, 1V, and VII), resulting in 72 treatment
combinations. Each treatment combination was

replicated 3 times, leading to 216 experimental
units. Five plants were grown within each unit,
and 2 leaves per plant were sampled, totaling
10 leaves per experimental unit.

Preparation of Xoo suspension and bacterial
inoculation

The preparation of Xoo suspension followed
the method of Yuriyah et al. (2021). Bacterial
inocula of pathotypes I, 1V, and VIII were
cultured using Wakimoto plus ferrous sulfate
(WF-P) agar media in a petri dish for 48 hours
at 28 °C until a single colony grew. These colonies
were then taken using a sterile tube into
an erlenmeyer flask containing 10 ml of sterile
water and were agitated to produce a suspension
of Xoo conidia. The resulting suspension was
stirred thoroughly and the concentration was
adjusted to 10° cells ml™.

The Xoo suspension was inoculated using
the scissors (clipping) method. Sterile scissors
were dipped in the bacterial suspension containing
the Xoo bacterial pathotype and then inoculated
on the leaf by cutting the tip of around 1.5 cm.
The experiment used 30 fully opened rice leaves
aged 30 days in the vegetative phase and 60 days
in the generative phase. After inoculation, the
greenhouse humidity was maintained at around
> 65% by misting with a sprinkler until 14 days
post-inoculation. Observations were conducted
on the 14" day after inoculation by measuring
the length of leaves infected with BLB, with the
leaf length observed in each treatment.

Variable evaluation

Disease severity was measured by measuring
the length of the affected leaf (cm) divided by the
observed leaf length (cm) x 100 (IRRI, 2014;
Biswas et al., 2021). Data on the percentage of
disease severity for each leaf were then used to
calculate the percentage of disease severity index

Table 1. Lowland rice lines resulting from anther culture tested

No. Code Genotype No. Code Genotype

1. SN2 FS1-69-1-1 13. SN28 FS6-13-1-1

2 SN3 FS2-6-1-1 14. SN32 FS6-29-1-1

3 SN5 FS2-6-1-3 15. SN40 FS6-32-2-1

4.  SN9 FS5-5-1-2 16. SN51 FS6-56-1-1

5. SN11 FS5-11-1-2 17. SN57 FS8-6-1-1

6 SN12 FS5-11-1-3 18. SN58 FS8-6-1-2

7 SN13 FS5-11-2-1 19. SN59 FS8-6-1-3

8. SN14 FS5-20-1-1 20. SN60 FS8-6-1-4

9. SN15 FS5-25-1-1 21. Commercial variety Inpari 42 Agritan GSR
10. SN18 FS5-33-1-3 22. Commercial variety Inpari 18
11. SN20 FS5-33-1-5 23. Susceptible check  Taichung Native-1 (TN-1)
12.  SN25 FS6-4-1-2 24. Resistant check Conde
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(Number of affected leaves on each scale x score severity of leaf)

DSI (%) = Sum

x 100 (1)

(Total leaves observed X highest severity score)

(DSI) (IRRI, 2014; Bock et al., 2020). The DSI
(%) was calculated using Equation 1.

The level of disease resistance was measured
based on calculating the disease severity for each
genotype and then grouping resistance based on
the Standard Evaluation System of Rice (SES)
(IRRI, 2014) which is presented in Table 2.

Table 2. Criteria of BLB disease resistance based
on disease severity

Scale SE\E)EII’Sif[};S(% %) Level of resistance

0 0 HR = Highly resistance

1 1-6 R = Resistance

3 > 6-12 MR = Moderately
resistance

5 > 12-25 MS = Moderately
susceptible

7 > 25-50 S = Susceptible

9 >50-100 HS = Highly susceptible

Source: IRRI (2014)

Data analysis

The disease severity and DSI data sets were
subjected to analysis of variance and further
tested by t-Dunnett’s test at level 0.05 using
SAS on Demand for Academics software
(https://welcome.oda.sas.com/). BLB resistance
levels were tabulated using Microsoft Excel and
analyzed descriptively.

RESULTS AND DISCUSSION

Performance of DH GSR lines against BLB
disease in the vegetative phase

As presented in Table 3, the analysis of
variance revealed that genotype significantly
affected disease severity and DSI. The pathotype
significantly impacted disease severity and
DSI. The genotype x pathotype interaction
significantly influenced disease severity and DSI.
Coefficient of variation (CV) disease severity had
9.97% and DSI had 5.74%. A further t-Dunnett's
test at the 5% significance level was conducted
for the factors that showed significant effects
(Table 4).

The disease severity of lines against BLB
pathotype 111 was 1.88 to 23.26%, pathotype IV
was 1.79 to 23.80% and pathotype VIII was
7.76 to 18.75%. Four lines (SN 3, 9, 25, and 28)
showed no significant difference from the
susceptible check variety TN-1 variety when
exposed to BLB pathotype Il during the
vegetative phase. Sixteen other lines and Conde
were significantly better than the TN-1 variety to
BLB pathotype Ill. For BLB pathotype 1V,
line SN 15 did not differ from TN-1, while SN 3
did not differ from TN-1 in response to BLB
pathotype VIII. The Inpari 18 variety was not
significantly different from the susceptible
check variety TN-1 in pathotypes Il and IV.
Meanwhile, several lines significantly exhibited
lower disease severity than the susceptible
check variety TN-1, BLB pathotypes 1V and VIII
(Table 4). Evaluation of the source of disease
resistance in genotypes depends on accurate
measurement of disease severity estimates (Habib
et al., 2022).

The DSI varied across the tested lines.
For pathotype III, the DSI ranged from 9.70
to 61.66%; pathotype IV ranged from 10.15
to 48.98%; and pathotype VIII ranged from 27.54
to 51.29%. DSI of 16 lines, Inpari 42 Agritan
GSR, and Conde were significantly different
from the TN-1 as a susceptible variety, except for
4 lines (SN 3, 9, 25, and 28) and Inpari 18 which
were insignificant from TN-1 to against BLB
pathotype IIl. The DSI of all lines, Inpari 42
Agritan GSR, and Conde was significantly lower
than the susceptible check variety TN-1 except
SN 15 and Inpari 18, which was insignificant
against TN-1 variety on BLB pathotype IV.
The DSI of the 11 lines, Inpari 18, and Conde
significantly differed from the TN-1 variety
against BLB pathotype VIII.

Based on the screening results of the 20 rice
lines tested, resistance scores ranging from 1 to 5
were obtained for all pathotypes, indicating
varying resistance levels to BLB, from
moderately susceptible to resistant (Table 5). Six
lines (SN 3, 9, 18, 25, 28, and 51) were classified

Table 3. Analysis of variance on disease severity and severity index in the vegetative phase

Traits Block Genotype Pathotype Genotype x Pathotype CV (%)
Disease severity ~ 0.149" 0.482" 0.508" 0.149™ 9.97
DSI 0.347” 0.210” 0.574” 0.070™ 5.74

Note: *, ** = significant at 0.05 and 0.01 levels, respectively; data were transformed with log transformation
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Table 4. Disease severity and severity index for BLB disease on DH GSR lines from anther culture in

the vegetative phase

Disease severity (%) DSl (%)

Genotype Pl PIV PVIII Pl P IV PVIII
SN 2 9.48" 11.57" 10.96" 26.10" 34.41° 38.90
SN 3 19.35™ 14.57" 18.75™ 42.99"™ 31.87" 51.29"
SN5 2.117 9.26" 16.34" 13.39" 29.06" 47.13™
SN 9 22.22" 16.98" 11.39" 48.60™ 35.75" 34.67"
SN 11 2.63" 1.79" 8.13" 13.80" 10.15" 31.87"
SN 12 2.49" 4.86" 7.76" 13.80" 16.34" 27.54"
SN 13 4.90 4.82" 10.23" 25.51" 16.72" 37.73°
SN 14 3.63" 19.95" 14.45" 16.09" 41.05" 41.69™
SN 15 8.98" 23.80"™ 9.62" 38.02" 48.98™ 34.67"
SN 18 13.80" 5.33" 11.84" 33.37" 16.47" 38.90"
SN 20 11.31" 3.49" 12.98" 37.44" 14.45" 43.65"
SN 25 23.26™ 13.18" 16.98" 61.66"™ 35.21" 46.77"
SN 28 15.85" 13.08" 15.25" 44.67" 37.73° 43.32"
SN 32 7.70" 14.13" 14.45" 36.31" 36.59" 45.36™
SN 40 4.61" 11.93" 12.59" 14.68" 30.20" 41.69™
SN 51 12.49" 12.21" 11.93" 36.31" 30.43" 43.32™
SN 57 1.88" 10.63" 10.31" 9.70" 27.12" 37.44"
SN 58 6.26" 4.61" 9.77" 16.47" 17.25" 33.11°
SN 59 9.33" 9.19" 8.45" 18.06" 27.75" 29.29"
SN 60 10.47" 4.30" 12.88" 29.97" 15.25" 40.43"
Inpari 42 Agritan GSR 6.61" 8.32" 13.80" 19.20° 23.62" 47.13™
Inpari 18 17.25™ 29.29" 9.33" 40.43"™ 57.54" 34.41"
TN 1 (Susceptible check)  26.10 38.02 33.37 61.19 74.13 66.07
Conde (Resistant check) 3.80" 5.01" 2.29" 22.22" 14.45 11.84"
Mean 10.27 12.10 12.66 30.00 30.11 39.51

Note: P = Pathotype, * = Significantly different, " = Not significantly different to susceptible check (TN-1) based

on t-Dunnett's test at 0.05 level

as moderately susceptible to BLB pathotype 11,
similar to the Inpari 18 variety. Six other lines
(SN 2, 15, 20, 32, 59, and 60) were categorized
as moderately resistant, aligning with their parent
variety Inpari 42 Agritan GSR, which exhibits
moderate resistance to BLB pathotype I1l. Eight
lines (SN 5, 11, 12, 13, 14, 40, 57, and 58) were
classified as resistant to BLB pathotype 111 during
the vegetative phase, comparable to the Conde
variety, which served as a resistance check.

Pathotype IV BLB inoculated on the tested
lines was on a scale of 1 to 5 from moderately
susceptible to resistant (Table 5). However, the
lines tested for pathotype IV had more criteria for
being moderately susceptible (8 lines = 40%) than
pathotype Il (30%). The criteria for moderately
resistant were 5 lines (SN 2, 5, 40, 57, and 59) or
25% of the line tested. Criteria for resistance to
BLB pathotype IV in a vegetative phase were
7 lines (SN 11, 12, 13, 18, 20, 58, and 60) or 35%
of the line tested.

Resistance to BLB pathotype VIII during the
vegetative phase was observed on only 2 scales

(3 and 5) corresponding to 2 resistance criteria:
moderately susceptible and moderately resistant
(Table 5). Nine lines (45%) were classified
as moderately susceptible, which is the same
percentage as for pathotype IV (45%) but higher
than for pathotype 111 (30%). Eleven lines (SN 2,
9, 11, 12, 13, 15, 18, 51, 57, 58, and 59) or 55%
of the line tested were identified as moderately
resistant, similar to the Inpari 18 variety. This
population has no resistant and highly resistant
lines against BLB pathotype VIII. This finding
aligns with the research by Putri et al. (2023),
which reported that the 12 genotypes tested were
generally more susceptible to pathotype VIII
compared to the other 2 pathotypes.

Among the 20 lines tested in this study, 6 lines
(SN 11, 12, 13, 57, 58, and 59) were identified
as moderately resistant to resistant against all
3 BLB pathotypes (lIl, IV, and VIII) (Table 5).
Khannetah et al. (2021) stated that such genetic
resources have the potential to serve as donors
for developing rice varieties resistant to BLB. The
TN-1 variety consistently showed susceptibility
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Table 5. Score and criteria for BLB disease resistance in DH GSR lines in the vegetative phase

Pathotype I11 Pathotype IV Pathotype VIII
Genotype Score Criteria Score Criteria Score Criteria

SN 2 3 MR 3 MR 3 MR
SN 3 5 MS 5 MS 5 MS
SN 5 1 R 3 MR 5 MS
SN9 5 MS 5 MS 3 MR
SN 11 1 R 1 R 3 MR
SN 12 1 R 1 R 3 MR
SN 13 1 R 1 R 3 MR
SN 14 1 R 5 MS 5 MS
SN 15 3 MR 5 MS 3 MR
SN 18 5 MS 1 R 3 MR
SN 20 3 MR 1 R 5 MS
SN 25 5 MS 5 MS 5 MS
SN 28 5 MS 5 MS 5 MS
SN 32 3 MR 5 MS 5 MS
SN 40 1 R 3 MR 5 MS
SN 51 5 MS 5 MS 3 MR
SN 57 1 R 3 MR 3 MR
SN 58 1 R 1 R 3 MR
SN 59 3 MR 3 MR 3 MR
SN 60 3 MR 1 R 5 MS
Inpari 42 Agritan GSR 3 MR 3 MR 5 MS
Inpari 18 5 MS 7 S 3 MR
TN 1 (Susceptible check) 7 S 7 S 7 S
Conde (Resistant check) 1 R 1 R 1 R

Note: R = Resistant, MR = Moderately resistant, MS = Moderately susceptible, S = Susceptible

to all pathotypes, while the Conde variety
demonstrated consistent resistance. This finding
is consistent with the research by Yuriyah
et al. (2021) that Conde exhibited symptoms
of resistance to the 3 pathotypes during the
vegetative phase. Conde’s resistance is attributed
to the presence of 2 genes, Xa4 and Xa7, which
confer resistance to all 3 BLB pathotypes.
Meanwhile, the Inpari 42 Agritan GSR
variety exhibited the criteria of moderately
resistant response to BLB pathotypes Il and
IV and moderately susceptible to pathotype
VIII. This finding is consistent with the rice
descriptor released by the Ministry of Agriculture
of Indonesia (2021) that the Inpari 42 variety
has resistance with the criteria of moderately
resistant to BLB pathotypes 11l and moderately
susceptible to pathotypes VIII (Sastro et al.,

2021).
According to Agrios (2005), pathogens
infecting leaves can lead to increased

transpiration. This occurs because the cuticle
that protects the leaves becomes damaged, the
stomata do not function, and leaf permeability
increases. The Xoo pathogen is involved in the
degradation of the plant cell wall, secretion

processes, lipopolysaccharide production, and
the detoxification defense mechanisms within
the host plant (Quibod et al., 2020). Bacteria
can grow in the intercellular space of the
mesophyll 5 days after infiltration inoculation,
which can cause yellow lesions and exudate
formation at the leaf inoculation site (Cao et al.,
2020).

The disease incidence and severity are
determined by 3 factors: plant (host), pathogen
(virulence and amount of inoculum), and
environment (Agrios, 2005). Infection and disease
severity are influenced by pathogen and host
interactions, soil conditions, soil microbiomes
(Singh et al., 2023), and suitable climate variables
(Saputra et al., 2023) thus reducing rice
productivity. Wijayanto et al. (2024) reported
that high bacterial leaf spot disease attacks can be
caused by high rainfall, warm temperatures, high
humidity, rainwater splashes, wind, and irrigation
water. Hamid and Ghazanfar (2022) emphasized
the need for integrated disease management
and the latest utilization of combined control
strategies, including enhancing host defense
mechanisms, intercropping, resistant varieties,
and crop rotation.
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Performance of DH GSR lines against BLB
disease in the generative phase

The variance analysis shows that genotype,
pathotype, and the interaction of genotype x
pathotype significantly affected the disease
severity and DSI of BLB disease in the generative
phase (Table 6). Coefficient of variation (CV)
disease severity had 10.68% and DSI had 5.75%.
Further analysis was then carried out on the
existence of this influence using the t-Dunnett's
test at 0.05 level.

The disease severity of GSR rice lines to
pathotype Il ranged from 0.50 to 11.66%.
The parent Inpari 42 Agritan GSR had a severity
of 1.42%, the commercial variety Inpari 18
had 8.72%, the susceptible check variety
TN-1 had 35.97%, and the resistant check
variety Conde had 3.14% (Table 7). The tested
lines showed significant differences from the
susceptible check variety TN-1. The disease
severity of pathotype 1V in the generative phase
in the lines tested ranged from 2.81 to 37.67%,
Inpari 42 Agritan GSR 6.39%, Inpari 18 19.0%,
susceptible check TN-1 38.93%, and resistant
check Conde variety 2.23%. Five lines (SN 2, 9,
12, 15, and 20) were not significantly different
from the susceptible check variety TN1 pathotype
IV. Meanwhile, 15 other lines had significantly
better or lower disease severity than the
susceptible check variety TN-1. The disease
severity of pathotype VIII in the lines ranged
from 4.65 to 9.71%, Inpari 42 Agritan GSR
10.65%, Inpari 18 12.37%, the susceptible check
variety TN-1 18.34%, and the resistant check
variety Conde 0.86%. The Inpari 18 and Inpari 42
Agritan GSR varieties were not significantly
different from the TN-1 susceptible check.
All tested lines exhibited better resistance or
lower disease severity than the susceptible variety
TN-1.

The DSI of pathotype IlI in the lines tested
ranged from 3.31 to 27.35%. Meanwhile, Inpari
42 GSR had a DSI of 9.04%, Inpari 18 had
15.91%, the susceptible check variety TN-1 had
66.12%, and the resistant check variety Conde had
12.73% (Table 7). All tested lines demonstrated
a significantly lower DSI compared to the

susceptible check variety TN-1, indicating better
resistance.

The DSI of pathotype IV in the tested lines
ranged from 13.92 to 69.93%. Inpari 42 Agritan
GSR had a DSI of 20.32%, Inpari 18 had 40.86%,
TN-1 had 48.57%, and the Conde variety had
10.26%. Ten tested lines (SN 3, 5, 11, 13, 18, 28,
32, 51, 57, and 58) were significantly better or had
a lower DSI percentage than the TN-1 variety.
Meanwhile, the other 10 lines (SN 2, 9, 12, 14, 15,
20, 25, 40, 59, and 60) had the same percentage of
DSI as the TN-1 susceptible check (Table 7).

The DSI of pathotype VIII in the tested lines
ranged from 14.87 to 37.55%. Meanwhile, the
DSI of Inpari 42 Agritan GSR was 37.01%, Inpari
18 was 39.32%, TN-1 was 57.32%, and Conde
was 5.89% (Table 7). All tested lines, except
SN 3, had a lower DSI than the TN-1 susceptible
check. Disease severity and DSI in the generative
phase were generally lower than in the vegetative
phase, except for pathotype IV, which showed
a higher DSI in the generative phase compared to
the vegetative phase (Table 4 and 7).

As presented in Table 8, the lines tested
exhibit a range of resistance levels to each BLB
pathotype, from susceptible to resistant. This
finding is consistent with the report of Khannetah
et al. (2021), that the lines tested showed different
resistance among the 100 lines tested: 4 were
resistant, 34 were moderately resistant, 49 were
moderately susceptible, and 13 were susceptible.
In this study, resistance to BLB pathotype Il was
on a scale of 1 to 3, with the criteria ranging
from moderately resistant to resistant for all lines
tested, Inpari 42 Agritan GSR, and the resistant
check variety Conde. Three lines (15%) received
a score of 3, indicating moderately resistant, while
17 lines (85%) achieved a score that categorized
them as resistant (Table 8).

Resistance to BLB disease pathotype 1V was
assessed on a scale of 1 to 7, encompassing
criteria from susceptible to resistant. Three lines
(SN 12, 15, and 20) were susceptible, or around
15% of the total genotype population tested.
Six lines were moderately susceptible (30%).
Nine lines (SN 3, 5, 11, 13, 18, 51, 57, 58, and 60)
were moderately resistant (45%) same as Inpari

Table 6. Analysis of variance on disease severity and severity index in the generative phase

Traits Block Genotype Pathotype Genotype x Pathotype CV (%)
Disease severity ~ 0.129" 0.619™ 8.761" 0.286" 10.68
DSI 0.025™ 0.269™ 0.458™ 0.136" 5.75

Note: *, ** = Significant at 0.05 and 0.01 levels, respectively, "™ = Not significant; data were transformed with

log transformation
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Table 7. Disease severity and severity index for BLB disease on DH GSR lines from anther culture in

the generative phase

Disease severity (%) DSl (%)

Genotype Pl PIV PVIII P I PIV PVIII
SN 2 1.417 21.59™ 8.78" 10.84" 36.36™ 34.75"
SN 3 4.23" 8.96" 9.71" 12.74" 29.40" 37.55™
SN5 0.86" 6.59" 8.08" 4.67" 20.12" 28.12"
SN 9 11.66" 23.82" 7.59" 26.60" 52.00"™ 28.21"
SN 11 0.97" 6.89" 7.70° 5.56" 21.68" 29.40"
SN 12 0.54" 30.55™ 6.03" 4.39" 63.19"™ 18.81"
SN 13 1.30° 6.58" 6.40" 8.76" 22.10" 24.23"
SN 14 2.02" 14.07" 6.93" 10.63" 34.20™ 25.55"
SN 15 8.48" 29.65™ 9.04" 27.35" 55.25" 34.86"
SN 18 5.37" 8.65" 7.71" 17.42" 23.82" 27.37"
SN 20 9.37" 37.67™ 6.34" 24.66" 69.93"™ 20.28"
SN 25 1.47" 16.56" 8.59" 7.78" 39.39™ 27.52"
SN 28 3.56" 2.81" 7.67 13.84" 13.92" 26.89"
SN 32 5.09" 5.37" 5.99" 17.09" 18.32" 20.88"
SN 40 1.117 12.27" 8.91" 7.36" 33.88™ 33.34"
SN 51 3.71° 8.84" 7.37" 15.49" 27.02" 27.82"
SN 57 0.84" 10.15" 575" 3.88" 30.34" 20.06"
SN 58 0.93" 9.82" 8.15" 5.28" 28.03" 28.51"
SN 59 0.50" 13.20" 6.93" 3.31" 40.06™ 24.60"
SN 60 0.62" 11.76" 4.65 3.79" 37.01™ 14.87"
Inpari 42 Agritan GSR 1.42" 6.39 10.65"™ 9.04" 20.32" 37.01"
Inpari 18 8.72" 19.00" 12.37® 15917 40.86™ 39.32"
TN 1 (Susceptible check) 35.97 38.93 18.34 66.12 48.57 57.32

Conde (Resistant check) 3.14" 2.23" 0.86" 12.73" 10.26" 5.89"
Mean 4.72 14.68 7.94 13.96 34.00 28.05

Note: P = Pathotype, * = Significantly different, " = Not significantly different to susceptible check (TN-1) based

on t-Dunnett's test at 0.05 level

42 Agritan GSR. Two lines (SN 28 and 32) or
10% were resistant to BLB disease pathotype IV
in the generative phase, comparable to the Conde
variety as tolerant variety check (Table 8).

Resistance to BLB pathotype VIII was
evaluated on a scale of 1 and 3, with the criteria
ranging from moderately resistant to resistant.
A total of 16 lines (80%) were moderately
resistant, and 4 lines (SN 12, 32, 57, and 60) were
resistant to BLB disease pathotype VIII in the
generative phase. The resistance of the 16 lines
was similar to that of the parent Inpari 42 Agritan
GSR, with the criteria of moderately resistant. The
commercial variety Inpari 18 and the susceptible
check variety TN-1 were classified as moderately
susceptible (Table 8).

This research aligns with Putri et al. (2023),
who identified the TN-1 variety as a differential
variety susceptible to BLB pathotypes Il1I, 1V,
and VIII, while the resistant check variety Conde
was very resistant to these pathotypes in both
growth phases. The Conde variety carries 2 BLB

resistance genes (Xa4, Xa7) in all 3 pathotypes
(Yuriyah et al., 2021). According to Noer et al.
(2018), differential varieties carrying the Xa2,
Xa4, and Xa2l genes were more resistant to the
attacks by pathotypes I, 11, 111, V, and VI. Bakade
et al. (2021) highlighted that there are many
proteins associated with resistance to BLB
disease, such as transmembrane leucine-rich
repeat (LRR) protein kinase, serine/threonine
protein kinase, protein kinase family genes,
wall-associated kinase (WAK) which regulate
transcription factors such as WRKY, bZIP,
DOF, MYB, and HSFs. The main virulence of
the Xoo pathogen includes exo-enzymes,
exopolysaccharide (EPS), and resistant biofilm
formation, which causes the development of BLB
disease (Vishakha et al., 2020).

As illustrated in Figure 1, the leaf tips of
each line have a shorter lesion length than the
susceptible check TN-1. Although no highly
resistant genotypes were identified, almost
all genotypes had better resistance than the TN-1
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Table 8. Score and criteria for BLB disease resistance in DH GSR lines in the generative phase

Pathotype I11 Pathotype IV Pathotype VIII
Genotype Score Criteria Score Criteria Score Criteria

SN 2 1 R 5 MS 3 MR
SN 3 1 R 3 MR 3 MR
SN 5 1 R 3 MR 3 MR
SN9 3 MR 5 MS 3 MR
SN 11 1 R 3 MR 3 MR
SN 12 1 R 7 S 1 R
SN 13 1 R 3 MR 3 MR
SN 14 1 R 5 MS 3 MR
SN 15 3 MR 7 S 3 MR
SN 18 1 R 3 MR 3 MR
SN 20 3 MR 7 S 3 MR
SN 25 1 R 5 MS 3 MR
SN 28 1 R 1 R 3 MR
SN 32 1 R 1 R 1 R
SN 40 1 R 5 MS 3 MR
SN 51 1 R 3 MR 3 MR
SN 57 1 R 3 MR 1 R
SN 58 1 R 3 MR 3 MR
SN 59 1 R 5 MS 3 MR
SN 60 1 R 3 MR 1 R
Inpari 42 Agritan GSR 1 R 3 MR 3 MR
Inpari 18 3 MR 5 MS 5 MS
TN 1 (Susceptible chek) 7 S 7 S 5 MS
Conde (Resistance check) 1 R 1 R 1 R

Note: R = Resistant, MR = Moderately resistant, MS = Moderately susceptible, S = Susceptible

susceptible check against BLB pathotype VIII
disease in the generative phase. Xoo-infected
rice leaves show a distinct green coloration,
which is associated with chlorophyll content
and its role in photosynthesis (Cao et al., 2022).
Resistance to BLB can also be influenced by
leaf morphology in each genotype. According to
Cao et al. (2020), Xoo enters through hydathodes
or wounds on leaves and then reproduces in
the xylem vessels, leading to BLB disease.
Furthermore, Nurhayatini et al. (2020) found
that a hairy leaf surface morphology is positively
correlated with BLB resistance. Ahmad et al.
(2023) noted that environmental factors, such as
minimum temperature, atmospheric pressure,
humidity, elevation, soil organic carbon, and
pH, significantly influence the spread of BLB
disease, as determined by spatial OLS regression
models.

As depicted in Table 5 and 8, the resistance of
the 20 tested lines varied across different BLB
pathotypes and growth phases. For pathotype I,
8 lines (40%) were resistant in the vegetative
phase, while 17 lines (85%) were resistant in the
generative phase. For pathotype IV, 7 lines (35%)
exhibited resistance in the vegetative phase, and

2 lines (10%) were resistant in the generative
phase. For pathotype VIII, 11 lines (55%) were
moderately resistant in the vegetative phase, and
16 lines (80%) were moderately resistant in the
generative phase. Overall, the tested lines showed
good resistance to BLB attacks, with the highest
resistance observed to pathotype 111, followed by
pathotype IV and then pathotype VIII in the
vegetative phase (pathotype Il > IV > VII
vegetative phase). The lines generally displayed
better resistance in the generative phase compared
to the vegetative phase.

Out of the 20 lines tested, 4 lines (20%),
namely SN 11, 13, 57, and 58 demonstrated good
resistance, with the criteria being moderately
resistant to resistant for the 3 pathotypes in both
vegetative and generative phases (Table 5 and 8).
These lines are recommended as new GSR lines.
As stated in the standard for releasing food plant
varieties issued by the Ministry of Agriculture of
Indonesia (2021), Ministry of Agriculture of
Indonesia (2021), a candidate variety must be at
least moderately resistant to 1 of the BLB
pathotypes. This research indicates that the tested
lines not only meet but exceed the minimum BLB
resistance.
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40 32 28 25

Ipi8 Ipd2 60 59 58 57 51

20 18 15

14 13 12 1 9 5 3 2 TN1 Conde

Figure 1. Variation of lesion length in DH GSR lines against BLB pathotype VIII disease in the
generative phase (left to right: Inpari 18, Inpari 42 Agritan GSR, 20 test lines, TN-1
susceptible check, and Conde resistant check)

The genes related to the virulence of the Xoo
pathogen are very complex. Xanthomonas oryzae
pv. oryzae is regulated by the RpoN2-PilRX
regulatory system. The system controls
transcription of the type IV pilus (T4P) gene,
which is required in motility, surface adhesion,
biofilm formation, and virulence in pathogenic
bacteria (Yu et al., 2020). Xoo attacks rice plants
using T3S effectors (T3SESs), namely transcription
activator-like effectors (TALES), which enter the
nucleus (Ji et al., 2018). Xoo uses TALES to bind
effector binding elements (EBES) in host plants,
thereby inducing susceptibility genes in the host
(OsSULTR3;6, OSSWEET11, and OsSWEET14)
(Ni et al., 2021).

Resistance and susceptibility of rice to
bacterial blight disease are controlled by
molecular interactions between Xoo effectors
and target genes in rice (Ji et al., 2018). Plants
exposed to nitrogen allow Xoo to modulate fluxes
through gluconeogenesis, glycogen biosynthesis,
and degradation pathways (Koduru et al., 2020).
Respiratory burst oxidase homologs (Rbohs) are
critical enzymes in the generation of reactive
oxygen species (ROS) enzymes that form ROS,
where ROS functions as a signal in regulating
plant development and stress (Zhu et al., 2024).
Type Il secretion systems (T3SS), namely
XopN, XopQ, XopX, and XopZ, are the effectors
used by Xoo to suppress rice immunity (Deb
et al., 2022). Nucleotide-binding site-leucine-rich
repeat (NB-LRR) resistance proteins that express
Oryza sativa RPM1-like resistance gene 1
(OsRLR1) overexpression increases resistance
to Xoo pathogens. The transcription factor
OsWRKY19 also contributes to defense by
binding to the OsPR10 promoter, activating
pathogen defense mechanisms (Du et al., 2021).

Immune responses in plants can be mediated
through 2 mechanisms: activating innate
immunity and eliminating host susceptibility
through interactions with effectors. Plants detect

pathogens via innate immunity, which includes
PAMPs-triggered immunity (PTI). This defense
mechanism relies on pattern recognition
receptors (PRRs), which recognize pathogen-
associated molecular patterns (PAMPS) that enter
the host plant’s apoplast. Receptor kinases (RKSs),
as key components of PRRs, provide initial
signals of pathogen attack. PRRs and PAMPs
together trigger PTI to fight pathogens. Eight
genes (Xal, xa5, Xal0, xal3, Xa23, xa25, Xa27,
xa4l) mediate TALE-associated resistance to
the pathogen, and 3 genes (Xa3/Xa26, Xa4, and
Xa21) encode protein kinases and mediate rice
resistance (Ji et al., 2018).

CONCLUSIONS

The interaction between genotype and
pathotype affects disease severity and severity
index in both growth phases. The lines tested
have varying resistance levels from susceptible
to resistant to BLB. Six lines (SN 11, 12, 13,
57, 58, and 59) were categorized as moderately
resistant to resistant to 3 BLB pathotypes in the
vegetative phase. Ten lines (SN 3, 5, 11, 13, 18,
28, 32, 57, 58, and 60) were moderately resistant
to resistant to 3 BLB pathotypes in the generative
phase. Four lines (SN 11, 13, 57, and 58) belonged
to moderately resistant to resistant criteria against
all 3 pathotypes in both growth phases. The
selected lines can be used as a source of parents
for breeders and candidates for new superior
varieties with BLB resistance properties to
support the reduction of synthetic chemical
bactericide inputs and control BLB disease.
However, these lines should be further evaluated
for their performance in the field.
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