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PROPOSITIONS 

Resistance to bacterial blight in rice is less desirable than resistance 
to Xanthomonas campestris pv. oryzae. 

Demonstrated close linkage of resistance genes in many plant species, such 
as rice, barley and flax, suggests that these genes can be expected to 
have gene products with similar primary functions. 

E 
res 

is, J.G., G.J. Lawrence, W.J. Peacock, A.J. Pryor, 198p. Approaches to cloning plant genes conferring 
istance to fungal pathogens. Annual Review Phytopathology 26:245-263. 

3. All resistance in rice to Xanthomonas campestris pv. oryzae can be observed 
to be quantitative, according to the definition of Yamada (1984), if the 
susceptible parent used in the test cross is not much more susceptible 
than the resistant rice cultivar. 

\ 
Yamada, T., 1984. Studies on genetics and breeding of resistance to bacterial leaf blight in rice. 
VI. Inheritance of quantitative resistance of the variety IR28 to bacterial groups II, II, IV of 
Xanthomonas campestris pv. oryzae of Japan. Japan. J. Breeding 34:181-190. 

4. Ogawa's genetic analysis of resistance to Xanthomonas campestris pv. oryzae 
based on slowing of lesion development 18 days after inoculation is 
disputable. 

Ogawa, T., T. Yamamato, H. Kaku, S. Taura, G.S. Khush, T.W. Hew, 1988. Resistance to Rice Bacterial 
Leaf Blight. IRRI/Government of Japan Collaborative Research Project. 299pp. 

5. Selection for quantitative resistance to Xanthomonas campestris pv. oryzae 
has always been carried out when the most resistant individuals of a 
screening for qualitative major-gene resistance are chosen from a 
segregating population. 

6. International multilocational site testing is appropriate for assessing 
resistance to biological stresses such as pathogens and insects, while 
multiyear testing is more appropriate for assessment of tolerance to 
abiotic stresses such as drought. 

7. Breeding for yield stability is more difficult than breeding for yield 
increases, and breeding programs for yield stability will therefore take 
longer to give results. 

8. The promising developments in direct seeding of irrigated and rainfed rice 
brings with it the disadvantage of fewer jobs for women workers. 

9. The relevance of IARC's research can better be measured by the interest 
and cooperation among the national programs than in the number of hectares 
high yielding varieties planted. 

10. The limits to racial classification of a pathogen appear to depend as much 
upon the diligence of the workers as upon the biology of the system. 

Caten, C.E., 1987. Concept of race in plant pathology. In: Populations of Plant Pathogens, Eds. Wolfe, 
M.S., C E . Caten. Blackwell Scientific, Oxford. 280pp. 



11. The racial classification system in Xanthomonas campestris pv. oryzae 
should be replaced by the designation of alleles for virulence and 
avirulence found present in an isolate, based on tests with the recently 
developed near-isogenic lines. 

12. The potential long term negative impact of substitution of traditional 
tropical products with biotechnologically altered temperate-grown products 
is greater than the potential shorter term positive impact of biotechnology 
to improve the staple food crops of developing countries. 

13. Techniques such as protein electrophoresis and genotypic homology studies 
will lead to a taxonomie grouping of Xanthomonas which is more related to 
the evolution of the genus than the present classification based on 
chemotaxonomic characteristics. 

14. The uncertainty concerning causes for the increase in atmospheric methane 
in the past decades, and the contribution of paddy rice culture to this 
increase, should rather lead to an increased willingness to accept the 
interrelationship of all environmental changes than to a call to limit 
rice production. 

15. The kroket is to the Netherlands what the loempia shanghai is to the 
Philippines. 

Margery F. Koch 
Aspects of quantitative resistance to Xanthomonas campestris pv. oryzae in rice 
Wageningen, 12 January 1990 



A U T H O R ' S A B S T R A C T 

Quantitative resistance (QR) to Xanthomonas campestris pv. oryzae (Xco), 

the causal organism of bacterial blight in rice, is evident as reduced 

lesion length and slowed lesion development relative to lesions in 

susceptible cultivars. QR was evident at all growth stages and leaf ages 

as a reduction in lesion length following clip inoculation with virulent 

isolates of the pathogen. QR affects the ability of bacterial cells to 

establish and multiply within a leaf. No confirmed evidence of cultivar 

x isolate interactions of QR factors was found. Varying levels of 

incomplete race-specific major gene resistance were found and were 

difficult to distinguish from differences in QR. 

Differences between cultivars for lesion number following spray 

inoculation varied from the differences in lesion length following clip 

inoculation, indicating the presence of an extra component of resistance 

limiting bacterial entry into intact leaves. 

Multiple QR resistance factors were shown to be present in four 

moderately resistant cultivars. A minimum of five factors was found in 

varying combinations in six rice cultivars. The residual effect of the 

Xa-4 gene for resistance, or a closely linked gene, also imparted some 

level of QR. Selection using one isolate was effective in improving the 

level of QR to another isolate. 



a childhood dream come true -
four years playing in the mud 



FOREWORD 

This thesis would not have been possible without the help of all 
those at the IRRI involved in the "Partial resistance in rice" project. 
Some gave their help in the organization and guidance of the research. 
Others gave themselves, in the long hours and much sweat needed to carry 
out the work. All were wonderful in their support during the four years 
I spent at IRRI and I will not forget their friendship and hospitality. 

Foremost I would like to thank Dr. T.W. Mew, head of the Department 
of Plant Pathology of IRRI and specialist on bacterial diseases of rice, 
for his patience and support of the work. It was his broad vision of 
research on all aspects of rice diseases which lead to the "Partial Resis­
tance" project. His foresight has resulted in an active department where 
new ideas and techniques have been incorporated into the research by an 
enthusiastic group of researchers. The activity in the labs and green­
houses was incredible! I am also grateful to Dr. Mew for giving me the 
chance to participate in the Bacterial Blight Workshop in 1988. That was 
an important week for me. 

Valuable technical support and welcome advice for the genetic stud­
ies were given by Dr. Khush and the members of the Plant Breeding Depart­
ment. Dr. HilleRisLambers and Dr. Dave Mackill were always willing to 
consider my questions over a cup of coffee. Dr. Ogawa was very kind to 
suggest cultivars for study and to supply me with seed of IR9101-46. 

My thanks to the others in the Bacterial Blight group of the Plant 
Pathology Department for their continued help. Nollie Vera Cruz was 
always able to answer my questions concerning lab or field work, having 
herself done it all before. Thanks for the friendly discussions and for 
having patience with me when I needed too many workers and too much 
screenhouse space. Sonny Reyes was always a capable guide to the IRRI 
system. Mayette Baraoidan was an excellent teacher of the phage technique 
to measure bacteria. Edward Medal la managed to keep me happy whenever I 
asked for helpers. Fanny Garcia was the person who was always there when 
you needed her, also when I needed to hear a friendly word. 

The men in the greenhouse were the ones who did the work which is 
reported here, especially measuring the kilometers of lesions. Floring 
Balenson was the best field aide one could wish for. My heartfelt thanks 
for the long hours and expert care of the screenhouse and field plots. 
Planting day was never a worry if he was there. Eddie Hernandez and Vic 
Banasihan, I was lucky to have had such good helpers. Fayette Ebron, Rey 
Mani, James Ortegas, and the others of the bacterial blight group all 
helped to make my stay in the Philippines worthwhile. 

The Pathology lab wouldn't have run smoothly without the work of 
Sonia Ebron. Lab experiments wouldn't have been possible without the work 
of Mando, who made the media, and Epoy, who made sure that there were 
enough test tubes. Gloria worked hard to get everything typed the same 
day it was handed in. If she was too busy I could always turn to Yollie 



and Bennie for help. Boyet Lazaro was the cheerful artist who made the 
many graphs I needed, some of which are found in this thesis. 

The students from Wageningen, Hanneke Buiel, Peter van Duin, Carel 
Jaspers, Aart Osman and Annemieke de Vos, helped in the research with 
their work, their enthusiasm and their questions. Each gave me a chance 
to see my research in a different light, and all discovered the Philip­
pines in their own very individual way. They will recognize some of their 
work in this thesis, while some of their work most important to me is left 
for future chapters of the BB story. 

My thanks to Huub for the detailed statistical analysis of part of 
the work, and for teaching me Lotus and Statistix, so that I could con­
tinue on my own. 

My thanks to others at IRRI for their friendship during the four 
years I lived there. Dr. S.W. Ahn asked me every day "what's new", which 
led to hours of talk about the topic at hand. His good advice will be 
important to me for years to come. Dr. Paul Teng brought his great ac­
tivity (and wonderful wife) to Los Banos for a few years. Fausto Nuque, 
Mike Bonman, Anke, Joe, Tita, Velet helped whenever they could. Veerle, 
Kit, Imke, Rob, Hans, Nagamani, Hei, Debbie, Ekkehart, Tika, Zhang Qi, 
Kevin, Myungi,Amara, Seri, Eddie, Rebecca, John, Cisca, Lina, Wong and 
Gisela all shared in part of the life. The members of the Dutch community 
at Los Banos, Dirk and Katy HilleRisLambers, Michael and Maureen Rombach, 
Frits and Cobie Penning de Vries, Don Jansen, Eddie Roumen, were able to 
create "gezelligheid" in true style. Annie M. made us all welcome. 

My promotor, Jan Parlevliet, was the visitor most eagerly awaited 
each year, in the beginning as the "prof", and at the end of the four 
years as a friend. I slowly learned what it means to really look at data 
with patience and an open mind. The science of translating data into 
tables and words which simplify rather than confuse the reader was not the 
least of his valuable lessons. Outside the office and in the Philippine 
sun the prof turned into a cheerful traveller with good stories and a 
sympathetic ear. His enthusiasm in the results and interest for all 
topics of life in our little community did wonders to raise the spirits 
at critical moments. 

As I write this, back in Wageningen, the memories of the good and 
not so good times return. Gon van Laar has helped to bridge the gap 
between "there" and the next stop, where ever that may be. Her expertise 
and efficiency in thesis production helped speed the appearance of this 
book. You are right, Gon, it will never be a best-seller but it is what 
I like to do. Thanks for helping put things in perspective. 

Theo Jacobs gave valuable comments on the last chapters of this 
book. He, Fien, Charlotte and Rients made me feel welcome at the Dept. 
of Plant Breeding in Wageningen. 

Last but not least I'd like to thank my parents for giving me the 
benefit of the doubt and the chance to do what I like, however far away 
that may take me. 



CONTENTS 

Chapter 1 General introduction 1 

Chapter 2 Methods of assessment of resistance to 9 
Xanthomonas campestris pv. oryzae in rice 

Chapter 3 Appropriate parameters for assessment of 23 
bacterial blight in rice 

Chapter 4 Population trends of Xanthomonas campestris pv. 33 
oryzae in susceptible and moderately resistant 
rice cultivars 

Chapter 5 Effect of plant age and leaf age on the 43 
quantitative resistance of rice cultivars to 
Xanthomonas campestris pv. oryzae 

Chapter 6 The use of the rate of lesion extension as 57 
parameter for measuring resistance to 
Xanthomonas campestris pv. oryzae in rice 

Chapter 7 Effect of inoculum concentration on the 67 
development of bacterial blight symptoms in rice 

Chapter 8 Comparison of inoculation methods on the assessment 77 
of resistance of rice cultivars to Xanthomonas 
campestris pv. oryzae 

Chapter 9 Interactions between selected rice cultivars and 91 
Philippine isolates of Xanthomonas campestris 
pv. oryzae 

Chapter 10 Genetic analysis and selection of factors affecting 105 
quantitative resistance to Xanthomonas campestris 
pv. oryzae in rice 

Chapter 11 General discussion 141 

Chapter 12 How to select for quantitative resistance to 153 
bacterial blight 

Summary 159 

Samenvatting 163 

References 167 

Curriculum vitae 174 



CHAPTER 1 

GENERAL INTRODUCTION 

INTRODUCTION 

Bacterial blight (BB), a major bacterial disease of rice (Oryza 
sativa L.), is found in most irrigated, rainfed and deep water temperate 

and tropical rice growing areas, including all Asian countries, areas of 

West Africa, Australia, South America and the Caribbean (Ou, 1985; Mew, 

1987). The disease was recently identified in United States (Xu and Gon­

zalez, 1988). BB is seldom found in dryland rice culture. BB is a very 

destructive disease of rice and can cause up to 30% loss in temperate 

regions and as much as 50-80% in tropical Asia (Ou, 1985). Effective 

chemical control is not available, and the disease is mainly controlled 

by cultivar resistance and clean cultural practices. 

Symptoms were first shown to be caused by a bacterial organism in 

1908 (Ou, 1985). The pathogen causing the disease has been classified as 

Xanthomonas campestris pv. oryzae (Ishiyama 1922) Dye (Ou, 1985), and is 

abbreviated here as Xco. 

SYMPTOMS 

Infection on rice leaves is first noticeable as small water-soaked 

or greyish-white areas at the upper leaf margins or at wounds in the leaf 

blade. On susceptible cultivars the infection develops rapidly into long, 

thin lesions with a slightly wavy margin along the edge of the leaf blade 

or above and below the wound. Lesions gradually widen to cover the entire 

leaf blade and may extend down the leaf sheath. Lesions are largely ne­

crotic, with a thin grey-white or water-soaked margin, especially at the 

lower edge. Saprophytic fungi may grow on the necrotic tissue, giving 

this a greyish appearance. A yellow area sometimes develops along the 

margin of infected tissue, especially in moderately resistant cultivars; 

this area later turns necrotic. 

When conditions are favourable bacterial masses will be extruded 

from active lesions onto the abaxial leaf surface. Heavy dew promotes 

such ooze production. The milky ooze drops dry into small yellow beads 
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which fall off when touched. 

Glumes of developing grains may also develop lesions. These appear 

as brownish or yellow spots surrounded by a grey-white or water-soaked 

margin. Such grains are usually incompletely filled and break easily. 

Early infections in the humid tropics may cause "kresek" and pale 

yellow symptoms (Mew, 1987). Kresek symptoms are caused by systemic in­

fections of young seedlings, usually through root or leaf wounds caused 

during transplanting. One to two weeks after infection leaves turn a dull 

greyish-white and roll along the midrib. The leaf soon withers and the 

entire seedling or young tiller may die within a few weeks. Plants which 

survive may remain stunted with few tillers. New growth of systemically 

infected plants often appears pale yellow when the leaf unfolds, although 

the leaf later develops a light green color. Fields which are early and 

heavily infected with Xco show empty patches and plants with chlorotic, 

uneven growth. 

LIFE CYCLE 

In the humid tropics bacteria can survive in rice stubble and weeds 

(Leersia, Leptochloa spp.) growing in or near harvested rice fields (Ou, 

1985). Stubble is probably the major source of infection of a new crop 

(Ou, 1985). Infected glumes of seeds may also contain bacteria, although 

survival on infected seeds has been shown to decrease rapidly with time 

under moist warm conditions, and transmission from glumes to germinating 

seedlings has not been proven (Anon., 1987). 

The bacteria are deposited on the leaf surface by splashing water 

such as rain or by heavy dew (Mizukami and Wakimoto, 1969). It is not 

reported how long the bacteria can remain viable on the leaf surface, or 

whether Xco can multiply epiphytically. Wounds caused by transplanting, 

wind or weeding are favourable points of entry. Strong winds during 

storms and tropical typhoons damage the leaf margins and result in heavy 

leaf blight infections in fields planted with susceptible cultivars when 

the bacteria are present. The bacteria may also enter through water pores 

on hydathodes near the tip of the leaf (Mew et al., 1984). 

The bacteria enter the xylem, either directly through wounds, or 

following multiplication in the epitheme below the hydathodes (Tabei, 

1977). Bacteria multiply and spread in the xylem vessels of the vascular 

system. In susceptible cultivars symptoms develop three to seven days 

after infection of the vascular system (Parry and Callow, 1986). 
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Droplets of ooze from infected leaves produce inoculum for secondary 

infections. Rain can spread bacteria from leaf to leaf or plant to plant 

within a field. The infection can be spread through irrigation water to 

neighbouring fields (Mizukami and Wakimoto, 1969). 

RESISTANCE 

Highly resistant reactions 

The first report of resistance to BB dates from 1923, when a native 

Japanese cultivar resistant to BB was used in a breeding program aimed at 

developing new cultivars resistant to this disease (Ezuka and Sakaguchi, 

1978). Since then thousands of cultivars and lines have been screened for 

resistance to BB in various countries using varying isolates of Xco. 

Hypersensitive resistance to Xco is not known (Parry and Callow, 

1986) although browning has been reported in reaction to infection of 

lines carrying the Xa-3 gene for resistance (Kaku and Kimura, 1978). 

Resistant reactions are typified by greatly reduced lesion size. Reduced 

lesion size has been shown related to reduced bacterial numbers in leaves 

(Kaku and Kimura, 1983). Both virulent and avirulent bacteria can multi­

ply to some extent in infected leaves and highly resistant reactions re­

sulted in up to 100-fold less bacteria per leaf than a susceptible reac­

tion (Leach et al., 1989). 

Genetic analyses has shown the existence of at least 12 genes for 

resistance (Xa genes), each resulting in a large decrease in lesion size 

following inoculation with avirulent isolates of BB (Ogawa et al., 1988). 

All are race-specific. Some differences between the resistance reactions 

related to the different major genes have been recorded. In Japan a near-

immune reaction to infection following prick inoculation with avirulent 

isolates has been reported for cultivars carrying the Xa-1 and Xa-2 genes 

(Ezuka and Sakaguchi, 1978). Small (<1 cm) but still active lesions de­

velop in the Philippines on cultivars carrying the Xa-4 and xa-5 genes 

(Mew et al., 1981). Kaku and Kimura (1978) reported that the Xa-3 gene 

produces browning on the lesion edge. In the Philippines the resistance 

of cultivars carrying the Xa-3 gene significantly limits lesion size only 

on adult rice plants (Zhang and Mew, 1985). Cessation of lesion extension 

18-22 days after inoculation has also been suggested as a specific effect 

of the Xa-3 gene in the Philippines (Ogawa et al., 1988). 

A decline in the resistance of improved cultivars, often only short-
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ly after their release, was noticed in Japan in the 1950's (Ezuka and 

Sakaguchi, 1978). This lead to a division of isolates into groups accord­

ing to their virulences to a differential series of cultivars (Ezuka and 

Horino, 1974a). Virulence groups I, II, and III showed significant quan­

titative differences in symptom development with clear cultivar x isolate 

interactions. Isolates of virulence group I were only virulent on cul­

tivars thought to carry no genes for resistance, isolates of virulence 

group II were virulent on the Kogyoku group of cultivars and isolates of 

group III were virulent on both the Kogyoku and the Rantai Ernas group of 

cultivars. Resistant cultivars had lesions of less than 16 mm2 while 

susceptible cultivars had lesions of at least 25 and usually more than 400 

mm2. A similar rapid decline in the resistance of the improved cultivar 

IR20 was noticed shortly after its large-scale introduction in the Philip­

pines (Tin Win, 1973). The increased lesion size of the new isolates was 

shown to be specific for the resistance gene of IR20, Xa-4 (Mew and Vera 

Cruz, 1979). 

In large screenings of collections, isolates from tropical countries 

were felt to be more aggressive than temperate (Japanese) isolates 

(Buddenhagen and Reddy, 1972). Australian isolates were also shown to 

differ greatly from Asian isolates for reactions on a small number of 

cultivars. However, because a continuous range of symptoms from highly 

resistant to highly susceptible was found, specific interactions were not 

considered proof of physiological specialization. 

The above-mentioned interactions were all found by identifying cul­

tivars with increasing levels of resistance to specific isolates. These 

interactions could have been due to an increased aggressiveness of iso­

lates in reaction to the introduction of increasingly resistant cultivars. 

Distinct differential interactions conclusively proving a physiological 

specialization were reported by Ezuka and Horino (1974a) using 14 Japanese 

isolates and three cultivars. Mew et al. (1982) also demonstrated large 

specific cultivar x isolate interactions using seven representative Phi­

lippine isolates and five differential cultivars. The cultivar Cas 209 

showed a reversal in reactions to existing Philippine races in relation 

to the cultivar IR20. 

Five virulence groups are now defined in Japan and six groups are 

defined in the Philippines, using two differential series distinct for 

each country. Working with a large number of isolates collected from 

seven S.E. Asian countries, Yamamoto and Ogawa (1988) defined 26 distinct 

races of Xco. This great variation in virulence is reflected in the fact 

that none of the major genes are effective in all rice-growing areas. 
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Few, if any genes, are effective in certain areas of Bangladesh and India 

(Yamamoto and Ogawa, 1988). 

Quantitative resistance 

Significant quantitative differences in disease reaction can be 

shown among cultivars considered susceptible to isolates of BB. Many 

cultivars are considered to be moderately resistant or moderately suscep­

tible. Yamada (1984) defined the resistance which results in a continuous 

distribution of F2 plants for lesion size following a cross between a 

moderately resistant and a highly susceptible rice cultivar as quantita­

tive resistance. He called highly resistant reactions which result in 

discrete groups in the F2 qualitative resistance. 

Watanabe (1976) studied crosses of ten cultivars showing moderate 

resistance and reported quantitative inheritance of the resistance, based 

on Ft and F2 data. Yamada (1984) also showed the moderate resistance of 

IR28 to race II, III and IV isolates to be quantitative, and the highly 

resistant reaction of this cultivar to race I and V isolates to be quali­

tative. Yamada assumed that the quantitative resistance is based on mul­

tiple resistance factors, while the qualitative resistance is known to be 

based on major genes. If quantitative resistance is indeed polygenic and 

based on other factors than the known major genes, then it could be impor­

tant for areas where major gene resistance is not effective. A combina­

tion of major gene resistance with such minor resistance factors would 

protect against fluctuations in resistance if a major gene should be 

matched by increased virulence in the pathogen population. 

Yamamoto et al. (1977) studied cultivars showing moderate resis­

tance to Indonesian isolates of Xco. The highly significant correlations 

between the reactions of the isolates on a range of cultivars lead the 

authors to consider quantitative resistance to be horizontal, following 

the definition of van der Plank (1968). The possibility that this resis­

tance would then also be durable increased interest in quantitative resis­

tance. 

Moderate resistance may appear quantitative in the F2 distribution 

but may be due to the incomplete action of a major gene, in which case 

race-specificity would be expected. Moderate resistance may also be due 

to race-specific oligogenes or polygenes. Race-specificity of small re­

sistance factors is difficult to demonstrate, especially when the varia­

tion in the resistance reaction is relatively large. Parlevliet (1981a) 

noticed small but significant interactions evident in the above-mentioned 
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data of Yamamoto et al. (1977) and suggested that the moderate resistance 

described might not be horizontal. He felt that the system might be simi­

lar to the partial resistance in barley to barley leaf rust (Parlevliet, 

1983). 

This partial resistance in barley to leaf rust is clearly distin­

guishable from the hypersensitive resistance caused by major genes for 

resistance. Partial resistance is typified by a susceptible reaction to 

infection, with a reduced number of infections, a prolonged latency period 

and a reduced sporulation. Partial resistance in barley has been shown 

to be polygenically inherited and the resistance of certain partially 

resistant cultivars has proven durable over the past decades (Parlevliet, 

1981b). 

THIS THESIS 

The purpose of this research was to further investigate the nature 

of quantitative resistance to Xco and to develop guidelines for its as­

sessment and use in cultivar improvement. 

Quantitative resistance is here used according to the definition of 

Yamada (1984), as described in the previous section on quantitative resis­

tance reactions. The quantitative nature of a resistance is only apparent 

when the F2 population of a cross has been tested. The smaller the dif­

ference between the reactions of the parent cultivars, the greater the 

likelihood that a resistance will appear quantitative. It is therefore 

possible that a cultivar which was found in one study to have quantitative 

resistance can be found in another study, when crossed with a more suscep­

tible cultivar, to have a qualitative resistance. 

Rice cultivars show a continuous range of variation in resistance 

to Xco from highly susceptible to highly resistant. For the purposes of 

this research the cultivars can be grouped according to their level of 

resistance relative to a highly susceptible cultivar as follows: 

Highly susceptible (HS) 85-100% of the maximum disease reaction 

Susceptible (S) 67-85 

Moderately susceptible (MS) 33-66 

Moderately resistant (MR) 16-33 

Resistant (R) 6-15 

Highly resistant (HR) 0-5 
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This study was mainly carried out with cultivars which can be con­

sidered to be moderately resistant, moderately susceptible, and suscep­

tible to Philippine race 2 and race 6 isolates of Xco. Highly resistant 

and resistant cultivars were not used, as it was expected that they would 

prove to have one or two major genes for resistance, and would therefore 

be found to have a qualitative resistance, i.e., a resistance which re­

sults in clearly distinguishable groups in the F2 generation. Because 

moderately resistant and moderately susceptible cultivars were used the 

chance increases that a resistance will appear quantitative due to the 

smaller difference between parents of a cross. The choice of the suscep­

tible cultivar is therefore critical. At the time the study was begun it 

was believed that the cultivar TNI was highly susceptible. However, based 

on the results of the cultivar screening and on the genetic study, it is 

apparent that lines and cultivars exist which are more susceptible than 

TNI, and this cultivar is therefore classified as susceptible. 

Cultivar choice was based on data of the multilocational trials of 

the International Rice Bacterial Blight Nursery of the International Rice 

Testing Program (Anon., 1985) of the International Rice Research Institute 

at Los Banos, Philippines, and on discussions with researchers at this 

institute. Preliminary screenings of more than 100 entries with a race 

2 and a race 6 isolate were then carried out. In these screenings absence 

of large differences in the reaction to the two isolates was considered 

to be of major importance. A final set of six cultivars was chosen for 

intensive study and for genetic analysis. To facilitate comparisons these 

cultivars were all of a short stature. Additional cultivars were used in 

more extensive tests. 

Chapter 2 of this thesis is a review of parameters which have been 

used for quantitative assessment of resistance, especially those related 

.o symptom development. Chapter 3 demonstrates that lesion length is the 

most appropriate parameter for comparing moderately resistant and moder­

ately susceptible cultivars. Chapter 4 shows that quantitative resistance 

is indeed related to a reduction in the number of bacteria in inoculated 

rice leaves, and that lesion size is highly correlated with differences 

in the size of the bacterial population. Chapter 5 addresses the effect 

of plant age and leaf age on quantitative resistance. Chapters 6 and 7 

investigate the use of two alternative parameters for screening for quan­

titative resistance, and show that these parameters distinguish cultivars 

in much the same way as when lesion length measurements are used. Pos­

sible components of resistance which may affect symptom development, and 

the ability of two methods of inoculation to identify these components, 
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are discussed in Chapter 8. Chapter 9 addresses the question of the race-

specificity or non-specificity of quantitative resistance, using a number 

of Philippine Xco isolates and moderately resistant and moderately suscep­

tible cultivars. The genetic basis of the quantitative resistance of four 

moderately resistant cultivars, and the response to selection for larger 

and smaller lesions is presented in Chapter 10. Chapters 11 and 12 offer 

some conclusions and practical advice concerning the nature and use of 

quantitative resistance for cultivar improvement and crop protection. 



CHAPTER 2 

METHODS OF ASSESMENT OF RESISTANCE TO 
XANTHOMONAS CAMPESTRIS pv. ORYZAE IN RICE 

SUMMARY 

A literature review of methods of assessment of resis­
tance to Xanthomonas campestris pv. oryzae is given. Clip or 
prick inoculation allows assessment of resistance to bacterial 
blight (BB) by estimating the percentage diseased leaf area 
(%DLA), by measuring the lesion length or by using a score 
based on one of these parameters. The %DLA can be rapidly 
estimated, but rice cultivars with longer leaves may appear 
more resistant than cultivars with short leaves. The %DLA of 
large lesions is less accurately estimated than that of small 
lesions, and %DLA is therefore less suited for assessment of 
moderate resistance. Lesion lengths require more time to 
measure but can more accurately distinguish between minor 
differences in resistance. Scales based on %DLA or lesion 
length have the same qualities as the original parameters, but 
may not facilitate fine distinctions between plants. Atten­
tion to lesion type in highly resistant lines may help to 
distinguish between plants. 

Factors affecting primary and secondary establishment 
of BB can be measured following spray inoculation and secon­
dary infection. The relationship between these factors and 
those affecting lesion size following clip inoculation has not 
been well studied. Interpiot interference may severely affect 
incidence values when the inoculum is spread through a single 
water system to all cultivars. 

Alternative methods for assessing resistance are needed 
to characterize the resistance mechanisms found and to aid in 
distinguishing between otherwise similar levels of resistance. 
Alternative methods have not shown a qualitative difference 
between compatible and incompatible interactions, with the 
possible exception of histological evidence of the presence 
of fibrillar material in incompatible reactions. 
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INTRODUCTION 

Resistance in rice to Xanthomonas campestris pv. oryzae (Xco), the 

causal organism of bacterial blight (BB), can be identified by a lowered 

disease level apparent at one or more stages of development following 

contact between the host and the parasite (Parlevliet, 1981b). Since 

clear differences in lesion type are not generally found in BB differences 

in resistance are measured by the presence and size of the lesions (Kaku 

and Kimura, 1978). 

Assessment of resistance is needed for: 

1. screening of a large collection of cultivars, 

2. characterization and genetic study of the resistance, and 

3. utilization of the resistance in a breeding program. 

The choice of methods of assessment for each stage can determine the cor­

rectness and accuracy of the conclusions reached, but it can also deter­

mine the size limits imposed on a program. 

Most assessment procedures depend on artificial inoculation of the 

leaf, whole plant or field. While spray inoculations most resemble field 

infection, inoculation by clipping or pricking gives a higher chance of 

infection and allows better quantification of the reaction. Clip and 

prick inoculation deposit the inoculum directly in the vascular system of 

the leaf, bypassing the natural points of entrance at the hydathodes 

(Preece, 1982). Plant age, plant part inoculated, inoculation procedure, 

inoculum concentration, days after inoculation for evaluation can all play 

a role in the ease and power of resolution of assessment. 

Many of the tests discussed in this chapter can be carried out on 

a single plant, or even a part of one plant. Such tests are suitable for 

use in selection among segregating populations, where each plant must be 

assessed individually. Field tests usually require a stable genetic com­

position of a population, and as such are mainly suitable for resistance 

assessment in the beginning of a program, when selection must be made 

among prospective parent cultivars, or in the most advanced stages, when 

more uniform lines exist. 

TYPES OF RESISTANCE 

Mew (1987) refers to seedling, adult plant, and moderate resistance 

to BB. Seedling resistance is gained by any one of a number of known 
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major genes, and is characterized by a high level of resistance throughout 

the crop growth period (Ezuka and Horino, 1976). Adult plant resistance 

is characterized by a high level of resistance in adult plants but a high­

ly susceptible reaction at the seedling stage (Zhang and Mew, 1985). 

Moderate resistance is characterized by reduced symptom expression in 

relation to a highly susceptible check cultivar (Yamada, 1986a; Wasano and 

Dhanapala, 1982). While the kresek wilt of rice seedlings caused by Xco 

has not been studied as thoroughly, resistance has been identified 

(Watanabe, 1976). The relation between kresek wilt and leaf blight is not 

clearly documented (Horino and Yamada, 1982). 

ASSESSMENT BASED ON LEAF SYMPTOMS 

Assessment of resistance will depend to a large extent on measure­

ments of visual symptoms of the disease because of the speed and ease with 

which large numbers of plants can be scored. Other tests are generally 

slower and more tedious, or cost more to perform. These tests must clear­

ly add to our knowledge of the material and improve our ability to distin­

guish between plants before being adopted (Large, 1966). 

Assessment following clip or prick inoculation 

Assessment of resistance is most often carried out on plants which 

have been inoculated by pricking (Ezuka and Horino, 1974b) or clipping 

(Kauffman et al., 1973). The relation in symptom development between 

these two methods has been demonstrated (Mew et al., 1981). Both methods 

are sensitive to the concentration of the inoculum used, and a suspension 

with at least lxlO8 cfu/ml is needed to avoid escapes and for full develop­

ment of the lesion (Cho, 1975). At booting stage prick inoculated plants 

are usually scored 21 days after inoculation; clip inoculated plants can 

be scored between 14 and 21 days after inoculation. Younger plants may 

be scored earlier (Mew et al., 1981). A less frequently used alternative 

is to score plants when the lesions on the susceptible check reach a pre­

determined length (Ogawa and Yamamoto, 1987). 

Percentage diseased leaf area and assessment scales 

Estimations of the percentage diseased leaf area (%DLA) allow rapid 

scoring of large numbers of plants, although estimates can vary signifi-
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cantly between scorers when more than one person does this work (Baw, 

1985). In seedlings lesions can vary from nearly 100% to less than 1 %DLA 

while on plants of maximum tillering stage or older the maximum expected 

is about 50 %DLA. Highly resistant reactions will result in a %DLA of not 

more than 5% and often less than 1% (Baw, 1985). 

Estimations of %DLA, even when aided by field keys, are more precise 

at the extremes than in the midrange as visual accuracy is proportional 

to the logarithm of the intensity of the impulse (Horsfall and Barrett, 

1945). This will result in large differences in the error variance be­

tween highly resistant and moderately susceptible cultivars, so that when 

this type of screening is done using %DLA a transformation may be required 

before an analysis of variance can be carried out (Finney, 1973). 

For speed of scoring many prefer to use a disease scale based on 

%DLA (Horsfall and Cowling, 1978). Such scales divide the reactions into 

a number of defined classes. The well-known Horsfall-Barrett scale (HB) 

was designed on a logarithmic scale for estimations of %DLA up to 50% and 

for estimations of the remaining green leaf area from 50-100 %DLA 

(Horsefall and Cowling, 1978). This division of classes largely replaces 

the need for a logarithmic transformation of the data, which is often used 

to account for differences in the variance of cultivars. When %DLA es­

timates are averaged the arithmetic mean is found. When the scores of 

the equally spaced codes of the HB scale are averaged the logarithim of 

the geometric mean of the %DLA is calculated. This is less distorted by 

extreme individual scores (Large, 1966), again reducing error variance. 

The HB scale itself has not often been used to assess bacterial blight; 

two other scales have been developed for this purpose. 

Ezuka and Horino (1974b) developed a scale to score prick-inoculated 

leaves (Table 2-1). This scale has eight classes (coded 0-7) ranging from 

symptomless to 100% coverage of the leaf area above the inoculation point. 

Tests are most often done on flag leaves in the assumption that this reac­

tion is the most stable (Mew, 1987). The scale deviates from the HB scale 

in the great emphasis it puts on resistant reactions. Distinctions are 

made between symptomless plants, plants showing a slight discoloration 

around the point of inoculation, and plants with lesions of less than 15 

mm length. These extra classes allow greater discrimination when selec­

ting for high resistance. 

The Standard Evaluation System (SES) of the International Rice 

Research Institute (Anon., 1980) was developed to score clip-inoculated 

leaves on booting or flowering plants. The scale has six classes (coded 

0,1,3,5,7,9) ranging from symptomless to 100 %DLA (Table 2-2). The last 
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Table 2-1 : A scale developed by Ezuka and Horino (1974b) for assessing bacterial blight lesions 

resulting from inoculation of rice leaves at booting stage by the double pin prick method. The ratio 

of the lesion length to the leaf length from the inoculation point to the leaf tip is assessed. 

Code Description 

0 No symptoms 
1 Slight discoloration at the inoculation point 
2 Lesions less than 15 mm in length 
3 Lesions 1/4 of the length from the inoculation point to the leaf tip 
4 Lesions between 1/4 and 1/2 of the length 
5 Lesions between 1/2 and the whole length 
6 Lesions covering the whole length but some green area remaining 
7 Lesions covering the whole area above the inoculation point 

Table 2-2: A scale developed for the standard evaluation system (SES-scale) of the International 

Rice Research Institute (Anon., 1980). Rice plants at booting stage are clip inoculated and the 

mean percentage diseased leaf area (%DLA) of the upper three leaves is assessed. 

Code 

0 
1 
3 
5 
7 
9 

Description 

No lesion 
< 1 %DLA 
1-5%DLA 
6-25 %DLA 
25-50 %DLA 
50-100 %DLA 
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class contains all severities greater than 50 %DLA, an area which is not 

usually found in plants after maximum tillering stage, but which is often 

found in seedlings. Highly resistant cultivars score a 1 or a 3, while 

highly susceptible cultivars will receive a 7 or a 9. Horino et al. 

(1981) found a significant correlation between the scale of Ezuka and 

Horino (1974b) and the SES scale (r=0.753) and between the former scale 

and the absolute lesion length (r=0.728). 

Baw (1985) compared the %DLA, SES, HB and a modified HB scale for 

assessment of 39 cultivars ranging from highly resistant to highly suscep­

tible at seedling and maximum tillering stage. He concluded that there 

was good agreement between all scales except when a great range of disease 

reactions fall into one class, as can happen when young plants are scored 

with the SES scale. The differences between the cultivars were clearer 

using the %DLA estimations than with a scale; the %DLA score also distin­

guished more statistically different classes than parameters based on 

multiple scorings of %DLA on single leaves. Further discussion of the 

use of multiple scores for deriving parameters to describe the infection 

process in a single leaf are discussed in a later section of this chapter. 

Lesion length 

Several workers have preferred to use the absolute lesion length 

(Yoshimura et al., 1984) or lesion area (Yamamoto et al., 1977) for stud­

ies on BB. Unlike the scattered symptoms caused by spraying or natural 

infection, the single lesion resulting from clip or prick inoculation is 

well-defined and large enough to measure, although agreement must be 

reached on the inclusion or exclusion of chlorotic tissue in the measured 

length. Measuring requires more time than estimations of %DLA, although 

electronic equipment may help to make rapid measurements possible. 

While %DLA measures the relative damage to the leaf caused by Xco, 

lesion length is a direct measure of the extent of the rice-Xco inter­

action. When screening cultivars for resistant lines to use in a breeding 

program one can expect great variation in the leaf size. It is possible 

that a longer lesion may receive a lower score than a shorter lesion, if 

scored on a relative basis, when the leaf area of the former is much 

greater than that of the latter. While the damage level is greatest to 

the smaller leaf a breeder must expect that if the resistance is trans­

ferred to a new plant type the damage level may change. (Lesion length 

and leaf length have not been found to be correlated (Chapter 3, this 

thesis)). With varying plant types it is probably better to score for 



Methods of assessment 1 5 

absolute lesion size than to depend on a relative value. Baw (1985) 

showed a high correlation (r>0.95) between lesion length and %DLA for four 

cultivars at maximum tillering, but these correlations were made for each 

cultivar separately. The slopes of the four regression lines varied from 

0.60 to 1.05, indicating differences which could affect the assessment 

during screening of varied material. 

Because lesion length measurements are continuous and not subject 

to the discrete grouping of %DLA or scales, the power of discrimination 

of small differences is expected to be greater. This may be important in 

distinguishing among highly resistant individuals, which would all fall 

into a single class of a scale, but it is especially important when selec­

ting for moderate resistance, as it is in this range that the eye can less 

accurately detect small differences. This can also mean that fewer leaves 

need be scored to achieve a desired level of variance. 

To speed and simplify scoring while retaining lesion length as the 

parameter of selection, a scale based on absolute lengths can be used. 

Goto (1978) developed such a scale to classify the reactions of rice cul­

tivars to bacterial foot rot, Erwinia chrysanthemi. This scale has 11 

classes, ranging from symptomless to complete destruction of the tillers. 

Lesions are classified into groups by 2.5 cm lesion length intervals, up 

to 20 cm. Saha (1984), working with maximum tillering and booting plants, 

used four classes based on lesion length, corresponding to resistant (0-4 

cm), moderately resistant (5-9 cm), moderately susceptible (10-15 cm) and 

susceptible (greater than 15 cm) for scoring BB. It is better if the 

class limits of such a scale are only determined when the susceptible 

reaction of a standard cultivar is known, as this may vary considerably 

between tests. 

Genetic studies for characterization of a resistance require infor­

mation on the distribution of the disease reaction in the population. 

Confirmation of monogenic resistance will require division of the popula­

tion into resistant and susceptible types. Because there are no qualita­

tive differences between resistant and susceptible lesion types, the 

limits of the two groups need not necessarily be determined beforehand 

(Saha, 1984). A study of the histogram of the F2 generation should show 

whether a natural division of the population into groups exists. In this 

way shifts in the level of the entire population due to variation in in­

oculum concentration, environment, or the genetic background are not con­

founded with the resistance in question. 

When a scale is used for genetic analysis instead of %DLA or lesion 

length measurements, the nature of the scale can affect the apparent dis-
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tribiition of a population. If the classes have unequal ranges of disease 

reactions this can result in skewness of a normally distributed population 

when the histogram is drawn with equally spaced classes. This is espe­

cially important when studying polygenic effects where the range and shape 

of the histogram are indicative of the number of genes involved (Mathers 

and Jinks, 1971). The scale of Ezuka and Horino (1974b) has been used for 

genetic studies of quantitative resistance (Wasano and Dhanapala, 1982; 

Yamada, 1986a) although the class sizes are not equal. The above-describ­

ed scale of Saha (1984) has uniformly spaced classes but divide the popu­

lation into only four classes. 

Assessment following spray inoculation 

Spray inoculation has been used both for one time assessment of 

plants of varying ages and to begin an epidemic in small field plots in 

which repeated scores will be taken. Spraying one day before transplan­

ting (Anon., 1987) and spreader rows have been used to start an epidemic 

(Choi et al., 1985). Spray inoculation and root dipping have been used 

for assessment of kresek wilt (Watanabe, 1976). 

Primary infections can be assessed using incidence (number of plants 

showing symptoms, expressed as a percentage of the total (Large, 1966)) 

or severity. Incidence is very suited to scoring for kresek wilt and the 

SES scale (Table 2-2) has been used for assessing incidence of kresek. 

The number of leaves per plant showing symptoms, expressed as a percentage 

of the total, has also been used. However, this parameter is more vari­

able as plants differ greatly in leaf number with age and cultivar. 

When the epidemic is followed throughout the crop growth period the 

changes in incidence and severity can be used to express its course over 

time. At IRRI (Anon., 1986) differences between rice cultivars were found 

for the linear rate of increase of a BB infection. Other methods of as­

sessing the course of the epidemic, such as the area under the disease 

process curve (Waggoner, 1986), should be tried. 

Because the inoculum is spread through the water interpiot inter­

ference may affect the assessment of disease incidence. For this reason 

also comparisons of epidemics by measuring Xco concentrations in paddy 

water are not expected to give good results. 

The relationship between incidence, which measures the number of 

successful infections, and severity, which measures the size of an infec­

tion, is not well documented. Resistance factors relating to entry may 

be independent of factors relating to spread within a leaf following es-
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tablishment (Buddenhagen, 1983). Mew et al. (1984) showed that the ex­

clusion of bacteria from the water pores in an incompatible reaction was 

an active process of resistance by the plant. Until further evidence has 

been gained the two parameters should be viewed separately. 

ALTERNATIVE ASSESSMENT PARAMETERS 

While visual symptom assessment will remain the major parameter used 

in research on SB, other parameters have been used to characterize resis­

tance. Such measurements generally are more tedious but the added infor­

mation may offer potential insights into the host-parasite interaction, 

and may help distinguish between otherwise similar reactions when selec­

ting. 

Rate of lesion development 

The large differences in the reported time of appearance of symptoms 

of BB (Kaku and Kimura, 1983; Horino and Hifni, 1978; Yoshimura et al., 

1984; Rao et al., 1979) may be due to differences in the plant age, the 

inoculation method and the concentration of the isolates used. Major 

differences between cultivars following inoculation with a single isolate 

have not been reported. Differences in time of appearance of bacterial 

ooze have not been reported and would be very difficult to measure. 

Differences between cultivars for the rate of lesion extension have 

been reported (Yoshimura et al., 1984; Baw, 1985) using either lesion 

length or percentage leaf area infected as a measure of daily lesion de­

velopment. Logit and Gompertz transformations of the original data have 

been used (Yoshimura et al., 1984; Baw, 1985) for comparison. The inte­

gral of the lesion extension curve (ADPC) was also used as a measure of 

comparison by Baw (1985). While it could be expected that information 

from repeated scorings would improve the ability to distinguish between 

cultivars, Baw (1985) concluded that a single assessment better distin­

guished 39 cultivars ranging from highly resistant to highly susceptible 

than the parameters based on repeated scores. For general screening pur­

poses the rate of lesion extension seems to be excessively time consuming 

for the added information gained. However, greater attention to the form 

of the curves may show small but important differences in the rates at 

which lesions begin and end extension. 
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Bacterial counts from infected leaves 

Sap extracted from leaves infected with an incompatible isolate has 

been shown to reach a maximum bacterial count 102-103 fold lower than sap 

from the same cultivar infected with a compatible isolate (Kaku and 

Kimura, 1983; Barton-Willis et al., 1986). There is some evidence (Kaku 

and Kimura, 1983) that a relationship between lesion lengths and bacterial 

concentrations can be found for susceptible reactions where the cultivars 

vary in quantitative resistance. A ÎO'-IO2 fold difference in bacterial 

counts between highly susceptible cultivars and a more moderately suscep­

tible cultivar has been noticed by Kaku and Kimura (1983) 12 days after 

inoculation. 

An indirect method of quantifying the bacteria was tried by Horino 

and Yamada (1975), who measured the exudation from leaf segments directly 

after cutting. Their exudation index combined observations on the size 

of the bacterial cloud from each vascular bundle with a count of the num­

ber of bundles exuding bacteria. The index was used to rate 20 cultivars 

one day before symptom appearance and was found to better distinguish 

between cultivars than a 0-5 rating of lesion size (Horino and Hifni, 

1978). It is unclear whether the advantage of the exudation index would 

remain when lesion length or %DLA were used instead of a disease index. 

It is known that bacterial presence does not always lead to symptom 

development (Goto, 1965). The relation between lesion size and bacterial 

concentration can be confounded with factors related to the sensitivity 

of the tissue to destruction in the presence of bacteria. For this reason 

two tests have been used to follow latent bacterial presence in apparently 

healthy tissue. Parry (1985) followed the spread of virulent and aviru-

lent bacteria during the first 172 hours of infections in IR20 and Cas 

209. He cut inoculated leaves into 2 cm segments and scored for the pres­

ence of Xco colonies after four days incubation on peptone sucrose agar. 

Large differences in the movement were found between the two cultivars but 

little difference could be found between the two bacterial isolates for 

each cultivar. Goto (1965) developed a technique for coloured dye uptake 

in detached leaves. Using a basic fuschine solution he showed that the 

area of vascular blockage was considerably larger than the area of visible 

lesions. Reddy and Kauffman (1973) used this technique to show differen­

ces between a resistant and a susceptible cultivar. 
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Electrolyte conductivity 

The conductivity of the leaked electrolytes has been used to compare 

cultivars for damage caused by the bacteria to the leaf tissue. Kohno et 

al. (1981) report that three days after infection fluid from a compatible 

reaction showed greater conductivity than that from an incompatible reac­

tion. These differences remained detectable for up to 18 days after in­

fection (Rao et al., 1979). 

Infectivity titration 

Infectivity titrations can be used to derive a number of parameters 

useful in varietal screening (Ercolani, 1984). The dose-response curve 

can be used to compare the test cultivars for the dosage needed to elicit 

a certain response, usually the effective dose at which 50% of the inocu­

lated units show symptoms (ED50) or to compare the response at one or more 

dosages. The slope of the line at the ED50 point can also be used to com­

pare reactions (Ercolani, 1984). Two cultivars with equal ED50 but dif­

ferent dose response curves will show differences at higher and lower 

dosages. The researcher must therefore realize that when using a single 

value for comparison caution should be taken that this value be related 

to concentrations expected in field infections (Ercolani, 1984). 

IRRI (Anon., 1981) reported differences in the ED50 of Cas 209 for 

compatible and incompatible reactions at different growth stages. Cho 

(1975) found differences in the dose-response curves of seven cultivars 

using four concentrations varying from 105-2xl09 cfu/ml. The lesion size 

in compatible reactions increased with the dosage. This quantitative 

relationship between dose and reaction should be further studied. 

Epiphytic growth, surface reactions and chemotactic responses 

Phytopathogenic bacteria have been found to survive and multiply on 

leaf surfaces, and this can provide inoculum for disease. Studies with 

Pseudomonas species and with Xanthomonas campestris pv. phaseoli have 

shown that epiphytic populations of pathogenic bacteria "are generally 

lower on resistant compared to susceptible cultivars of a given host spe­

cies" (Hirano and Upper, 1983). Because methods to quantify epiphytic 

populations are tedious and the results very variable, direct measurement 

of this value does not appear a useful parameter for cultivar screening, 

although it might explain unexpectedly low or high field resistance of a 
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cultivar as compared to levels following clip or prick inoculation. 

One aspect of this epiphytic bacterial interaction is the attractive 

quality of host exudates. The ability of rice water-pore exudate to at­

tract Xco was studied by Feng and Kuo (1975). The number of bacterial 

cells attracted from a central source into a capillary tube filled with 

exudate was compared. Exudates from highly susceptible cultivars and 

synthetic medium attracted up to eight times as many bacteria as exudates 

from non-hosts, several resistant cultivars and distilled water. Differ­

ent isolates were not tried. 

H is to log ica 1 ev idence 

Histological studies of compatible and incompatible interactions 

have shown differences in the spread of the bacteria (Kaku and Kimura, 

1983). In addition there was evidence of cellular disintegration, both 

in the vascular bundle or in the adjacent parenchymatous tissue, as the 

bacteria translocate from the point of inoculation, except in symptomless 

types of reactions (Kaku and Kimura, 1978). 

Electron micrograph studies showed dramatic change in the integrity 

of the host vessel wall three days after inoculation. The inner vessel 

wall was loosened and released into the vessel. Bacteria within the ves­

sel were misshapened and immobilized in a mass of fibrillar material (FM). 

When the cytoplasm of vascular parenchyma cells was disrupted the bacteria 

appeared to be dead (Horino, 1978). Some FM was found in compatible in­

teractions 20 days after inoculation but the bacteria were not as mis­

shapened as in the incompatible reaction (Horino and Yamada, 1982). The 

time taken until FM appears may be a parameter for varietal comparisons. 

Mew et al. (1984) reported differences in the reaction of water 

pores following contact with compatible or incompatible bacteria. This 

reaction should be further studied on more cultivars. 

ASSESSMENT OF VARYING TYPES OF RESISTANCE 

Seedling resistance 

Seedling resistance is usually identified following clip or prick 

inoculation in both seedling and maximum tillering or booting stage. A 

single isolate of known virulence is usually sufficient to indicate the 

presence or absence of the resistance. As the most highly resistant 
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plants are usually sought, great attention should be paid to detecting 

fine distinctions between plants showing a resistant reaction. Attention 

to lesion type and speed of appearance may aid in developing the resis­

tance to its most full expression. 

Adult plant resistance 

Identification and characterization of adult plant resistance will 

necessarily involve tests at various stages to determine when the resis­

tance begins to develop, when it reaches its maximum expression, as well 

as the maximum level of the resistance. These tests should be done as 

staggered plantings to avoid confounding influence of environment or in­

oculum concentration with maturity dates. Prior tests should be done to 

determine when protection against bacterial blight is first needed, and 

inoculation for selection should be done no later than at this stage, if 

the resistance is to be satisfactory. Care must be taken to consider 

flowering dates during selection to avoid selecting for earliness (Zhang 

and Mew, 1985). 

Moderate resistance 

This can be identified by clip or prick inoculation with a single 

isolate. Yamada (1986a) recommends using a highly aggressive isolate for 

this purpose. Interest in moderate resistance centers on its quantitative 

nature, as durable resistance tends to be quantitative (Parlevliet, 1979). 

The quantitative nature of moderate resistance can be tested with a cross 

with a susceptible check cultivar. Where bimodality in the F2 generation 

is found the presence of a weak major gene is likely. It can also be 

helpful to test the cultivar with varied isolates. Large interactions can 

indicate a mono- or oligogenic basis of the resistance. 

Resistance to kresek wilt 

Dipping the roots of seedlings immediately before transplanting was 

shown to be efficient in inducing severe kresek infection (Zaragoza and 

Mew, 1979). A kresek wilt strain of Xco should be chosen for this purpose 

(Mew, 1978). The incidence of symptoms can be assessed at varying days 

after infection. 
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CHAPTER 3 

APPROPRIATE PARAMETERS FOR ASSESSMENT OF 
BACTERIAL BLIGHT IN RICE 

SUMMARY 

Lesion lengths, leaf lengths and leaf widths were meas­
ured on infected leaves two weeks following clip inoculation 
of 64 rice cultivars with two virulent isolates of Xanthomonas 
campestris pv. oryzae. No significant correlation was found 
between the lesion length and the leaf dimensions, indicating 
that physical leaf size does not affect the spread of the 
bacteria once these have entered the leaf. Lesion length is 
therefore an acceptable parameter for assessing disease reac­
tions, and is to be preferred above the estimated percentage 
diseased leaf area for assessing moderate resistance, where 
fine distinctions between cultivar reactions are hard to 
estimate. Xylem vessel diameter was not found to be signifi­
cantly correlated with lesion length of 16 cultivars inocu­
lated with a virulent isolate, indicating that physical size 
of the vascular system was not a restrictive factor in deter­
mining the level of susceptibility. 

INTRODUCTION 

Bacterial blight (BB) of rice has been controlled by cultivars 

resistant to the causal organism, Xanthomonas campestris pv. oryzae (Xco). 

These cultivars have a high level of resistance and lesion size following 

clip inoculation is limited to less than 5% and sometimes less than 1% of 

the leaf area at all growth stages (Mew et al., 1981). However, the 

resistance has been found to decrease within a few years following intro­

duction of such a resistant cultivar due to changes in the genetic make­

up of the bacterial population (Vera Cruz and Mew, 1989). For this reason 

interest in the quantitative resistance (QR) of moderately resistant (MR) 

cultivars has increased as a possible source of more durable resistance. 

In breeding programs large numbers of lines are screened for their 
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resistance to BB by estimating the percentage diseased leaf area (%DLA) 

following clip or prick inoculation. However when the purpose is to 

select among MR lines or individuals %DLA estimates are less appropriate. 

An MR reaction typically results in lesions covering 10-30 %DLA, or more 

when the plants are young. The human eye can fairly accurately distin­

guish between 1, 3 and 5 %DLA but becomes less precise as the lesion area 

increases. Instead of %DLA therefore, actual lesion length has been used 

to distinguish between MR cultivars or individuals following clip or prick 

inoculation. This allows for more accurate measurement, especially in the 

midrange. 

Another problem with assessing MR using %DLA is the variation in 

leaf sizes between cultivars and development stages. Since the lesion is 

estimated in relation to leaf size, differences in lesion size may be 

overshadowed by larger differences in leaf size. A considerable error 

may be introduced by using %DLA when cultivars or different plant stages 

are compared. Use of lesion length measurements would eliminate this 

problem. 

Before adopting lesion length as a parameter for assessment of MR, 

we must be certain there is no relationship between lesion length and leaf 

size (leaf length and width). If an association is found, lesion length 

must be considered as unsuitable for making comparisons of resistance 

between plants. A significant correlation of lesion length with leaf 

characteristics would also imply a physiological relationship between leaf 

size and the bacterial movement in the vascular system. 

A test for such a correlation between lesion length and leaf length 

both within and between cultivars was carried out using the data from a 

cultivar screening for moderate resistance to BB. To further investigate 

the possible relationship between leaf dimensions and lesion length the 

diameter of the central xylem vessel, a major pathway for bacterial spread 

following clip inoculation, was measured and correlated with the lesion 

length. 

MATERIALS AND METHODS 

Lesion length and leaf size 

Seed of 64 rice cultivars of varying origins were obtained from the 

International Rice Germplasm Collection at the International Rice Research 

Institute. Seeds were sown in lowland soil in 33x26x10 cm plastic trays 
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and the 21 day old seedlings were transplanted to 20x2.5 m beds in a 

protected screenhouse. Per cultivar 12 hills in a single plot were grown. 

Plants were fertilized with ammonium sulfate (21-0-0, 175 kg/ha total) 

applied in two applications, one before planting and one before maximum 

tillering. 

Xco isolates PX0126 (race 2) and PX099 (race 6) were stored at -10 

°C in skim milk suspensions until needed. The isolates were revived on 

peptone sucrose agar (PSA) slants incubated at 30 °C and transferred once 

to fresh slants for further increase of inoculum. Inoculum was prepared 

by suspending the bacteria in distilled water and adjusting the optical 

density to 1.00 (590 nm), to give a concentration of approximately 5xl09 

cfu/ml. 

Plants were inoculated at 65 days after seeding using the clipping 

method described by Kauffman et al. (1973). Tillers of each hill were 

divided into two groups before inoculation so that each hill could be 

inoculated with two isolates. Lesion length and leaf length of 20 leaves 

per cultivar were scored 14 days after inoculation. The width of the 

midleaf section was also measured for leaves inoculated with PX099. 

Xylem diameter study 

Sixteen rice cultivars varying from MR to highly susceptible were 

selected from the above 64 cultivars. Seeds were germinated and trans­

planted as described above. Plots of six hills per cultivar were planted 

in a randomized block design in three replications. 

Isolate PX099 was maintained as described above. Plants were clip 

inoculated 64 days after seeding. Seven days after inoculation 10 leaves 

were harvested from each plot and measured for lesion length, leaf length, 

and leaf width. A small piece from the front of the active lesion was 

removed for microscopic analysis. 

To measure the natural change in the xylem diameter within a leaf 

uninoculated leaves of the highly susceptible cultivar TNI and the MR 

cultivar Cisadane were also harvested and pieces were cut from the leaf 

at 0, 1, 5 and 15 cm from where the inoculation point would have been. 

Leaf pieces were fixed for a minimum of 48 hours in formaline acetic 

acid (FAA) and then dehydrated in increasing concentrations of tertiary 

butyl alcohol. The pieces were embedded in paraffine, mounted on wooden 

blocks and sectioned to 12-15 |im thickness with a rotary microtome. 

Sections were mounted on slides using Haupt's adhesive (Johansen, 1940) 

and stained with thionine and orange G (Stoughton, 1930). The sections 
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Table 3-1 : Mean lesion lengths, leaf lengths, and leaf widths (in cm) measured on 64 rice cultivars 
clip inoculated with two isolates of Xanthomonas campestris pv. oryzae. 

Cultivar 

Zhu-xi 26 
BR161-25-25 
Milyang 42 

TNAU 658 
Peng chiu moung 
IR40 
Hashikalmi 
Nigeria 5 
BR51-282-8 
Shaitan dumra 
BR171-2B-8 
ARC 7325 
TKM 6(B) 
Cisadane 
Pelita 1/1 
IR54 
DV-2 
Nam-sa-gui 19 
TN1 
BR319-1-HR38 
GH105 
AUS 230 
Kwang-cer-ai 5 
Ta-poo-cho-z 
Ayung 
Kalimekri 

RP 633-76-1 
ADT18 
IR26 
Hsinchu 56 
IR5 
Dourado agulla 

Isolate 
PX099 

Lesion 
length 

20.5 
6.7 

12.7 

27.0 
20.9 
12.3 
4.1 
5.4 

12.0 
29.4 

7.5 
8.0 

10.1 
4.1 

15.0 
5.6 

28.9 
12.2 

25.3 
10.0 

6.9 
2.2 

21.8 

12.0 
7.5 
1.5 
3.6 

27.4 
14.3 
11.3 
14.1 
9.4 

Leaf 
length 

25.4 
37.5 
39.7 
39.7 
43.1 
44.3 
45.6 
45.7 

46.0 
46.6 
46.8 
47.4 
47.8 
48.6 
49.1 
49.7 
50.2 
50.9 

51.1 
51.4 
51.5 
51.9 
51.9 
52.4 

52.5 
53.2 

53.5 
54.8 
55.3 
55.5 
55.8 
56.2 

Leaf 
width 

1.3 
1.3 
1.6 
1.3 
1.1 
1.3 
1.6 
1.1 
1.5 
1.7 
1.6 
1.5 
1.0 
1.2 
1.5 
1.2 
1.7 

1.6 
1.4 
1.7 

2.0 
1.4 
1.4 

1.0 
1.6 
1.2 
1.2 
1.4 
1.3 
1.1 
1.3 
1.5 

PX0126 

Lesion 
length 

10.9 
6.0 
7.9 

11.0 
7.5 
7.7 
1.1 
6.3 
7.4 

11.6 
5.9 
3.8 
6.0 
5.4 
8.8 
5.0 

10.1 
12.1 

10.9 
5.3 
6.5 
1.5 
6.9 

5.1 
5.8 
1.2 

0.8 
11.2 

8.8 
2.3 
8.8 
7.3 

Leaf 
length 

29.2 
35.0 
38.9 
36.3 
40.0 
43.1 
41.7 
50.2 
43.2 
47.2 
42.9 
48.5 
41.6 
42.1 
57.1 
51.7 
48.6 
42.3 
47.2 
42.6 
47.5 
47.3 
48.0 
50.0 
53.2 
51.5 
47.9 

49.6 
49.3 
53.5 
52.9 
44.2 
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Table 3-1 (continued) 

Cultivar 

IR9101-46 
B441B-126-3-2-1 
Pankaj 
CO 39 

Warrangal 1263 
IR4442-46-3-3-3 
MI-48 
Century patna 23 
IR48 
Mahsuri 

Pae moku 
BJ1 

Tahun gembrong 
BPI76 
Gokaung 

Sigadis 
Early prolific 
Remadja 
Sigadia 
JC70 
Elwee 
Lead rice 
RD6 
GEB 24 
Ngome Tia 

Ranbirga 
Ramadja 
Niaw sanpan tawn 

ARC 6018 
Akundi 
Meegauk 
PTB33 

Isolate 
PX099 

Lesion 
length 

22.9 

13.8 
11.6 
14.1 
20.2 

7.2 

12.5 
17.9 
10.2 
10.8 
9.8 
3.3 

10.8 
23.1 
11.1 

14.8 
14.3 
11.9 

5.9 
29.2 
15.3 
19.5 
13.0 
14.3 
15.7 
10.0 
11.5 
18.1 
12.7 
15.2 
7.6 

15.6 

Leaf 
length 

56.5 
56.8 
58.6 
58.6 
60.2 
60.9 
61.5 
64.4 
65.2 
66.4 

66.5 
67.6 

68.0 
68.1 
68.5 
71.2 
71.3 
71.4 
72.4 
74.2 
75.1 
75.4 

77.0 
77.1 
77.4 

79.2 
79.4 
79.8 
79.9 
81.5 
82.0 
82.7 

Leaf 

width 

1.4 
1.3 
1.4 
1.4 
1.2 
1.2 
1.2 
1.1 
1.3 
1.1 

1.9 
1.1 

1.5 
1.4 
1.3 
1.3 
1.3 
1.4 

1.5 
2.2 
1.3 
1.3 
1.4 
1.0 
1.6 
1.0 
1.4 
1.6 
1.1 
1.3 
1.1 
1.0 

PX0126 

Lesion 
length 

11.8 
6.1 
7.5 
7.2 

11.6 
7.4 
6.5 
8.6 
4.4 
6.9 
1.0 
1.9 
4.9 
7.1 
9.4 

11.1 
1.7 
7.1 

11.7 
15.0 

9.0 
7.3 
8.0 

10.0 
9.9 
3.4 
8.3 
9.5 
8.3 
0.6 
6.4 
7.5 

Leaf 
length 

54.7 

55.3 
57.6 
55.2 

55.5 
57.5 
57.9 
62.7 
64.5 
66.0 
59.1 
62.4 

67.8 
66.1 
80.7 
73.2 
72.3 
66.8 
68.8 
72.5 
72.8 
70.6 
75.8 
71.2 
73.1 
77.4 
75.7 
73.6 
70.1 
76.2 
74.1 
77.1 


