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Abstract. Dewi IS, Putri RK, Purwoko BS, Yuriyah S, Lubis I. 2024. Evaluation of doubled haploid rice lines for agronomic performance 
and resistance to bacterial leaf blight. Biodiversitas 25: 4275-4283. The dynamic of climate change aggravates the adverse effect of 
biotic stress. The biotic stresses affecting rice fields include bacterial leaf blight (BLB) caused by Xanthomonas oryzae pv. oryzae 
(Xoo). This research evaluated the agronomic performance and resistance of doubled haploid (DH) rice lines against three dominant Xoo 
pathotypes in Indonesia (i.e., pathotype groups III, IV, and VIII). Nineteen rice genotypes consisting of 14 advanced DH lines, two 

commercial varieties (Ciherang and Inpari 18), and three BLB checks (IRBB-66 as resistant check, IR-64 and TN-1 as susceptible 
check) were assessed against three dominant Xoo pathotypes in Indonesia following the SES for rice from IRRI. Results indicated that 
11 DH lines, except M-1, M-4, and M-14 had good agronomic traits, including productivity over 8 tons ha-1, significantly higher than 
Inpari 18. The varying severity of BLB was influenced considerably by pathotype, genotype, and pathotype-genotype interaction. The 
disease severity from each pathotype was relatively the same across two inoculation times (vegetative and generative phase). In both 
growth phases, all DH rice lines, except for M-5 and M-13 were categorized as resistant against pathotypes III and IV. These findings 
have practical implications for developing disease-resistant rice varieties, enhancing the relevance and applicability of the research. 

Keywords: Agronomic traits, bacterial leaf blight, double haploid rice, disease severity, Xoo pathotype 

Abbreviations: BLB: bacterial leaf blight; DH: double haploid; PH: plant height; NP: number of panicles per hill; FA: flowering age; 
HA: harvesting age; PL: panicle length; NTG: total number of grains; NFG: number of filled grains; FGP: filled grain percentage; 
W1000: 1000-grain weight; PROD: productivity. Bacterial leaf blight resistance scoring (HR: highly resistant, R: resistant, MR: 
moderately resistant, MS: moderately susceptible, S: susceptible, HS: highly susceptible) 

INTRODUCTION 

Global climate change and extreme weather events 

significantly impact crop production, leading to food shock 

that threatens global sustainability (Cottrell et al. 2019). 

These changes exacerbate abiotic and biotic stresses, 
limiting the plant life cycle factors (Oshunsanya et al. 

2019; Surówka et al. 2020; Teshome et al. 2020; Skendžić 

et al. 2021). Reports indicate that biotic stresses, including 

pathogens and pests, cause yield losses of 17.2% to 30% 

(Savary et al. 2019). The long-term impacts of climate 

change affect pathogen sensitivity to temperature and 

humidity, impacting their growth, reproduction, spread, and 

severity of damage (Chattopadhyay et al. 2019). In 

Indonesia, rice is crucial for food security, necessitating the 

development of new high-yielding rice varieties resistant to 

biotic stress, offering hope for a more secure and sustainable 

food future. 
According to the BBPOPT (2023), biotic stresses 

affecting rice fields include bacterial leaf blight (BLB), 

blast, brown planthoppers, rice stem borers, mice, and the 

tungro virus. BLB is the most destructive, caused by the 

pathogen Xanthomonas oryzae pv. oryzae (Xoo). This 

pathogen has been reported to have an increased ability to 

infect hosts due to ideal temperatures for colonizing rice 

xylem, which are triggered by global temperature changes 

(Hunjan and Lore 2020). Nandal et al. (2005) noted that 

these changes lead to increased mutations in Xoo pathotypes, 
resulting in elevated levels of Extracellular Polysaccharides 

(EPS). EPS aids pathogens in self-propagation, protection 

against unfavorable environments, signaling, and energy 

storage, thus contributing to the rising threat of BLB. As a 

result of their rapid spread and environmental changes, 

BLB has significantly impacted rice production. Since the 

first report in Japan, BLB has spread to rice-producing 

countries across Southeast Asia, and several countries in 

Asia, Africa, America, and northern Australia (Naqvi 2019). 

Damage caused by BLB may reach up to 50% yield losses 

depending on the variety, growth phase, geographic location, 

and environmental conditions that favor infection (Fiyaz et 
al. 2022). BLB affected 22,630 ha of rice crops in Indonesia 

during 2023, representing 21.3% of the total area affected 

by the pest (BBPOPT 2023).  

Various strategies for managing BLB using cultural and 

biological practices and the addition of technology are 

often incompatible with the crop production system or the 
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regulatory environment (Sharma et al. 2022). Meanwhile, 

the large application of heavy, non-selective pesticides 

contributes to environmental degradation and potential 

resistance (Curutiu et al. 2017). Consequently, cultivating 

BLB-resistant plants is considered the most effective and 

cost-efficient method for controlling BLB. Currently, 

resistance to BLB is required to release new rice varieties 

in Indonesia. 

Several studies have shown variations in the virulence 

of Xoo populations interacting with rice. These populations 
are classified into several pathotypes based on their ability 

to infect specific hosts. The ability of a rice genotype to 

overcome specific Xoo virulence factors is determined by 

the differences in the Xa genes it carries. Therefore, the 

Xoo pathotype is determined by the differences in the Xa 

genes carried by the rice genotype (Rashid et al. 2021; 

Yang et al. 2022). As of 1998, eleven Xoo pathotypes had 

been identified in Indonesia, with pathotype groups III, IV, 

and VIII being the most dominant (Sudir and Yuliani 

2016). Given the diverse virulence among these pathotypes, 

previous studies have shown varying resistance levels 
among rice genotypes against BLB (Putri et al. 2023). This 

underscores the necessity of screening and quantifying 

resistance to assess candidate varieties' resistance to BLB. 

This research aimed to evaluate the agronomic performance 

and resistance of several promising doubled haploid (DH) 

rice lines from previous research against the three pathotype 

groups (III, IV, and VIII) of Xoo. 

MATERIALS AND METHODS 

Research materials 

The yield trial was conducted in Beru Village, Wlingi 

District, Blitar, East Java, Indonesia, and BLB resistance 
screening in the Indonesian Center for Agricultural 

Biotechnology and Genetic Resources Research and 

Development (ICABIOGRAD), Bogor greenhouse. A total 

of 19 rice genotypes were used in the study, consisting of 

14 advanced DH rice lines (M-1 to M-14), 2 commercial 

varieties (M-15: Ciherang and M-16: Inpari 18), and 3 BLB 

as checks. The DH lines obtained from anther culture of 

several F1s, i.e., F1: Inpago 8×IR8770514-11-B-SKI-12 (M-1 

to M-3); F1: Inpago 8×IR83140-B-11-B (M-4 to M-9); F1: 

B1111430D-MR-1-1-PN-3-MR-2-Si-3-PN×IR83140-B-11-B 

(M-10 to M-14). BLB resistance evaluation used 3 BLB 

check varieties (IRBB-66 as BLB resistant check, IR-64 
and TN-1 as BLB susceptible check) and three dominant 

BLB pathotypes in Indonesia (Pathotypes III, IV, and 

VIII). BLB pathotype groups III, IV, and VIII isolates were 

obtained from the ICABIOGRAD collection.  

Procedures 

Yield trial of tested genotype 

The yield trial was conducted using a randomized 

complete block design in three replications, with genotype 

as a factor. The experimental unit was a 4×5 m plot with a 

population density of 320 hills per plot. Maintenance 

includes replanting, irrigation arrangements, fertilization, 

and pest and disease management. Harvesting was conducted 

when 90% of the panicles in a single plot turned yellow. 

Observation was performed on five agronomic traits, 

including plant height (PH), number of panicles per hill 

(NP), days to flowering (FA), days to harvest (HA), and 

panicle length (PL). Additionally, five yield components 

were observed including the number of filled grains (NFG), 

the total number of grains (NTG), filled grain percentage 
(FGP), the weight of 1000 grains (W1000), and productivity 

(Prod). Ten sample plants were observed for each 

experimental unit, and one panicle per sample plant was 

observed. 

Evaluation of BLB resistance 

The evaluation was arranged in a randomized block 

design with two factors (genotype and pathotype). The 

entire experiment was replicated thrice so that there were 

171 experimental units in total. Each rice genotype was 

germinated in a petri dish and sown in a nursery. After 14 

days, the seedlings were transplanted into a pot with a 
diameter of 16 cm and a height of 19 cm, filled with paddy 

soil. Five seedlings were planted in a pot for each 

experimental unit to make 57 experimental units for each 

pathotype. The inoculum sources were grown on Wakimoto 

agar media, which contained per liter 0.5 g Ca (NO3)2, 2 g 

Na2HPO4.12 H2O, 5 g peptone, 15 g sucrose, 0.5 g FeSO4.7 

H2O, 15 g agar, and 1 L distilled water. The medium was 

incubated for 2×24 hours at room temperature. One colony 

of Xoo was used to obtain the inoculum source, which was 

then purified on the same medium. The Xoo was diluted 

with distilled water, and the cell suspension was adjusted to 
a concentration of 108 CFU mL-1. The Xoo inoculation was 

performed using the clipping technique during the vegetative 

phase at 35 days after sowing (DAS) and the generative 

phase at 55-60 DAS. Disease severity was observed in each 

growth phase after two weeks of inoculation, following the 

IRRI SES for rice (IRRI 2013), and recorded in Table 1. 

Disease severity is calculated as the ratio of lesion length 

(cm) to leaf length (cm). 

Data analysis 

The data from the yield trial was analyzed using analysis 

of variance (ANOVA) and the least significant difference 

(LSD) test at a 5% significance level using the Statistical 
Analysis System on Demand for Academics (SAS-ODA). 

Then, a heatmap of Pearson correlation analysis was 

performed in the R-Studio package 'corrplot' that illustrated 

the correlation between agronomic traits. This helps identify 

important traits during selection. The BLB severity data 

were analyzed using ANOVA followed by the LSD test at 

a significance level of 5%. The disease resistance scores for 

BLB were then evaluated descriptively by comparing them 

with the scores of the BLB check. 
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Table 1. Resistance scoring based on disease severity due to BLB 
 

Score Severity (%) Criteria Category 

0 0 HR Highly resistant 
1 1-6 R Resistant 
3 >6-12 MR Moderately resistant 
5 >12-25 MS Moderately susceptible 
7 >25-50 S Susceptible 

9 > 50-100 HS Highly susceptible 

RESULTS AND DISCUSSION 

Yield and agronomic performance of tested genotypes 
The yield and agronomic performance of the tested 

genotypes varied, except for the number of panicles per hill 

(Table 2). In general, the observed character values indicate 

good accuracy, as shown by the small coefficient of 

variation (CV) (1.5% - 7.1% < 20%). A low CV indicates 

environmental homogeneity and relatively high levels of 

observation accuracy.  

The results showed that nine DH lines were within the 

ideal ideotype range for plant height, and they were not too 

tall (above 125 cm) or too short (below 80 cm). Plants 

shorter than 80 cm can be more challenging to care for and 
harvest. Farmers prefer plant heights between 80 and 125 

cm (Kartina et al. 2019). Plants taller than 125 cm will be 

difficult to adopt because they easily lodge. Five DH lines 

M-1, M-2, M-8, M-9, and M-14 were found to have plant 

heights ranging from 129.4-149.6 cm, and therefore, they 

were not recommended.  

M5 line showed an equivalent number of days to 

flowering and harvest as Inpari 18, which has the shortest 

flowering and harvest age, according to the LSD test. 

Ciherang was observed to have the most extended days to 

flowering and harvest compared to the other genotypes. 

However, the days to harvest in all genotypes ranged from 

108 to 122 DAS, categorized as early maturing. The 

average panicle length of the test genotypes was 25.6 cm. 

Compared to the two commercial varieties, the genotypes 

M-7, M-8, M-9, M-10, M-13, and M-14 have significant 

panicle lengths. Their panicle lengths ranged from 26.5 to 

27.4 cm. The remaining genotypes had panicle lengths 

equivalent to the two commercial varieties.  
The DH lines M-11, M-12, and M-13 had the highest 

filled grain. These lines, along with four other lines, 

namely M-7, M-8, M-10, and M-14, were found to have a 

significantly higher number of filled grains than the two 

commercial varieties. The M-13 DH line had the highest 

total grain number (336.2 grains per panicle); in addition, 

nine DH lines, including M-3, M-7, M-8, M-9, M-10, M-

11, M-12, M-13, and M-14, had a significantly higher total 

grain number than the two commercial varieties. Although 

the M-13 DH line had a high total number of grains, it had 

an average percentage of filled grains of 73.4%. M-11 and 
M-12 had high-filled grains at 80.6% and 85.3%, respectively. 

The commercial varieties, namely, Ciherang and Inpari 18, 

had a percentage of filled grain ranging from 80.0% to 

81.2%. 

The Inpari 18 variety had fewer grains and a lower 

filled grain percentage than the other genotypes, but it had 

the highest 1000-grain weight of 32.5 g. Ciherang had a 

1000-grain weight in the range of 26.2 g. The M-1, M-2, 

M-4, M-11, M-12, and M-14 DH lines had a 1000-grain 

weight significantly higher than Ciherang, while the M-3, 

M-5, M-6, M-7, M-8, and M-13 DH lines had a 1000-grain 
weight equivalent to Ciherang.  

 
 
Table 2. Average of agronomic characters and yield of tested genotype 
 

Genotype PH NP FA HA PL NTG NFG FGP W1000 Prod 

M1 146.0 19.9 93.3 121.7 25.2 163.6 125.8 76.8 28.7 6.4 
M2 134.2 21.4 92.7 120.7 26.0 173.9 138.5 80.0 27.9 9.3 
M3 112.1 21.8 90.7 119.0 25.0 237.3 165.2 69.9 26.3 9.4 
M4 113.2 17.8 85.3 110.7 25.9 224.5 161.6 72.0 28.5 6.7 
M5 88.5 19.7 85.0 108.3 24.4 183.3 156.4 85.4 26.9 8.2 
M6 88.9 21.0 86.0 109.3 24.1 193.5 166.5 86.1 25.5 8.2 
M7 121.5 22.1 90.7 115.7 26.5 229.6 191.0 83.1 26.9 9.5 
M8 149.6 19.5 89.7 118.7 27.4 236.5 184.7 78.1 26.8 8.6 

M9 143.7 20.1 89.7 114.3 27.2 245.8 174.3 70.9 25.3 8.2 
M10 114.9 21.4 93.3 120.0 26.8 245.5 192.7 78.6 25.3 8.7 
M11 114.5 20.7 92.7 117.0 24.4 282.4 227.8 80.6 27.8 9.5 
M12 112.6 19.0 92.7 117.0 24.0 270.6 230.8 85.3 28.4 9.4 
M13 123.4 21.3 93.3 118.0 26.8 336.2 246.7 73.4 26.7 10.0 
M14 129.4 20.8 94.0 120.0 26.5 267.7 192.6 72.0 27.3 7.9 
Ciherang 114.8 21.9 95.0 122.0 25.1 204.0 165.6 81.2 26.2 9.0 
Inpari 18 98.8 21.3 83.0 108.3 24.6 199.2 159.2 80.0 32.6 7.2 

Average 119.1 20.6 90.4 116.3 25.6 230.8 179.9 78.3 27.3 8.5 
Pr > F < 0.001** 0.0604ns < 0.001** < 0.001** < 0.001** < 0.001** < 0.001** < 0.001** < 0.001** < 0.001** 
CV (%) 2.7 7.1 1.9 1.5 2.6 5.9 5.8 3.9 1.8 5.0 
LSD 5.4 - 2.8 2.9 1.1 22.7 17.5 5.2 0.8 0.7 

Notes: PH: plant height (cm); NP: the number of panicles per hill; FA: flowering age (day after sowing); HA: harvesting age (day after 
sowing); PL: panicle length (cm); NTG: the total number of grains; NFG: the number of filled grains; FGP: filled grain percentage; 
W1000: 1000-grain weight (g); Prod: productivity (t ha-1); CV: coefficient of variation (%); ** highly significant different at α=0.01; ns: 
not significantly different at α=0.05 
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Productivity of all DH lines, except for the M-1, M-4, 

and M-14, were found to have a productivity of more than 

8.0 tons ha-1. Among the 11 lines, M-13 was significantly 

higher than Ciherang. Five lines (M-2, M-3, M-7, M11, and 

M-12) were equivalent to Ciherang. The productivity of 

those lines and 5 other lines (M-5, M-6, M-8, M-9, and M-

10) were higher than Inpari 18. Correlation between yield 

and agronomic traits can help to identify traits during 

selection. For instance, a Pearson correlation analysis 

between all observed traits found that the total number of 
grains, filled grains, and panicles per hill were positively 

and significantly correlated with yield (Figure 1). This means 

that increasing the number of grains, the number of filled 

grains, and the number of panicles per hill can lead to higher 

yields. Similar research by Yadi et al. (2021) showed a 

strong and positive correlation between yield and the number 

of panicles per square meter. The results of the correlation 

analysis in this experiment also found a robust correlation 

(symbolized by the red color on the heatmap visualization 

in Figure 1) and a significant correlation in the days to 

flowering and the days to harvest, number of filled grains, 
and total number of grains per panicle. This helps explain 

that genotypes with a short flowering period, which refers 

to the time from the onset days of flowering to the end of 

flowering, such as Inpari 18, tend to have the shortest 

harvest period. At the same time, the high number of filled 

grains contributes positively to the total of grain produced 

or productivity. 

Resistance of tested genotype against BLB 

The analysis of variance indicates that genotype, 

pathotype, and their interaction significantly influenced 

disease severity in both the vegetative and generative phases 
(Table 3). Specifically, the significant values associated 

with each source of variance in disease severity. The results 

indicate that differences among Xoo pathotypes were the 

most substantial factor influencing disease severity, 

accounting for 59.7% to 79.1% of the observed variation in 

both growth phases. This finding underscores that pathotype 

differences are crucial in understanding variability in disease 

severity. Rashid et al. (2021) reported that each Xoo 

pathotype possesses distinct virulence levels. According to 

Ashwini et al. (2024), different pathotypes of  Xoo have 

varying levels of virulence, which affects their aggressiveness, 

with some causing severe symptoms and significant yield 

losses, while others result in milder disease. The 

effectiveness of resistance observed in the study might not 

fully extend to areas where other pathotypes, such as I, II, 

V, VI, and VII, are more prevalent or where environmental 

factors significantly differ, potentially influencing the 

expression of resistance. However, extensive testing of Xoo 

isolates from across Indonesia has consistently identified 

pathotypes III, IV, and VIII as dominant in major rice-

growing areas such as Java, Bali, and Sulawesi (Yuriyah et 

al. 2013; Yuriyah and Utami 2015). This consistent 
dominance suggests that these pathotypes represented the 

high pressures of BLB disease in Indonesia. Thus, while 

localized adaptation and testing are important, the study’s 

focus on these dominant pathotypes supports the broader 

applicability of the resistance findings to Indonesian rice 

cultivation. 
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Figure 1. Heatmap correlation between yield and agronomic traits 

in the tested rice genotypes. Note: PH: plant height; NP: number 
of panicles per hill; W1000: 1000-grain weight; NTG: total 
number of grains; NFG: number of filled grains; FGP: filled grain 
percentage; FA: flowering age; HA: harvesting age; PL: panicle 
length; PROD: productivity 

 

 

 
Table 3. Analysis of variance for BLB disease severity in vegetative and generative phases 
 

Source of variance 
Vegetative Generative 

Pr > F Contribution (%) Pr > F Contribution (%) 

Replication .0003** 0.5 0.0011** 0.8 
Genotype <.0001** 10.4 <.0001** 13.4 
Pathotype <.0001** 74.4 <.0001** 59.7 
Genotype×Pathotype  <.0001** 11.5 <.0001** 19.7 

Notes: **: highly significant different at α=0.01; *: significantly different at α=0.05 
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The interaction between rice genotypes and Xoo 

pathotypes is crucial, as certain pathotypes can overcome 

specific resistance genes (Du et al. 2022). Furthermore, in 

the case of rice-growing areas, Xoo populations often 

consist of multiple pathotypes, and these can coexist within 

the same region, affecting disease severity based on the 

local pathogen composition (Rashid et al. 2021; Amin et al. 

2023; Kanipriya et al. 2024). Over time, these pathotypes 

can evolve, causing resistance in previously resistant cultivars 

to break down (Diallo et al. 2023), thus emphasizing the 
importance of continuous monitoring and updating of 

resistance strategies. 

Several genotypes were categorized from highly 

resistant (HR) to moderately resistant (MR) observed in 

vegetative and generative growth phases. The number of 

genotypes showing highly to moderately resistant (HR to 

MR) responses in the vegetative and generative phases has 

little contrast among the three Xoo pathotypes tested (Figure 

2). Slight differences were observed between pathotype 

groups IV and VIII, but no specific pattern was detected, 

indicating differences in resistance between the two growth 
phases. These findings lead to the potential to significantly 

impact our understanding of resistance genotypes in different 

growth phases. 

Plant age is a crucial factor in determining the outcome 

of a host-pathogen interaction. Several studies have shown 

that the level of resistance of rice plants to BLB disease can 

vary depending on the growth phases. According to Ansari 

et al. (2019), when the Xoo pathogen was inoculated, it was 

observed that disease severity and yield loss decreased as 

the rice plants progressed through different growth phases. 

The pathogen affected the number of tillers, time of panicle 
initiation, booting, flowering, and heading. Noor et al. 

(2006) also found that leaf inoculation treatment of BLB 

during the germination stage on basmati rice resulted in the 

highest disease severity at 89.5%. In contrast, injection at 

the leaf flag stage resulted in a disease severity of 56.21%. 

Leaf stage-associated resistance demonstrated that hundreds 

of genes are involved in defense responses, phytohormone 

biosynthesis and signaling, and calcium signaling (Xu et al. 

2018; Zhong et al. 2024).  
 
 
 

 
 
Figure 2. The number of genotypes and resistance categories in 
two growth phases. Notes: HR: highly resistant, R: resistant, MR: 
moderately resistant, MS: moderately susceptible, S: susceptible, 
HS: highly susceptible. Scoring follows IRRI (2013) 

The improvement of multiple agronomic traits by a 

disease-resistance gene via cell wall reinforcement has 

been reported by Hu et al. (2017) and Shamsunnaher et al. 

(2020). Chronological age is calculated based on the number 

of times after planting known as Days After Planting (DAP) 

or Weeks After Planting (WAP). In contrast, physiological 

age is characterized by the appearance or presence of 

specific morphological and physiological characters at the 

onset of the experiment. In the model plant, Arabidopsis at 

physiological age showed that the juvenile phase of the 
leaves produced higher disease severity (Xu et al. 2018). 

Age-related resistance (ARR) is reported to be associated 

with organ maturation in plants related to strengthening the 

'physical barrier’ and resistance based on chemical 

compounds, and it is related to changes in the vegetative 

phase. Rice with ARR was reported to have better post-

vegetative resistance through down-regulation of Gibberellin 

(GA) activity, which is associated with susceptibility (GA 

contradicts resistance based on jasmonic acid synthesis) 

(Yimer et al. 2018; Liu et al. 2019). In contrast, the 

excellent resistance obtained in this study at the beginning 
of the growth phase is of interest for further studies 

regarding the resistance mechanism. One of the resistance 

mechanisms of particular note is the regulation of the Xa 

gene (Xa10, Xa23, or Xa27) related to hypersensitive response, 

which causes local death of infected cells, thereby inhibiting 

the development of pathogens (Zhang et al. 2015) and can 

achieve systemic immunity in plants (Joshi et al. 2020; 

Bakade et al. 2021; Xu et al. 2021). 

The severity of disease caused by pathotype groups III 

and IV of Xoo in the vegetative and generative phases was 

relatively lower than pathotype VIII (Figures 3 and 4). 
During the generative phase, only the resistant check 

(IRBB-66) showed the lowest severity (5.6%) to pathotype 

VIII. IRBB-66 showed the best resistance to the three Xoo 

pathotypes tested at two growth phases (2.6-7.8%). IRBB-

66 was reported to have several recessive and dominant 

resistance genes (R-gene), namely, Xa21, xa13, Xa7, xa5, and 

Xa4 (Suryadi and Kadir 2017). Higher and more durable 

resistance can be achieved by having multiple R genes in a 

single variety. Even if the resistance regulated by one gene 

was broken, other resistance genes could still overcome 

Xoo virulence (Kumar et al. 2020). Approximately 49 BLB 

resistance genes have been identified or mapped (Chen et 
al. 2020; Pradhan et al. 2020; Xing et al. 2021). The 

development of resistant varieties is currently directed at 

the genetic constitution of a single R-gene or pyramiding 

several R-genes in one variety (Pradhan et al. 2022; Ullah 

et al. 2022), as in IRBB-66. 

The resistance of a host to pathogens can be triggered 

by certain factors and is regulated by genes such as Xa. 

This type of resistance is called 'inducible’ as it requires a 

trigger to be activated. The ''gene for gene hypothesis'' 

explains how this works: a specific gene from the pathogen 

and a resistance gene from the host must complement or 
cognate to activate resistance. If complementation does not 

occur, the host will fail to activate the resistance system, 

and the plant will become susceptible to the pathogen (Flor 

1971). Differences in the resistance level of various test 

genotypes to the same pathotype can be observed due to the 
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absence of the R-gene, which regulates the receptors to 

recognize the susceptible gene elicitor. Additionally, the 

resistance level of a test genotype to different pathotypes 

can vary since the test genotype does not have a single R-

gene that matches the susceptible gene elicitor. 

Referring to the R-gene composition of IRBB-66, this 

genotype has a complete R-gene class (Xa21=LRR-RLK; 

xa13=SWEET-type protein; Xa7=R protein executor; 

Xa5=TFIIAƴ5 transcription factor; Xa4=Wall-associated kinase 

or WAK) (Chukwu et al. 2019; Jiang et al. 2020; Kumar et 
al. 2020; Alvarez-Martinez 2021; Chen et al. 2021). Based 

on the three major classes of R genes, Xa21 regulates 

resistance when it cognates with the Avr (avirulence) gene 

RaxX. Xa21 of the RLK class acts as a transmembrane 

receptor that captures the Xoo-secreted RaxX effector and 

subsequently activates resistance mechanisms. SWEET 

protein is a transporter protein hijacked by PthXo1 (Xoo 

Avr gene) through the secretion of TALe (transcription 

activator-like effector). Next, TALe will target EBE (effector 

binding protein) to hijack the SWEET protein that pathogens 

use to colonize. The pairing of xa13 with PthXo1 will block 

EBE (effector binding protein) from being recognized by 

TALe so that piracy cannot occur. The mechanism of 

immune activation by xa13 is quite similar to the executor R 

protein (Xa7); TALe will pair with the EBE on the Xa7 

promoter and then activate the resistance system. The 

completeness of the R-gene class that accommodates 

different resistance mechanisms in IRBB-66 means this 

variety is widely used as a resistance check in BLB resistance 

evaluations, including in this research. 
Fourteen DH rice lines tested against pathotype III of 

Xoo showed resistant to moderately resistant (R to MR) 

scores in two growth phases. All rice lines, except for M-5, 

and M-13, were resistant against pathotype groups III, and 

IV of Xoo in both vegetative and generative phases, because 

M-5 and M-13 were categorized as moderately susceptible 

(MS) to pathotype IV of Xoo during the generative phase 

(Table 4). M-10 and M-11 were superior to Ciherang, and 

IR-64.  

 
 
 

 
 

Figure 3. Disease severity response to pathotypes III, IV, and VIII of Xoo in vegetative phase; LSD at α=0.05: 5.79 
 
 
 

 
 

Figure 4. Disease severity response to pathotypes III, IV, and VIII of Xoo in generative phase; LSD at α=0.05: 6.58 
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Table 4. Resistance scoring of tested genotypes to pathotypes III, IV, and VIII of Xoo in the vegetative and generative phases 
 

Genotype 

Vegetative Generative 

III IV VIII III IV VIII 

Score Category Score Category Score Category Score Category Score Category Score Category 

M-1 1 R 1 R 7 S 1 R 3 MR 7 S 
M-2 1 R 1 R 7 S 1 R 3 MR 7 S 

M-3 1 R 1 R 7 S 1 R 3 MR 7 S 
M-4 3 MR 3 MR 7 S 1 R 3 MR 7 S 
M-5 1 R 3 MR 7 S 1 R 5 MS 7 S 
M-6 1 R 3 MR 7 S 1 R 3 MR 7 S 
M-7 1 R 1 R 7 S 1 R 3 MR 7 S 
M-8 3 MR 1 R 7 S 1 R 1 R 7 S 
M-9 1 R 1 R 7 S 1 R 3 MR 7 S 
M-10 1 R 1 R 7 S 1 R 1 R 5 MS 

M-11 1 R 1 R 7 S 1 R 1 R 5 MS 
M-12 1 R 1 R 5 MS 1 R 3 MR 5 MS 
M-13 3 MR 1 R 7 S 1 R 5 MS 5 MS 
M-14 1 R 1 R 7 S 3 MR 3 MR 5 MS 
Ciherang 1 R 1 R 7 S 1 R 3 MR 7 S 
Inpari 18 1 R 3 MR 5 MS 1 R 3 MR 3 MR 
IRBB-66* 1 R 1 R 1 R 1 R 3 MR 1 R 
IR-64* 1 R 3 MR 7 S 3 MR 3 MR 5 MS 
TN-1* 5 MS 7 S 7 S 5 MS 5 MS 7 S 

Notes: R: resistant, MR: moderately resistant, MS: moderately susceptible, S: susceptible, BLB check (Resistant: IRBB-66, Susceptible: 
IR-64 and TN-1) 
 
 

 
 

Figure 5. Tested genotype scoring for pathotypes III, IV, and VIII of Xoo in vegetative and generative phases 
 
 
 

Similar to this study, other research, when evaluating 

the resistance of several new high-yielding rice varieties to 

BLB disease, produced diverse resistance responses to 

pathotype groups III, IV, and VIII of Xoo (Rumanti et al. 

2016; Sutrisno et al. 2018). Considering that BLB pathotypes 

III, IV, and VIII are dominant in major rice-growing areas 

in Indonesia, Putri et al. (2023) recommended that several 

genotypes ranging from resistant to moderately resistant to 
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pathotype groups III and IV of Xoo should be released as 

new rice varieties. This is also due to the three dominant 

Xoo pathotype groups found in Indonesia, pathotype IV is 

the most virulent against all differential varieties (Suryadi 

et al. 2016), possessing nine virulence genes. According to 

the 'gene for gene hypothesis', even if there is a complete 

class of Xa genes, there may be types of Xa and Avr genes 

that are not complementary, thus creating vulnerability 

(Joshi et al. 2020). In this study, the response of check 

variety IRBB-66 to the three BLB pathotypes is better 
compared with other genotypes (Table 4 and Figure 5). All 

DH lines, except M-4 to M-6 demonstrated better resistance 

than Inpari 18 against pathotype IV during the vegetative 

phase. In the generative phase, all DH lines and Inpari 18, 

except for M-5 and M-13  exhibited good resistance to 

pathotypes IV (Figure 5). 

In conclusion, the productivity of 11 DH lines, except 

for the M-1, M-4, and M-14, was more than 8 tons ha-1, 

significantly higher than Inpari 18, with good agronomic 

traits. The number of filled grains, the total number of 

grains, and the number of panicles per hill can be used as 
selection criteria. Differences in Xoo pathotypes contribute 

the most to differences in BLB disease severity. All DH 

rice lines, except for M5 and M13, have been found to 

possess resistance against pathotype groups III and IV of 

Xoo in both vegetative and generative phases. All DH rice 

lines with good agronomic traits, high productivity of more 

than 8 tons ha-1, and resistance against pathotype groups III 

and IV of Xoo can be selected further as candidates for new 

rice varieties. 

ACKNOWLEDGEMENTS 

We acknowledge the funding support of this research 
from the National Research and Innovation Agency (BRIN) 

and Indonesia Endowment Funds for Education (LPDP) 

through the Research and Innovation for Advanced 

Indonesia (Riset dan Inovasi untuk Indonesia Maju) 

scheme (contract numbers 18/IV/KS/06/2022 and 

4830/IT3.L1/PT.01.03/P/B/2022) and the Riset Aksi IPB 

scheme (contract number: 41079/IT3.D10/PT.01.03/P/B/ 

2023). We acknowledge the Indonesian Center for 

Agricultural Biotechnology and Genetic Resources Research 

and Development (ICABIOGRAD), Bogor, Indonesia, for 

providing the greenhouse facility. 

REFERENCES 

Alvarez-Martinez CE, Sgro GG, Araujo GG, Paiva MRN, Matsuyama 

BY, Guzzo CR, Andrade M, Farah CS. 2021. Secrete or perish: The 

role of secretion systems in Xanthomonas biology. Comput Struct 

Biotechnol J 19: 279-302. DOI: 10.1016/j.csbj.2020.12.020.  

Amin T, Gupta V, Sharma A, Rai PK, Razdan VK, Sharma SK, Singh SK, 

Lone JA, Yaqoob M, Singh B, Gupta SK. 2023. Distribution of 

Xanthomonas oryzae pv. oryzae pathotypes in basmati-rice-growing 

areas of Jammu and Kashmir, India. Agronomy 13 (3): 713. DOI: 

10.3390/agronomy13030713. 

Ansari TH, Ahmed M, Akter S, Mian MS, Latif MA, Tomita M. 2019. 

Estimation of rice yield loss using a simple linear regression model 

for bacterial blight disease. Bangladesh Rice J 23 (1): 73-79. DOI: 

10.3329/brjv23i1.46083. 

Ashwini S, Prashanthi SK, Vidyashankar D, Hegde YR, Krishnaraju PU, 

Muttappagol M, Krishnanand I. 2024. Insights into the virulence 

profiles and molecular diversity of Xanthomonas oryzae pv. oryzae 

isolates associated with bacterial blight of rice in major districts of 

Karnataka, India. Physiol Mol Plant Pathol 11: 102338. DOI: 

10.1016/j.pmpp.2024.102338. 

Bakade R, Ingole KD, Deshpande S, Pal G, Patil SS, Bhattacharjee S, 

Prasannakumar MK, Ramu VS. 2021. Comparative transcriptome 

analysis of rice resistant and susceptible genotypes to Xanthomonas 

oryzae pv. oryzae identifies novel genes to control bacterial leaf blight. 

Mol Biotechnol 63 (8): 719-731. DOI: 10.1007/s12033-021-00338-3. 

BBPOPT [Balai Besar Peramalan Organisme Pengganggu Tumbuhan]. 

2023. Evaluation of Forecasting Major Pest Attacks on Rice, Corn, 

and Soybean in Indonesia for the 2022/2023 Growing Season. 

Indonesian Center for Plant Pest Organism Forecasting, Directorate 

General of Food Crops, Ministry of Agriculture of the Republic of 

Indonesia, Jakarta. [Indonesian] 

Chattopadhyay C, Birah A, Jalali BL. 2019. Climate change: Impact on 

biotic stresses affliating crop plants. In: Peshin R, Dhawan AK (eds). 

Natural Resource Management: Ecological Perspectives Sustainability 

in Plant and Crop Protection. Springer, Jammu. DOI: 10.1007/978-3-

319-99768-1_8. 

Chen S, Wang C, Yang J, Chen B, Zhu X. 2020. Identification of the 

novel bacterial blight resistance genes Xa 46(t) by mapping and 

expression analysis of the rice mutant H 129. Sci Rep 10 (1): 12642. 

DOI: 10.1038/s41598-020-69639-y. 

Chen X, Liu P, Mei L, He X, Chen L, Liu H, Shen S, Ji Z, Zheng X, 

Zhang Y, Gao Z. 2021. Xa7, a new executor R gene that confers 

durable and broad-spectrum resistance to bacterial blight disease in 

rice. Plant Commun 2 (3): 100143. DOI: 10.1016/j.xplc.2021.100143. 

Chukwu SC, Rafii MY, Ramlee SI, Ismail SI, Hasan MM, Oladosu YA, 

Magaji UG, Akos I, Olalekan KK. 2019. Bacterial leaf blight 

resistance in rice: A review of conventional breeding to molecular 

approach. Mol Biol Rep 46 (1): 1519-1532. DOI: 10.1007/s11033-

019-04584-2. 

Cottrell RS, Nash KL, Halpern BS, Remenyi TA, Corney SP, Fleming A, 

Fulton EA, Hornborg S, Johne A, Watson RA, Blanchard JL. 

2019. Food production shocks across land and sea. Nat Sustain 2 (2): 

130-137. DOI: 10.1038/s41893-018-0210-1. 

Curutiu C, Lazar V, Chifiriuc MC. 2017. Pesticides and antimicrobial 

resistance: From environmental compartments to animal and human 

infections. In: Grumezescu AM (ed.). New Pesticides and Soil Sensors. 

Academic Press, Bucharest. DOI: 10.1016/B978-0-12-804299-

1.00011-4. 

Diallo A, Wonni I, Sicard A, Blondin L, Gagnevin L, Vernière C, Szurek 

B, Hutin M. 2023. Genetic structure and TALome analysis highlight a 

high level of diversity in burkinabe Xanthomonas oryzae pv. oryzae 

populations. Rice 16 (1): 33. DOI: 10.1186/s12284-023-00648-x. 

Du XX, Park JR, Wang XH, Jan R, Lee GS, Kim KM. 2022. Genotype 

and phenotype interaction between OsWKRYq6 and BLB after 

Xanthomonas oryzae pv. oryzae inoculation in the field. Plants 11 (3): 

287. DOI: 10.3390/plants11030287. 

Fiyaz RA, Shivani D, Chaithanya K, Mounika K, Chiranjeevi M, Laha 

GS, Viraktamath BC, Rao LVS, Sundaram RM. 2022. Genetic 

improvement of rice for bacterial blight resistance: Present status and 

future prospects. Rice Sci 29: 118-132. DOI: 10.1016/j.rsci.2021.08.002. 

Flor HH. 1971. Current status of the gene-for-gene concept. Annu Rev 

Phytopathol 9: 275-296. DOI: 10.1146/annurev.py.09.090171.001423. 

Hu K, Cao J, Zhang J, Xia F, Ke Y, Zhang H, Xie W, Liu H, Cui Y, Cao 

Y, Sun X, Xiao J, Li X, Zhang Q, Wang S. 2017. Improvement of 

multiple agronomic traits by a disease resistance gene via cell wall 

reinforcement. Nat Plants 3 (3): 17009. DOI: 10.1038/nplants.2017.9. 

Hunjan MS, Lore JS. 2020. Climate change: impact on plant pathogens. 

diseases and their management. In: Jabran K, Florentine S, Chauhan 

BS (eds). Crop Protection Under Changing Climate. Springer, Cham. 

DOI: 10.1007/978-3-030-46111-9. 

IRRI [International Rice Research Institute]. 2013. SES Standard Evaluation 

System for Rice. International Rice Research Institute, Manila. 

Jiang N, Yan J, Liang Y, Shi Y, He Z, Wu Y, Zeng Q, Liu X, Peng J. 

2020. Resistance genes and their interactions with bacterial blight/leaf 

streak pathogens (Xanthomonas oryzae) in rice (Oryza sativa L.): An 

updated review. Rice 13: 3. DOI: 10.1186/s12284-019- 0358-y. 

Joshi JB, Arul L, Ramalingam J, Uthandi S. 2020. Advances in the Xoo-

rice pathosystem interaction and its exploitation in disease management. 

J Biosci 45 (1): 112. DOI: 10.1007/s12038-020-00085-8. 



DEWI et al. – Double haploid rice lines evaluation 

 

4283 

Kanipriya R, Ramanathan A, Gopalakrishnan C, Ramalingam J, Saraswathi 

R. 2024. Pathotyping and virulence analysis of Xanthomonas oryzae 

pv. oryzae causing bacterial blight of rice in Tamil Nadu. Agric Sci 

Digest 44 (2): 282-288. DOI: 10.18805/ag.D-5828. 

Kartina N, Purwoko BS, Dewi IS, Wirnas D, Sugiyanta. 2019. Genotype 

by environment interaction and yield stability analysis of doubled 

haploid lines of upland rice. SABRAO J Breed Genet 51 (2): 191-

204. 

Kumar A, Kumar R, Sengupta D, Das SN, Pandey MK, Bohra A, Sharma 

NK, Sinha P, Sk H, Ghazi IA, Laha GS and Sundaram RM. 2020. 

Deployment of genetic and genomic tools toward gaining a better 

understanding of rice-Xanthomonas oryzae pv. oryzae interactions for 

development of durable bacterial blight resistant rice. Front Plant Sci 

11: 1152. DOI: 10.3389/fpls.2020.01152. 

Liu M, Shi Z, Zhang X, Wang M, Zhang L, Zheng K, Liu J, Hu X, Di C, 

Qian Q, He Z. 2019. Inducible overexpression of ideal plant 

architecture improves both yield and disease resistance in rice. Nat 

Plants 5 (4): 389-400. DOI: 10.1038/s41477-019-0383-2. 

Nandal K, Sehrawat AR, Yadav AS, Vashishat RK, Boora KS. 2005. High 

temperature-induced changes in exopolysaccharides, lipopolysaccharides 

and protein profile of heat-resistant mutants of Rhizobium sp. 

(Cajanus). Microbiol Res 160 (4): 367-373. DOI: 

10.1016/j.micres.2005.02.011. 

Naqvi SA. 2019. Bacterial leaf blight of rice: An overview of 

epidemiology and management with special reference to Indian sub-

continent. Pak J Agric Res 32 (2): 359-380. DOI: 

10.17582/journal.pjar/2019/32.2.359.380. 

Noor A, Chaudhry Z, Rashid H, Mirza B. 2006. Evaluation of resistance 

of rice varieties against bacterial blight caused by Xanthomonas oyzae 

pv. oryzae. Pak J Bot 38 (1): 193-203. 

Oshunsanya SO, Nwosu NJ, Li Y. 2019. Abiotic stress in agricultural 

crops under climatic conditions. In: Jhariya M, Banerjee A, Meena R, 

Yadav D (eds). Sustainable Agriculture, Forest and Environmental 

Management. Springer, Singapore. DOI: 10.1007/978-981-13-6830-

1_3. 

Pradhan KC, Pandit E, Mohanty SP, Moharana A, Sanghamitra P, Meher 

J, Jena BK, Dash PK, Behera L, Mohapatra PM, Bastia DN. 2022. 

Development of broad spectrum and durable bacterial blight resistant 

variety through pyramiding of four resistance genes in rice. 

Agronomy 12 (8): 1903. DOI: 10.3390/agronomy12081903. 

Pradhan SK, Barik SR, Nayak DK, Pradhan A, Pandit E, Nayak P, Das 

SR, Pathak H. 2020. Genetics, molecular mechanism, and deployment 

of bacterial blight resistance genes in rice. Crit Rev Plant Sci 39 (4): 

360-385. DOI: 10.1080/07352689.2020.1801559. 

Putri RK, Purwoko BS, Dewi IS, Lubis I, Yuriyah, S. 2023. Resistance of 

doubled haploid rice lines to bacterial leaf blight (Xanthomonas 

oryzae pv. oryzae). Sabrao J Breed Genet 55 (3): 717-728. DOI: 

10.54910/sabrao2023.55.3.10. 

Rashid MM, Nihad SA, Khan MA, Haque A, Ara A, Ferdous T, Hasan 

MA, Latif MA. 2021. Pathotype profiling: Distribution and virulence 

analysis of Xanthomonas oryzae pv. oryzae causing bacterial blight 

disease of rice in Bangladesh. J Phytopathol 169 (7-8): 438-446. DOI: 

10.1111/jph.13000. 

Rumanti IA, Nugraha Y, Wening RH, Gonzaga ZJC, Suwarno, Nasution 

A, Kusdiaman D, Septianingsih EM. 2016. Development of high-

yielding rice varieties suitable for swampy lands in Indonesia. Plant 

Breed Biotechnol 4 (4): 413-425. DOI: 10.9787/PBB.2016.4.4.413. 

Savary S, Willocquet L, Pethybridge SJ, Esker P, McRoberts N, Nelson 

A. 2019. The global burden of pathogens and pests on major food 

crops. Nat Ecol Evol 3 (3): 430-439. DOI: 10.1038/s41559-018-0793-

y. 

Shamsunnaher, Chen X, Zhang X, Wu X, Huang X, Song W. 2020. Rice 

immune sensor XA21 diferentially enhances plant growth and survival 

under distinct levels of drought. Sci Rep 10 (1): 16938.  DOI: 

10.1038/s41598-020-73128-7. 

Sharma A, Abrahamian P, Carvalho R, Choudhary M, Paret ML, Vallad 

GE, Jones JB. 2022. Future of bacterial disease management in crop 

production. Annu Rev Phytopathol 60 (1): 259-282. DOI: 

10.1146/annurev-phyto-021621-121806. 

Skendžić S, Zovko M, Živković, IP, Lešić V, Lemić D. 2021. The impact 

of climate change on agricultural insect pests. Insects 12 (5): 440. 

DOI: 10.3390/insects12050440. 

Sudir, Yuliani D. 2016. Composition and distribution of Xanthomonas 

oryzae pv. oryzae pathotypes, the pathogen of rice bacterial leaf blight 

in Indonesia. Agrivita J Agric Sci 38 (2): 174-185. DOI: 

10.17503/agrivita.v38i2.588. 

Surówka E, Rapacz M, Janowiak F. 2020. Climate change influences the 

interactive effects of simultaneous impact of abiotic and biotic 

stresses on plants. In: Hasanuzzaman M (eds). Plant Ecophysiology 

and Adaptation under Climate Change: Mechanisms and Perspectives 

I. Springer, Singapore. DOI: 10.1007/978-981-15-2156-0_1. 

Suryadi Y, Kadir TS. 2017. Pathogenicity of Xanthomonas oryzae pv. 

oryzae isolates and bacterial leaf blight disease monitoring on rice-

near isogenic lines (NILs). Berita Biologi 16 (2): 193-202. DOI: 

10.14203/beritabiologi.v16i2.2393. [Indonesian] 

Suryadi Y, Samudra MI, Priyatno TP, Susilowati DN, Lestari P, Fatimah, 

Kadir TS. 2016. Determination of pathotypes from Indonesian 

Xanthomonas oryzae pv. oryzae population causing bacterial leaf 

blight and their reactions on differential rice. Makara J Sci 20 (3): 

109-118. DOI: 10.7454/mss.v20i3.6241.     

Sutrisno, Susanto FA, Wijayanti P, Retnoningrum MD, Nuringtyas TR, 

Joko T, Purwestri YA. 2018. Screening of resistant Indonesian black 

rice cultivars against bacterial leaf blight. Euphytica 214 (11): 199-

210. DOI: 10.1007/s10681-018-2279-z. 

Teshome DT, Zharare GE, Naidoo S. 2020. The threat of the combined 

effect of biotic and abiotic stress factors in forestry under a changing 

climate. Front Plant Sci 11: 601009. DOI: 10.3389/fpls.2020.601009. 

Ullah I, Ali H, Mahmood T, Khan MN, Haris M, Shah H, Mihoub A, 

Jamal A, Saeed MF, Mancinelli R, Radicetti E. 2022. Pyramiding of 

four broad spectrum bacterial blight resistance genes in cross breeds 

of basmati rice. Plants 12 (1): 46. DOI: 10.3390/plants12010046. 

Xing J, Zhang D, Yin F, Zhong Q, Wang B, Xiao S, Ke X, Wang L, 

Zhang Y, Zhao C, Lu Y, Chen L, Chen Z, Chen L. 2021. Identifcation 

and fine-mapping of a new bacterial blight resistance gene, Xa47(t), 

in G252, an introgression line of Yuanjiang common wild rice (Oryza 

rufpogon). Plant Dis 105 (12): 4106-4112. DOI: 10.1094/PDIS-05-

21-0939-RE. 

Xu R, Zhou J, Zheng E, Yang Y, Li D, Chen Y, Yan C, Chen J, Wang X. 

2021. Systemic acquired resistance plays a major role in bacterial 

blight resistance in a progeny of somatic hybrids of cultivated rice 

(Oryza sativa L.) and wild rice (Oryza meyeriana L.). J Plant Dis 

Protect 128: 1023-1040. DOI: 10.1007/s41348-021-00457-8. 

Xu YP, Lv LH, Xu YJ, Yang J, Cao JY, Cai XZ. 2018. Leaf 

stage‐associated resistance is correlated with phytohormones in a 

pathosystem‐dependent manner. J Integr Plant Biol 60 (8): 703-722. 

DOI: 10.1111/jipb.12661. 

Yadi R, Heravan IM, Sharifabad HH. 2021. Identifying the superior traits 

for selecting the ideotype of rice cultivars. Cereal Res Commun 49: 

475-484. DOI: 10.1007/s42976-020-00088-z. 

Yang Y, Zhou Y, Sun J, Liang W, Chen X, Wang X, Zhou J, Yu C, Wang 

J, Wu S, Yao X, Zhou Y, Zhu J, Yan C, Zheng B, Chen J. 2022. 

Research progress on cloning and function of xa genes against rice 

bacterial blight. Front Plant Sci 13: 847199. DOI: 

10.3389/fpls.2022.847199. 

Yimer HZ, Nahar K, Kyndt T, Haeck A, Van Meulebroek L, Vanhaecke 

L, Demeestere K, Höfte M, Gheysen G. 2018. Gibberellin antagonizes 

jasmonate‐induced defense against Meloidogyne graminicola in rice. 

New Phytol 218 (2): 646-660. DOI: 10.1111/nph.15046. 

Yuriyah S, Utami DW, Hanarida I. 2013. Resistance test of promising rice 

lines against bacterial leaf blight (Xanthomonas oryzae pv. oryzae) 

Race III, IV, and VIII. Bull Plasma Nutfah 19 (2): 53-60. DOI: 
10.21082/blpn.v19n2.2013.p53-60. [Indonesian] 

Yuriyah S, Utami DW. 2015. Genetic diversity of Indonesian bacterial 

leaf blight isolate (Xanthomonas oryzae pv. oryzae) core collection 

based on the VNTR and avrXa7 molecular markers. Makara J Sci 19 

(3): 6. DOI: 10.754/MSS.V19I3.4893. 

Zhang J, Yin Z, White F. 2015. TAL effectors and the executor R genes. 

Front Plant Sci 6: 641. DOI: 10.3389/fpls.2015.00641. 

Zhong Q, Xu Y, Rao Y. 2024. Mechanism of rice resistance to bacterial 

leaf blight via phytohormones. Plants 13 (18): 2541. DOI: 

10.3390/plants13182541. 

 


	INTRODUCTION

