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ABSTRACT

The deployment of resistant cultivars is the begxfoa to control bacterial leaf blight (BLB) and gqeires an
understanding of the pathogen diversity. BLB causge&anthomonas oryzae pv.oryzae is a destructseasge of
rice (Oryza sativa L.) in Uganda. Unfortunately,taited information on Ugandan pathogen populatioeasnot
available. A set of 21 differential rice genotypleat have known resistance genes were used intg&puldesign to
test for differential virulence of six differenblates of X.oryzae pv.oryzae obtained from seedkesmrcollected
from Eastern Uganda. Statistical analysis showegbdiity among isolates. The susceptibility of tifeekntials
with two to four-gene combinations and the resistanf IR24 to Ugandan isolates were unusual anereflore
suggested a different pattern between Asian anchtga isolates at pathological level. Although teelates were
fewer in number, attempts to classify them intchpgénic races gave rise to 6 different races, asheaolate
caused a particular virulence pattern on the diffietials. The six races formed two significantljedt#nt (p< 0.05)
groups of one race (UX041) and five races (UX05400Q) UX050, UX058 and UX044). These races woulasked
in screening rice germplasm available and/or neityoduced to Uganda.

Key words: BLB, isolate, NILs, riceXanthomonas oryzgav. oryzae

INTRODUCTION

Rice Oryza satival.) is one of the most important staple cereadfoéor over half of the world’s population; it
ranks third after wheat and maize in terms of gpmoduction [6]. However, rice production is coirted by several
fungal, bacterial and viral diseases. Bacteridl iidight (BLB), caused byXanthomonas oryzgev.oryzae is one of
the most destructive diseases of rice worldwideuds first reported in Japan in 1884 [32] and fittven it quickly
spread across the Asian countries [29]. In Afribe, first report was in the West African regionli@80s [38].
Research studies conducted in West African coustegealed that the disease incidence ranged f86% and
yield losses ranged from 50-90% in the severelgdtdd fields [36]. The presence Xforyzaepv.oryzaehas now
been confirmed in Uganda [37] and this pathogentirapotential to cause huge losses mainly bedatsenation
on the variability of the local pathogen populatiaa lacking. Although no studies have been coretlitd assess
the losses caused by the disease in Uganda, thesdi®ccurence at early stages usually causesmdeatage due
to complete wilting of the seedling or kresek. Hoer infection of the plants at the tillering staggn sometimes
lead up to 100% vyield losses [26].
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Varietal resistance is the main control measursgntty available since no other control methoddsnemically

effective [32]. Fortunately, several resistanceegeare available for deployment against this desddewever, this
depends on the pathogenic diversity of local pathogopulation [3]. In fact, new races of the patrodeep

emerging and can potentially overcome deployedstasce [27, 28]. Most of these races differ betwesions,

sites and even fields within a site [31]. This ifaplthat breeding for resistance to BLB would bmally done using
the prevailing races in that particular geograghimeation. Although the presence Xforyzaepv.oryzaehas been
confirmed in Uganda [37], knowledge on the vari&pibf X.oryzaepv.oryzae populations is crucial for the
selection of disease resistance cultivars and s$igding national breeding strategies for BLB.

Several classical and molecular methods are avaifab analyzing aggressivenessXbryzaepv.oryzaeisolates
[31]. One such approach is the use of different@@ lines developed at the International Rice Rede Institute
(IRRI) by backcrossing resistance sources to tloeirrent parent IR24, which was susceptible to albvin

Philippine races of the pathogen [34, 15, 35]. ggimese differential lines, 31 resistant genes thman identified
against the Asian isolates [25]. This approach alsabled isolates to be grouped into races [441RHowever,
the reaction of these differential lines againsadan isolates is not known. The main objectivéhis study was
therefore to identify the races X¥foryzaepv.oryzaeprevailing in in the key rice rowing areas of Udarbased on
their reactions on the differential lines contaghkmown resistance genes.

MATERIALS AND METHODS
Isolation of bacterial strains. Twenty-three seed samples were collected frora-giowing areas of Budaka,

Iganga, Kaliro, Kibuku, Mbale and Pallisa DistrittsEastern Uganda. The seed samples were obtfim@dthe
local variety “Supa” that showed visible foliar sgtaoms of BLB (Fig.1).

Figure 1. BLB symptoms Figu®e Purification of X.oryzae pv.oryzae isolate
in farmer’s field on PSA medium in a Pigblate

The isolation of the bacterial pathogen from seeds conducted at the Crop Science Laboratory ofevtak
University using a methodology described by Singhl Rao [39] and Mortensen [30]. Bacteria that hgeiow,
viscous and round colonies with entire margins amoth waxy and shiny surfaces were isolated. Shkated
colonies were further purified on peptone sucrag °SA) medium under incubation at 28°C for 3sd@3, 24].
Single colony of each isolate was selected as eeseptative isolate for the study (Fig.2) and ofl)X.oryzae
pv.oryzaeisolates resulted from the pathogenicity testshensusceptible line IR24 [2]. These isolates vese
Kibuku and Pallisa Districts and were named UX03B051, UX00, UX041, UX044 and UX058 with the symbol
‘UX' for “Ugandan Xanthomonas, followed by a corresponding seed sample numbere Rultures were
maintained on PSA slants at +4°C for routine wonkl & 30% glycerol at -80°C for long-term preseiwatfor
further use [16, 3].

Differential rice lines: Twenty-one differential lines obtained from AfricaR in Benin Republic, were used to
characterize the virulence &foryzaepv.oryzaeisolates. The differentials included 12 lines wéihgle resistance
genes and 8 pyramided lines with two to four-gesmlminations, as detailed in Tablel. These difféeaéntvere the
near-isogenic rice lines (NILs) in the backgroudR®24 [25]. The line IR24 without resistance g¢a8] was also
used as a susceptible check.
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Table 1. Bacterial blight NILs and their respectiveresistance genes

NILs Xa-gene NILs Xa-gene(s)

IRBB1 Xal IRBB21 Xa21l

IRBB2 Xa2 IRBB50 Xad+xa5
IRBB3 Xa3 IRBB51 Xa4+xal3
IRBB4  Xa4 IRBB52 Xad+Xa21
IRBB5  xab5 IRBB54 xa5+Xa2l
IRBB7 Xa7 IRBB55  xal3+Xa2:
IRBB8  xa8 IRBB56 Xa4+xa5+xal3
IRBB10 XalO IRBB57 Xad+xa5+Xa2l
IRBB11 Xall IRBB6C Xad+xa5+xal3+Xa2
IRBB13 xal3 IR24

IRBB14 Xal4

Source: Liu et al., 2007

The differential rice seeds were first sown in Pptates for 10 days; three better seedlings ohdae were
transferred to a nine-liter plastic pot in a glamsde and thinned out to one healthier plant sixkeegfter
transplanting. Standard crop management practiodsding fertilizer and pesticide applications, aratg and hand
weeding were employed [4, 26].

Inoculum preparation and inoculation method: A 3-day-old culture of each isolate was used asufum. These
cultures were retrieved from the PSA plates andhbated at 28°C for 72 hours prior to inoculatioheTnoculum

was prepared and diluted by suspending separdtelpdcterial cultures of each isolate in 10 mlisfiked water.

Using a spectrophotometer, the absorbance (A) ®fitbculum was adjusted to A = 0.05 (620 nm) to enak
concentration value of about®l€ells per ml [19, 26].

The experiments were conducted from March 2010utp 2010 in the glasshouse at National Crops Ressur
Research Institute (NaCRRI)-Namulonge in Centrabhéta along latitude 0°32’N and longitude 32°53'teT
experimental design was a split-plot replicateccéyiwith differential line as main plots and theteaial isolates as
sub-plots [13]. The experimental unit consistecboé plant per pot for 7 pots per cultivar. Top temmore fully
expanded leaves of 70-day-old plants were cliputeted with each isolate [18, 5]. A separate péisterilized
scissors was dipped in the prepared inoculum bedgoping 1 to 2 cm off the leaf tip for inoculaticuch that each
plant be inoculated with one strain. Control plamisre inoculated similarly with sterile distilledater [26].
Inoculated plants were raised under the day tenyoeraanging from 24.6 to 33.5°C and 60.15% retatiumidity
(RH) measured over 3 weeks with a thermo-hygrocl®l@88CTH. To reduce possible noxious effects ofhhig
temperature on the entry of bacteria into infecttonrts in the presence of sufficient moisture toa leaf surface
and subsequent disease aggressiveness, the itmtulats conducted in the evening and inoculatedeleavere
immediately covered overnight with a polyethylenagb[24, 5]. Because the glasshouse was naturatty ai
conditioned, the inoculated plants were kept ingdfie glasshouse under concrete trays permaneiidy fivith
water to maintain high the RH required for the d&e development. Furthermore, walls and roof wprinlded
with water whenever the RH fell below 50% inside thasshouse. Plants were sufficiently and regulaatered to
avoid any undesirable drought stress which coulketfiere with bacterial blight symptoms.

Disease assessmenBlant reaction was assessed 21 days after inaouléDAl) on 10 clipped and inoculated
leaves of each line-isolate combination [43, 9]sites from 21 days were used as virulence reaclibe.length of
typically yellowish-grey lesions developed belove thoint of inoculation was measured in centimeten)(with a
ruler [14]. The average lesion length (LL) of diet10 leaves in an experimental unit was consider@adicate the
virulence level of a particular isolate on a spedifost genotype for that replicate. The meansachdreatment
from the two replications were averaged to obtdie bverall mean that was used to assess resistance
susceptibility of rice line. The plant reaction wssored according to the modified Fang’s methodplfd].
Therefore, the mean lesion length (MLL) was ratachiine, | (0.0 cm); highly resistant, HR (0.1-0.9)cresistant,

R (1.0-1.9 cm); moderately resistant, MR (2.0-2n9);cmoderately susceptible, MS (3.0-5.9 cm); sutiblep S
(6.0-6.9 cm) and highly susceptible, HS (MkL7.0 cm).

Statistical analysis: Original LL data for each line-isolate combinatiaere square-root transformed at (X¥43s
suggested by Snedecor and Cochran [41], to inctbasgrecision with which the differences betweerralk means
were measured. The transformed data were subjaxthé analysis of variance (ANOVA) to test the loganeity
between plots and the significant differential ratgion among the isolates, the genotypes and thigractions

3
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using GenStat package [11]. Mean comparisons werfenmed using the transformed data, but presestdohck-
transformed means [22]. The Fisher's protectedt Is@mificant difference (FPLSD) was used for nplii mean
comparisons at 5% probability level.

RESULTS

Interaction between differential lines and isolatesSignificant difference in disease symtpoms aneésgvwere
incited on differential lines depending on isolaged, as shown in Table 2.

Table 2. ANOVA for 21 rice genotypes and their respnse to infection by siXX.oryzae pv. oryzae isolates

Source Df SS MS F
Replication 1 0.327 0.327 0.16
Genotype (G) 20 214.835 10.742** 5.15
Main plot error 20 41.71 2.086 1.87
Isolate (1) 6 16.984 2.831* 2.53
Interaction (G x) 12C 183.04¢  1.525° 1.37
Sub-plot error 126 140.733 1.117

Total 293 597.638

« and« indicate, respectively significance at@®.05 and p< 0.001,
Df: degrees of freedom, SS: sum of square, MS: m@anof squares

Typically the symptoms incited appeared two to ¢hveeeks after inoculation. Some of the lines exbibia
resistant reaction marked by delayed initiationtttd symptoms and expression of brown necrotic hssiwas
progressing very slowly (Fig. 3).

Figure 3. Differential rice lines resistant (A) andsusceptible (B) toX. oryzae pv.oryzae

Detailed measurement of the disease showed the lesian lengths (MLL) ranging from 0.729 to 9.48,orith an
overall MLL of 3.63 cm (Table 3). The size of thesilon varied with isolate used.

Surprisingly, the susceptible check IR24 inciteel lmast size of lesion (MLL of 0.729 cm). This liiseusually used
as a susceptible recurrent parent to build the Nisiag Asian isolates. In contrast, the line IRBBSt®wed the
most susceptible response with an MLL of 9.48 crab{@ 3). Based on lesion sizes, eight genotypes wer
considered resistant with MLL less than 3.0 cm. sehencluded lines IR24, IRBB7, IRBB14, IRBB4, IRBB1
IRBB21, IRBB55 and IRBB54 (Table 3). The latter twontained pyramided genes for resistant whilerdst
excluding IR24, were single-gene lines. The follogvlines had two to four resistant gene combinatimmt showed
a susceptible reaction with an overall MEL3.0 cm (Table 3). These are IRBB56, IRBB57, IRBBEFRBB60,
IRBB51 and IRBB52. In general based on MLL ratiadf,the isolates except UX00 incited the highestLMin
IRBB56 with a MLL ranging from 7.11 to 17.3 cm, WwitJX00 having a MLL indicating moderate suscepiiyil
(data not shown). The isolates UX051, UX00, UX058 &X041 were least virulent on IR24 with a MLL yarg
from 0.26 to 0.77 cm. The isolates UX044 and UX@&De more aggressive to IR24 with MLL of 1.59 cnd &6
cm, respectively.
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Table 3. Mean lesion lengths (MLL) incited by sixX.oryzae pv.oryzae isolates on leaves of 21 differentials

Back-transformed Transformed

Differentials MLL (cm) MLL (cm)
IR24 0.729 1.407 a
IRBB7 1.534 2.093 a-b
IRBB14 1.913 2.179 a-c
IRBB55 2.453 2.579 b-d
IRBB1 2.68: 2.650 I-d
IRBB21 2.761 2.957 b-e
IRBB4 2.644 2.964 b-e
IRBB2 3.20z 2.993 |-e
IRBB54 2.928 3.050 b-e
IRBB52 3.123 3.107 b-f
IRBB5 3.47¢ 3.257 g
IRBB10 3.500 3.293 c-h
IRBB51 3.128 3.314 c-h
IRBB3 3.424 3.550 d-h
IRBB8 4.682 3.850 e-h
IRBB11 4.781 3.857 e-h
IRBB13 4.688 4.057 e-i
IRBB60 4.405 4.229 f-i
IRBB50 5.220 4.357 g-i
IRBB57 5.559 4.400 h-i
IRBB56 9.480 5.100i
Mean 3.63 3.297
%CV 67 32
LSDg o¢ 2.146 1.138

LSDy s Least significant difference at 0.05 probabiligwel, %CV: coefficient of variation.

Three lines with mulitple resistance genes, nan&RB56, IRBB57 and IRBB60, and two with single istance
genes, namely, IRBB11 and IRBB13 exhibited a su#idepreaction against all the isolates ( MEL3 cm).
Surprisingly, the line IR24 considered suscept#tléRRI showed a resistant reaction to all isolates

None of remaining 15 genotypes was resistant tteatlisolates; thus they showed differential ieac{Table 4).
For example, line IRBB7 was susceptible to only BX0and lines IRBB14 and IRBB55 were susceptible to
UX044; and IRBB10 and IRBB50 were resistant to od¥058. None of the lines evaluated, except theckhe
IR24, was resistant against all the Ugandan iselatX.oryzaepv.oryzae.

Table 4. Interaction patterns between UgandatX.oryzae pv.oryzae isolates and NILs

No NILs Resistance Isolate:
genes Xa) UX050 UX051 UX00 UX044 UX058 UX041

1 IRBB 1 Xal HR R MS MR HR S
2 IRBB 2 Xa2 MS MS MS R MR R
3 IRBB3 Xa3 MS MR R MR HS MR
4 IRBB 4 Xa4 MR MR MS MS R R
5 IRBB 5 xab HR MS MS MS MS HR
6 IRBB7 Xa7 R MS R R R R
7 IRBB8 xa8 MR HS HS R MS MS
8 IRBB 10 XalO MS MS MS MS MR MS
9 IRBB1l1l Xall HS S MS MS MS MS
10 IRBB13 xal3 MS S S MS S MS
11 IRBB14 Xal4 R R HR MS MR MR
12 IRBB21 Xa2l MR R MR MS MR MS
13 IRBB50 Xa4+xa5 MS MS HS MS MR HS
14 IRBB51 Xa4+xal3 MS MR MS R MS MS
15 IRBB52 Xa4+Xa2l MS R MR MR MS MS
16 IRBB54 xa5+Xa2l MR MS R MR MS MS
17 IRBB55 xal3+Xa2l MR MR R MS R R
18 IRBB5€ Xa4d+xabtxal: HS HS MS HS HS HS
19 IRBB57 Xa4+xab+Xa2l MS MS HS MS MS MS
20 IRBB60 Xa4+xab+xal3+Xa2l MS MS MS MS MS HS
21 IR24 - HR HR HR R HR HR

HR: Highly resistant; R: Resistant; MR: Moderatedgistant; MS: Moderately susceptible; S: SuscégtidS: Highly susceptible
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The pyramided lines containing resistance (R) géKad, xa5, xalandXa2]) in different combinations exhibited
complex genetic effects with resistance levels lowe higher than that of the corresponding monogeMiiLs,
depending on the nature of cultivar-isolate intBoms. For example, the R-gene combinationXaf4+ xal3
(IRBB51) showed an increased resistance level tifatime complementation) against the isolate UX®ulent

to bothXa4 andxal3 whereas a decreased resistance level (quargitatimpensation) was observed with UX041,
UX050, and UXO058 all virulent taal3and avirulent toXa4 (Table 4). The R-gene pair 884 + xa5(IRBB50)
maintained a moderate susceptibility level agathst isolate UX044, while the resistance levelXaf4 against
UX051 and UX058 was defeated by the quantitativenmensation ofxa5 gene (Table 4). Quantitative
complementation was observed Xa4+Xa21(IRBB52) andxa5+Xa21(IRBB54) with the isolate UX044 virulent
to Xa4, xa5and Xa21 However, the genetic effects #8211 were quantitatively compensated by the gza®
against the isolates UX051 and UX058, Mat21 compensated the genetic effectsXaf4 andxab against UX041
(Table 4). The R-gene af13+Xa21(IRBB55) was maintained moderately susceptibleregd) X044, but showed
a quantitative complementation against UX00, UXC#id UXO058 all virulent toxal3 and a quantitative
compensation against UX051 avirulentXa21 (Table 4) Therefore, the R-gene pairs involvika4, xa5, xal3
and/orXa21suggested that the genetic effects of such paire sgecifically dependent on each tested isolatie an
were much more complex with three to four R-gemalzioations (Table 4).

Based on the number of NILs affected, the isol&at&®0 and UX041 were the most virulent. Each oneaéd a
maximum of 13 NILs including 10 in common, nameRBB1, IRBB8, IRBB10, IRBB11, IRBB13, IRBB50,
IRBB51, IRBB56, IRBB57 and IRBB60. The least vimiésolates were UX050 and UX058. Each one affetted
NILs including 8 in common, namely IRBB3, IRBB1RBB13, IRBB51, IRBB52, IRBB56, IRBB57 and IRBB60
(Table 4).

Comparison among isolates and pathotype groupingThe isolate UX041 exhibited the highest virulendéhw
MLL of 4.397 cm, whereas the isolate UX044 exhithithe lowest virulence with MLL of 3.3 cm (Table. 3he
mean comparisons among isolates indicated thaf &lolates were significantly more virulent thare tbheck
(distilled sterile water). Based on Fisher’s prt¢ecleast significant difference (FPLSD), the isedatested were
grouped in two categories, namely, the group afateoUX041 and the group of isolates UX051, UX0X030,
UX058 and UX044 (Table 5). These results therefhrawed the diversity among used isolates thougtsaingple
size was limited.

Table 5. Mean lesion lengths (MLL) incited byX.oryzae pv.oryzae isolates on the leaves of 21 differential rice les

Back-transformed Transformed

Isolates "y cm) MLL (cm)
Ck 2.311: 2.838:
UX044 3.300 ab 3.162 ab
UX058 3.400 bc 3.193 ab
UX05C 3.686 b 3.307 |
UX00 4.131 be 3.464 b
UX041 4.397 ¢ 3.555 b
UX051 4.214 b 3.562 |
Mean 3.63 3.297
%CV 67.0 32.1
LSDo. 1.052 0.456

Ck: Check (Distilled sterile water), CV: Coefficteaf variation,
LSDy s Least significant difference at 0.05 probabiliéyel,

Comparison of treatment mean values of the sarter iedicates insignificant differences (P < 0.C&)¢d different
letters indicate significant differences (P < 0,0&sed on FPLSD.

DISCUSSION

The isolation of pureéX.oryzaepv.oryzaecolonies from seeds and their ability to incitpital BLB symptoms in
host rice lines confirm the presence of the diséastarmers’fields in Eastern Uganda. A previousdst also
reported the BLB disease in Kibimba rice schemBugiri District of Eastern Uganda [37]. In this dfupositive
detection was in samples of the variety ‘Supa’exittd from the locations of Pallisa and Kibuku Biss. Taken
together, these studies point to a ‘hot spot’ foBBn Eastern Uganda.
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The 21 differentials that have either single resise genes or two to four-gene combinations foistasce to
X.oryzaepv.oryzaewere used to characterize the virulence of 6 eslariginating in Eastern Uganda. The analysis
revealed a significant diversity even within suclinsited coverage of Pallisa and Kibuku districgich diversity
among isolates aX.oryzaepv.oryzaeis reported by Ardalest al. [7] who demostrated genetic differences in the
population structure oK.oryzaepv.oryzaeat levels of agroecosystems, sites, fields witlites, sampling areas
within fields and cultivars. Futhermore, the attértpp classify the isolates collected from Eastemgakda into
specific pathogenic races or pathotypes showedhleab tested isolates exhibited different phenesypf virulence
on the set of 21 differential lines since eachatminduced a particular reaction on the diffeedstiThis suggests
that 6 differentX.oryzaepv.oryzaeraces exist in Pallisa and Kibuku region, namades UX050, UX00, UX041,
UX044, UX058 and UX051. However, there is a needeti more isolates from different rice-growing asref
Uganda for a better classification into distincthpgenic races of.oryzaepv.oryzae

Among the single resistance genes, b¥#ill and xal3 were completely overcome by all isolates. A simila
reaction ofxal3tested against the Korean isolates was also ep§i7], whereas an effective resistancexat3
was found against one Philippine race and six issltom Punjab in India [40], and against a lgrgg of bacterial
population from Niger [8]. Although resistance gefe21was reported to be effective and stable againdtipteu
isolates ofX. oryzaepv.oryzae from Asia [42, 21] and Mali, in Africa [8], the okates UX041 and UX044
originating in Uganda were virulent to the line taining Xa21gene. Nepalese, Japanese and Korean isolakés of
oryzaepv.oryzaewere also reported to be capable of overcomingct#®il resistance [2].

The susceptibility of the multi-gene lines, namédBB56, IRBB57 and IRBB60 against all tested isedatvas not
expected, given that the genotypes harbor resistgene combinations ofa4 + xa5 + xal3 Xa4 + xa5 + xal3
andXa4 + xab5 + xal3 +Xa2l, respectively. Various studies showed thatittes with two-, three- and four-gene
combinations exhibit more effective and more dwraldsistance to th&.oryzaepv.oryzaeisolates than the
resistance conferred by single genes individu&ly40, 23]. However, the multi-gene lines IRBB58BB57 and
IRBB60 were more susceptible than the single géres Isuch as IRBB4, IRBB5 and IRBB21. Similarlyyes
IRBB50 (Xa4 + xaj, IRBB51 Xa4 + xal3, IRBB52 (Xa4 + Xa2}, IRBB54 ka5 + Xa2) and IRBB55 %al3 +
Xa2]) showed susceptible reactions to the isolatesdeststead of the expected ‘relatively strongstesice to all
or most of the isolates’ reaction. In a preiouglgt{i7], the reaction of lines IRBB5X&4 andxa5),IRBB52 (Xa4
andXa21l)and IRBB54 xa5andXa21)against most of Korean isolates revealed a siganifly increased resistance.
This was reported to be due to combined effectthefresistance genes or due to one resistanceeffeo that
masks the susceptibility of the defeated resistager®e [17]. These resistance genes interacted eeith other
independently and additively, resulting in a quiatitre or qualitative complementation. In lines IBRL (Xa4 and
xal3) and IRBB55 %al3 and Xa21) particurlarly, the interactions often resulted goantitative compensation
wherein a susceptible defeated resistance gena lasdency to reduce the resistance gene effegfs $lich a
phenomenon was observed in the current study, ot pattern different from that of Jeumeg al. [17] and
dependent on each of the 6 BLB isolates tested.

Similarly, the genotype IR24 that was previouslgaged to be susceptible [28], and hence univigrssled as
susceptible check against various Asian raceX.ofyzaepv.oryzae[l, 20, 12] was surprisingly resistant to all
isolates tested. Line IR24 also tested resistaainagthe race A3 originating in Mali and differesther strains of
X.oryzae pv.oryzakom W. Africa [14, 8]. This suggests that theseidan strains possess an avirulemr gene
that would be specifically recognized by IR24 lifieken together, these findings reflect a diffeggaitern between
Asian and African isolates (including Ugandan isedd at pathological level. This also highlighte textreme
diversity of X.oryzaepv.oryzaeworldwide. The dissimilarity between African andian X.oryzaepv.oryzaeraces
has been reported by Gonzadzal [14] and Basset al. [8] and gives further credences for regionalldoaus to
breeding efforts.

CONCLUSION

The population of the BLB pathogen of rice prevgjlin Eastern Uganda is diverse. The six Ugandalates are
similar to most of West African isolates, but diffet from those from Asian countries [14]. Therefothe
effectiveness of genes varies in locations withia tegion. A lager collection of isolates is recoemaied for fully
understanding the total BLB population structuned @ventually identifying potential races existimgUganda.
Furthermore, continuously surveying the reactidrith@ NILs against the pathogen in epidemic hotsptong with
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leading cultivars would assist in monitoring chamgethe pathogen population followed by promptelegment of
a new resistant genotype.
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