
 

 

 

INTRODUCTION 

 

The Bacterial Leaf Blight (BLB) disease of rice caused by 

Xanthomonas oryzae pv. oryzae (Xoo) is one of the main 

reasons limiting  production of rice in Asia ensuing to an 

average of 20 to 30% and in some Asian countries, up to 50% 

rice yield losses .The disease, when occurs in severe condition 

on susceptible cultivars, causes 74 to 81% yield losses 

(Srinivasan and Gnanamanickam, 2005). It was reported that 

yield losses can be 100% in Basmati rice at tillering stage 

(Mannan et al., 2009). Cultural practices, chemical control or 

resistant varieties are optional strategies for the control of 

plant diseases. The chemical control of BLB is impractical in 

the monsoon climatic conditions of Asia (Agrawal et al., 

2005). Furthermore, no effective bactericide is commercially 

available for disease control. Therefore, the preferred strategy 

for disease management is through varietal resistance 

(Naveed et al., 2010).  The manipulation of host resistance 

has been shown to be the only and most reliable method to 

manage this disease. Globally, to date, 39 Xa genes (28 

dominant and 11 recessive) conferring resistance against Xoo 

have been identified (Chen et al., 2011; Zhang et al., 2014). 

These identified genes were evaluated in different countries 

against their indigenous Xoo populations to deploy in local 

germplasm for BLB resistance. The response of 23 lines like 

10 NILs and 13 pyramids was evaluated against BLB under 

field conditions in Vietnam. The resistance gene xa13 and 

Xa14 were susceptible, Xa4 and xa5 were moderately 

susceptible and the rest were moderately resistant to BLB. 

Among the pyramids, Xa4+xa5+xa13+Xa21, Xa4+Xa7+Xa21 

and xa5+Xa7+xa13 had short lesion length and low diseased 

leaf area (Loan et al., 2006). Three gene pyramid 

(xa5+xa13+Xa21) in variety Sawarna was transferred to 

Jalmagna, a popular deep-water variety in India, which 

exhibited a high level of resistance against BLB (Pradhan et 

al., 2015). However, the durability of resistance depends upon 

the prevalence of pathogen races in time and space.  

A lot of research has been done on the evaluation of rice 

genotype (Khan et al., 2009), virulence reaction of local Xoo 

isolates (Mannan et al., 2009), molecular screening of local 

germplasm against a specific R gene (Abbasi et al., 2011) and 

evaluation of resistance genes in rice against local isolates of 

Xoo (Khan et al., 2012) in Pakistan. But for the development 

of durable resistant cultivar, it is of prime importance to 

screen all available resistant genes either single or in 

combination against all prevailing 29 pathotypes of Xoo 
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The studies were carried out to identify the resistant potential of 26 IRBB lines (10 Near Isogenic Lines (NILs) and 16 

pyramids) provided by the IRRI, Philippine, against 29 prevailing pathotypes of Xanthomonas oryzae pv. oryzae (Xoo) under 

artificial inoculation field conditions. The inoculation was done at pre-panicle emergence stage through clipping method and 

IR24 was used as a susceptible check. The experiment was carried out in a split plot manner during 2013 & 2014. Disease 

scoring was carried out 21 days after inoculation. None of the NILs or gene pyramids provided complete protection against all 

the pathotypes. However, Xa21 expressed resistance against 93% Xoo pathotypes followed by xa13, Xa7, Xa10 and Xa14 

conferring resistance to 79, 72, 72 and 72% pathotypes respectively. Among gene pyramids, IRBB-57 (Xa4, xa5, Xa21) 

exhibited incompatible reaction against 93% Xoo pathotypes followed by IRBB-64 showing resistance against 86% Xoo 

pathotypes including pathotype-1. The rest of the Xa genes either alone or in pyramid were moderately susceptible to 

susceptible. Based on the current study, IRBB-21, IRBB-13, IRBB-7, IRBB-10 and IRBB-14 as a single gene and IRBB-57, 

IRBB-64, IRBB-53 and IRBB-54 as pyramid are recommended to mitigate the BLB severity. The temptation of newly 

identified Xa gene evaluation is required for achieving complete resistance against all the Xoo pathotypes. Thus, the resistant 

genotypes could be considered a potential source for disease resistance and could be used further in the breeding programme 

for development of Bacterial leaf blight resistant rice varieties. 
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(personal communication). This study is an effort to appraise 

genes and their pyramids which may be used for evolving new 

varieties with genes conferring resistance to the BLB. 

 

MATERIALS AND METHODS 

 

Sowing of rice lines: The seeds of 26 International Rice 

Bacterial Blight (IRBB) lines in the genetic background of 

IR24 comprising 10 NILs carrying single bacterial blight 

resistance gene, 16 pyramids having 2-5 resistant (Xa) gene 

combinations and IR-24 as parent/susceptible check were 

received from the International Rice Research Institute 

(IRRI), Philippines (Table 1). The nursery was prepared at 

Nuclear Institute for Agriculture and Biology (NIAB), 

Faisalabad. At the age of 35 days, the seedlings of each line 

were triplicated in the split plot manner. The IRBB lines were 

planted in the main plot, and the Xoo pathotypes were used in 

sub-plots (Gomez and Gomez., 1984) having 9 inches plant 

to plant and 18 inches row to row distance. 

Inoculum preparation: The isolates, representatives of the 

29 prevailing pathotypes of Xoo, isolated from the diseased 

samples of rice collected from the 17 districts of Punjab were 

sub-cultured in peptone sucrose agar (PSA) petri plates and 

mass cultured in PS liquid medium at 28oC for 48 hours in a 

shaker incubator. The 2 days old cultures were then used to 

prepare inoculum by suspending separately the bacterial cells 

of each isolate in 10 ml of sterile distilled water and adjusting 

the concentration up to 108 colony-forming units (CFU)/ml 

with the absorbance of 590 nm (Verdier et al., 2012; Yang, 

2010). 

Inoculation of plant materials: Split plot design was used to 

test the virulence of Xoo pathotypes on the near-isogenic rice 

lines in which the isogenic lines were considered as the main 

plot and bacterial isolates as subplots (Gomez and Gomez, 

1984). The experimental unit consisted of three plants per 

isolate inoculation (Adhikari et al., 1999). About 10 flag 

leaves of three plants of each isogenic line were inoculated 

with each of the Xoo pathotype using a clip inoculation 

method at maximum tillering stage (Kauffman et al., 1973). 

Three plants of IR-24 were also inoculated with each isolate 

as a susceptible check. 

Disease assessment: The lesion length of inoculated leaves 

was measured after 21 days of inoculation in centimeters (cm) 

and host-pathogen interaction in terms of lesion development 

on IRBB lines was marked both on the quantitative and 

qualitative typescript of the lesions by following disease 

rating scale (Cottyn and Mew, 2004; Lore et al., 2011). 

Lesion length >5cm = Resistant (R) 

Lesion length 5–10cm = Moderately resistant (MR) 

Lesion length 10–15cm = Moderately susceptible (MS) 

Lesion length >15 cm = Susceptible (S). 

 

RESULTS 

 

Reactions of near isogenic lines against Xoo pathotypes: 
The Behavior of 10 NILs against 29 pathotypes representing 

the 17 districts of Punjab was significantly different in their 

reaction. None of the NILs exhibited complete resistance to 

all the pathotypes so resistant to moderately resistant reaction 

considered as resistant behavior. IRBB-21 and IRBB-13 

carrying Xa21 and xa13 genes exposed high level of 

resistance against 93 and 80% pathotypes respectively 

especially against pathotype-1 (highly virulent pathotype on 

a set of IRRI differentials) (Table 2). The response of these 

single Xa genes against disease showed that the pathotypes, 

lines and their interaction was significant at P<0.05. Three 

lines namely IRBB-21, IRBB-13 and IRBB-7 carrying Xa21, 

xa13 and Xa7 genes revealed a high level of resistance with 

Table 1. Rice lines harboring resistance genes used to evaluate for resistance against X. oryzae pv. oryzae pathotypes 

in Punjab, Pakistan. 

Rice lines Xa genes Cross Rice lines Xa genes Cross 

IRBB1 Xa1 IR24*5/KOGYOKU IRBB54 xa5, Xa21 - 

IRBB3 Xa3 IR24*5/CHUGOKU 45 IRBB55 xa13, Xa21 - 

IRBB4 Xa4 IR24*5/IR20 IRBB57 Xa4, xa5, Xa21 AY4+5/IR66700-4-2-9-5-2 

IRBB5 xa5 IR24*5/IR1545-339 IRBB58 Xa4, xa13, Xa21 NH11-35/NH9-53 

IRBB7 Xa7 IR24*5/DV85 IRBB59 xa5, xa13, Xa21 NH11-35/NH9-53 

IRBB10 Xa10 IR24*5/CAS209 IRBB60 Xa4, xa5, xa13, Xa21 NH11-35/NH9-53 

IRBB11 Xa11 IR24*5/IR8 IRBB61 Xa4, xa5, Xa7 IR-BB7/IR-BB60 

IRBB13 xa13 BJ1/5*IR24 IRBB62 Xa4, Xa7, Xa21 IR-BB7/IR-BB60 

IRBB14 Xa14 Taichung Native 1/5*IR24 IRBB63 xa5, Xa7, xa13 IR-BB7/IR-BB60 

IRBB21 Xa21 IR24*8/O BARTHII IRBB64 Xa4, xa5, Xa7, Xa21 IR-BB7/IR-BB60 

IRBB50 Xa4, xa5 - IRBB65 Xa4, Xa7, xa13,Xa21 IR-BB7/IR-BB60 

IRBB51 Xa4, xa13 IRBB4/IR66699-9-1-1-5-2 IRBB66 Xa4,xa5, Xa7, xa13, Xa21 IR-BB7/IR-BB60 

IRBB52 Xa4, Xa21 IRBB4/66700-3-3-3-4-2 IR 24 No.  Xa gene - 

IRBB53 xa5, xa13 IRB4/IR66699-9-1-1-5-2    
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lowest mean lesion length across all the pathotypes to the tune 

of 6.6 cm, 7.6 cm and 7.9 cm, respectively against the 

susceptible check (15.2 cm). This accounted for more than 

50% reduction in lesion length as compared to control. The 

three lines showed maximum resistance (LL ≤5 cm) against 

specific pathotypes having varying varietal preferences with 

details as under:  

i. IRBB-21 with lesion length in the range of 

3.59cm≤X≤4.81cm against nine pathotypes viz. 

25<29<26<8<24<22<10<23<7. 

ii. IRBB-13 with lesion length in the range of 

3.59cm≤X≤4.96cm against seven pathotypes viz. 

24<26<27<29<28<23<22. 

iii. IRBB-7 with lesion length in the range of 

3.85cm≤X≤5.0cm against six pathotypes viz. 

26<14<29<24<27<23. 

Reactions of pyramid lines against Xoo pathotypes: In the 

case of 16 pyramiding lines containing 2-5 resistant (Xa) gene 

combinations and IR-24 as parent/susceptible check, the high 

level of resistance was observed in IRBB-57 carrying three 

resistant genes Xa4, xa5 and Xa21. IRBB-57 has 93% 

resistant potential against tested pathotypes, including 

pathotype-1 with the mean lesion length of 6.6 cm. Among 

the six rice pyramids having a combination of two genes, 

IRBB-53 (xa5, xa13) and IRBB-54 (xa5, Xa21) were 

significantly more resistant against 83% Xoo pathotypes 

followed by IRBB-52 (Xa4, Xa21), IRBB-50 (Xa4, Xa5) and 

IRBB-51 (Xa4, xa13). In three gene combinations of six rice 

pyramids, the performance of IRBB-57 was found best, 

followed by IRBB-58 (Xa4, xa13, Xa21), IRBB-63 (xa5, Xa7, 

xa13), IRBB-59 (xa5, xa13, Xa21), IRBB-62 (Xa4, Xa7, 

Xa21) and IRBB-61 (Xa4, xa5, Xa7). Among the three rice 

pyramids having combination of four genes, IRBB-64 (Xa4, 

xa5, Xa7, Xa21) was better with resistance against 86% Xoo 

pathotypes including pathotype-1. The pyramids with four 

gene combinations IRBB-65 and IRBB-60 as well as five 

genes combination IRBB-66 carrying Xa4, xa5, Xa7, xa13 

and Xa21 genes expressed resistance against 76 and 72% 

pathotypes but they were susceptible to pathotype-1.  

Maximum susceptibility to all pathotypes was observed in IR-

24 which was used as susceptible parent check having no 

resistance gene. 

The significant results were observed among the pathotypes, 

16 pyramids and their interaction at P<0.05 (Table 3). The 

minimum disease symptoms (mean lesion length ≤2.52 cm) 

was produced by pathotype-29 while highest disease (LL 

>10.0 cm) was recorded with 9 pathotypes namely: 

11<1<5<3<12<4<15<13<6 with mean lesion length in the 

range of 10.09 cm≤X≤12.41 cm. In case of control treatment 

disease was at its peak to the tune of 15.18 cm lesion length. 

Table 2. Reaction of near isogenic lines to pathotypes of X. oryzae pv. oryzae. 

Pathotypes Xa1 Xa3 Xa4 xa5 Xa7 Xa10 Xa11 xa13 Xa14 Xa21 IR-24 

Pt-1 MR MS MS S MS MS MS MR MS MR S 

Pt-2 MR MS MR MS MS MS MS MR MS MS S 

Pt-3 R MR MR S MS MS MS MS MS MR S 

Pt-4 MR R MS S MR MR MR MR MS MR S 

Pt-5 S MR MS MS MS MR MS MR MR MR S 

Pt-6 MR R MR MS MR MR MS MR R MR MS 

Pt-7 MR R MS MR MR MR MR MR MR R MS 

Pt-8 MR MS MR MS MR MR MR MR MR R S 

Pt-9 MS MR MS MR MS MS MS MS MS MR S 

Pt-10 MR MR MS MR MR MR MS MR MR R S 

Pt-11 S S MS MS MS MS S MR S MS S 

Pt-12 S MR MS MS MS MS MS MR MR MR S 

Pt-13 S MS MS MR MR MR MS MS MR MR S 

Pt-14 MS MS MR MR R MR MR MR MR MR S 

Pt-15 MS MS MS MS MS MR MS MR MR MR S 

Pt-16 MS MR MR MR MR MS MR MS MR MR S 

Pt-17 MR MS MR MS MR MR MR MR R R S 

Pt-18 MR MS MR MR MR MR MR MS MR MR S 

Pt-19 MS MS MR MR MR MR MS MS MS MR S 

Pt-20 MR MR R MS MR MS MR MR MR MR S 

Pt-21 MR MR MR MR MR MR MR MR R MR S 

Pt-22 MR MR MS R MR MR R R MS R MS 

Pt-23 R MR R R R MR R R MR R MS 

Pt-24 R MR R R R MR R R R R MS 

Pt-25 MS MR MR MS MR MR MR MR R R MS 

Pt-26 MR R R R R MR R R R R MS 

Pt-27 MR R R MR R R MR R R MR MS 

Pt-28 MR MR R MR R R MR R R MR MS 

Pt-29 R MR R R R R R R R R MR 
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Three lines namely IRBB-57, IRBB-64 and IRBB-60 

revealed high level of resistance with lowest mean lesion 

length across all the pathotypes to the tune of 5.92 cm, 7.19 

cm and 7.9 cm respectively against the susceptible check 

(15.2 cm). Similar to the single gene lines here again three 

lines showed maximum resistance (LL ≤5 cm) against 

specific pathotypes having varying varietal preferences with 

details as under:  

IRBB-57 with lesion length in the range of 

3.63cm≤X≤4.96cm against 12 pathotypes viz. 

27<10<15<14<18<7<29<17<19<23<24<16. 

IRBB-64 with lesion length in the range of 

2.52cm≤X≤4.93cm against seven pathotypes viz. 

29<27<26<28<16<17<21. 

IRBB-60 with lesion length in the range of 3.93cm≤X≤5.0cm 

against six pathotypes viz. 8<27<22<29<25<17. 

DISCUSSION  

 

Induction breeding in rice crop and deployment of resistant 

cultivars carrying major resistant genes has been the most 

effective approach for the control of Bacterial leaf blight but 

for the incorporation of the most efficient gene, it is a pre-

requisite to evaluate the resistant sources against existing 

races or isolates of Xoo. In the present study, 26 rice 

differentials were evaluated against 29 prevailing pathotypes 

of Xoo representing 17 different districts of rice growing areas 

in the Punjab, Pakistan. The main objective of this study was 

to develop rice cultivars with effective resistance genes to 

Xanthomonas oryzae pv. oryzae. The level of resistance was 

established to the bacterial blight pathogen conferred by a 

single gene individually and multiple gene combinations. 

Previously, five races of Xoo PKX1, PKX2, PKX3, PKX4 and 

PKX5 were identified on the basis of host-pathogen 

interaction in Pakistan where PK stands for Pakistan and X 

stand for X. oryzae pv. oryzae (Mannan et al., 2009). To date, 

39 BB resistant (R) genes have been identified and mapped 

(Zhang et al., 2014). Disease reaction analysis showed that 

none of the single gene performance can be expected to 

control all the isolates of BLB.  

In this study, Xa21 gene performed well as a single gene 

against 93% Xoo isolates. However, the rest of the Xoo 

isolates showed virulence and overcome the Xa21. The same 

results were documented by (Mannan et al., 2009) where 

Xa21 gene has been overcome by only one race PKX 2 of 

Xoo, a dominant race in Pakistan, but remained effective 

Table 3. Reaction of pyramid lines to pathotypes/races of X. oryzae pv. oryzae. 
Patho-

types 

Xa4, 

xa5 

Xa4, 

xa13 

Xa4, 

Xa21 

xa5, 

xa13 

xa5, 

Xa21 

xa13, 

Xa21 

Xa4, 

xa5, 

Xa21 

Xa4, 

xa13, 

Xa21 

xa5, 

xa13, 

Xa21 

Xa4, 

xa5,x

a13, 

Xa21 

Xa4, 

xa5, 

Xa7 

Xa4, 

Xa7, 

Xa21 

xa5, 

Xa7, 

xa13 

Xa4, 

xa5, 

Xa7, 

Xa21 

Xa4, 

Xa7, 

xa13, 

Xa21 

Xa4, 

xa5, 

Xa7,xa1

3, Xa21 

IR  

24 

Pt-1 S MS S S S MS MR MR MS MS S MS S MR MS MS S 

Pt-2 MS MS MS MS MR MS MR MR MR MS MS MS MR MR MR MS S 

Pt-3 MS MR MS MS MS MS MR MS MR MR S MS MS MR MS MR S 

Pt-4 MR MR MS MR MR S MR MR MR MR MS MR MR MR MS MS S 

Pt-5 MS S MR MR MR MR MS MR MR MR S MS S MR MR MR S 

Pt-6 MS MR MR MR MR MR MR MS MR MR MR MS MS MR MR MS MS 

Pt-7 MR MS MR MR MR MS R MR MR MS MS R MR R MR MR MS 

Pt-8 MR MR R R MR MR MR MS MS R MS MR R MR MR MS S 

Pt-9 MR MS MR MS MR MR R MR MS MS MR MS R R MR MR S 

Pt-10 MR MS MR R MR MS R MR MR MS MR MR R R MR MR S 

Pt-11 S S MS MS MS S MR MR MS MS MS MS MR MS MS MS S 

Pt-12 MS MS MR MR MS MR MR MR MS MR MS MS MS MR S MR S 

Pt-13 MR MR MR MR MR S MR MR MR MS MS MS MR MS MR MR S 

Pt-14 R MR MR MR R MS R MR R MR MS MR MR R MR S S 

Pt-15 MS MS MR MR MR MS R MS MR MS MR MS MR MR MS MS S 

Pt-16 MR MR MR R MR MS R MR MS MR MR S MR MR MR R S 

Pt-17 MR R MS MR MR MS R MS MR R MS MR MR MR MR R S 

Pt-18 MR MR MR MR MR MR R MS MS MR MS MR MR MR MR MS S 

Pt-19 MS MS MR MR MR MR R MR MS MR MR MR MR MS MS MR S 

Pt-20 MR MS MR MR MS MS MR MR MR MR MS R MS MR MR MR S 

Pt-21 MR MR MR MR R MR MS MR R MR MR R MR MR MR R S 

Pt-22 R MS MR MR MR MR R R R R MR MR S MR R MR MS 

Pt-23 MR R R MR R MR R R MR MR MR MR R MR MR MR MS 

Pt-24 R R R R MR MR R MR R MR MR MR MR R MR MR MS 

Pt-25 MR R MR R R MR MR MR MR R MR MR MR MR R MR MS 

Pt-26 MR R R R MR R MR R R MR R R MR R R R MS 

Pt-27 R R MR MR MR MR R R R R MR R R R R R MS 

Pt-28 MS MR R MR MR MR MR R MR MR R MR R MR MR R MS 

Pt-29 R R R R R R R MR R R R R R R R R MR 

 



Resistant genes and gene pyramids 

 369 

against other four races. Moreover, Xa21 was found to be 

ineffective against seven Bangladeshi races of Xoo 

(Jalaluddin et al., 2005). These results suggest that the 

resistance conferred by Xa21 may not be effective against all 

the isolates in a particular location. Thus, in order to maximize 

the durability of resistance, it is important to determine the 

best strategy for the deployment of lines containing Xa21 in a 

particular location (Wang et al., 1996).  

The performance of IRBB-13 carrying xa13, a recessive gene 

located on chromosome number 8, was found effective, and 

many isolates in Punjab were avirulent to IRBB-13. The xa13 

was reported to confer resistance against three races in 

Pakistan (Mannan et al., 2009), PXO99A the broadly virulent 

race in the Philippines (Ogawa et al., 1987) and seven Xoo 

pathotypes in India (Lore et al., 2011). In Vietnam, IRBB-13 

was found highly susceptible when evaluated as a single gene 

line (Loan et al., 2006) which indicates the prevalence of xa13 

virulent strain in the Vietnam Xoo population. The 

performance of IRBB14 carrying Xa14 was also good in 

Punjab, but in another study, it was found to be susceptible to 

81% isolates collected throughout the Pakistan (Mannan et 

al., 2009). The 100% susceptibility of Xa14 to all prevailing 

races of Xoo was reported in Punjab province of India (Lore 

et al., 2011) and in China (Gao and Sun, 2013). The Xa7 as a 

single gene is also an effective gene for deployment in BB 

resistance in Punjab. It has also been speculated to confer 

durable resistance in Korea (Jeung et al., 2006), in Indonesia 

(Utami et al., 2013) and in Iran (Khoshkdaman et al., 2014). 

It has been found, in this investigation, that the performance 

of IRBB-57 (Xa4, xa5, Xa21) was the best in all pyramids. 

These results are in line with an earlier study which concludes 

that three gene combinations would be most promising in 

Pakistan against BLB (Mannan et al., 2009), in Korea (Jeung 

et al., 2006) and in India (Mishra et al., 2013). Three gene 

pyramid (xa5+xa13+Xa21), in variety Sawarna, was 

transferred to Jalmagna, a popular deep-water variety in India, 

which exhibited a high level of resistance against BLB 

(Pradhan et al., 2015). Similarly, a combination of two genes, 

IRBB-53 (xa5 & xa13) and IRBB-54 (xa5 & Xa21) and  three 

genes (Xa4, xa5, Xa21) showed a high level of resistance 

against Indian Xoo isolates (Shanti et al., 2010) and in 

Cuulong river delta (Dinh et al., 2010). IRBB-64 having four 

gene combinations (Xa4+xa5+Xa7+Xa21) showed resistance 

against 86% Xoo pathotypes including pathotype-1 (the most 

virulent pathotype in this study) followed by IRBB-53 (xa5, 

xa13) and IRBB-54 (xa5, Xa21) which were resistant against 

82% Xoo pathotypes respectively. The rest of the Xa genes 

either alone or in pyramid were moderately susceptible to 

susceptible. Based on the current study, IRBB-21, IRBB-13, 

IRBB-7, IRBB-10 and IRBB-14 as a single gene and IRBB-

57, IRBB-64, IRBB-53 and IRBB-54 as pyramid are 

recommended to mitigate the BLB severity. The temptation 

of newly identified Xa gene evaluation is required for 

achieving complete resistance against all the Xoo pathotypes. 

The information gained in this study has significant 

implications for the resistance gene deployment in Punjab 

region. Developing a sound strategy for deployment of R gene 

containing lines is most challenging and an important area 

because of the ability of pathogens to rapidly overcome major 

R genes. This study also explored the potential of gene 

pyramiding to develop cultivars with durable resistance to BB 

disease. 

 

Conclusion: The behavior of different resistant (Xa) genes 

exposed the existence of diverse Xoo population in Punjab 

province of Pakistan. Although many resistance genes as a 

single or in combinations/pyramid were found to be useful 

against the small proportion of pathogen population, none of 

the gene or gene combination has the capacity to combat 

against all the pathotypes tested in this study. Based on our 

results, Xa21 and xa13 resistance genes were found to be most 

effective followed by Xa7 and Xa14 while R gene pyramid of 

Xa4, xa5 & Xa21 was found to be resistant and would be the 

most effective for improving rice cultivars against BLB 

disease. In this study, only 26 R genes/gene combinations 

were evaluated; so, there is a dire need to evaluate new 

combinations of genes or newly identified R genes and rice 

germplasm which can combat against all the Xoo isolates not 

only from Punjab but throughout the Pakistan. It is also 

desirable to deploy different resistant genes in different 

location to avoid any epidemic. The generated information 

was applied in breeding programs by rice breeders of Nuclear 

Institute for Agriculture & Biology (NIAB), National Institute 

of Biotechnology & Genetic Engineering (NIBGE) and Rice 

Research Institute, Kala Shah Kaku to develop rice cultivars 

with durable resistance against BLB pathogen. 
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