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available in Nepal Terai. Xa21 was effective to isolates of Bardiya,
Banke, Kailali, and Morang except to the isolate from Rupandehi. The
BB pathogen from Rupandehi was the most virulent to all single genes
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Introduction:-

Bacterial blight (BB) of rice (Oryza sativa L.), caused by Xanthomonas oryzae pv. oryzae (X00), is a major threat to
rice production in Asia (Mew, 1987; -, 1989) and, in particular, Nepal (Manandhar, 1987; Adhikari and Mew, 1991;
Dangal et al., 2014; Chaudhary et al., 2015). The disease is widely distributed in the hills and plains of Nepal
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(Manandhar et al., 1987; Adhikari and Shrestha, 1989; Adhikari and Mew, 1994). The disease was reported as early
as 1965 in Kathmandu Valley (Khadka et al., 1968) and it spread rapidly in subsequent years and is now prevalent
throughout the Terai belts (plain) and hills. Yield losses, estimated up to 26%, have been recorded, with the greatest
destruction being during the Kresek phase” of the disease, usually occurring 2-3 weeks after transplanting (IRRI,
1979; Adhikari et al., 1990). The occurrence of the disease in Terai is usually early in the season (Adhikari et al.,
1990). Major epidemics were reported in 1979 (IRRI, 1979), in 1987 (Adhikari and Shrestha, 1989) and in 2014
(RARS, 2014). Disease management through chemicals and other agronomic management practices are not always
practical and cost effective. Use of resistant varieties for its management is the most effective and sustainable
means.

However, the resistant varieties become susceptible after few years of release due to development and dominance of
virulence races in the pathogenic population (Mew et al., 1992; Adhikari et al., 1994). For instance, breaking down
of resistance of IRBB-21 rice line harbouring dominant gene Xa21 by some of Xoo isolates from Japan, Nepal,
Korea and India have been reported in earlier studies (Lin et al., 1996; Adhikari et al., 1999). Information to
understand the virulence of Xoo pathogen is necessary to determine effective bacterial blight resistance gene. In this
study, isolates from five different Terai districts were tested in BB near isogenic lines at Regional Agricultural
Research Station (RARS), Khajura, Nepalgunj during 2012-2013 and 2014.

Materials and Methods:-

Sampling:-

A comprehensive BB disease survey and samplings were carried out in five major rice producing districts of Terai
region of Nepal during wet season of 2012-13. The survey was carried out in five districts of eastren, central, mid
western and far-westren development regions of Nepal viz. Morang, Rupandehi, Banke, Bardiya and Kailali.

Isolation and confirmation of bacteria:-

The collected leaf samples were taken to the Plant Pathology Laboratory of RARS, Khajura and disease was
confirmed by observing the oozing under compound microscope (OLYMPUS, BX51) . Bacteria were isolated from
infected rice leaves by following the method of Adhikari et al. (1995). Bacteria having yellow circular colonies with
entire margins and smooth waxy and shiny surfaces were isolated. Single bacterial colonies of each strain were
isolated. The isolated colonies were further purified on peptone sucrose agar (PSA) medium. Afterwards bacterial
cells were preserved in 5% skimmed milk and PSA slants at 4° C as a source for further work. The bacterial strains
were then inoculated on the susceptible rice variety TN-1 to verify their pathogenicity.

Near-isogenic rice lines:-

Seeds of the near-isogenic rice lines (NILs) and IR-24 were obtained from International Rice Research Institute,
Philippines. The experiment for testing of Xoo isolates on NILs was undertaken during August-September 2014 at
RARS, Khajura, Banke. The 20 NILs with single and different Xa gene combinations were used in the experiment
(Table 1). IR-24 was used as the susceptible check. Rice seeds were first placed in petri-plates and kept in incubator
for germination. After five days of incubation, three healthy seedlings of each line were transferred to 100-cm
plastic buckets and were kept in glass house. The buckets were filled with mixture of soil and farmyard manure
(1:1). Moreover 10 g mixture of nitrogen, phosphorus and potassium in the form of urea, di-ammonium phosphate
and muriate of potash was added to each bucket. The plants were watered every day and 5 g urea was added 30 days
after transplanting to each bucket.

Inoculum preparation:-

The strains of X. oryzae pv. oryzae isolated from the foliar samples of rice were incubated in PSA slants at 28° C for
72 hours. The three day old cultures were then used to prepare inoculum. Inoculum was prepared by suspending the
bacterial cells of each strain in 10 ml of sterile distilled water separately and adjusting the concentration up to 10°
colony forming units (CFU)/ml by maintaining transparency around 50% which was measured by
Spectrophotometer (Single Monochromator UV-2600).

Inoculation:-

To test the virulence of bacterial strains on the NILs, the experiment was designed in a split plot design. The NILs
were considered as the main plot and bacterial isolates as sub plots (Gomez & Gomez, 1984). Thus, the
experimental unit consisted of 3 plants per strain inoculation (Adhikari et al., 1999). Three plants of each NIL were
inoculated with each of the strains of X. oryzae pv. oryzae using clip inoculation method 25 days after seeding
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(Kauffman et al., 1973). For this purpose 1 to 2 cm of the tips of three fully expanded leaves of each plant in each
bucket (total of nine leaves per strain inoculation) were clipped with scissors dipped in inoculum. Control plants
were inoculated similarly with sterilized distilled water.

Estimation of infection:-

After 14 days of inoculation the lesion length was measured in centimeters from the cuts of leaf tips (Mew et al.,
1989). Resistance or susceptibility was assessed from the mean lesion length of the nine inoculated leaves of each
NILs. Reactions of lines were categorized according to lesion length, where 0 to 3 cm length was classified as
resistant (R) and more than 3 cm as susceptible (S) (Adhikari et al., 1999).

Results and Discussions:-

Table 1:- Reaction of bacterial blight near-isogenic lines to bacterial blight isolates of five different

locations tested at RARS, Khajura, Banke, Nepal during 2014

NILs/Pyramid lines Xa-gene(s) Bardiya | Banke | Kailali Morang Rupandehi
IRBB-1 Xal R S S S S
IRBB-3 Xa3 S R R S R
IRBB-4 Xad R S R R S
IRBB-7 Xa7 R R S S S
IRBB-13 xal3 S S R S S
IRBB-14 Xald S S S S S
IRBB-21 Xa2l R R R R S

IR-24 Xal8 S S S S S

IRBB-50 Xad+xab R R R R S
IRBB-51 Xad+xal3 R S R R S
IRBB-53 xa5+xal3 S R R S S
IRBB-54 xa5+Xa21 R R R R S
IRBB-55 xal3+Xa2l R R R R S
IRBB-59 xab+xal3+Xa2l R R R R R
IRBB-60 Xad+xab5+xal3+Xa2l R R R R R
IRBB-61 Xad+xab5+Xa7 R R R R R
IRBB-62 Xad+Xa7+Xa2l R R R R R
IRBB-64 Xad+xab+Xa7+Xa2l R R R R R
IRBB-65 Xad+Xa7+xal3+Xa2l R R R R R
IRBB-66 Xad+xab+Xa7+xal3+Xa2l R R R R R

No single BB gene was effective to all the BB pathogen population available in Terai region of Nepal (Table 1). The
prevalence of BB pathogen was highly variable and diverse. IR-24 and Xal4 developed susceptible lesions when
inoculated with BB isolates from all locations. The BB gene Xa21 was effective to isolates from Bardiya, Banke,
Kailali and Morang but was susceptible to Rupandehi isolate. The Xal gene showed resistant reaction to Bardiya
isolate but was susceptible to the isolates from rest of the locations. Similarly, xal3 was only resistant to Kailali
isolate while isolate from other locations produced susceptible lesions. Xa3 did not produce susceptible lesions when
inoculated with isolates from Banke, Kailali and Rupandehi. Xa4 was effective to isolates from Bardiya, Kailali and
Morang while it was susceptible to isolates from Banke and Rupandehi. Three-, four- and five-gene pyramids were
quite effective to the BB isolates collected from all locations, suggesting that their deployment could manage the BB
disease in sustainable and durable way. Xa7 was effective to BB isolates of Bardiya and Banke while it was
susceptible to those of Kailali, Morang and Rupandehi. The gene xal3 was incompatible to only Kailali isolate. For
example, the rice lines IRBB-59, IRBB-60, IRBB-61, IRBB-62, IRBB-63, IRBB-64, IRBB-65 and IRBB-66 were
resistant to all isolates (Table 1).
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Fig. 1:- Development of bacterial blight lesion on near-isogenic lines caused by bacterial blight isolate from
Rupandehi at Regional Agricultural Research Station, Khajura, Nepalgunj, Banke, Nepal during 2014

Based on the average lesion length of the three inoculated leaves the highly virulence isolates belonged to
Rupandehi group and were virulence to IRRB-1, IRBB-4, IRRB-7, IRBB-13, IRRB-14, IRRB-21 and IR-24 (Fig 1).
The longest lesion length was produced in the susceptible line IR-24, possessing Xal8 gene which was ineffective to
all isolates (Fig 2). The isolates belonging to Rupandehi was avirulent on genotype IRBB-3 which contains resistant

gene Xa3.
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Fig. 1:- Bacterial blight lesion length produced on near-isogenic lines by bacterial blight isolates of different
fivelocations at Regional Agricultural Research Station, Khajura, Banke, Nepal during 2014

In the pathogenicity test, the longest lesion length was found in IR-24 genotype when inoculated with the Rupandehi
isolates (Fig 1 & 2). The second longest lesion was developed by the isolates belonging to Morang in IRBB-3 (Fig
2). Isolates belonging to Rupandehi group were found the most aggressive and that of Kailali was the least

aggressive.

Conclusion:-

The result has significant implications for national rice breeding program in deploying resistant source for bacterial
blight management. None of the single gene can be expected to control BB in Nepal. Genotypes possessing three
and four gene pyramids could be deployed for durable bacterial blight management across the Nepal Terai. Regular
monitoring of the pathogen population is also required to deploy location based effective gene(s) for management of

BB in Nepal.
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