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Preface 

IN November 1988, Asian groundnut scientists met at Malang, Indonesia 
to discuss groundnut problems in the region, identifJ important constraints, 
and recommend opportunities for collaboration at national and international 
levels. That meeting was coordinated by ICRISAT. One high priority 
recommendation was for ACIAR's peanut (groundnut) project in Indonesia 
to coordinate groundnut bacterial wilt research. 

An Australian Special Purpose Grant to CGIAR Cmtres (ICRISAT) was 
approved to support a meeting with the following objectives: 
(a) 	 to bring together scientists from the Asia-Pacific region working on the 

bacterial wilt disease of groundnut, caused by Pseudomonas 
solanacearurn 

(b) 	 to review and share existing knowledge on P. solanacearun,and on 
breeding groundnuts with resistance o this disease, and 

(c) 	 to identify the needs for collaborative links in research, training and 
information exchange. 

In addition, some ICRISAT funds were assigned to assist with the meeting 
expenses, and the Peanut Collaborative Research Support Program promised 
to support the attendance of project staff. 

The meeting was arranged in association with the 3rd International 
Conference on Plant Protection in the Tropics, organised by the Malaysian
Plant Protection Society (MAPPS) to allow delegates planning to come to 
the MAPPS conference to also participate in the bacterial wilt planning 
meeting; conversely, those scientists Lought to the bacterial wilt meeting
also had the opportunity to attend the MAPPS Conference, which has become 
the premier conference on tropical crop protection. The organising committee 
for MAPPS Conference, especially the chairman Dr K.Y. Lum, took care of 
all local arrangements for the bacterial wilt meeting. 

The organisers are confident that the meeting was most successful, and 
will be remembered as a milestone in progress towards control of this important 
disease. 
K.J. Middleton 	 A.C Hayward 



Summary of Discussion and
 
Recommendations
 

Gwumn, discussions were held on the topics of host plant resistance, pathogen
detection and disease diagnosis, and disease management; brief discussion 
group reports follow. A combined set of recommendations formulated and 
agreed to at a subsequent planning session are printed in full. 

Group Discussion Reports 

(a) the Host Plant Resistance discussion group felt that more research 
was needed in evaluation of resistance, especially over a range of geographic
regions to assess variation in host-pathogen interaction under different 
environments. The presence of such variation could lead to modification of 
existing procedures for selection and breeding for resistance. The group felt 
strongly that screening for resistance should be conducted under field 
conditions. 

The group suggested that a nitwork be established to address specific
problems associated with bacterial wilt resistance in groundnut. The network 
could coordinate the establishment of an international bacterial wilt nursery 
set for testing at multiple locations, anti could foster the exchange of resistant 
germplasm, especially that with multiple resistances. The network could also 
assist participants with technical assistance, information exchange etc. 
Potential participants in the network were identified, to be confirmed by 
contact with appropriate authorities. A future workshop to help establish the 
technical activities of the network (disease surveys, standardisation of 
resistance evaluation procedures etc) was proposed. 

Further studies on inheritance of resistance appear warranted, encompass
ing a wider array of resistant material than has been studied to date. 

The group suggested that scientists from Indonesia and Peoples' Republic 
of China should continue screening germplasm for resistance to bacterial 
wilt, and exchange germplasm for further study. 
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(b) Detection and Diagnosis proved to be the area which created most 
discussion. Practical field control should be the goal of study in these areas. 

After some debate, it was accepted that micropipetting is an appropriate 
method of inoculation for comparisons of isolates, but that it producod a severe 
challenge to the plant. Simulated natural root infection was likely to involve 
too many variables, and seed inoculation has not produced satisfactory results 
to date. 

The group cautioned against the definition of specific inoculation procedures, 
but suggested that l)rocedures found satisfactory should be offered as 
candidates for a standard procedure. At present, pathogenicity ratings are 
usually made on a scale of 1-5. Inoculation conditions (volume and 
concentration of inoculum, temperature condition, site of inoculation, stage 
of' development of the host at inoculation, etc) should always be reported. 

As far as .,wilities allow, standard susceptible reference plants should always 
be inoculated Under the same conditions as test plants. It was felt that workers 
should use a standard set :)f l)eanut varieties, to minimise variability of 
reference hosts. ICRISAT'S collection could be a source of such material, but 
the most appropriate varieties might come from elsewhere. 

The group felt that i reference collection of P. solanacearum strains should 
be maintained, including materials in. lved in research where new taxa are 
characterised. These should he inaintained in a way that minimises confusion 
of data storage and identity, and minimises the influence of cultural history 
and m .intenance method on characteristics. Possible sites for this collection 
suggested by the group included CIP, CMI and I)SIR. Private collections 
should offer samples for this collection, as well as to other workers. Lists 
of holdings in those collections should be published in the ACIAR Bacterial 
Wilt Newsletter. l)r. Eden-Green undertook to coordinate all lists of private 
and institutional collections of P. solanacearum, and to resolve any problems 
of synonymy. 

The group felt that new technologies offered much to assist in pathogen 
classification, and although they were not available widely, the results of 
the;r use was of benefit to all. The various methods of strain characterisation 
need to be compared. 

Seed transmission is potentially significant, and requires verification 
urgently. Similarly, the significance of weed hosts is also high, and research 
into both of these areas could benefit from the use of new technologies for 
pathogen de(,ettion currently being developed. 
(c) It was felt that Disease Management can make a significant impact 
on bacterial wilt severity, esp-cially if used in an integrated way with other 
control methods. Crop management practices can influence both the pathogen 
and the host, as well as beneficial organisms, and theoretically should be 
able to provide low cost disease control if chosen wisely. However, much of 
this information is at best poorly underst(od; its application on a broad scale 
will depend oin improving this situation. The role of research is to provide 
an understanding of the influence of crop management practices oin disease 
incidence, to enable groundnut growers in future to change their practices 
and reduce losses clue to disease. 

The role of other plants (e.g. weeds and companion crops) on the size, activity 
and specificity 4 the P. solanacearum population in a groundnut field remains 
unknown, but might provide a key to control of this disease. Similarly, broader 
aspects of those cropping systems which include groundnuts such as bare 
fallowing (or the lack of it), the method, frequency, timing and quantity of 
irrigation, and crop nutrition could influence host susceptibility, pathogen 
survival and aggressiveness and the effects of other microorganisms on 
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infection rate. Soil type and pH appear to play some part in manipulating 
infection, but the pattern is not consistent, and more research is needed to 
allow us to understand these effects. 

Environmental factors, especially temperature, may easily influence the 
infection of groundnuts; by P. solanaccarum, but changing these factors often 
conflicts with other management decisions. Injury to roots, a result of soil 
cracks caused by wetting and drying cycles, mechanical tillage operations 
in the field, or the activity of biotic agents such as nematodes and soil insects, 
could easily predispose the crop to infection if the only barrier to invasion 
depends on an intact root surface. 

Seed transmission in either groundnuts or weeds could explain the 
appearance of the disease in fields where it had not been observed before. 
Seed transmission in groundnuts justifies close examination to ensure that 
simple methods of avoiding pathogen dissemination are utilised wherever 
available. This aspect of disease management is particularly important in 
relation to the international movement of seed. 

Recommendations 

The ACIAI{ICRISAT Colla)orative Research Planning Meeting for bacterial 
wilt of groundnut, having reached consensus, commends these recommen
dations to the governments and science administrators of those countries 
where bacterial wilt of' groundnut is recognised as a present or potential 
problem, and recommends: 

1. Coordination of research on Pseudomonas solanacearum 
Given the recent developments in characterisation of Pseudononas 
so/lnaccarun, and the significance of these findings for research on 
el)idemiology ind control of I)acterial wilt, i) a coordinator should be 
nominated to reconcile characterisation schemes and to promote the 
development ofa unified in fraul)sl)eciic classification scheme for isolates 
of P..solanacearum, irrespective of' host, (ii) funds and facilities should 
be sought for this work as rz'commended by the coordinator, (iii) the 
coordinator would be empo%('red to appoint his successor, and (iv) l)r. 
A.C. Haywaird he requested to act as coordinator. IDr. Hayward accepted 
this responsibility. 

2. Characterisation of P. solanacearum 
a. ('haracterisation schemes should avoid reliance on technology 
available only to specialist research groups or commercial interests. 
Standardised techniques for detection and diagnosis which are readily 
accessible to the scientific domain should be adopted and published at 
the earliest possible opportunity. Reference samples of all described 
material, including the minimum number of isolates necessary to 
represent private collections, should be passed on to an international 
collection. 
b. Characterisntion schemes should take account of I)acteriocin 
prioduction and phage sensitivities. A reference panel of l)acteriocin and 
phage-sensitive strains would be useful. 
c. A single international reference collection of strains of P. solana
ceariTU should be established, and necessary funding sought to achieve 
this. Stability and security of material and its ready availability to bona 
fide researchers in this field are important. 
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3. 


4. 

5. 

6. 

7. 

d. Lists of material in P. solanacearumcollections should be provided 
and published in the Bacterial Wilt Newsletter, and the isolates should 
be made available to other researchers (at cost if necessary). 
Host range and strain differentiation 
a. The host range and aggressiveness of apparently grourdnut-adapted 
strains should receive more attention. Virulence of strains should be 
assessed using the technique of infectivity titration under standard 
conditions. 
b. International 'bacterial wilt nurseries' should be established, to use 
a defined set of germplasm to test pathogen variability and the effects 
of environment on disease incidence and severity. 
Epidemiology and survival 
a. Weed hosts should he identified, and their importance in survival 
and perennation of P. solanacearunquantified. Latently infected weeds 
should be included. 
b. Consideration should he given to the possible role of nematodes and 
soil insects as predisposing factors in groundnut bacterial wilt epidemics. 
c. The impact of crop sanitation practices on the pathogen and the 
disease needs to be established. 
d. Appropriate new technologies should be used to monitor the survival 
and persistence of P.solanacearum in the soil and rhizosphere. The same 
methods should be used when appropriate to study the effects of cropping 
systems, soil type, cultural practices (including rotation), climatic 
conditions and soil solarisation on pathogen populations and disease 
severity. 
e. The development of biological control systems should be encouraged. 
In this context (and in the context of recommendations 5a and 5b, below) 
the monoclonal antibody techniques developed by l)r A. Alvarez of th, 
University of Hawaii, and by l)r S. Eden-Green of Overseas Development 
Natural Resources Institute appear to have particular application. 
Detection of latent infections and seed transmission 
a. The need for techniques to detect latent infection should be recognised, 
especially when vegetative propagation is used. 
b. Studies of seed transmission, including the method of seed infection 
and transmission to grouncnut, should he emphasised. The effect of 
storage on seed transmission appears important. These studies could be 
extended to other crops and weed species. 
c. As the potential for seed transmission exists, caution must be exercised 
on the movement of groundnut seed, to minimise dissemination of P. 
solanacearuin to disease-free areas. 
Host plant resistance 
a. Host plant resistance is recognised as having a most important role 
in control of groundnut bacterial wilt. 
b. Greater effort is needed towards understanding the mechanisms of 
host plant resistance, to assist breeding for resistance. 
c. Germplasm putatively resistant to bacterial wilt should be freely 
exchanged. Germplasm with multiple resistances is especially important. 
Collaborative research network for bacterial wilt of 
groundnut 
A collaborative network should be established to address needs related 
to groundnut bacterial wilt, i.e. 
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- to facilitate exchange of resistant germplasm
 
- to test resistant germplasm over a range of environments, and
 
- to provide technical assistance, define common procedures, dissem
inate information to participants, etc.
 
Potential network participants (subject to in-country approval) are:
 
AGLN Coordinator, ICRISAT (Adminisrative coordinator)
 
A.C. Hayward, Uni. of Qld. (Technical -oordinator)

Liao Boshou, OCRI, Wuhan (China)
 
M. Machmud, BORIF, Bogor (Indonesia) 
C.M. Busolo-Bulafu (Uganda) 
V.K. Mehan (ICRISAT) 
B.L. Ho (Malaysia) 
M.P. Natural (Philippines) 
K.W. Jayasena (Sri Lanka) 
P. Surin (Thailand) 

8. Research responsibility and support funds 
a. Primary responsibility for research in particular areas lies with:
 
Chinese Academy of Agricultural Science, China - for effects of crop

rotation, soil solarisation and biological control.
 
Agency for Agricultural Research and Development, Indonesia - for
 
effects of crop rotation, seed transmission and crop sanitation.
 
b. National programs, particularly in Indonesia and China, should
 
receive funding to assist research on disease management, as this research
 
can only be conducted where the disease is endemic.
 

9. Training 
Training is particularly needed in the areas ofpathogen detection, disease 
diagnosis and disease management. Training should be provided by
scientists within and without the region for others actively involved in 
groundnut bacterial wilt research. 

10. Bacterial Wilt Newsletter 
ACIAR should continue to support the publication of the Bacterial Wilt 
Newsletter, to a level equal to or greater than that provided to date. 
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Diagnosis, Distribution and Status of
 
Groundnut Bacterial Wilt
 

A.C. Hayward* 

A bstract 
Most work on bacterial wilt of groundnut has been done in China and Indonesia, 

the two countries which are most seriously affected by the disease, but much of 
the published work has not been readily accessible. Bacterial wilt of groundnut 
in the southeastern United States is caused by P. solanacearumbiovar 1, whereas 
in Indonesia and China and most other countries it is caused by biovar :3or by 
biovar 4. Biovars 2 and 5 have never been reported on groundnut. A recent advance 
has been the application of restriction fragment length polymorphism (RFLP) 
analysis of )NA to P. solanocearumn. The use of nine )robes to the chromosomal 
DNA has led to the recognition of 28 groups, however, application of this 
methodology to isolates of P.solanacearamfrom groundnut is limited to date.,There 
is evidence of differences in virulence among strains; for example, strains from 
southern China are more virulent than those from the north, but there is no clear 
indication of strains specialised to particular groundnut cultivars. Several studies 
have shown that the disease is most prevalent and severe in heavy clay soils, 
although the disease has also been recorded in red lateritic and light sandy loam 
soils. ,igh soil temperatures (>25°C) and high day and night air temperature 
regimes profoundly increase di',ease incidence in susceptible cultivars. Continuous 
planting with susceptible cultivars, particularly in wet soils, rapidly leads to increase 
of disease. Many aspects of disease biology require further investigation, including 
a mnre critical examination of the possibility of transmission of the disease by/in 
seed. There is also a need for greater collaboration and co)rdination of effort; 
improved mechanisms for the exchange of promising resistant germplasm and 
breeding lines: and improved dissemination of information in English language 
publications. 

BACTrEm.RI. wilt of groundnut (Arachis specific strains of P. solanacearum. For many 
hypogav'la) caused by Pseudomonassolanacea- parts of the world these conditions do not obtain, 
rum (Smith 1896) Smith 1914 was first reported so that the disease has either been considered 
in Indonesia as long ago as 1905, and since then of minor importance or is of only sporadic 
has been reported in many regions throughout occurrence. This has meant a lesser volume of 
the world (Mehan et al. 1986). However, the published work in English language periodicals. 
amount of readily available information on the Not surprisingly, most of the research effort has 
disease is very much less than that for the emanated from China and Indonesia, the two 
disease on solanaceous hosts such as tomato, countries which are most seriously affected. 
potato, eggplant and tobacco. Groundnut is However, much of the valuable work which has 
probably less susceptible than the solanaceous been donein these countries has not been readily 
hosts, except where high intensity of cultivation accessible and until recently remained less well 
under environmental conditions conducive to known. Bacterial wilt is regarded as a potential 
the disease is combined with the presence of threat to groundnut production in several warm 

humid areas in the world (Mehan et al. 1986) 
* 	Department of Microbiology, University of as production expandsinto new areas orcultural 

Queensland, St. Luria 4072, QId. Australia. practices change. 
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Geographical Distribution and In China, the disease is most severe in central 
Economic Importance and southern production areas where it is 

Bacterial wilt of groundnut is the cause of estimated that more than 200 000 ha of ground. 
major losses in Indonesia, China and parts of nut fields are infested with P. solanacearum 
Uganda (Table 1); however, there are many 
other countries where the disease is either 
relatively unimportant or where the status of 
the disease is uncertain ('l'able 2). In Fiji, for 
example, itis reported that in some areas 
groundnuts are severely attacked but that in decades, in spite of the adoption of control 
general the loss is low compared to other crops 
(lbal and Kumar 1986). It is noteworthy that 
the disease has recently been reported in the 
Philippines (Natural et al. 1988), Sri Lanka 
(Javasena et al. 1988) and Papua New Guinea 
(''omlinson and Mogistein 1989), countries 
previously thought to be free of the disease 
(Ilayward 1,986; 'l'oilinson and Gunther 1986; 
Vellupillai 1986). This may reflect greater 
awareness of, the disease as well as greater 
dilig(.nce in searching for it, or a real change 
inincidence.,severity as a result of changing 
cultural practices. 

Table I: Worldwide (listribut o)n of bacterial 

wilt of groundnut 


o(untris ill which the disease isof m:ajrimportance: 


(ltrv . ......-Authrity 

lndlonlsia Machmud (1986) 

Peoples, lI(pulic of loshou and Yujun (pers.

(lil: i colill.) 


UgadaSindlwaiBuniva (1972)
Utzgaiid~i _______ __72__-_u 


'Table 2: Worldwide distribution of Ibacterial 
wilt of groundnut 

Countries in which disease is of minor importance 
Or of Utcertain status: 

Country' Aulhiority 

I"iji lqlal and Ku mar (1986)
Malaysia Abdullah et al. (1983)
Papu a New (Guin(ea Tomlinson and Mogistein 

01989)

Philippines Natural et al (19,88) 
South A 'rica Engellbreclt and 

Ilatti 1gh (1989)
Sri lanka ,JayasenliIt al. (1988)
Thailand Wongkaew (pers. comm.)
United States Jenkins et ol. (1966)
'?Vieto ml lllam Xuan Tung H986) 

()ther recoi rds include: Mauritius, Lilbya, Somalia, 
Ethili)ia, Madagascar, .Japan (Mba et al. 1986),
Zimbabwe ann Australia (Northern Territory) 
(Ilayward 1986). 

(Fig. 1). While the disease becomes more serious 
from north to south, within any region there 
are local variations in severity in response to 
soil type, presence of soil antagonists, climatic 
factors and host plant density. In recent 

measures, the disease has spread further to 
Zhejiang and Guizhou pro'inces where the 
disease was not previously reported. 

Bacterial wilt of groundnut is widely distrib
uted in Indonesia. Generally the disease is more 
severe in South Sumatra, West ,Java and South 
Sulawesi than in other areas such as Central 
and East -Java,Bali and Northern Sulawesi. 
Underconditions favourable fort'iedisease, wilt 
incidence is very high and economic losses 
occur. 'I'he published record of bacterial wilt 
research inIndonesia, on all crops affected by
P. solanacearum, starts in 1892 and for 
groundnut in 1905 (Kelman1953).The literature 
reporting the results of research on bacterial wilt 
in Indonesia, which is more extensive than from 
any other source, has been well reviewed by
Machmud (1986). Some central regions ofUganda are reported to be heavily wilt infested 
(Simbwa-Bunnya 1972), but the information is 
sparse and the present status uncertain. 
However the disease is of sufficient importance 

for a breeding program specifically directed 
against bacterial wilt to have been recently
reinstituted (Louwaars, pers. comm.). 

Table 3: Classification of strains of 
Pseudomonas solanacearum from groundnut 

according to biovar and RFLP group 
Country Biovar(s) RFLP Analysis Author(s)Division Groupis) 

Indonesia 3 I 
Papua New :i I 
Guinea 
Philipl)ines 3 1 

P.R.China :3 I 
P.R. China 4 1 
Sri IAnka 3 1 

Uganda 3 1 

Uganda , I 

United States 1 II 

NI)P Machmud (1986) 
ND Tomlinson and 

Mogristei n (1989) 
NI) Natural et al. 

(1988) 
NI) Cook et al. (1989) 

11 & 17 Cook et al. (1989) 
NI) Jayasena et al. 

(1988) 
NI) Simbwa-Bunnya 

(1972)
NI) Simbwa-Bunnya 

(1972) 
NI) Hayward (1964) 

* NI) not determined,no data available 
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PROVINCE: 

1. HAINAN 7. HUNAN 13, JIANGSU 

2. GUANGDONG 8. GUIZHOU 14. SHANDONG 

3. GUANGXI 9. SICHUAN 15, HEBEI 

4. FUJIAN 10. ZHEJIANG 16. LIACHING 

5. JIANGXI 11. ANHUI 17. TAIWAN 

6. HUBEI 12. HEBEI 

I PROVINCES WHERE BACTERIAL WILT HAS BEEN REPORTED 

PROVINCES WHERE BACTERIAL WILT IS GENERALLY IMPORTANT 

REGIONS MOST SERIOUSLY AFFECTED BY THE DISEASE 

Presented at the Planning Meeting to discuss future collaborative research 
on Bacterial Wilt of Groundnut, 18-19 March 1990, Genting Resort 

Malaysia, in association with the Third Conference on Plant Protection in 

the Tropics organised by the Malaysian Plant Protection Society. 

Figure 1: Distribution of Groundnut Bacterial Wilt in China (based on data provided by Liao 
Boshou and Tan Yujun, Oil Crops Research Institute, CAAS, Wuhan, Hubei, Peoples' Republic 

of China). 
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Table 4: Classification of Pseudomonas solana-
cearum on the basis of restriction fragment
length polymorphism involving nine DNA 
probes to chromosomal l)NA into 28 grouP3 

(Cook et al. 1989) 
l)ivision I Division 11 

Biovars include(d Biovars:1..1&5 lfiovars I & 2 
in e:auh J)ivision* 
No. if groups 16 12 
Similarity efli-i- 78'f. 62' 19{,
cients within 
division 
Similarity, cofti- 1:.5 
('lnts IWteen 
divisions 

SRepresentatives ofrace I (Cook et al. 1989) are found 
in division 11. 

Strains of P. solanacearumAffecting Groundnut 

1. solanacearum is divisible into five biovars, 
three of which have been associated with 
bacterial wilt of' groundnut (Ta'le 3), on the 

pathogenic for groundnut are found in both 
divisions, biovar 1 of division II in the southeast
ern United States, and biovars 3 and 4 of 
division I elsewhere. However, application of 
this methodology to isolates of P. solanacearum 
has so far been limited and should be extended. 
Cook et al. (1989) have concluded that all 
members of division II may have originated in 
the Americas. It is notable that strains of biovar 
1 of division II are absent from many parts of 
Asia and Australasia (Hayward 1964 1975; He 
et al. 1983). Although conclusions about the 
evolutionary origin of biovars 3,4 and 5 of 
di- ision I are greatly complicated by movement 
of P. solanacearuinon vegetative propagating 
material of potato, ginger and banana, for 
example, it can also be concluded that division 
I is primarily of Asian origin. In this contextit is interesting that the groundnut is of South 
American origin and that biovars 3 and 4 areapparently of much greater virulence to this
host than isolates of biovar I which are 
indigenous to the Americas. 

Variation in Virulence and 
atogni cebasis of differences in utilisation and oxidatiPathogenicity 

of' certain hexose alcohols and disaccharides 
(Ilayward 198(1). Biovar 2, which is almost 
equivalent to race 3, the potato race, and biovar 
5, have never Ieen relported as pathogens of 
groundnut. The relatively minor disease on 
groundnut in the United States is caused 
exclusively by biovar 1, whereas in all other 
c)untries for which there is published informa-
tion bacterial wilt of groundnut is caused by 
hiovar : or biovar (Table 3). 

The definition of strains has been greatly 
advanced by the recent application of )NA 
analysis to classification of P. solanacearum. 
Cook et al. (1989) have used restriction fragment 
length polymorphism (R1I"LIP) analysis to 
differentiate P. solanacaruia int(; 28 groups, 
using nine Irobes to the chromosomal DNA. 
Similarity coefficients fr all l)airwise combina-
tions of RFI,) groups revealed two major 
divisions into which biovars and races could 
be allocated (l'able I). Similarity coefficients 
were high within each division and low between 
divisions. The present nomenclature does not 
reflect this fundamental (lifferenceatthegenetic 
level. It is conceivable that, with expansion and 
confirmation of this work, divisions I and II 
will he selparated at the level of subspecies. It 
is of' considerable interest, and quarantine 
significance, that strains of P. solanacearum 

There is ample evidence of differences in 
virulence among strains of P. solanacearumon 
groundnut. For example. Kelman and Person 
(1961) showed that isolates of P. solanacearum 
biovar I from tobacco, groundnut, tomato, 
eggplant and Irish potato from North Carolina, 
South Carolina, Georgia and Florida were 
uniformly and highly pathogenic on Irish 
potato, tomato and eggplant. However, there 
were marked differences among isolates from 
tomato in pathogenicity on tobacco and ground
nut. Certain isolates that were avirulent on 
tobacco were highly virulent on groundnut, but 
the reverse was true of other isolates. Thus in 
the southeastern United States there are strains 
of P. solanacearunthat differ in pathogenicity 
to hosts such as tobacco and groundnut. 

Comparison of the pathogenicity of 26 isolates 
ofP. solanacearumnof Chinese origin on six host 
plants showed that groundnut was generally 
much less susceptible than eggplant, potato and 
tomato to isolates from a variety of hosts. Only 
12 of the 26 isolates gave a high or moderate 
disease rating on gr')undnut and of the seven 
isolates giving a high rating five were from 
groundnut (Table 5). 

Although bacterial wilt of groundnut has 
never been reported in Australia in production 
areas, this probably reflects the fact that 
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Table 5: Pathogenicity rating of 26 isolates of 
P. solanacearumfrom China on six host plants. 

)ata from He et al. (1983) 
Pathogeicity Iating*for 26 lsolates** 

Host High(ll),Moderate 
Plant (M) 
Eggplaint 21 :1 
Poitato 190 I 
Tomiatf, 9 12 
Pepper .5 6 
Tr(ruiut 1'1 5 

2-iihaco 

(11+M) Low 'Zero 

12l) 
) 

(21, 
1 I 
12) 

2 
6 
3 
.1 
6 

0 
0 
2 

II 
. 

Re-sults based ,;navvrage disease indlices of 5.10plints 21 
day s after -5.();,Minioculatin: 11 high I.! mcdium 12.G 

1.,l1.1,.2..-, and z.r z none 11.0 1, 
Isolites came from the fllhjwiafghsts:tfliffff, d wcc 
potitls2i, grutiudnul i7). ginger 2. sesa e,. potat(2,tont,,t 
20.urtia pepper. ('su.aurina s.. eggplant and muIlberry (2. 

Including fliv ate e'aisolates friin grou aint and ch froi 
eggl;nt and (C'.,uartinasp, 

grou ilts are :loft cultivated in areas of 
Queensland where soils are heavily infested 
with 1. so/anacearum biovar :. Using the 
axillarv inloculation teclhnique, Sublandiyal 
(pers. comlill.) has shown that straiis of P. 
solana,'arum biivar 1 friim various economic 
and weed hosts in Queensland and New South 
Wles ar'e pathogenic for groundnut, ;iut there 
are marked differences in virulence between 
isolat(s. She 1,)und that the most virulent 
isfolates were f. I)ftll of'southeast Queens-ai pl 
land (Nainbour) of' high wilt intensity and 
incide'ci on other wilt-susceptible hosts. 
Althouugh there is i marked <lifference il 

pathogeniit v and virulence of'I'. solanaerum 

soil moisture levels, had a significant effect on 
the severity of bacterial wilt of groundnut. 
l)isease severity was shown to increase signif
icantly with increase in soil moisture from 
slightly above wilting point (-1.5 MPa) to 
slightly below saturation point (-0.03 MPa) for 

each of three different soils (Abdullah et al. 
198:3). 

High soil temlerature early in the growing 
season favours the development of bacterial wilt 
on young groundnut plants. Stable soil temper
atures above 25°C at 5 cm depth, together with 

high soil moisture favour disease development 
( oshou pers. coimi.). Subandiyalh (pers.
comm.) has shown illexperiments conducted 
in controlled environment glasshouses that the 
severity of' wilt caused by P. solanacearum 
bioIva" 8 strains was most pronounced atdiurnal 
tem)eratre regities of 35/30' and :30/25' and 
slight or absent at regimes of 25/20' and 
20/15'C. Particularly in wet soils, continuous 
planting with susceptible cultivars leads to a 
rapid build up of disease. These heavily infested 
fields are very useful for screening of germplasm 
and breeding lines for resistance (loshou pers. 
conm.). 

Future Priorities 
There are many aspects of disease biology 

which require further investigation. Il partic
ular, inview of the implicati(ns for local and 
ilternilational quarantine measures, the possi
bility of transmission in seed requires more 
critical investigation. Much more work is 
required on the host range and aggressiveness 
of strains and their geograplhical distribution. 
A-ce there st,'ai'ts ofP.soanacearumspecialised

isolates froill different lcalities there is 11o 'ear for different !zroundnit Cultivars, and do the 
indlicatioi of strains of thi lathogen specialised straiils of P.solanac'arumaffecting groundnut 
to p-Irtiular groundilut cultivars (Bfslhfu )I's. )ossess sl)ecific virulence determinants? Other 
('llilli.). 

Effect of Environnent oni 
I)isease Expression 

Several studies have shown that bacterial wilt 
Of groundnut is Must prevaleit and severe in 
heavy clay soils. I)espite this, the disease has 
also been recorded i.- rel lateritic and light 
saild.' loam soils (Mehan et il. 198(), and in 
Chilia most of the naturally infested fields are 
of sandy soil (BOshoU ilIld Yujun pers. comm.). 
AlbdulIth et il. (1983) showed in greenhouse 
studies that the disease was most severe in soil 
of high clay content compared with two more 
sandy soils at the same moisture content. Soil 
types, alone and in combination with varying 

aspects requiring attention include: disease 
severity in relatin to temperature regime, soil 
type, soil biological factors and cropping 
systems; the significance of weed hosts includ
ing those latently affected; the occurrence and 
significaice of the 1)ttogen in the rhiztsplhere 
of ni- hosts; the importance of nematodes and 
soil insects in infection of groundnuts. There 
is also a need fbr a more system-atic evaluation 
of' crop rotation as tdisease management aid. 

Apart from more well directed research 
projects which address the most significant 
questions, there is a general need for greater 
collaboration and coordination of effort. 
Recently developed technologies must be 
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applied to bacterial wilt of groun 1 iut. There 
must he more efficient mechanisms for the 
exchange of promising resistant germplasm. 
The flow of information needs to be greatly 
improved. For eXaml)le, much of the important 
vori'k which his lee(nico(ndlu(te(l China isnot 
readily acic.essi)le to workers outside China, is 
slow to )('netrate into English language 

abstrai 'lnig journals and then appears only in 
' highly t ( (ffrm'011l.V tr Ther( isn10 d(0bt 0th1 

the flow of infu ation needs to b~eimp~ro ved 


in the opl)posite dire('tion as well. 
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Host Plant Resistance to 
Pseudomonas solanacearum 

K.Y. Lum* 

A bstract 
Probably no other Iacterial plant pathogen causes more economic loss to a more 
diverse range of food crops than the bacterial wilt pathogen. Because of the 
destructive and persistent nature of the pathogen, profitable production of 
susceptille crops becomes impossible in many areas of the world once certain strains 
are established in the soil. This persistence and its wide host range often limit 
the effectiveness of cultural and chemical control practices. With the exception 
of halana and plantain, where p roper management, good sanitation and crop 
rotation can ('ontain the disease, control of bacterial wilt in other crops has been 
achieved primarily through the use of host resistance. llowever, it is not uncommon 
that cultivars developed with high levels of resistance at a given location do not 
perform as well or survive in other geographic areas. This is apparently due t(;
the prestnce (af specific strains of the pathogen or beca use resistance is not expressed 
under certain environmental situations. Lack of information on the many different 
strains that apparently exist throughout the iropics and subtropics has undoubtedly 
hampered the effective use resistance in wilt.of genetic the control of bacterial 
In formation on the intrinsic complexities of pathogcnicity differences, and their 
geograq)hic distribution are essential to the proper implementation of programs
designed to test, distribute and utilise host germplasm. Improved comm unication 
between the scientists involved and the adoption of standardised methods in the 
description of' pathotypes and the testing of host materials are important pre
requisites. Molecular biology now provides us with techniques to better understand 
the genetics oflpathogenicity of the bacterial wilt pathogen. As these new approaches 
continue to generate new and useful information, current approaches used in 
calla)orative germplasin exchange and distrihution prograns should he constantly 
reviewed to ensure the cost-effective exploitation of the resources available. 

BA( '-:nIA. wilt caused by Ps01udomonas sola- management including good sanitation practi
nacearum is responsible for economic loss to ces and crop rotation can contain the disease, 
a more diverse range of food crops than any control of bacterial wilt in other crops has 
other bacterial plant pathogen (Kelman 1953). primarily relied on host resistance. However, 
The persistence of the pathogen in soil, although progress has been made in the 
especially in the semi-tropical and tropicai development and utilisation of host resistance 
regions of the world, and its wide host range in various parts of the world, the lack ofuniform 
has rather limited the effectiveness of cultural behaviour of available sources of resistance to 
and chemical control strategies. With the bacterial wilt remains a reality. The observation 
exception of banana and plantain, where proper that cultivars selected for genetic rtsistance to 
* Fundamental Research Division, Malaysian the pathogen do not behave consistently under 

Agricultural Research & Development Insti- different environmental situations may be 
tute (MAR)I) P.O. Box 12301, 50774 Kuala attributed to a numberofreasons.These include
Lumpur, Malaysia. (a) existence strains thethe of different of 
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pathogens in different parts of the world, 
(b) the influence of environmental factors 
favouring severe development of disease oin the 
gen(eti( fa(tors conferring resistance, and (c)
differences in tie procedures adopted in the 
eval utio o tf the perfmin cn(eif the cuiltivars 
in (tulestitn. (Comiparel to the other crolp hosts, 
lha(te'ill wilt o' grounInuts appears to occunr 
il aIlisolated fashion (Mehan(et .l. .qsj). 
AlthIugh 11lnyOV ('000 triPs in the tropics are 
plagued i) hv (lis(ease, its economic importance 
on groind Iuts seeis t lhe r stricted to countries 
Stch as ('hinl I Ih I986), Indonesia (Ma(chniud 
I.95(h and (gdi 1972). TheSilnweb-IlunNa 
sevtrit :v of the disease varies according to soil
and(lhiat 0 h tors that Irevail, l)ut remains 
impiortant in these countries despite the Use of 
resistant ci tivars. III (hina, where gr(lundnult 
r(prsentIs ail it porlnlt (cash crop, cIltrol of 
bacterial wilt ('li hasises the integralled n,11i-
agenint ot the disease comhining the use of 
host resist alice and cro rotation systeis. 

P)atho)genicity of P. soltanarum 
Afffcting G ioundnuts 

I )iilces l)tweeln strains in terms of their 
palithogeniciy to grondlidlits 11(1 oter hiosts 

ver vr eporm nis arly 19 2, w hen van derte'd as 
(;,ot (192.1) ols(rved that the strain of' P. 
solainmctrmitatta(cking lotatoes in lava was 
distinct froii that affect ing ground hut. This 
CMIltisiol was reinforted by the findings of 

conditions that prevail and the nature of the 
strains that exist. In other words, disease 
management strategies can only he developed 
out of sufficient knowledge of' the host, the 
pathogen and the environment. The efforts of 
collaiorative progranis working t(owards the 
developlent, identification and dissemination 
of resistant germilasml. such as those supported 
by ICRISAT, AVRI)Cand ACIARarecomimen
dable. But, with the limited number of good 
hreeding prograims where genetic materials are 
evaluated for lerformance under conditions 
which reflect the local pathogen situation and 
environmental condition, it is all the more 
iIiiportannt that collaborative networks bestrengthened and operated in a manner that 

allows niaxinmlUi exploitation of the efforts 
expended in evaliating geriplasn. As we are 
all too0aware, tie limitations of collaborating 
countries in the developing world in terms of 
manpower and support facilities demand that 
maxinmum infoirmation be extracted from the 
trials conducted. To this end, the following 
considerations arc suggested:(a) collaborative trials should preferably be set 
u) at different test localities where the disease 
is imlportant and where different strains are 
sus p~eted. 
(b) prototcols for screening host material 
should incorporate procedures which allow for 
Some description of the strains of the pathogen 
to which the host materials have been subjected.

Schwarz ( 192() that th(, strain which attacked(c) such description should take a form that 
grttlinl(iuti tolultao a:Id toliuI('(t inl Indonesia 
was diffIrent troiii that attacking potato and 
eggllllitl Il (ellSiVe cross-inoc'ulation tests inithe l.S.. Illelmun and lrsoi( (19)ideiontified
(her1!.Si, w i Were uvrlltstrains which were aviru11lel. tot961tobac'coientoiiebthut 

highly virtIlhet to groun(Iiuts, as well as isolates 
h mwcd the reverse reactions. 

I])eveloprnent of Resistant Cultivars 
The slbject of ihost resistance to I'. ,olana-

ctorum has bien reviewed liv Thurston (1976). 
AIhltugh liheseuarch tr resistance continies 
(II uI wurI (t ;1I. 1987: Liao tal. 198(6; Mach ilud 
uin(h Middhtoi I987 and Sankar et al. 1987), 

telriial wilt rmulains imoinltrtant oi all major 
hiost crops, suiggesting that hreeding for 
resistIll(ic has lot Iceli whollIy successful, aind 
11111h rnlails to hie done (IRudIdenhagel 1986). 
It most h( cb l ihasised that the observed 
perfrimiIe('t (uIltivn is tlie end product of' 
(((liplex inlteractions betweeti the genetic 
potential (it the host, the environmental 

relides to the lperfoirmance of the host materials 
id allow for comparison of results between 

collaborating individuals. The incorporation of 
a set of differentials has traditionally been the,llro~h
 

II
 
(d) the question of natural vs. artificialinfection in evaluation progr-ams should be 
reviewed. For example, Kloos and Fernandez 
(1986) reported that under artificial infection, 
all accessions of potato) exhibited 10% infection. 

A standard collaborative bacterial wilt 
disease nursery would conceivably have as its 
mnain objective the establishment of an inter
national set (If uniforni trials to test accessions 
and ireeding lines. This is achieved through 
the setting up of standard field nursery beds, 
multiplicatiolin (f inoculum and the testing of 
materials distrihuted by the coordinating 
agency overa period of years. The incorporation 
tf' local resistant/susceptilh checks serves to 

provide for comparison of performance of test 
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lines between trials. What is lacking in this 
system of assessment is the absence of any 
coml)onent which is able to match the resistance 
or suscOptil)ility with a &cscription of the 
prevailing strains in a particular locality. The 
reactions of the resistant and susceptible chlecks 
providhes nothing more than a incasure f' 
perftrillan('e of' th Itest lilts relative tot tbC 
checks. aiId in in(lirect comparison with the 
performlce of lius testel in othevr assessmWnt 
trils. 'l'o ma ximise the utility of' results 
gath(ed in thest ('Ollabo'itive trials, to 1W ;1lle 
to gre a tihe 'hauracteristics ofnei'rtt(e retco.rd Iof 
strains prevailing under the condition of' the 
liartitul tiist. ind to i alelt o macth this 
infornliation with that of host )erfrtilrlllnc(', 
othl' appo'acih's miay haive' to Ite considered. 

It has been slid that resistilIc'(breed(ing for 
cro)s CMinnlt be well exc.uted without a11 
understanding of tile pathogen and its range 
of' variability ThI'(,Task Florce ('o(!miitte( 1) 
biovll" diff'ervltiition and variblility at the 
Planning ('on fierenc(i and Workshop on the 
Ecology and (Control of' Bacterial Wilt held at 
North (Cairolina iil .Jill 1976i considered that 
high p'riolrity shtould to ..oft' a betgivell '.electiostanda~rd range.of'hosts as differentiails forv 
theoalhation of' pithoxai's. Where possible. th 

5ie ('tiltiv~irs should lo. ustl by aill wolrke~rsani th. ( Vnilltiitiil toinditions undl' which 
,it 'h t(sts hl'a nit , n.gcliritl phtttiper ith 
httte stsaetogihi., andri oulit iltensity shi lId respoinstt 
 curve where equal increments of (losebe detined ndlstanardisedt'. The 'l'alsk Fru(
be fmittee lr(eliisg for sistnn di e at th(
Colm. illeeting me linfllo i''iii.llt tBe wing 
nwiliti oos: lof' 
ill. 'the ot(nili]ir 'n 
(i) becatuse lI ptnc a foirchnint inill the 
pat hogen., colpla'enicY abhout maintaining thesolln~whathU ,resistalli( illtill),Ico andsronl ts is midetsiale: ia 
(hroaolcn't tilldwid , .!to: ttb 

Oi CO-o'ldinitt' efforts in the stkily f'atcterial 
wilt r sistantceinlvtgt't~i crois is lacking: 

(c')1'Sistlnv',s d ,it l 'y localindividual

prigri lis hiave not bllt utilis.e di tillt most 
adeqttu teman or; 
d) tli't' is a liett to dovelotp stanl'dilised 
li'tto'tliii't's fiii' tustinil dv'\ilulitiig ro'sist~ino't, 
Uinb' l'i ':utorvatl fieldtc nditions.I 


Infectivity litri1tion 
lInfotivity titratioln hlis bln prto)iised by 

E hl~ln(I7 Ialls to plant-976i itsi stuly th 
iicrobt' interaction. In tl'ointxt of'host plant 
rtsistnincet', relialeh estilittes tif' thte relitivo 

resistance of the host rather than the pathoge
nicity of the microorganism are usually easier 
to obtain, et'ause microbial populations can be 
)reservecd, at least temporarily, frolm changes 

in flictors that determine viruletie. 
In fectivity titration is apt to provide estimates 

of the relitive resistantv' of,two or more hlsLs 
tia given ba cterium either in terms if'differ
ences in the (loses of the bacterium that induce 
the slme indicating effect, or differences in the 
indicating effect induced by equal doses of tha 
bacterium. Conversely, estimates of the relative 
virulence of, two l bacteria ao rmore for given 
host may be expressed either in terms of 
diffiren ces in the (lises of' each ba+cterium that 
proditlce the same indicating effect, or difTeren
ces in the indicating effect induced by equal 
(loses of' each bacterium. Both host and 
pathogen effects can he distinguished into 
quantal (all or none)and quantitative responses. 

,Iectivitytitraitions with qjuantal responses 
(e.g. turgid or wilted, (tald or alive) have found 
great er applications with lallint pathogeni? 
bacteria. 

A common finding of' infectivity titration 
en
exp~eriments is thait the rte id' incrvease olf 

rtsponse with increasing (lose may differ for 
li histpathogen Thedifferent combinations. 

relationship between dosage and response is 
best asstssed ovtr thoise pn irtioins of the dose

caiuse comparatively greater increases in 
response'. Because earlier investigaturs realisedthat quintaleffects showthis trend intheregion 

5t";) respot nst, the median effective dose 
,,. i.e. the d(Iose that cautases the indicatingeff (t to appear in 5tX, of' the subjects, has 

in oilt'theolet e of stand ard measures ofbateriail viruience. .This value (caln, tonversely, 
heeoltw'tused in cop irisons of' tht relative rvsist

an'ces of' host to th(, saint' bacterium. Because 
of the olif'tri 'rtiseof "eslp with'nt rate of in nseilt'rtasing dose m ntitn ( above, the El ),1 is 

usually found to lit' in tilt' mid le tf'uai S-shapedCu rvt Wll tl u I1itivt perCen tage tf 
rs punste is lottecd against the lose on a 
aritihnti t's. lt ruibittrltishirnatiti (Hney 
1971) changes this into i straight line and 
aillows th possibility of eXpr'ssing tilt' relation 
butwo'o'll tltisag andreslonse just twoantI with 

illallin tltste-rt'slliiilse i.e. thetttrs of' tilt curve, 
ElY),,,and the t'trrespondling sltipe iftile straight 
lint' fitted to the dlati potints. Therefore, if two 
Ibic teria generate log cl se-pro hit response 
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curves with the same slope on a given popu-
lation of* hosis, their relative virulence can be 
determined dilctly by the ratio of their lEl)o's, 
obtained using the saine bacterium as inoculuin. 

Concluding Remarks 
IHost resistan(e (ontinues to play a i 

role( ini the Imanaii igeen(-lit ofl' bacterial wilt. 
Besi(les the Ileel tii lirotaden the genetic base 
in existing resistalnlc( breeding programs, it is 
equally i liportant to inaX'itnlise the usefulness 
ofiti genetic imatrials thI at haive ieen and are 
being generated by va ious bireeling proigraims. 
The need to get the niost out idfcurrent s(reeniing 
activities initiated through intlr--oiuntry and 
inter-regioilil oll.tollr-ativ, programs (itnnot be 
()vi-r-(itltlhasised. It' currentl )rotoco(ls for tlhe 
eviluii)ion o1' gTil)l;isi lllIaterill Can be 
improved fui-tber. hr(ugh better setswhbeter tii-
of difl(-riential lines or oth(rIll"ll,ns, thie colla-
horalivt- network svstenis offl-r tillbest meth-
aillisln ft riLIS It1)(ter ii (r,iiad ihI coimlplex-
ito-s of' pliathogeni(-ity and resistaince inllthe 
hactli:i-il wilt disese (. 
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Control of Bacterial Wilt of Groundnut in China 
with Emphasis on Cultural and Biological Methods 

He Li-yuan* 

Abstract 
most illtptrtant ins 

cultiv;ttionl is 3.3 million hectares. Bacterial wilt o groundnut is distrilhute'. over 
17 pro vincis or regions of' the 'ountrY. Ten to :( prcent of' wilted plints were 
observed in drhvand areas. Il China, inl contrast with soii other countries, bat'ttrial 
wilt of groundnut is prevalnt il sandy soils, ritrticularly ill poor gritty soil, but 
not ill heav ('lay or lototi soils. Strains oflp.m flltP~itS solotuccarunilgrontlidnut 

(oroundnut is one of tht sarea d ustrial crops ill (iina. The unider 

oI. 
collected rm ildiffertent geograpllhical lications were identified as hiovars 8 and 
4 of race I. Control dtbacterial wilt ol groundlut dlependls on us( of host resistance, 
cultural metasures. biological alltroaches, us( of ('hemicals, etc. as well as 
imltplem tation of' plant qluartntine. ( )f these, use of resistant 'ultivatrs and suitable 
crop rottttioin systems are essential and lave pirove((.., h)e tle most effective mians 
of reducting (hlnag ca;use(il by t v disease. Several varietivs, such as liuhta No. 
.3, Elhtia No. 5. Zhonghuta No. 2, (Guiio No. 2 and Yueio 92 possessing resistance 
to bacterial will and go I agronomic characters, have Ieen rlas-d in recent years 
and atr' g'own over a large acreage ill production areas. Rotation of groundnut 
with ricev detonstrited excellent effec'tiveless in reducing bacterial wilt. A variety 
of gr undinut-rice rotation schemes suitable for local cultural systens are widely
allif i by fairmers in irrigate(d areas if'( angdong, Iujian, IIuhei and Shitndog 

provinces. I)rlatYol rotation tforarelatively longer period (.1years and more) with 
itnltlull( (cTops. Suc-lh as sugalcanl , wleat, barley, maize, solghUlll, etc., gave at 
significant reductiin ill bacterial wil incidence. A preliminary study oin utilisation 
of' sllllillti;s avirullt strains of' P. sol/itoia'cruin fior' treatm(ent of groundlntit 
sv-ds showed ridctiiin oft77.; "in disease incn-iie't undter g'eeitnhliust' ('onlitions. 
Appli'alicon (f ,'hli'i it'i'ri 81)11kg Ieir lit'tri in souil ten (ltty s beft'e planting 
was ir'ivi'i th r'iluii' piopulations of' ti, pathogen. Noine of' the pesticides t(esttled 
soi faor show,\'id itotintial for pra'tiatil utilisation. (;riundinut stdtls otr pods are 
Suspec'tet iti bi, a pIiiti'ntial routi of disse'mination of' iliiculum altholugh ti699 seeds 
harvest-d l'fron iiseaseid il:ints ivre tested and no infection was observed. 
Nevertheless. ilo' iitigratd llan atitt ll t of this dlisctts(' should include strict 
'tIntril if' s('i( iniivi'inent tio avoidiainy possibility of' spread oif'illWU]Unl. 

Ginoi':Ni"N'1 is ;I vet ' i- l)rtt industrial criip this (lisetse was limited to a few provinces of 
grown n tixintitely 8.3 million hectares in southern China. But now it is observed in 17ot)l) 
(hit. Bactetial wilt (BWM)on this host was first prtiviltics )r regions, disttil)iUtCd from latitudes 
rt'ipited in ('hina in the middle of' the 195fs, l9'N to 39°N (Wang et al. l983). According to 
'thbough it wats olttr'edI) y iicial f'ltlrnIes I to inlcomlhplete estimations the BW infected acreage 
2 dittaes ,attliri than this dat (Ma and (;to oif' grt-u(ilnut griowing fielhs is more than 0.2 
1.956: Ii I5)t. Before theiliddle of' the 19(0s, million hectares. The disease incidence ranges 

Sfrtm I to 5!, in irice cultivation areas and from 
*Institut( of Plant Protection, Chilnese Itohi ,, inl (rylandls. I lowever, more than 50'X)

Acadeiv of Agricultural Sciences, ijing wilting plants were observed in severely infected 
100094, Peoples' Rlepubic of Chin. fields (Fan et al. 1960; OCRI of Fubei 1977; 
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LYAI 1976). Many studies on dissemination, 
epidem iology, strain identification and control 
methods for Iacterial wilt of groun(lnut were 
('0dlhi'tt'd during the past Ia \years, 1);rlticulIirly 
in the lpriod 9S". Tl--iThis paper lresents a 
review iof'viius 'ontriol nieasui'es f' liacte'ial 
wilt ofrouinidUlinut, with Iwhepllphasis oilcultural 
ail( hiilogical flh(tho(ds. I)isvas elidepi(lonv 
and sti iins of ille pahllogell are also briefly 
discissed 


Sonic Environnient.il Fictors Affect-
ing VW El)idenliology 

In contrla'st with many lother ('untries or 
regions (dthe world, in ( 'hina hacterial wilt of' 
grouninut is lirv:ilent in sailn(d soil, particu-
larlY in gritty soil, hlt not in heavy 'cl 1v or lor 
(MIa aind I ;; 1956: Ii 1958: O)C('I of CAAS 

9 T77h).\well desigied study oft he relationship 
betweel'n sand (oltnt ofsoil I1W incidencenill 

indlic;tied thl thehig;her theli),rt'cntig)('f siWl 
in soil the ilu gr'oudnulidliit plants wilted. "or 
instaio'e, ill liirsand I I W ii'iihncli of 
groyilihiit lanits was 2',,while inl heavy 
yellow loam th, BW incidence was zero. Also, 
hell
I\V inidenc. reached 21 .8 '. inthe tlnatnient 

Wl", said .)', loalli, whe'eaIs th(pls yellow 
1\V incidence was .1.2':, in the Ireitmnent 60'', 

yell .w liionih s .)110;' Sai(I (JIOUand Wang 
19.(I. 'l'he aulhors ('iclu(Iet that thW higher 
incihi c illsan(ly soil was attributable to its 
greater ainconten. was toit which ol'benefit 
multililatilon ifth e rii'iii. 

lli teriil wilIt ,fgroundmii of is knoiwn iasa 
d<isei of \wvi'ill wet regions. I ligh tenilll'i'-iidI 

attlr, onl in oistui ri hi ( i redI its (level (linenl 
tZhou mnd 1.1 Ii162; 1.i et al. I981I). According 
to olhservations in Ilinvi, Shindong province 
when1the air tefll)'riture was highr than'-2(O( 

: 

in(l tli ('iln depth soil temperature was kept 
stable it 22"C'Ior higher, the disease sIlnl)tolilS 
apilpieaicd in I)0 davs. When the soil feniperature 
exiieded 25 conplpaied a (ertpeiaci by 

aininit ofprecipitation. ha'teril wilt (leveIoped 
ra)i(llY I\\'ang it il. 1983). Pr'cipitation or soil 
mflistlur a ffcted wilt <hveli)nlenlt lPss than 

t'ill)'ratiiue, although they were necessary 
fiactors. Lar'ge aiounts of ii'pecipititinii or high 
m11oistuii' usuialily reduneed soil tenl)erature, 
which llight slow downl wilt dev(imllent (Li 
et al. 1981; Wang et al. I98 ). 

Strains of Pseudoinonas 
solanaccarum 

A number of isolates were c(llected from 
different geographical lowations and identified 
as l)iovars 3 andl I by l-layw'rd's scheme (He 
I986; lien et al. 1981). Exanmination of their 
Pathogieicity oin different host plants showed 
that all isolates tested lelonged to rcic I based 
o'n Buddenhagen and Kelillan's classification 
system with sonle variation in l)athogenicity on 
pepper, ('ollmoll tol)acci and sesaime (ILYAI
1979; (Chenet al. 1981; Ile I986; lie et al. 1983). 
The virulence of strains from Guangdong and 
Guangxi markedly decreased when they were 
tested in the northern provinces lubei, .Jiangxi 
and , hindong, indicating an environmental 
effect (Xu et al. 1980). 

Utilisation of Resistant Cultivars 
Following the observation of differences 

aimong groundinut cultivars in response to 
bacterial wilt in the field, Chinese scientists 
starte(d selection of' local germplasin and 
evaluation foiwilt resistance in the late 1950s. 
Several resistant cultivars, such as TaishanSanlirou,lTaishan Zhenzhu, Tianjing, Xiekang
qui, I luengehuan Zhigan and Yueio 589 were 
released for practical use ,ithe 1960s and 1970s 
(Zhol and Liu I962, lIPP of GAAS 1976; OCRI 
of(AAS I977a; Xu etal. 1980; Wang et al. 1983). 
In recent years, sone new resistant varieties 
with high Iroductivity and good quality, such 
as Luiua No. 3, Ehua No. 5, Zhonghua No. 
2, Guiio No.. 2 and gueio 92 were certified and 
introtced into groundnut I)roduction. Luhua 
No. :3gave on average 2.99 t per hectare from 
15 sites in inficted areas and 3.37 t per hectare 
oniaverige fri (i4 sites in disease-free areas, 
which was 167.3", and 10.8"1 higher than the 
local cultivated variety IBeisha 1016. Moreover,
this variety h]s good resistance to drought andItolerance to poor soil and was suitable not only 
for Shandong province but also some southern 
(rop)ing regions (Hou 1985). 

Cultural Control 
A variety of cultural measures, including 

application of' line, pl',nt ash an] manure, 
addlition of sludge and clay to sandy soil, and 
drainiage, etc., were examined for contrl of 
bacterial wilt (ofgroundnut (Ma and Gao 1)56; 
Ii 1958; Faa et al. 1960; Zhou and Liu 1962; 
IPP "ofGAAS 1976). These measures had a 
variable effect in reducing 13W incidence, but 
were not applicable on a large scale. Rotation 
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with non-host crops, especially with rice, was 
proven to he the most effective method. Various 
groUndlnut-ri( e rottioIn systems are applied in 
different regions. ()e or two years of rice 
cultivation (ould markedly reduc'e disease 
incidelnce ingroundnut flIds. Rotation with ric( 
for a period (f thre m"rmore, years ('AiId 
minimis, and even eradicate bacterial wilt. 

cultured in cottonseed residue cakes and 
examined on field plots. Unfortunately, they 
appeared not so effective or not stably effective 
for Wilt control. 

A tentative study on utilisaition oif avirulent 
strains of P. s/oanac(ru/m for control of 
groundnut lIcteriail wilt was carried out in our 
laboratory. Significant reduction of' disease 

Results frml field experiments in Ilinyniindex Was observed. The avirulent strain AP7 
Shaithong prvince. inlicateid that to grow 
groundnut in a prviolusly disevscd field after 
thre( Years rice cultivation ri-(luce(d bacterial 
wilt incide(nce frmi l..I", to 1.51; \Ving and 
[lo I9,S2). I rot rtatimi il (lrylin(ls may he 
(tuiti, effe'tive if a longer ii ri(I (fbir years 
mltorei (if imtItg ' ps IsilternlatiV im1n1 c1111 
adilotti mr ifthe ro('ntation takes p)1:(.e before the 
disils ii ickiice ina gromnifdnut field iucolnis 
high. In reust barley, Wheat,cases, sugii'(iimn, 
ml .iz and li siiitaleh,s.ighi ' air,. ilt(ir-
niltivevr11s ill drylalnds(()(RI (f(CAAS l977b: 
Li1i .Sweeit .o tato his lu-i- used il 

and 


is still utilised in (urrn-ut iroiluction inl sonie 
re-gionIs. Ibli w\ei. ri-(-i-iit rp(otirts froill the Fujiin 
Acadlmv ()f ;Arii'ultural Sien-nes indicate that 
strains tr m swevt p)ital, were able to cross 
ilifbct griiuiunlt and vice versa unlder artificial 
inculation ('iiiiitiuis (Ill vt il. unpublished; 
Zbiing it al. umpulilislwd .Mor- work is needed 
ti) fili(f mit whether hotbh cnips ine naturally 
min'ocfd by ti si- strains. I"lding of 
g-miliu;t tields f*r 15 ilmys lhire planliig was 
i-lisidered to (.fctively ri-du'e liu'terial wilt 

iliii IIl1 of (;AAS 17;: t)('RI if ( AAS 

grimildilut rotation systems t.r a long time1( 

l.
ii77b 


(hiroical ('ontrol 
\ nuibi).r if che.miiWils. including fungicide-s, 

anlt ibioit is nid firtilise's wei- examined f()' 
(-'luitrI (odgimllutbiac-rial wilt ill the, l(96)s-
197)s. F-ew of thei were shmn to be ,fftctiv 
in :mvIilhlui. ili pracin (I )PPM oi'()( RI 197): 
Ill' if (,AAS 1976: Wang and Him I9S2). 
AlpJliim(iiii(f:()kg bi,ofi'huipic'rin dnysvI 
piii0r to planting gavv97.5 fdisease control and 

yield incr-use (Wang nd I I-m 1982. 
this heiroical Seems It(ti bv iil-ilisilig iv(,ir 
lage l-as (f gronnlitit cicll( if'its high 

62.6 , liut 

ise 


Biological Con rol 

Altlmp!s win'i- nildi1 tuSv llitig(llisti 


uitilily'wcitis fur i'-iintril iict(ial
uifgii'ninluiit l 
wilt (IeNig mid Zliu 196:ti; IIP (If(;AAS197ti. 
Several strains ofStrptomycs were artificially 

shmwcd 70-8(1' control (tffi(.ieuicy in the green
house and appeared effective to a certainl extent 
until (t) days after planting IlIhand Kang 1986). 
Avirulent strains of' P. solanu'earum and 
antagonisti c rhizbdiacteria were examined for 
con of tonmato, potato and('ntrol of l)actvrial wilt 
tobacco (Ren et il.1.88; Kemlie and Sequeira 
19:;lvln Ecad 9-;siamdCu 
l n and I+chindi I98.l;Asjiras 1n( Crtz 
1,80I .'lhe efforts probalbly Should le aimeld at 
increasing control effects illfields and, mere
for, iuclih basic work has tl be done on the 
interaction f((mrolagents and soil nicroor

galnisms and related cuivirouimentil factors. 

Plmt Quarantine 
)ne thisand six hundred and ninety nine 

seeds harvestv(d from BW diseased plants of 
groundnut were planted in sterile soil for 
examination of, s(eed--irlne infection but no wilt 
infi-ction was oblserved tZhou and liu 1962). 
SimilIar results were Obtained by the Oil Crop 
Research Institute (()CRI of' Ilubei 1977). The 
quustion -ises: lby what mrants did BW of 
glm-innlnmt Spread so rapidly fron iile or'two 
liocations to m runly r(gions within 15 years? 
It is still nut clear whether the strains of P. 
.solaltnot'i-irtt on groundnut in dit'fifferent regions 

ii-v indigenous m-intr(luce(l. 
Tllv bactvrial wilt Iathogen is consilered to 

be poitintially seed-hrlini on griiundnut GMehan 
it al. M6).I Accordingly, strict control of seed 
mliiiiemient to avid the spre-ad of inocului to 
iliseis-free ai-as must be included in the 

iitigrateI lmenagenient uofthis disease. 

Astiras. RB. and lih, La (ruz. A.R. 1I9Sti. Ihitntial 
biologiiiI (oomotrl lit' bmtemial wili in t(illmtl(Iand 
plaho withIBacillus poWy v1 I-uII aid Psuidom
,MSflu,uProscils. III: Iershv. iut. tiiui wilt(;.,J. nrial

disi-isf' inAsia and tii-South I'acific. A(CIAR 

I'1,iiudings, Ni. I.S9.2. 

I'hen ('hunl-t. Xn i-voo aofd .i Well-no.ng 1981. 
.iuu isii Iimac (pfiili-inwilt t. Ill: iathogenesis 
oit I',sth/uumonuus so/i.mmirutii tt'rlos. 'hinese 

r oi 3 .18-19.(ips. 
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Monoclonal Antibodies for the Identification 
of Plant Pathogenic Bacteria: Potential 

Applications to Pseudomonas solanacearum 

A.M. Alvarez and A.A. Benedict* 

Abstract 
Monclonal ;lntilho(les (mAlbs) have been used to idetitfy plant pathogenic 

bactvriat, trace the nitvenient of strains and sulboptilhltions in the field, and aid 
in classficaticoi of strains t"fa pathogen. 'Ixon-specific epitopes have been 
identified with : series of' rA ls in .Vnthoiona.s albilia ns, pathovars of X.cuin/)'.Slris t ,/teoiv CU mpt'tfris, cirri,CitromE/n. di'ffcn /tochti~t , nryza, oryviC(oa, 

pr/argoii, antd 'e'SitUlo riat lr 'inia( s pp., I'si 'otmOil Us soltntt c'traim, and 
C'lot ibatct/r nttiCitt t4(, subsp mi'li4anenss.D(ependinug on the pathtvar, the 
mAbs dettecit ePitopes associated with ctell Is proteins,various surfaices, such 
liplpolvsac'h tri(les, and extracellolar tolysltccliarides. Examples tf the utility of 
the niAhs are as follows: l)A Vx. oryzot-speci ic rAl(Xcb-l) reacted with all 
178 te-sted strains of the bItterial leaf' blight patthogen )I'rice, whereas another 
mAb (.\co-5) reacted only with a subpopulation of strains isolated from a recent 
blight outlreak in the United State; (Texas anid L.tuisiana); 2) A panel of mAbs 
(el iltlemtd pat hotypes of Nc.(cirri associated with various forms of'citrus bacterial 
tanker (('I-A, (1(,-IW,, and (CTI(-C); 3) niAbs specific for the citrus Laf spot 

patthogen, Y'.-. citrumni/u have been proiduced, and the serological reaction patterns 
if s(,le'te d stritins corres ptled lost *ywith their gt'noni fingtrprints determ ined 

itv EHIA attalysis; .I)tnAbs specific t'tr X.c. t'tmpstris wtert- asstociatted with strains 
having various degrees of' virulenct. The generation of pathovar and piathotype
spec'i fi' iAls in X\.comp'strissuggests thaltc'ertain surface antigens way be related 
to host spet'cifit'ity. Ingeneritl, plant pIattltgens that in fect iasingle host %etre detected 
I)vt spcifir mAh tit a unique surfit''w antigen, whereas :t plmnel ctiiposed of'several 
s't'if'ii' icmAbs was needed tode'tect all strains of a pathogen that hits a hroader 
host ratnge. Alttnpts tt find sorf'tt'e mntigens tf' /.sl/nttccartut related tt host 
speti'icit%,,biivtr, or t.LIP grupings have hbei initiated. 

'lTt.:reliabi Iity t'Itnon( ' nl aI an tibodies mAbs) rum and the possibledelineation of'otherstrains 
for identifiw'atitn tf' specifi' plant pathogenic of'the species can 1- examined. 
bacteria and the usefulness tf mAIs fitr the Monoclonal anticdie.s have been generated
analysis ultpUulttitatt s in epidemiologtcal tIfr a v iety of'plant pathogenic bacteria (Table
studies has been demnstrated in i tfIew ase. I). lPrincipally these are pathogens in the genus
(Al varvz et al. 1985; Benedict et al. 198.9; XtnhtIitoinas that aff'ect a variety of hosts. In 
Ben ed ict tet al. 19911; Yt en (,!t]. 1987). In view addition, specific mAbs have been )rtduced to
of these (examl)los, the )(tteaftitl tf' mAbs for identify tie tomato clanker pathogen, ind 
the idt'ntitfi-:tit andchirart risation of the studies have Ibegun on sone Eriinia species,
gti(tndmi t stratins it' Ist'tudomoit, .olan*(at''- and two pseudonmonads, P. fuscoutain'e and 

D-l)epartments of Plant Pathology and Micro- P. ttu'ite'. Recently an antibtdy that appears 
biology, respectively, University of Hawaii, to Ie specific ftor P. solatacearum has been 
HI 96822, U.S.A. generated, ind tanother that delineates a 

banana strain of P. solanacearum from other 
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pseudonfonads is being tested with additional 
strains, 

Tabfle 1: Some examples of monocloial antil-
odies produced foir phytopathogenic and other 
bacteria. 
Genus sp-ies i)ahitar. .... lost 
.\'I1111lthiolls(allip"St,'.s h'vf slt c'tiifrsp%.t rtnrtst 

pv. cttlw.stsri. 	 hlt;wk nt crut)ci rs 
Iw.di'ffnhit'htwitt. 	 blight m, 
lV. t'suatrnw leiaf sl)t tti.at,, I)epl)er 
jv. ctari canker ('itrus 
1w. cittrtliw,, htal'spt citruss 
iv.,r nt blight rice 

1V.orYwtlAn lif streak riu 
pv. h,,Itlitr blight gvglttu 

X. tllt,ivatns leaf stahl sugtr cane 
.Y.Ilttttouhlifi-

's4,,doiloiias 


slti,',.itrun wit many 
Er tina ,arititur'a 

subsl). 'ttritiii urn soltI'ttl IllMY 
]';. unlVs rot. wil,nitii'u lll:n1y
 
Cnt'lIntl'r in/itinginonis
 

sUbsUi. nii/iigit lo tsis (tntktr toninlto
 

'lhe(t1As iroduced for plant pathogenic 
ba'teria inave different c'haracteristic:; that 
eventttlly become important when designing 
rapid diagtnostic tests. They vary in their 
isotvjs, their affinities, and in their capacity 
t. 	 agglttinateantigens. Working dilutions varyfroml I'l100)( to 1:32 0)()( as determined f'rom i 

binding tcurve. 

Tal)he 2: laxon-specific monoclonal antillodies 
prodt(el for Phytopathogenic Iacteria 

G ,1(its I, t Not. insspwii's ... ... A.is .str. 
tested 

.Vwitutniiis ittttpestris X1, X1 I -2(1X) 
1)v. iuipistri. X9, x3. x 17, (X) 

X21 
tv. ,tntr 	 Al, I. 1,2, CI, 284 

FIstrains 
IV.,rvza' Xt-I 178 
pv. 1p htrg,ii Xt)-I 76b 
1. e,,,cit, Xct-I 2(6 

O'lartt,.r thtiItgansis 

to be lipopolysaccharide (Benedict et al. 1989 
and 1990). Some antigens are extracellular 
polysaccharides, and some are proteins. The 
antigens may be located ill the cell envelope 
or in some cases, on the flagella. The outer 
membrane of grain negative bacteria is complex 
and has a varicty of' potentially antigenic
molecules which may be detected by mAbs.The electronmicrograph (lFig. 1) shows an 

inimunogold stain of a X.c. citri cell when 
reacted with a citri-specific mAb, A2. The 
antilodies conjugated to the gold particles are 
attached to the flagellum which has been 
detached fr'om the ('ell. Figure 2 shows a cell
of X.c. pelargonii in which the gold is attached 
to what was shown by extraction procedures 
and Western blots to be lipopolysaccharide. In 
the case of C.m. michiganense,the gold particles 
appeared to be associated with extracellular 
polysaccharide (EPS) (figure not shown).
Avirulent strains of this organism lacked the 
EPS and failed to react with the mAb. 

jail, 
Figure 1: Immunoelectron micrograph of Xan
thomonas campestris pv. citri reacted with a 
1:110 dilution ofmA b A2. 

In order to generate antibodies with 
the desired specificities it is necessary to test 
large numbers of target and nontarget strains 
of other bacterial genera, species and pathovars 
(Alvarez and Benedict 1990). The numbers of 

of X. camptestris and of C.m. michiga
nensc that were tested in order to verify the 
specificities of' the mAbs generated to various 
pathogens are shown in Table 2. For examl)le, 
the genus specific mAbs Xl and XII have been 

---------------------. _tested with over 2000 strains of Xanthomonas 
as well as a large number of non-xanthomonads. 

'l'h surfa'e antigens to which these mAbs The pathovar-specific mAbs for X.c. campestris 
react are of varying chemical composition. have been tested with over 1000 strains, and 
Many ofthe antibodies generated to cell surface large numbers of strains of the other X. 
antigens react with macromolecules that appear campestris pathovars (dieffenbachiae, citri, 
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F'igure 2: Immunoletron mic'rograp~h of Xn hgure nus ectris p .pehargraii r.acte( 

with t1:1()dilution ofiAl)Xpel-I. 

on'.\'(, Ji'rgollii. iill(i 'oni.vl)also were 
teste(d to verify the slecifi'itit's of' their est t,'-
tiv, antibodies. 

Inl stodvi.hltg thesi'(bgieall grolus)of'bactvrial 

'These pathovars also share a single epitope that 
identifies the taxon. In contrast, X.c. catmpestris 
Causes disease on a wide range of crticiferous 
hosts, indicating variatioi in the genetic profile 
of the plathovar, and mAbs in(icate that the 
JpcIathovar is seroihigi ,ally heteirogeneous. like
wise, X.c. citrn, which af'fects a wide range of' 
citrus species, also varies with respect to surfceantig(ens (lHenediict et al. I.98a5. 

The variability of strains of P.I hsoluaccarum 
lermits us to predict that serological heteroge
neity will be folnd when mAbs are generated 
ttostrains of this species. First, the Iacterial wilt 
patlogen has a wide host range, and strainsdiffer il their Iost s)ecificities is indicalted by 

thW rices that have )een (,scrilc(id f*orthe 
species (Ruddelnhagen and Keliman 9196.1). 
Strains have been grouped into biovars to 
a(count foi the biocwmical variability, into 
lhaige-types that vary in bacterioplhage sensi

tivity, aiil into 'estriction fragment length 

pla1nt piatlogelns, the, Ar'i,,i(t Sto('s, 1,A'.polinlorphisll iMli 1, groups that provide a1h 

('(I#'lrtor'Ioli'nd A'. c'hry's1/',Ihi,wer( titound 
be si'rollicallv hetergeneous, coliiling 

earlier studivs with ol('liol antiseraii )ickvY 
(t i. , i'lthovars (t . c('mpoo'sris Icam.Ia .h. 
Ip(,,5lrt.s'.
cirri, dbi+J'[o ieioi'I\h'aiz (tw i].98. 
ominer 19.,. i olnr cH ;d. I987: anitdt lil: 
ntilluliisilI Id I;a;ind ' h;IV(.severaI o ri mIhn 


si'olo Wic;il subgroUp.. In (intrast. other 

flthil;,ii's i',41 i(ti', 0I1i/(rAiiltit,orvyr\'zic-ola. 011 ('nl. mc' ;pr to be 

rrl;it ivldY Iuili'in I ll 
ulluhli.lj d &ihla. 

'l'h' lhlnlil~geI(eiit 
lImicnl-l' pI;lllogvII. 


ilti~ls. i iilj(ii'(I 
tNIVi'vr
nIIA\7)" Iltl (IIIIeIhidheltil'Y ;Ipa;rtic'ulair 

taxill. 'lw p:;0I vli',l. . ],i'(lgoltih , ,/.igo,(j , 
Wl'.\.7'(,,. o1I\ i and( t canker.. (l, l ibtiatoi 
l);Ih(J"',l.I+.('.1I . m lchiA'I oII( Sc, ill caln I, 
(h,tel('t'd I :i singhv InAII, iniciating that i 


,
str~lins ift'leiI itbi valr shirt',ai1(loll tlitih . 

In i'Iit last. (It111'r tl hvirls 'If X\ c'un(I)i.'ss
(clapc,/ tri.S. li'li',( i'I. al(nd wsica' .o-tri.111( 
r(10 a1nd ii', .\.Xi('i,/1hihnl'il'hlilh i itshai'a , 
a siih etuito'.ll, and a pillel i, imAhs Illust be 
gp'illati,(I ti ih'c't ill Sli f s dilf'li, tiXli,-

i)flloir', 
elitiIpe ill geni'i'dalre t atl shi i bet a 

l' tlt thbat i1 1ii',d('tiI v a single 
Ilu'c' h 

single I ist. lI"r exilillh., .c./)tih/'/1goiji is quih 
Specific to its h(st, teIlghiinliiit]l : pathiiovar 
/(igohlim, ofts Iicgiilliai:iillY and iatilivars 
orywtvi ;Iin(]I'-vicll/, tlrillcililY af'f'ect rice. 

ini'dileit ;d. I!89, I99!()il 

\ d i g'(igi'nleity if 
w t li%'[l spect e,o .tiil';' 


Iv tIllcumluis of, tie' 


meIl(lasule of' their g(,netic variability (BlIddenlia
gell and tKnhlan 19(.I; (ook et al. 1989; 
Iliavward 1964). (Given this illforllmation, wo 
would expect to find mAhs that will group the 
stralis with respect to their surfice antigens. 
In initial studies, we alrleady have detected 
intil(litts that Separate several rI'e(' I straills 

and a groundlnut strain from strains of' race 2 
(th heallalla race), but extesllive screening is 

spaeiI'"ltli'd to vrify these specificities. Perhlaps of 

grecth'r significanice are two nllAhs thlat in ilitial 
studies have '(plh lIl(illinilatiy withreia(te d 
stlrliis which hv RIF'T ainllyis of (ook et il.
11989)l nir'ill I )iVisioll 11. 

What (oes the analysis of'surf'ace antigens
illil({('ihabou)t Oil, ,l of' aliiIhtI( vairiablility 

bihlcu'iail plinlt pillliglil? IJsing lighlv spelicit 
inAbS that leact with a single (,)itope nliuch 
illf'iornitiiin is gained that wi' previously 
(ihscuied by analy sis with polycloniil liltisei. 
,,i;ialYsis wit Il a plule, (f nAbs night provide 
(filtiont~le sgrussetypes), ,'iti(ei
b) the hoillonogelovity (r l'triogeleity of' a 
b cia'l p(opllitioin I V e c) theill given ii , 
g'ligraplhici (listibutilil (If c('rtlyis, d) the 
laiisi'h' i ' in a (iseasem l gill inocuilim 
((;it lbi.;, v tbe spreol of'selotYpe illa field 
plot, I h ('lI(ih'illiollgicl fitlness of'a subpop. 

till, g)I Ih')telitil relatiolnships betweell 
sirotl',y (d viriilence, Il)the relationships of 
surfa'ce aitigenls ti gentlic (hirceritstics (is 
('trnill(I by iIi",1 analysis). Fi:lally, when 
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all this information is combincd, one may he 
able t speculate as to the possible getgraphic 
centres of' disease, asking where the diseases 
origin ated and what determines their spread. 

'l'h ree pathovars of,'. camptstris(campestris. 
('itri, aid oryza,,) serve is illustrations of the 
abliove ap)j)lications, Iecause they represent the 
varijous situattions that have been encountered 
when gennirLting iAbs to bacterial plant 
pitIhogens. 
The first, X.c. co'm posiris, is a heterogeneous 

IIlhogeln thatitnntOtit be h.t(,(ted with a single 
Miltihdv rather, three t)athovar-specific anitih-
tdies wen, i(tldted to (,lt'otlJ)iss the range of 
strains that niak ':;, he Iathovar (Alvarez et 
ail. I.9, 5a. I ,:ittt~i atdditio~d nAb was added 
to thi- pIl (Ar'.iirez ot al. I.987). That is, 
;)ositive r1victiol with one or mo re of' the four 
PI:tlhiv:t--stv(cifit(- inAbs (X9, X13, X17, X21) is 
used1 to identif\ 'ofthe M(O1)O8, strains off X.c. 
(ampJstri. t(stid. In the fitrst study "of2(10 
strains the pithovii- was separated into six 
s(1i,IgiS Itsbasel it reactivity to selectedlmAbs. 
l'he geogr phi-al listiribution of thise scr-
grti)s also vriitl. 'h(, lIargest. percentage of 
tYli t5 was entcoun ttere- ittng strainsStrains 
origilmlit g in the states of (ergia an( North 
('ttolina. whevis typ, I and 2 strains were 
jItrtv~ta-it ilnong strains isolated from ( alifI- 
nit, Il;cn, tnd I liwiii o the island of Maui. 

Monoctlotnal antibodies alsoI provided insight 
into th ge l var'i ationatinng strainsgeographic 
of, X... oryz-.,,, the cause of Itact(rial leaf light 

of 1titi. In ('int rist to X.c. camp r'r's, :dlI tcst(d 

str;iis oi .. o1.iryz shari.d a single epittle 


i itit.nic deltet-minn; i t) lit tl)dlit identif"(l

ly ;i single inAh tXco--I. Typic. blight strains, 

pr.v:d.nt throughout Asia. :tl rieta-ted with Nco-

1, ;ild mist reacted with I si-cond reAb, ,co-


t 
olbse.rvedil lii rice-c'ultivar IA-110int in 'l'xts ald 
Liitsimt . All the I)ithogenic X.c. oryzav, 
strains issoi-it.<l with atYpicl blight reacted 
with Ntr'I,-I, tnd slim, rel.t id with Xc.-'. 
lIhmw vir, a iw iAl (Xco-5 was found tlat 
ivi-it-onlY \with the. I S. strains l(l clearly 
(list itiguisih-d thlm frin il typical Asiatic leaf 
blight siratins. 

lir .. titri, :igiin itdiffr(nt sittittion 
((-tils: tr this pitthogen. vatious I)athotyl)es
exist that icill l Idetid it-id iy reectiois oi 
vatrios (iltts hosts is will is b)y bacteritiph g-
sensilivities, phsismnid proles. ani( restriction 
fr-ginttlt ltogthIpiilytniirphistns. In the case of' 

2. Ii 1Ts, :ill unustal lef blight of' rice was 

citrus bacterial canker, several forms of the 
liseaseoccur.The typical citrus bacterial canker 

type A strains cause a severe lisease on citrus 
world-wide and are detected by two antibodies, 
Al and A2, that d not react with the mild 
strains. Citrus canker 11, found principally in 
Argentina on lein:, mid grapefruit, is a milder 
disease caused ly st r;ins that react with several 
'11' antibodies. Strains causing citrus canker C, 
a mild disease found oin Citrusaurantifolia(key 
lime) in Brazil, are detected by mAbs Cl and 
B2, indicating that the 11 tnd C str-ri;:-.-, :re 
serologically related. 

Citrus bacterial spot, originally :ttributed to 
a possible variant of X.c. citri, WI:d now called 
X.c. citrum(o, is seroilogicail- distinct from all 
the citrus canker strains and can be identified
1)y a different panel of mAbs. Finally, avirulent 
xanthomonads found on leaf surfacos of citrus 
and other hosts reacted with none of the citri
or citrutmt,,-specific mAbs but did react with 
the genus-sl)ecific mAbs, Xl and XII. The 
occurrence and potential Significance of such 
xanthomitnadscan hestudied furtherwith these 
detectionl tools. 

In (:omparing RIA, paI)ptterns, host plant
reactions, and serolhgical groupings, interesting 
ctirrchations were apparent. In the case of citrus 
btcter:il spot IELP patterns separated the 
aggressive strains from moderately and non
iggressive strains, and the RI"I 2 groupings 
ciorrespo nd ed to those ftnmed by serological 
analysis with mAb"-, Similar correlations were 
found thriugh RFII and serological analysis 
otf N. iumpestris strains having various levels 
of virulence ol cabbage. 

Following the at,'we examples, a serological 
analysis of the groundnut strains of P. solaa
ccarum using mAbs in comhination with other 
methodstfcharacterisatiii maygenerate some 
interesting and useful information. Since mAbs 
maiy be (arefully selected to reveal either a 
unique epittpe tf' particular strain or common 
(pitoles among groups of strains, a panel of 
mAhs may be coinstructed and manipulated to 
deiterinie the serological and biological related
ness of a sul))opulatioti. In this manner, the 
groundnut strains may he compared to race I 
strains and other strains within the species. 

Key aislects tf a dfetailed serological analysis 
arethtll(olectiontd'strtins and tleconfirmation 
of' pathoigenicity. Large numbers of P. solana
c'arunt strains ctllected from groundnut in 
Chila, Indonesia and other geographical 
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regions, representing the range of races and 
l)iovars, would (e needed to make the a pprop-
riat(' ci om pai risons. ( )ther gen e i ind spcie-s i 

well is epiphytes from gl'0lililnuLit,represvi*nta-

ive of the biological ni(che, should be included 
in the screening )rocedures to verify the 
S)pi'iity of th' scle(ted mAl,. 

P~roIi(.(urcs For generating andl selection of 

genus andI imthlIvar-sp((ifil( iiAbs for bacterial 
l)lanit path glns lve leen well-doi('umente. 

This involvesI inflinunisition, fusion of mouse 
hflii
('ils w ith IliiIs yIll (ells to 

s ch'en 
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genlrit' hlyhrihlnlas, sr'ie''eing, ('ling, B-;uld(,IVo 
anl p)hysiologial asp't, oIf'Ict rialwilt cauLsedr(I's(rl'(iii ng, iroluction miias'ihes,ani r(d-:rl,,n-

with I trg(, numbers of' strains (to ionfih'l Iiidotoo as soela1 r .Anii aiReview ofbing
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wvill i iili tate dIetection e''riIVi 

tifi(ltion, ;ind ePIWlniiologiC'il studies. In vieW 
of the inforlmatiln illreadi fir o ther 

di ig il isti e sts 	 id f 

ly getierated 
bacterial plant plathllg(ns, a study of' the 
g h nd sitonins IflP.oho ((cl 0rum appears 
to hlieqite inig.ilml 
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Molecular Biology and Research on 
Pseudomonas solanacearum 

Qing-Sheng Ma* 

Abstract
 
wsuIdonon(:s sohunnc'flrflfia is a (Grai-negative Iacterial pathogen which can cause wilting of many plants. lechni(vuvs of genetic manipulation have been used 

to stud'v and f'lucidatI tie' pathogetesis of wilt induction. With the applicationof' transposln (n5) nintage (sis, sitI,-directed rot tagenesis, anti construction ofgenooic libralries ;mnd gce, cloning, a numher of P. solanacearuin genes involvedin pathogenesis were identified and their functions studied. Genetic evidence forthe role of I'PS in the wilting Irocess was contradictory, but it seems that EPS 
produclion ah1,0 is not sifd'icient for paIthogen(esis. (enes encoding endopolyga.la(turonas' (pA'IA) and a-ll-('dilglcaose (eA'h have Ieen cloned, however theirfunction in pathogenicitY aplv:irs oily to enanfll(' the, wilting process instead ofbei ng absolltly necessary. Progress lis )e(n nade in the cloning of genescontrolling pathogenicity and hyper.einsitivity in P. sohanacearum. Two types ofgene's: (hrp g'ne's re(Iuir'l for Ill? induction, and dsp genes modulating
aggressivviness), wvre cloned in a 25 kh region of plasmid p)Vir2. The I)NA sequencesin the insert of' I)Vir2 were found to he present and to show a l{FAP pattern inniny '. sol(nacz'erum strains. Experimental data suggest that there arein d tland en t psitivv, t' ctrs deterininig host range in P. slio(na'earuin rather
than an avirulence glle s*stlmn. (Genes involved in host specificity were clonedin a 12.8 kh /'coltIl fragment in plasmild pGX1252, which appeared to he unique
ito1. soltiarnit'rl. 

All results indicate that therv Ilust he a consideralile numlber of genes in P.s'l/n(ac''ruinwhich are involved in tie (isease )rIce'ss. It is helpful to look at
how these gems are regulated indinteract with corresponding genes in plants.


B"t:TMAJ. wilt caused 
Iy P. solanacearun is typic changes related to wilt pathogenesis theone of the most important, widespread and precise nature of factors causing plant wilt islethal Ibacterinl diseases of plants. In tropical largely unclear.andLsubtropi cal areas this iacterial pathogen The advent of molecular genetics has ledisdestrt(tiv' toto many crop plants, such as approaches that allow the investigation ofpIt ato, toil ( co.tomiato, rroundinut aid )anan specific mechanisms of pathogcnesis. GeneticHBudden hagell and Kehn I964). Many wilt manipulations with Gram-negative Iacteria areproduing factors have Ieen p)roposed to well developed (Maniatis et al.eluci(late till 1982). P.mechan ismis of pathogenesis. solanacrarum is a Gram negative bacterialThese f'actors include exopolysaccharide (EPS), pathogen which can he easily cultured in simple,IAA, pectic and(cellulolytic ('nzymes etc. (Wallis defilned lahoratory media. The )NY% isolationanld 'IIruter 1978; lReckmnn et, al. 1962; lusain pricedure used for E.co/i can he used for P.and Ketlmn 1958a; Kelman and (owling I9(5). solanacearun with the slight modificatiot ofSince these data were mainly based oil pheno- reducing the amount, and removal by washing, 
.....i...g..i..gri.u.tural 
 ollege,.... of the extracellular polysaccharide. Smal anduangxi Agricultural College, Nanning,Guangxi 5:30005, Peoples' Repl)ulic of China large scale isolations of llsmil DNA from P.solanacearum are also easily performed 
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198Ma It
(0,1uCith(rPt ;'. 5: ll.1988). Foreign
geties (u1) to a size off .10 klo cit he introduced 
intu I'.sohltI t't'iln l) transfo'rmatiol at a 
fr'qt'ncv off' 1)- to 101, foir a single marker, or 
by ct',jugatiil fur plasniid vectors with 
ml)11,atIliiunb tIMtd bfui'tilti 1)v triparental 
ma tiog 1Ind <Imucher vt al. et al.o t 198-5: Ma 
I,9,:Xu (t t'r.r(trhpiwationvI. 19 S).lR.'tce.ntlv 
was ltestfd and shown 1t,Ib'able to introiltice 
plhsmid I)NA into 1). so/lacct''utn with a 
fr'quelnc'v (f' ( -IW transfWr'mants per ji1Tg 

I)NAI('Long. unpublished data). The stability 
offllr'igii pLsiids inP. soluacui'vaim varies 
fr'ii strain tol strain. It seems that P) group 
hrand tht range'vectors tl.A.RIll.and pI AI"l{8 
irt' fairly stabl in P. Stdtuuc''aruln rcipiiint 
cells (Ma it al. 1.SS: Ni tt at. 19MM) although 
all ulnst;aIhl situatioi was reported Bolu(h(r (t
;IL. It',t. 

M.1;ltins iiiav I, inducetd by I TV)chemricals. 

i at 'liilb' tralisposoIl
. iinsotrtioms. Behicilst 

lt-v iralsttosttii-Iilulou( t;ttions have aidvani-
tut's 1'.sbuhse.qUent anatl .ysis.tranllsjIsoil 

t . he..n sed IllP.msi w.il,.yv 

s.lo/tl tt+'tllldli g'iit'ti stttli 's. 

Trnl,,s,')t us it', disc'ritv s i-rt I)NA seg-
int;s that eti' t,r'sistamic mw ff,imrv 
anlihiii' a nl hnlv the' pnir being lh,- 'tf 
tt its.'l'f iintt ilt'w site's tif I)NA -'plicotus Intl 
ahstImt' t( citi' gent' f'ocuntimn It hclkinir , 
:11.1\77 Lt1l. r;islttss ts talc hiinsrtd iintt 
; I 1 1111 lt'rt . n bacterill g'iimw.sit(.. tli 


Stllti l'll spm.sttii. Su'h , 'lii 7.llI)t'hiif"Iil t 

'l iitlls in fit( whdl(.g(t'ii, at which 

in.t'll i tt'ilts liavt(, tt'cm-eirt fi't'(lntly: 


V ,littv~t~vt'-Sll" l' tlrailstms(lls such :1s In,. til(' 

insertion site. '['hercfore, insertion mutations 
may e uised to determine the extent of trans
(ription units in uncharacterised gene clusters. 

It is of'particular importance that transposon 
Ilutagenesis provides a means to isolate 
inittitants which have no readily scoreable 
plhencltype (e.g. 10d)ltilition ill Rhizotbiim and 
paithogenicity in plant pathogens). These
 
insertion mutants are generally single muta
titns and will lead tu a complete loss of the 
gene function in qlue.stiol. In addition, a 
s(OIrhilh phenOtype (druLg-resistance) Will be 
associater with the mutation, which can he used 
toin1i (llIh ltitation genetically or physically.
 

Tl'here are a number of' ways to deliver 
transposons into P. slano carum. Beringer et 
al. (19if78,) developed a general method for 
introducing transpttson In5 into the genoine of 
a wide viiriety tf Gram-negative bacteria, in 
which a broad host-range plhsmid (pl group) 
c;Irrying both iphage Mu andt a transposon Tn5 

.
i,¢-mIjuglitt'd from E' coli into the recipient. 
iBcsttl, the 'l-containing plasnisid fails to 

. i t in the r~cipie~nt, transposition events 
of th(, trainx:posoI1 frtl tit Mu-containing 
'si'icid( plasmid' inti) the recipient genome can 
be directly smdectltd. Similau 'suicide'behaviour 
has been uls(d to c'onstruc't Iranslposon '['n5
bliv'ring plasmids piSitl((ll and pSi Jl202I 

Iiimit (t :'l. 1983) which can successfully 
g'ii(,r;I Tlin insertioni mutants of P.solana
c(t'o m (ltu(cI'r tt al. I985: 1)inny et al. 1988; 
Xto t ;l. 19 ,ip. Ihtwever, experience shows that 
di ffrt',n pitIgers, or even different strains of 
a single sl t'cies vary greatly in tl ease with 
which 'Iln5 insertion Ilutants caln be isolated. 

dislriltllittl ,dfiinirtiml Silt's is IIIt't.' rand,lillMiitilc s the frequency of' transposition 
Pl'r,, I171. In Imut;ttillis taistd by tr niisl)S n (',tiils is too ltw tt Ie identified (Turner et al.ins.-1''lills, tht(. inutilid'tlw ' 4tld" !9 1.hc<lilt v '(, ] g" 

is disrt'ltl. 'Il'lltcreft'. ist,'iltrtin Ilutatitts by 'l'hW. valut, tf''n5 InttaIgenesis lies also in the 
tI'ltl ,, l5, tisui~llyv eutlt in lt'tt, ]'htss of' p ssihility of'idv'ntifying and cloning genesttt 


t-e l ti mflt,'ltltd hv li' 1t1t tktt] gent. Since which coust altecration in Ithotigenicity, but 
trI' Itsp lI t',t'Ir, drng-r't-sisthltt d('ti'iii without ttliviluus dilects in growth in vitro. After 
Ilanl , ilV' lll;Il tis t';luls .t lsvd t1) llv mi Jsltstl ''n.ifiutage iesis large iininithrs of colonies of 
n.%'tiis will l~sol wit [ink- i:,tl mut.nt ii,'talgnised hacttria can be tt'st'd oil plants,ph .e,,ly'I nl t ;Ils( illtHi.d rutg-res is ta n ce , :"1d Piath m uL~~tn s C;l b e selhc td : flan kingz 

l 't 
''h 's' Iw, p l y, 'pt's ;Il', hus e' ctod fittl 11 lit'miutants and used as hybrid

pIt'imttV' str fited Iy lilt, iis''ttd tralispms . gtn'miti I)NA sequences ('ai l( excised aind 
httly t 

liikt.d Thly tr'translf'l+ld ttgt 'tlhur in gtn'tit' isulitti prttis to ltcat' coresponding clones inMids....;t1 ('thI in ll+,I*0eil l. 1987).u l<,sl m'.I rv.+crsi+ llv(II,. ; Il I )NA lihr;ff' M 

"l'raiIslttstl:. ti ,I,4 tilt'ly i*lvlt'liv;lt gt'lt' inttt 
which thl-v iisrtt tilta]st t1avt a strong pilhr 
ffti ttn1 tlie exjrssion (d t't'ens in fin' sant' 

t- t r M'ich Ir' lcatttI tltwn.str.an f, the 

Sit'-dir'ectoo mu lgenesis (Ruvkun and 
Ausuhll IdM1) is hiitti'r important use for 
tralls stis. This methtd relies upon transpo
sition e'vents in E.coli into the desired region 

http:tltwn.str.an
http:w.il,.yv


of a segment of introduced I)NA, followed by 
its return to the original host through a 
procedure called marker exchange; that is, by
selecting fbr retonlIi nants invo)lving douhle 
homologous xcIhanges of the inserted and wild 
typel)NA segments. After mutagenatsis, inser-
tion nititanlts intheoriginal geiioieofbacteria 
result, and the function of the inserted region 
can h,testedl1) Nohservable )hlnot-ypicchanges. 
'lhis is Iiarticulhrly us, fl inIproviding ge(netit' 
evidelnce fir t r(.Iole of suspected patliogeiiicity 
factors Since I pIaralhlltl obs(rvatiofn of a 
phenotyuic change,and pathogenlicity defect is 
not always a ni(,l tlir relationshiprfh(tioln ,f. 

)envIivet al. 98-: R~oberts ci al. 1988). 
Construction of a gone library has liet)iit. 

a routine,task iii gene isolation. In studies oif 
P.,st.jl I'll,isiojd vectors with a broad 
host rIIg,. such as Ih.A;pLRI and pL)AI"I3 
(Frivdman et al. 11Ns2, ) aii,wiidely used (Botucher 
vt a]. NK: Ma e1;. I9,s X1i et al. I,8). (,osiid 
lihrairies are maiitain(ed in V. t',/istrains and 
(each lirary coisist:; of. in general, several 

and result in the typical wilt symptoms 
(Buddenhagen and Kelman 19641; Van Alfen 
1982; IHusain and Kelman 195Mb). lHowever, 
eviden'e from genetic studies on involvement 
of "IM in athigenesi. is contradictory. 

Staskawicz et al.(19,8 ) obtained an EPS
tlficient red mutant of' strain S-82 )y IS50 
inisertioi and mund that it was no lonir 
Virulent on potato. But this mutation is 
lM(iitr(i)Iic, theref(oire the loss of ElPS production 
was not completely responsible for the change 
invioullenc, although the result suggested that 
IBP'S is'ilportant inpathogetesis. Using Tn5 
iiiutagetiesis Boucher et al. (1987) and Xu et al. 
(1988) oitainetd noti-pathogenit (ir-) iiutants 
of,the strains (,M 10() and K(0 respectively. 
All of the Vir-- muUmts of (MIIOO) and six 
o(ut of tight Vir mutants oif K6t0 produced 
n*rmalI amounts of EPS, indicating that EPS 
production alome is not sufficient for ipathogene
sis. In addition, iutanI types of b)oth strains 
vrv identified that wer( (fi(i(,nt ili EPS 

2;rodU tiol wheCn grown on agar miie(diumi but 
thousand clons ea-h of which contains a 20)- still able to wilt host I)Mts, sugg(sting that 
30 kb piec( o!'P.solotacrirum I)NA joined to 
-I vout(r. (;ti(. ofinterest in these 2)-3( kh I)NA 
. ... can lit,,'s str'nd by iyhridisiig with 

txisting probes o. by spec(.ially (dsigned 
proceodurs, depending )in the gene TX),.( sil 
sittmliton (XII etal. l98.s: Boucher et al. I987). 
Soniemilies the whole library is conjugatetd into 

E'Ps iay nit Iv the major flactor in wilt 
j)atIohlgeiie(sis tXu(et al.1988; BoIuher (tal. 1987). 

I)(tliy t ;il. ( Ims)divided BPS mutants into 
I'S (iiliptired inIlS )rodulction) and BPS

(I'BPS d(eficitent), and fiund that the amount of 
El,lS lrodic(I in l)hata )y th (,EPS' mutants 
ofstrain AWl was
a dsired 'ipiiilt tithr (.ii iiiiss( with poole((d c(rrelated with the severity 

lihb;ary coltores. or throogh large numhtrsI 'ofof wilt symptoms. Theirstudy showed tliatgreat 
niatjigs, each with an individuai clone (Ma et 
al. 198,. liL r(tsltaii trInIs'Conjugants are 
scnce iied liv special assays or )'vtests oil plants. 
MIol ecuaI ni',enidtio Studies towards 

the Undeirstanding of Pathogeni(city 
Exopolysaccharide (ElS) and 
lilpopolysacharide (I)S) 
Illcolit r, wild type Pesohaaccarlm strains 

pro hi ilc ious a m rants of' Kl), ; visco(us, 
high molecular weight, iiotrl compounnd 

catre should be taken in characterising EhPS
deficient mutants of P. solanacvaram both in 
culture and ill planta; they concluded that EhPS 
)r(lotin in tomato Ilants is required for 

typical wilt symptoms.I lowever, Xii et.al. (1988) 
rtported that 1'. solanacucarum 1t60 mutants 
ithatretained virulence to eggplant and tobacco, 

but produced no ElPS either ill culture or ill 
lanta,wert obtaincd after 'ln miutageiiesis. 

I'ASs aitt(ention hIs )en given to IS)5, one 
11Ycoipos(d ofgt'l)ctiaisloin 

gen and Ielmau 96I: S(ltitira 1985),. Spon- "n'lope ofI' . solanm'arum (Sequira 1985). 
t;Ineius IViliiit nlIUtS iits call be easily I)rigu(es tt al. (I985) copmpared the composition 
rectgnised by their rid ion-slin v tiilonies oil of P..solanaccurm lipii)tolysa('charide (I PS)of 
a tiraziliui ('hiirid, glu(cose rich mtlium wild-type and rough mutant strains and found 

mainly hhBuddenha-of tl ptrihlteral comlponents of the surface 

th the 
strain toduces white to pink slimy coloni(s 
(Klman 191?.I. belitved that EPS 

whereas ()In Iai(ldiuili wild-t)vpv 

It has been 
protluced by P. s)lahlc'carum may play a key 
rtile in pathogelnesis lv interfring with water 
movement through vess(ls or pit membranes 

that both t'iintained the sani component sugars 
in their polysacclharide moieties, but differed 
greatly in the relative amotunt off tach sugar. 
Since tht mutation to rough phentotype is 
pleiotropit the nature of the genetic alteration 
is unknown. 

:3.1 



So far, several clones containing P. solaria-
cearum I)NA sequences involved in ElPS 
producition have been obtained, yet no detailed 
informntion ahout the fun'tion (if these IDNA 
seMU ti'0(5 lias ee n relport (d.More studies arer 
nive(ed Io chearF) the o t over El.S('Fversy 
invlv (,\'.t in pithogenesis. 

('ell Wall )egrading Enzymes 
(lolygahacturonase and 
Endogiucanase) 

In ilmts wilted ISv P. solnaccurum degra-
(dation f tho vas'ulr system('occurs, indicating 
that (cell wnll-degrading vinzyies may bie 
invvhvd in pIotliog(nesis (Ilusain ind Kelnan 
1959; : Kelmi and (C'owling 196i5). Schell et il. 
( 1SS I)urife( a major end(opolvg lacturoiase 
(52kI );i) Irt( d hy)v 1'., /mU'Urmo in(1(cloned 
tlhe' genle eo('ding this en1Zville (pgA fromln 
g(I'ini11' 'lin pg/tA gene m'sli hrary. h(, 
inmctivated in vitro and us.(t io utate the 
s'lnrionswMm a II g/A gene of Po. oucim'arum by 
marker exchange. They uond that the resulting 
motalit st railn was d(lfi('i[nt il pro(u(tion of' tll' 
52kl)a oinlygla-turomnse-, and that the time 
re(quiredl to wilt and kill tomato plants was 
dobled. indicating that tle pg/A gen, is 
iinorftmt, bit not a[sIlitelY vn(cessary., for 
pat liogenesis. 


Siil" " w,i' for tll P.resLlts ',htai"nel 

so/1 o-a-'outis i'/ gln, iico,'iig ilegem 6-1,,j-
('d(oglu'-aiase that illi;vI\.(s cellulose.s(oluhle' 

genesis two types of genes were found to he 
carried in this region: hrp genes required for 
II1R induction and located in the middle and 
left part of the 25kb insert of pVir2, genes which 
were also required for pathogenicity ol tomato; 
a nd, dsp genes hlocated on the right end of the 
hrp (luster which modtilated aggressiveness on 
tomato. 

Sulise(,uently l:)ucher etl. (19MM) tested 52 
strains of P. solanacearumn representing differ
ent races, hiovars and geographical origins, and 
found that all pathogenic strains c:irried )NA 
Sequences homologous to hrp genes present in 
pVir2, indicating that these hrp genes are 
necessary For pathogenicity in all the strains. 

When plasmid pVir2 was digested with 
restriction enzyme EcoRl, six insert bands (8.1,
6i0, .t), 2.8, 1.7, 1.5 kbh) were generated. EcoRI 
hands of the samile size were also identified in 
P. so/lnacearumgr)undnut strain T20(5 when 
probed with :iil)-hibelld pVir2. IHlowever, when 
these six lcol-l fragments were individually 
"lP-lhellvd and separately hybridised with total 
INAs ofa number of P. solanaceartimstrains, 
in on(e potato strain T20)3, no homologous )NA 
to the .0 and S.() kb lroles located in the left 
part of' )Vir2 was detected (Feng, unpublished 
data. This indicates that strain difference for 
hrp genes may exist, or that hrp genes in the 
middle part of pVir2 are more common in P. 
,sonacartrtm. 

lunctions encoded 1)vthe pathogenicity genes 
Rohrts i.t al. (II9S.S cloned the i'/cgene(of' '. located in the pVir2 region are still unknown. 
so/onici,rum oin a 2.7 kh .'hoi-Sil I)NA 
fro',iint , whiclh was itag(.nised by Tn5 nd 
used tlo Illie e hi's'lidwhr sosi al 'A g(neo Iof'P. 
sol/uma larll hY site-di. ,('t(,(iIlt g(,n'sis. Thi. 
mnotat:h lI(lduc'I'Il mu'h iss endoglUsa-strain 
Iias', it was still 'aiSwhli of' killing tonalo 
plants.:1.alhit ;tItira olong'dI periold oftim 

( iColC ( ()ntrolling Pathogenicity 
.111(l Hyei)(,rs(nsitivity 

It is interesting to note that there is a structural 
hoology of' the hrp cluster of pVir2 with many 
pathovars of' Xan thomonas campestris 
(Bioucher vt al. 1987). In X. calmpestris pv. 
cmpestris strain 800().tthis hosmologolus i)NA 
fragment to pVir2 has bleen cloned (l)anielspers. 
c.(olnlll.) 

Recently, a second genes('luster (If' that 
Sliecit'y h g(,nicity as hven identified 

In the. oslecuha' g(,neti' stuilies of' P....-(Ihung(t a. l99(1).lhowever, thel)NA encoding 
i'Oi'5,ill t mhs- (,Iex(iling advance has b1,11 these genes showed no homology with those in 

i in t , lc n i n ,f ' g e n is , s o ~i'' l Ii ng h ot h Ii pV i i2, in d icatin g th a t a r a t he r ( om )lex patt er n 

i IandJI~Ith isioity isntiiti hl\'ri'nsiti\'ity 
(on folm ucoi bI houchIs'hel, oft l. I 'T InII. ll v 

studv thIv isol atd 12 prot'r plii' avirulent 
111miI I- (all t f )2.-)) 1lolis t'sti'd aftr "'n-
iliit .nciesis Insh(r,'1t:l. 19,-. Allig tll(-s(' 
in Sta ilts iil', wiin I.Ili inl ii tions oIf 1). 
som/uloaln'orll. tI,' nmijilyiv (fI which wI,i', 
m 'lIt')I a;oSI'g;);lslli(I in a 25kb region

Aclon(,d iiplnsmidIpVir 2. Afteir hocalis(ed' mut 

exists ill (etermining the pathogenii'ity of P. 
sohtncta'r1trttn 

Genes Involved in Host Specificity 
Mm ,vsif'i('('in'epts con cerning the genetics 

of plant-pathogen interactions arose from 
attempts to hr(,ed diseas,-resistant plants. One 
If the isic ',nclpt.s is "lor's gene-for-gene 
hypothesis ("lor 1955) which is based on 
i'-r-sarch on the interaction of flax (Linum 
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usitatissinum) and therust fungus Melampsora pGX 1252 and pVir2, indicati ig that two 
lini. iir piostulated that fr -veryv ginv in the (different I)NA sequencis were involved. 
pathogen deternining viruileice or avirIlence 

there was a cirnspi' lding gent' in the host 
detcrmnilliiig rsistance or susceptibility. It is 
belibvid lhmt the avirhlili.( gievs interaCt With 
thi esistanl'i allel., thin induce plNl defIrnC 
Inechinisols. heo se'hr 'oriT g(9Is if) 
litieril pilit mthigeis has heii sliicessfil. 

' Several oct'giisw'risiibt(l t'romIl.snvrinigi 
i/iY I.\. Stris pv.pv. ,Ivt ' cIip1t- m(Ilv'0('(rum 

and .'c. pv. i its'torioi (Staskawiz it ;ii. 19S.1, 
19,T: (;ahrilI't al. Sanso: l al. I9SS).vinsin 


I(.(, iii'i'iveSome ;vi'll niti s hgi' i:wn(cmpllhtilv 
etii'.O'.'.f I Nif lil iiiil S , wii.', Ius'7;l.:.;1d 

aol Staskiwic/, 19,t: Tloiiki it ;il. 1988). 
SurliisinglY. t significit si'quen'e homholgy 
ittfo'I'uih'ii (Irinio levielii'iufd i'it ;'s 
fthctit,,d l'ns it. al. ISt. \ltlough thvo lI 
idcntilfiati.i fitthisi' geiies is a greit step 
fili'wa'd in I;inlt hitthuI gIi gi.-'iitics, tlheir 
fI'itioiisi ln ohfe Id intr;ictil with plant 

I1111geloS :I,'1it l;ir. 
Il ill casts wfer'r.( givs.ll,' islatid 

the rie-ciltivai' interitc io pitt(erns were well 
estiblished. In It. soliutmo'urom the lost ir;Ing 
coivereld by ' irtaji ht1) race iII;y irivilve not 
p]1l1t SIPei('s, hllninv) pllant girora wtl 

In Rhizobium host-specific n.dulation genes 
with a similar positive funiction have been 
cvar;o'terised. TIhese genes are not conserved, 
sin( :ileh1s from different lhizobium strains 
cannotsubstitute foreach otheron differenthost 
plants (IIong 1989). It is not. clear if genes 
ct'ii vd in the 12.skh I)NA 'ragment have 
the saime property as these hist-specific no

ulatiin gene(s. IBut it is interesting to find that 
this 12.8kb I)NA sequence pattern appears to 
be present only in P. sornoccalrum strains 
which can cause wilt on groundnut, and not 
1J str h,;-,,io ;f', . .. :thogcnic on ground
nut. This sequence is ;lst nt detected illmany 
other strains of tAscudomomis, Xanthomonas, 
Agroit'actrium. Ihlizobium, Eri'inia and 
('ory,lv'actvrium tested (lFeng, unpublished 
&Ihti).
 

Concluding Remrks
 
There has been Only a shirt peri'd for 

phytlsthologists to di genetic work or for 
geneti('ists to choose ba'terial plant pathogens 
isr;sei'h material. I lowever the information 
obtained so far is rather impressive although 
solle results ire fragmentary and even contra

families. Nivi-rthess ittempts wi,'r i tli1dictir*y. Inl general, P. solhiaccurnum isarnena
sea;rch f6r the putative aur geelCs in P. so01tnl(-
c(ii'rcu(. Nl et i. l!,; two P.soh/lui-I i'isiv 
'rutn stIraiis 'l200:1 mld '120). '1"2t) is 
flilgenii top iplato. but omp,itlhogeni( to 

grim fillnut, ifiit '1T200.5 );t llogellic ti)grundnmut . 
Ni'olv :2,ICclfii's of'strin '1'2()() : gene lihrmyCii 


ble to genetic analyses. With the progress in 
ITcOimbinant I)NA technology it is possible tA) 
identify individual genes, their products and the 
way th'(,.y more evidencearregulated. Moreand 
shows that pathogenesis is a complex interac
tion of two partners, bacterial pathogen and 

were inolividually i'onjng;iltl( into the Tl'20();'-host plant: there must be a cmnsiderable number 
ili-rivativ, recipient. No trnsconjugants wre 
iibtaii'd whiih altered thi pathoglenic charac-
ter of t' 'l'2(tiCK,'recipieint, indicating that the 
presumplivetit'rl geim's nav not Iepresent. 
Ifowiver, transtering clonis 'rom the T2(005S 

ge libr'ary to T20l0C3 recipient resulted in the 
idintificatioti (,a lcionid 12..,klh I)NA which 
cintaiiiid gems to extend the host range of J). 
so(litit','urtit T2C()C: trinsconjugint to ground-
nutt\la( ita ..!It).This suggests that thivre 
are independent positive fi'tors detirmining 
host r;mIgi in I'. solalccrumn rather than an 
aviruinn,' gil, systim. l'vidi'e iif'such 
positive f:iitiirs has also been ohtained with .\.c. 

pv.trislcitns(Milhno ado (,'ooksey 988.1. 


A 12.8kb fpiece utl )NAwas cloed in plasniid 
p( X 1252.No hybridisation was found between 

of'genes from hth partners,which are directly 
involved in the disease process each of* which 
ihasonly a small influence. Undoubtedly new 

inflormation about these identified genes will he 
i-iiming out with the application of' gene fusion, 
I )NA sequencing and RIl'LP techniques. It tnay 
be helpful to put emphasis on the regulation 
if'fIthtogenesis. In unalioononas campstris 
pv. ('(Jtlfstris, genes involved in regulation of 
)athogenesis have been cloned ('ang 1989). 
Blocking of' such regulatory genes resulted in 
the abolitiomn of' several cell wall degrading 
enzymes in the pathogen at the same tinle, and 
Ilte Illgen was no longer pathogenic. It is 
coio'eivalde that such regulatory genes may be 
more important in understanding the plant
pathogen interaction than previously realised. 



Also the plant partner should be considered 
and studied when we are trying to explain the 
function of genes in plant pathogens. 

Before there is a clear understanding and 

:--elucidation of the -wilt-process-as-'a-result- of, 
molecular genetic studies ol P. solaflacLarum 
there uay be practical applications. Boucher et 

(1h88) usyed pras alclars Boer 
al. (1988) used pVir2 as a molecular probe for 

hybridisation tests and demonstrated that a
 
ki s t 

phism did exist in P. solanacearum strains. 

Similar results were obtained for pGX1252, 

which also showed RFLP differences among P. 

solanacearum strains (Feng, unpublished data). 


,rhis may be used for the classification of strains 
or for field identification. 

It is known that non-pathogenic mutants are 
able to induce protection against the wild-type 
pathogenic strains (Trigalet and Demery 1986). 
Perhaps non-pathogenic deletion mutants are 
good candidates to carry on this work. Progress 
has been nmade in tile construction of such 
mutants of groundnut and tobacco strains of 

sP. 	 pers. comm.).solanacearum(F1eng, 
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Genetic and Breeding Aspects of Resistance 
to Bacterial Wilt in Groundnut 

Liao Boshou, Wang Yuying, Xia Xingming,
 
Tang Guiying, Tan Yujun, and Sun Darong*
 

Abstract 
Although the genitic hasis of resistance inl griinmlnut to Iacterial wilt (BW), 

and its ictilriling nie(halnismn, are at present poorly understood, considerahle 
prignss has been made in (China in the development of resistant germplasm. 
Extensive and intensive studies including disease surveys and screening for host 

Plant resistance were initiateid in the 1)50s. Somne desirable resistant germplasm 
lines icluiding Xiekangqing were identified in 197-1 and since then breeding for 
resistant iltivars has liten successfully conducted at miany research stations. In 
til past two dcades several resistant cultivars with high yield traits have been 
relased and these are playing an important role in controlling disease and 
itirat'siltg )riodluctioin in the aflecte(l areas. In C.hina ailmost all of the grtundlnut 
lin des as being resistant to BM were collected in the stith where theii(ntified 
disease is genevrally most serious. In general there is no obvinus genetic linkage 
hetwtvil resistance to lfW and undesirahle characters. Resistance to BW and rust 
(l'ociniiin miuh ii.)re inilhlievthlntly inherited and so)me groundnlut lines resistant 

to MV are also r'sistant to rust and Cercospora leaf spots. olwever, most MV 
resislnt1 groundlitit lines shoiw poor resistance to drought while no grouindnul 
(ciltivars with good tolerance to drought are found to he resistant to the disease. 
Iho dirct.i(ills which futuro rsearch should take in order to improve yield potential, 
lv (,l if rsist iice atl stahililyv,Ioodl quality, anl inco)rloration of resistance to 

d)h~"(isoose4(s,art.1 inldict' ed,(. 

1,xli.\l wilt of grouiillt t A(.ir/his h y/)- loss of ('llpoin heavily diseased fields, is often 
vta' catused isviudoUfit is susceptil e areliv f(as sollt-ic'urt U txl)erien-ed( when cultivars 

the mst itIII(rtalit batertlriil (Iiseaseof this crop grown. Extensive efforts for controlling ground
thrtuighout th( world. This disease has heein inut hacterial wilt have established well that the 
reirted,.'il iI Miny count ri(,s Mnd regio(ns am(ing most eftctive and practical way to control this 
which central andl sotith ( *hina, Indonesia and diseaise is to breed and plant resistant cultivars. 
[)n;mdai ;n' most s-riiiusly diseased areas The first groundlnut cultivar resistant to 
(Nihamt et ail. l!98-: Liao Bosl(u (t :l 1 ( bacterial wilt, Schwarz 21, was released in 
The'i ilis.esc is also believeid to be, a p)itential Indonesia in the I 920s and its resistance is still 
thret*to giortlidlitit Irolution in several humid useful. Solm( resistant cultivars were also 

-(a;Is in thewrlhl(IMihin et;I. I),85). In (China, released in the United States in the 1930s. In 
thl- atre torethan 210100 ha of' groundttt China, extensive and intensive studies includ
fields tittll l tlnetd)- with i . ore aru. ing disease survey and screening for host plant,m 

Mon.svri.ad hm1tget(.if n ti th(cxtintofla resistance to groundnut bacterial wilt wereinitiated in the .50s. Some desirable resistint 
germ-i)lasnl lines including Xiekangqing were 

* (il ( rops Research I listitte of('AAS, Wuhun, identified in 19741 and since then breeding for 
llubei, .130062, Peoples' Republic of hina resistant CUltivars has been successfully 

onducted at many research stations in the 
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coun try (Sunli )arong (t al. 197S: \Vang Yuying 
et al. 19).. In the pist two (leca(es much 
attention has been paid to breeding; several 
resistant grouindliut c, ltiva's with high yield 
have lcin rvihai. d whib :I plaving an 
implrltantl role ill c(ntrolling disease and 
increasing pr iftdlct0ll n toe af' (,'d areas. 
(ro)ulriuLviield losses du(e to bacterial wilt ill 
th iml f, di:,.asc arus in (hIna have so far
beellnlarl.'cdly redUced to l .... than (";,Iby
ph lonnil r, sistant cultivi,'s. Meanwhile, 
reser'h pro,,i,'l..-ss has also bt(tvn made on the 
p,lt lologicad asp~v-ts (f groundilit bacterial wilt,
resii('tance scrcening and gemtics of hlost plant 
rIsistam'e. T,5; paper reviews the work dole 
in (C'hlina on the geiletir's and I'reding for 
resistance to bacterial wilt in groundiut. 

Genetics (f Resistance to 
Bacteial Wilt in Gioundnut 

ThPe inht'ritailce of resistanc( in groundnut 
to hicterial wilt was not systelliaticaily studied 
until recent v,' .rs. There ilas not vet )1(e n11y\,resistance of' groundnut to bacterial wilt could 
lithent(i' is(-;l;'tih ol theIichallnisill of 
resistalce in grol)ninot to bacterial wilt. The 
exirssioil (f'the resistiilie is always influen'cd 
by t genetic background of the, host plant, 
th(l )op)ulation lev(l and tle pathogenicity f 
P..s,Ulaci'earum,and i(nvirniniltal factors. 
FIri-thrie(C, th( reio('t oi)fgr(undi ut plants 
to 1'. Shd ccIUraI'll I Iia\ be differil t tiffern 
growth stages, which might ('oll)licate r(esearc(h 
oil IIN'llail lild lnd c(, (ertf the resistloce.,
Ilovever resistanc(e may be 1in1i1lly tirough 
resistance io diseis(, developnnt, even though
there might Ie differen.es amng)n groundnut
('ultivrs ill th(ir adiliy to resist invasion by
P..,;o/1a( .,('arum. Not all the infected graundilut 
plalts will displiIy wilting symlptoms, ;11n1
hvt'Iers,,nsi ive pallial wiltiv'g symlptoins Could 
i' observed ill resistant gelotypes undr( 

relatively stable c()n(liti(1ms (Iiao Bo10shn et ;11.. 
I986). 

Ma nv stui Ldi's oil gr nilliLit g(1'l'jIlsill 
s('rlninll have coinfirined the existence and 
geletic diversitv of host plant resistance to 
hiaL'trill wilt in c'ultivatLd gro ,ndm,t Jenkins 
et ;1. 19(i6: Sun I(arong vt al. 1981; I)Lan
Iaixiong et al. I987; Wng Yuying et al. 1989). 
;(ili'tiu' rIsistalcle ti acterial wilt has liso beeln 
found ill sonic ('('(,si)ns of'wild Araclisspecies 
(WMlgl ,uyiing(Lt al. 1!)89). With referelnce to 
China,, almost all 0f Ill giUndi.-t lines 
ident'fled as leing resistant to bacterial wilt 
wer( coll((ted from south C'hina where (1h( 

disease is generaully more serious (Sunil )arong
(t al. [I91; Wang Yuying et al. 1989). In the 
laboratory, partial resistance has been induced 
in susceptible groundnut Iy exposure to an 
avirulent mutant strain of P. solanavearum 
(Kang Raowei 1986). These results might 
suggest a possible close relationship between 
the,origin or evolution of resistance to bacterial 
wilt in groundnut and exposure to and selection 
bv the disease pressure under natural cendi-
Iions. Ilowever, in order to satisfactorily explain 
the origin and evolution of resistance, further 
studies are still needed on; first, the differences
in disease reaction amiong different botanical 
accessions oftAracis hypogaea,Iond secondly,
the disease or resistance status of the related 
wild Arachis species, and thirdly more detailed 
information ol the influence of environmental 
factors ol the disease development and on tile 
expression of host resistance. 

'xperience in breeding has slown that tile 

be easily transfered from oin( genotype to 
anoither through hybridisation which suggests 
that thv genetic background for the resistance 
is simple. From results obtained through 
breeding in a natural disease nursery, Wang 
Yt.lIng et al. (1985) indicated that in most 
ecrosscs the resistance level in F hybrids was 
hitwer than the average (oftheir parents, which 
nens that tile resistance was controlled by 
r((ssive genei s. 

A complete diallel-cross design consisting of 
three resistant lines and one susceptible cultivar 
was conducted to explore the inheritance of 
resistance in groundnut to bacterial wilt (Liao
los(shiu et al. 1986). Artificial inoculation was 
c(onducted in the greenhouse to screen the
resistance in F, F., I hybrid progenies and 
their aIrents. A 1-5 point scale wivs used to 
estimate the relative differences among the 
in fected plants with different partial symptoms. 
Ilbiwever, the results showed the resistance was 
partially dominantwl)en tl(relativet( Yferences 
I' partial resistlance were involved in ,. ',,sis, 
Iut in most crosses the dlominance indexe.,, . "re 
nit high. No significant difference in resistance 
values between ", hybrid and the average of 
its parents was o'bserved. 
Some othir results from genilti(' studies also 

proved that the resistance if' grolundliit to 
bacterial wilt was just slightly (ominant or 
r(eessive. Thv. resistance levels of hybrid
pLpufations we, hargely related to the average 

.10
 

http:differen.es


of their corresponding parents. Both general bacterial wilt in different genotypes, which 
com)ining ahlility iltlspeciial Comlhiningability c'uld help to explore the origin of resistance 
were important for the rvsistau'e, while the and utilise the resistance resources more 
geie('.Il (mlliiling ability was more imiportint, efTfti'ely.
whidl Iteint that the resistance was controlled Breeding Gi oundnut for Resistance 
niiiolv by iitlitive guels. Frlml the segregation to Bacterial Wilt 
in IFo l,'l,th, resistacnce wois thought to lr'on 1971 to 1978, a nation wide screening 
he (liltroll.l I y thine m ajor ge lnes locited inell lp7, i, ress oa cen 

tlhc luc'htis Iable 1). lelvre might be other (dgmidnut germpl-ism for resistance to 
imillii I(ldifving genes rIl(-vint to the resist- bacterial wilt was carried out effectively through 

IJiO. . I sh LIVt ill. ), collahoraitioi illli19?S 	 the of , rese arch units inChina and from that screening some useful 

Talfe I: Proposed genotylies for resistance to resistant lines were identited (Sun )arong et
hilcteriall wilt (I'. sohfiutHw''u Some 1981). Aftr purif'ving these resistant lines,)ill il. 

grotndnut lines the 	 ()il (ropis Ilesearch Instit&.e of CAAS 
Iil. 	 l Re((ssthlaction I 1 opoesd in it i I te(I in i1975 g n fora i)'eediit )rograi 

'i'luit('I Ty> (;-notype to bac.t wit using Lhe resistanceIesistiilic 1ial 
.I+;
,." ]I I;](;I G,;g:, source s 	 identified and the natural disease 
" ,I- R I,(; -'22l,:; lluir,(rIes establlished in Ilong'An. Since 1975, 

, 
 I; I,2gi2 &i 01-re-hvthaln 2(0 hvhridisation crosses have been
 
I,, I-h2h , -g " t; Imidimid mIany breeding larents have been
 
* , n,,.rjttl 1 t -u>',+l)ih. 	 identi' and selectN I .r1 	 illvolvel. M ost ot'the trials to 

fIr !))tih resistance and yiVld were ((nducted
Nih-k~io, qig. T~iishnn .S;alilir l in the nlatural disease nurseries. Materials withand 'laishla 

/11-g/niZh
illigtli ss sihilar g(nctii hack- high yield traits in advanced generations were 
gr,,illls tortheir n(,sistmwi. suhjected to artificial inoculation. lip toto bite.ril wilt. 'Thv alsO 
ge-tr;i c'omhiliig uiilliv of Xickamg(lig idtf nw, some resistant lines wilh high yield and/or
'laOishill S Il-li', wire usfll! illil several good fbod quality have lbven obtained, and two 
i'isjs;iot (-Ilti,;irs lim-v, I,e sid hy using resistilit cultivars, El Iha 5 and Zhong I luaeel i,..

tlose Iwo lilns ;is i-sistmlall doiiOrs (W+mg 2 have heen r-leased t fin :r,-rs. 
\oYiii ", it af.I h. [1 llti T (7,H-lI-1t) was selected from the 

, -nI-r:dlyIth-r- is III,,,hvioli (i.]S gell-iW progenies If Xiekangtqing x Yuvou 589 made 
fin kli. ll .wi-i-n ti-mlii:ter;il wilt a lnin1975 using itni-lified p(edigree method.This,, r'sista 
lithI , . r; itrs ii g'1ull(IIItlt released in '1985. Itclmbines high
uoltuiv%;o 

IIdll.si ibleIn-h 	 wuaivlirwas 
I,, go-rilltlasm liio.s. Tllc re.sistiliie to r(,sist <,Ito a('terial wilt with high yield. Its
 

(ll-ft.'l %ift i tlh- ((51ii 1( tii rust resist.Il, was sh own to le (Iluite st Il)probably
Il',111 u(, ,rim ii',illi,'t'llihltlv illhiri- its parents were resistant. El,,'/jh1 Is-cuse hsiti (itf' 
(ill nil >,,1 grolllulli s resistant to, 1It1a 5 was shiwli ill several different places 
oh-. ir istant tltioi-list 1 (Littt by thec i; l tl ; alsoi 	 ti iii 1((-2)) K 'l'ishan Sanlirou, 
,'I,,l.p,,ro Ii-,.if 't,'ill till.9 9).
5f1Iits I \\,; q I9 i'ultiv r which was once Ilalteclin diseased 

Ilu . li. lII r,,Sl,ls(f(dmost fiaiteriil wilt- ;ieal,..ElIluiSnow('iveis mostofthellicteril 
iesistIllt1 ,ll'ifll litliln.s tIdi ullt is htivilY iras in (ient nid (Chi,,n lt wilt al'ec ted 	 :ialong thep o o r,'w hi h . ] I I,gro,tl d ui t t cu l ('t s \ % d N,:I g t z e It+v er V i l l l 
tler,,(Ii to,, I,,luIt ;O'. to hi.riesist;illt from the 

lr ithg oo+ i tV. 
Ifoniol Zholg IItua 2 (85007)was seh'ette 

I,lI't'i;i whrli'h cottll hie to tthe rll'g'llies 0'fElIlim 'Ix 'l'ish m Sinlirou madeilt. ri-cit'd 
;iii y ,Ii rill lt ;'"- stll i;)1979). Itv,is also hrd through i modifiiedthIl- ,oli t rslrh 
111(,1ili1- \a i tl'leil l if. I ljedigie method and was rvl(cised in 1988. In 

. III,,l - l solme resvirh multilh,;itiin ]iltw.he,i .	 till. triads, this 'ultivar was 
ii-stiltsiI lil';itilg i-,vllsidler;iI di (fI n-II-1.,es il shown to te as highly resistant toi llbi,,rial wilt 
111thg4.0ti+ty illllng ,Ii('n t stiriis 1f. isXii-kangijing and El Ibam -5.Itcould outyield 
s/o,,imI-arulm atfclitlg A. lv.,.I' (Li W\Cl- 1':film 5 Id Xiekang(ling by 2)";, and 50/, 
r, (.tif', th-i,,is ihl ,ii f 	 lrotein iiinteiit if;t1. dear" ,ili resplectively. The si-ed Zhong 
Speli;ilisitilit litl t stiltis ogiri1u(llout it 2 is l)to W()'!;, I,itisand, like El Ilui

'ulti.;iis. liih,..i t,,clnduc t ie .learly maturing cultivar with wideis n.-i.I llI'V n 
g el fir, l,s +h I'll1 'esist;ll1( , ill! ul't 10I)tll(]111111 
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Since 198(0 some new groundnut cultivrs bacterial wilt but with more desirable agro
resistant to bicterial wilt have also Ibeen nomie traits. In breeding, yi'.d selection and 
released and extensivelv cult;vatetl in (Gualg- identification ('uld be done froml"-, where the 
dog, (;uangxi. Fujian, and Shandong provin- resistance level of' selected families could ie 
((s, such as Yu' , 0.( 92, (uivyou 28, Jinyou :3121, quite stale. 
and Lu IImia .I. 'lh resistanice pIerformiance of (;iI vrally. the yield potentials of most 
slurei Prwly-rii( 1.:riuiiit 2. rehased griitiidniut (ultivars tohown i-itivars resistant 

Ill lh( vii g foresisrii tance toi bact l will, )act(rial wilt are relativel' liwer than those of 
In hrui.<ting il risistant the h((tiitl wih, thi sus'eptilhe (ultivars, ;ill(d most hacterial 

Smle panilits eislsaiit to rust have beenl used vl 
ans mc hein'iisIg a terils with s.s(,t ,(is( wilt-resistant cultivars arc also generally 
bot dise~iscs eng otat ld ' S( Isitivv to which1mv ut is thid water (eficiency, might be 
ch disrasclrshavchdif) b timp I,hut i ti l toi narrow genetic background of' theth(.iry(Im tie
cf, rlltihrs nicil ti be iiiijiri iel. I hlt ('r, ll ist r(sistani'(, d(ollrs used. MnIr( rcently, Some 10of t ie lst-Orsisltlrt gr(oiniio;ut a(''(,ssliis -. griundnit lines fhirsut- ideltified as resistant 
of' \ ahenwi-a type fr'om Ieru. ah their resistaii, t bac't(rial wilt have been (oll((ted from snuth 
to rust shows chisi linkage with som( Oiihls(i(- ('hina I)an Laixiolng UCal. I987). With these 
ahli pod and or seed(.'mraitrsand po-r yield, materials, th(e drought tol(rance and poor seed 
()ver ming this unrbsirahle genciiic linkage is drmancy if the present bacterial wilt-.'esistant 
the kiv to hi riding fr mutileh resistanlces il grindlnut cultivars might be improved. 
the fuluri. ll briuding firrsistanc'eto acterial 
wIt nut 'v resistant ills with high Irotitl Future Research Priorities 
conet (aho (2 ) hIt N table priogres:, has been mat(de ill hreeding 

Il'abh. 2: JResistatie, C!) of soun,, groundmnut griinunit for resistance to bacterial wilt and 
utlivars (19)) the disease has been sub)stantially contr(olled by 

(ultivar Nalural diease nursery l)ilnti g resistaint cultivars in ( 'hina. I lowever, 
Ilhog'An, Iluhvi) il ir(er to improve th( yield potential, resist-

I 2 : .1 Mlvan aruce level and stability, b.id quality and other 
,11 , 7.-, T diseas( resistamnes of th( released bacterial wilt: 70.o. , 

n, I-.T ,IT T.", 71.1 71;; resistant groiuii(hiiut cultivars, further research 
.- 2117 S1 .:' ]1 62.1 -1T ', efforts are needle( on many aspects. There needs 
E I , ttu 15.. 1 7T1 i.? T !.2 9.'.t to he a more detaile( stuory of the disease status 
Zh,,l" Il1; . 11;.i 0,1 %-0. 96.:1 9 fgriu n(lnut bacterial v,lit and vari:ttion in the(AI
Shi;ir/. 21 S2.2 S7.2 ' 'i 4; T . sohlantccurum strai:. affTecting griun diit 

. ... througho ul the country. I'urther, miore extensive 
' ti k screlning (i' germplasll fol" resistance to 

Artificial inocutlation bacterial wilt. including dhetermination of' tile 
(\Wuluan, Iluhci) disease reaction o't all the wild Arah 's Species
' 3 Man to find better resistant germlplasm resources2 .1 

Yu 92 NID NI1 NI I Nt I NIt with a higher level of resistanice, or with better 
(uivll '2., ND Nit NI) ND NIt ilgrnoili( traits, or with desiralble resistances 

2117 i5.1 72'.7 +Ii V. to other production ciinstraints, should le 
El Ihm. +.7 2.2 91 I.-1A i SL (,: for gelitic evaluacarriedl iut. There is a neced 
Zho1, Ih: 2.1 ',ff) ',Si.2 ..1 ,'.2 tiiii of, bacterial wilt-resistant gernlplasm
Si hiwirt 21 79.2 1 .:. I .5 : 2 ,7 ;ac c'ssioiis for (Ififfrc ces in gIctic )ackground,7, ,101 
lHong IlI:1 I 1.11l i .2 0i0 fI.. of resistajice, genetic relationship of' bacterial 
Susileitilih. (hick.. wilt-resistance with other disease resistances, 

dlrouglht tolerance and(otiher agronomic traits. 
It is n ,Ce.ssMry to, use highlV r(-sistanl The till.'iha Isnim and (i)mpoiinents iif resistance 

materials as ci'ossing parents ii fir(h(-r to obtain in gromiidiut to hac'terial wilt need furtl.er 
gi d resislant lines in hvbrid prog.1enies bec;iuse research to improve techinltues for" disease 
the resistanii is (contrl.led by additive gi-ies. rating and resistance identification. These 
IHowever, inult i-directional cr-ssing is also anl nitiatives will lead to helter control strategies 
effi'ctive mlhuldlin termsofut'tilisinggerml)asi and the development of groundnut cultivors 
materials with only mn(Iilim-level resistance to with enhanced resisLance. 
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General Aspects of Groundnut Bacterial Wilt in China 

Tan Yujun and Liao Boshou* 

Abstract 
AIthough bacteria l wilt ofgroundInut is known to affect inore than 200 000 hectares

of land in parts of southern, central and northern China, there is a need for a 
more s ystemnitic and detailed disease survey to determine disease distribution and 
to mike hiss assessment. There is soI me( evidence thai strains of P. solanacearunm 
Iffecting groundnut differ inltheir pathogenicity for the same groundnut cultivar 

in different )arts t' ('hina. In general strains from the north of China were less
virulent to groundnut tham those, from the south. It ap)pears that the strains of
P. so/ mlcnct'runn a't',ting grundlnut are cluitecomplex, and further research efforts,
including li 1. us ,11o andl se-rological techniques, are needed to un(erstandIlti('ul 

strain variation. 'hw infi'tion process and 
 disease severity are particularly
infhluenced by high soil and air temlperatures and by rainfall, as well as by soil 
typen, illPulations of P. .Sola-'lrrunin the soil and host plant resistance. It has 
been well ('stahishod that rotation with paddy rice can significantly reduce 
pIatl' jgen populations in soil aold eff'ctively de'crease bacterial wilt incidence. 
lohoding of soil for 30 days prior to planting can also markedly reduce disease 

incidecv. Progress in control of groun(lnut bacterial wilt (epends on a better
undherstan(ling both of the disease and of host plant resistance, including the 
nIo-chanismn of resislatc icl its functional comlponents. The search for lew sources 
tit' resistant groundnut germplasin and its evaluation on an international basis 
shold 'ccon tilllie.
 

(I (t',NI'T (Ar'his 1' oogaa,) is 1i imllltr past twenty years much work 
has beefl donetant oil coI) mad also an ,,:Dino'tint cash cr(o) on the pathogen, epidemiology and comprehenwidely cultivated in (hi na. In rec'nt years the sive control measures for groundnut bacterialanntl sowing ,re fIor grotiillit has been wilt. This paper briefly reviews the researchabout three million hectiares. ()f this, more than work done in China on groundnut bacterial wilt.90":. is (cnIcentrated in the main lroduetion Distribution and Importance 
areas i clhdi g nc thern, central, and southern 
zonvs. Although the agro('linlatic conditions .. Baterical wilt (If groundnut caused by Pseuvary conisidchr bly in the difterent zones, the domonas solana(''arwnis widely distributed in warm weather and plentiful rainfall (luring the Guangdong, Guangxi, Hainan, F"ujian, Jiangxi,period of' maximull plant growth in most lhulbei, HIunan, Anlhui, Jiangsu, Sichuan,groundilnut production zones fivour the devel- Shanclcng, lenan, Hebei and Liaoning provinoplment oI' bacterial wilt on this crop. In some ces (Fan Huaizhong et al. 1960; 1P of GAAS 
platc's continuous cropping of' groundinut oil 1976; 1,11 h)axin 1956; Mehan et al. 1986; Mengdisea svd fields has also increased disease Xianchen 1957, 1961; Anon. 1979) and thisnc'ilence. In (China identification and survey disease is especially serious in the southern partfo1r grot ndinut 5ac'terial wilt was initiated in the of the ('ttry. There are imoreth an 200000ha
19510s while mrire intensiv, reearch oilncontrol cI'f grotindn ut fieldhs naitu rliily inleVsted withmethods his heen carrie'd out since 1970. In the P.loac'nrumin China; however more survey-------------........ 
 work is still needed to obtain more information* Oil ('rops Researeh lnstituteofCAAS, Wuhan, about disease distribution and severity. InHubei, ,130062, Peoples' Republic of China China losses from groundnut bacterial wilt of 

10:30h in moderately affected fields and of more 

.4
 



than 50% in heavily infested fields are often 
ex perien ced. The annual vield lisses of ground-

nut (pods) tIlit to bacterial wilt ;Ire estimated 

to h t.4,-;5 thousand tonnes. 


Strains of P. solanacearumin Affecting 
Groundnut 

'hiig vi all. (1981,ll rephorted that P.esohana-
"'herm isoa.(tes from disetastd grtundnut lahts 

were highly virulent to toinlato, eggplant, hean 
aid hillih ut suth isolates could noL cause 
wilting ,t' 5stsain,,sitiltwer, castor or soyltan. 
'litS, iSohtVS t' lwd if.o( infect Nicotianu 
g/,Itlttosu hut werev iiuh0nt oil Ni'otiia 
lathmt'tit. lh str;ains isolatte(l trtom grtindinit 
m;I , iffertVl inl tltgtiicity from those 
istl~atd frttm N. / -ng al.labcum ()Cl (t 198i; 
Rlt-l Xinmhllnl :1t 1981 ). 

Ilt 8'ittoyll ,i . lI M, ] rttiort(ed that a 
grotillilLlt Ct'utir ia show ( ifTVren(es in its 
rtacitio to btac:terial wilt il tliftettnt getgrajIhlli-
('itl loc'otions. Ftir instance,. the incidence ('tal 
pilails killttl of Sihuikou Yi'zi was 61.7; ill 
.olitr1htl, Shiidlng; bt ill lunin lnd 

Wetld, g ill the Simle irovinct, the incidence 
was just u.5-;.5' liu oyXtlto vt ili. 190). The 
palhlog-tiitty tt grtoinlillUit tt' I'. ,tolantatctt,:.ttt 
stlains friol differtent li(s may differ (Xu 
Zivttiong t il. I 

Ii Wtenniig int Ilan ILaixiong (1987) 
totillt'tl( thlit P. sol 'ucarumstrains Iffe(.t-
ing vritolldlot fron diliflirtelit regions differ ill 
their pl~lihug(tni'ity evtll to the sanle cultivIr, 
Il ge-in,'i]ll( strains froin thei north tf (China 
wei less virulent to grtundntit thail those frot 
lh( Smll I. :A gitunlliit t Iultivair Illiy e if' 
tsistithllt whil llintei in dist-ast-d fitIlds in 

norlheril ( liili but he hilghl. susctttihle ti tht 
dlistts, v'li(ti it wi,. i[lailttd in southerl ( hila. 
Thuirty-six sht-:iius t'tlet'ttd f'rom vaius parts 
of ( 'hinai wer illrttilated oto six grOIndllut 
tult iva rs, with tiffleril-t iisistance levels 
lirtviouslv idtlitifitd in I lulitti, and used ,is 
indicttor tullivairs to investigate the plathtoge-
ii(iiy diffelrit-s tinlg isolattes if the plth-

tig(i +lIfettioggrtulnut. Thi- rttsults suggestel-
thatt tIlese :2i strains ttuld hie divided int:t five 
titlthogtoi'ity giroups aillollwlic-h groups II 
and IV wiit- prevalnt ill ('hini li Wenroing 
anti I )uim Liixittng 198,7). 

I Ivwmrd (96-1i divited 1). sohnat'carum into 
four hiovIrs baisted il various physiologicail 
charaiters. I lulilinvytitet ai.i 9M4) retorted that 
P. so/ola'at-t-riln isolate-s ifec'ting groundnut 
belonged tio biiovars :1 and 4. They studied 

seventeen isoiates among which six were of 
iiovar :3 an d eleven were of hiovar 4. Of ten 
isolates collected in Guangxi, six were of hiovar 
8 and four were of hiovi" .The isolates collected 
from I lubei were all of biovar 4 (Liao Bihui et 
al. 198'4). 

Il( strains of 1. sohacearum affecting
grounldnut in China are quite complex, and 

further reser(h orts including the use of 
seologicaland areneeded 
to understand them better. 

Life Cycle and Modes of l)ispersal 
.1). solanac'airum overwinters in soil, and 

infested soil is the most important i)rimary 
intculum source. lowever, crop residues and 
organ'ic mallnure infested with the pathogen may 
also serve as primary inoculum. The pathogen 
is mainly disseminated through infested soil 
and water. Fiarm implements ind machinery, 
cultural practices and even animals and insects 

also aid the dissemination of the pathigen. 
D isseinination of thelathogen through seed 
Itppeirs to be less likely ITI1 of GAAS 1976; 
Li Wetrongeta.l. 1981) hecause P. solanacearum 
is lighly sensitive to desiccation. 

The pathogen invades the groundnut tilant 
tilrough wotunds tir natural openings in roots. 
It.n fected )lanLs express wilting symptoms when 
the environmentl conditions are fitwurable. 
After the infected plants have wilted the 
ha,-teria are returned Wtthe soil and can infect 
a(jatcent. plants. Groundinut Ilanlts artificially 
inouliatedIby soaking seeds before planting ill 
aIsuspension of the piathtigen show rapid onset 

wilt and Iacteria from the diseased plants 
cOuld kill uninfected lianits nearby within the 
same growth period. The pittlttgen oin move 
as much is tine metre through soil without tile 
aid tf water movement in one growth period. 

Epidemiology 
The establishment, development and disease 

severity tif' grotundnut bacterial wilt are gener
allyinflutenced hythe clintticfactors, es)ecially 
tenperature ind rainfall, soil type, pathogen 
population in soil, ind host plant resistance. 

When the daily air temperature is over 20'C 
and the soil tnlpermture in the top 5 cm layer 
is over 25' C for tine week, synptoms tif wilt 
in infested fields will occur. When the air 
toernlpt-ratur, is ovter 25 (C and soil temperature 
tvtr :Il (C,, the infection off the plthogen ind 

wiIt sYmptlliins wlIl rea('h their peak. In China 
tii pt-ak disease peritod for bacterial wilt of 
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groundnut is late ,June to late July in the north 
andi in -June in central China. In the south the 
peak disease period is May and ,June for spring-
sown groundnut and in late September to late 
October for the autumn-sown crop. 

Rainy days ind rainfall (an influence the 
severity of groundnut bacterial wilt. If soil ind
air temlperatures are optimal for disease 
development, heavy rainfa ll after drought, or 
sudden hot weather after heavy rain, or short 
intervals between fint and rainy days, will 
favour t lie disease and result in serious wilting.
Iy contrast if rainfall is prolonged disease 
develment could be slow. 

''he incidence( of grioundn ut bacterial wilt is 
also r(late(d to soil type. Ill general, thet disease 
is less ,)revalnt ill soils with ;I high organic 
matl(,) content anid mo~re )revalent in soils of 
low feirtilitv and with poor water retention 
capacity. 'I'Ie disease incidence is positively 
related to the ratio (f sandy particles in soil. 
I fo Xu vou et al. (1980) reported that there was 
a significa ut negative correlation )etween
disease incidence and soil bulk density while 
the correlatilon betwe n i disease incidence md 
non-capillary iorosity and lpertentlge of air iii 
soil was positive. 

'lThe population of P. so/ana'o1rum ill soil 
intluences baterial wilt (disease severity. In 
experiments in sterilised soils it was shown that 
diftfel.,nit dhensitils of in'ulurn suspension of P. 
soln0c(a'(trtum r-esulted iin different disease 
incidence. When the concelntration of inioculum 
was ]0- ('fu nil.1, thedisease incidence was 101!,; 
when (ix It- (-fu ill,I andI 1.5x It'fuI ml,I were 
used, the disens(e incidence was 21.,1', and over 
50": respe-t ivelY (I Wei-lg (t . 198 It. 

Control 


Genetic manipulation of host phnt

resistance 

It has bee, 'ell est blished that the use off 
resistant gr1- 1nut cuIltivars is the most 
effective and . ictical way to control bacterial 
wilt. IPreliniiimary screening of groundnut
gernipllasn for resistance to Icterial wilt was 
conducted in the 1950's in China. Fr(om 1960 
to 19G1 s(oni(Stttgroundnut lineIs were evaluated 
foirti re'tiln to bacterial wilt in Guangdong, 
from which som 30 lines with resistance 
including 'l'aishan Zhengzhiu, Suixi l)ali,
Shiuikou Yazi, Shienghai Riadou anid runner 
Tientsin were found (I1111 of(;AAS 197H). Since 
1972 miore extensive screening for resistance to 

bacterial wilt through nation-wide cooperation 
has been successfully conducted in China, and 
several more desirable resistant g-roundnut lines 
including Xiekangqing, Taish an Sanlirou,
Lukangqing 1, Yueyou 589, I-luangchuan Zhili, 
and so!:ne lines ill A. hypogaea var. hirsuta, 
Ihave been identified. With the hielp of these 
resistant germlplasm materials, some new 
groundnut cultivars with good resistance to 
bacterial wilt and high yield characters have 
been released in recent years and they are 
making an important contribution to produc
tion. The genetics of host plant resistance has 
also been studied (liao Boshou et al. 1986; Wang 
Yuying et al 1985). Further research is under 
way to combine resistance to bacterial wilt with 
resistances to other groundnut diseases (Li 
Wenrong and Tan Yujun 1983). 

Crop rotation 
It has heen well estahlished that rotation of 

groundnut with paddy rice can significantly 
reduce the pathogen population in soil which 
in turn can effectively decrease bacterial wilt 
incidence. In I)ianhai County of Guangdong 
Province the bacterial wilt incidence on ground
nut was reduced from 50-70 to 5% through a 
single rotation of groundnut with rice. If 
practicable flooding of diseased fields for 30 
days before sowing groundnut could also reduce 
bacterial wilt incidence markedly (II Wenrong 
et al. 1981; Li Wenrong and Tan Yujun 1984).
 
In uplands, rotation of groundnut with other
 
non-host crops such as sugarcane, maize,
 
sorghum, and wheat for 2-5 years substantially
 
reduces groundnut hact,!rial wilt.
 
Field management 

Greater application of organic fertilizer, 
improvement of groundnut growth, crop san
itati,min aihd remil hostsfields all of sisceptible weedhelp in the control of groundnut 

bacterial wilt. 

Chemical Control 
Since the early 1950s experinients on the use 

of 'hielicals in control of groundnut bacterial 
wilt have heen carried out in Guangdong,
Guangxi and Ilubei Provinces, but no chemical 
was folund to Ile effective. )uring 1973-1975, nine 
Iiacteriiicides weie tested. Of these, only 2
aliio-l ,3,.l-thiadiazole (C:,-,IN,S,) could reduce 
bacterial wilt disease incidence by 501% (Anon
197-1), Iut it use was prohibited b)ecause of 
toxicity to human beings. 
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Future Research Priorities 
In ,irder to control grotundnut I)acterial wilt 

more etfe(ctively and breed better resistant 
cultivars, a better understanding of both te 
dtisease and the host plant resistance is needed. 
A mire detailed knowledge of the distribution 
of grotittndiut lia'telial wilt in China should be 
Is(d (in a o(re con preh(ensive disease survey. 
F'urtlhr resvarch eIforts are also needed oin the 
charct'tristics of !). sohm i acrum strains 
affc(cting griundnut and their differences in 
pathoginicity, Iitd the intencof'thel athogtn 
onl the iorgili and evolution of host plant 
resistainc'. It is necessary to make some 
)re'pairaition, for those arias where griondtliiut 

bacterial wilt is not an impoirtant problem today 
Iut might bi'ome im[)tortant ini th future. 

W..ih regard )thost resistancv, it is necessary 
to s'l' (ii litter resistant griundiut gerniplaIsn1 
imaterials, and this shoul bi (lie 11ndutct1(d111on 
intirni:itiinal basis. More genletic evaluation for 
bacterial wilt-resistance in grolundnlt is needed 
in r:hi'r to divise better strategies for the use 
of risistaic sources in breeding. The Chi-
nisill and ('mllinents f the resistance should 
be studied for the.y might be important in many 
ways. These goals and objectives will survl 
result in biter ' ntrol measures in the future. 
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A Review of Bacterial Wilt on Groundnut in
 
Guangdong Province, Peoples' Republic of China
 

Yeh Wei-Lin* 

Abstract 
Bacterial wilt of groundnut ( ''Md by Pseudonionn.s solancearum is severe and 

widespread in (Guangdong, an .i (I losses ranging from 15-20% are common in 
diseased fields. In general, rotation of groundnut with rice in lowland areas or 
in uplamd :areis equipped with an irrigation system, or rotation with a non-host 
coul)ed with th e use of resistant groundnut cultivrs and the use of herbicides 
in irrigated areas, are important and effective means of reducing disease incidence 
in infested soils. Although the epidemiology of the diseaise in Guangdong is similar 
to that in tither tropical countries, the climate and cropping systems are more 
complex. In recent years, plant breeders haive produced some new high yielding
and giood quality lines mid cultivars with high resistance to bacterial wilt and 
oJth er (iseses. The parents of these new lines and cultivars were obtained from 
exotic sources with high levIy! resistance to wilt and other diseases. It seems that 
some exotic sources of' wilt resistance, especially wild A rchis species, provide a 
useful gen ipool fol ' rihilling with resistance genes tii foliar diseases in 
(Guaniigdtng. 

Gtl,\Nm;I) Nh; province in the southern part of Field observations and the experience of 
China is a principal groundnut production area farmers have shown that soil type and fertilizer 
located in the subtropics, with warm temper- use have a profound affect on disease incidence. 
atures and high I)recipitation dturing the period Thediseaseisclearlymoreseverein poorquality
of vegetative plant growth. Bacterial wilt caused sandy soils or in fine sand than in sticky clay
by P. sola mc'arun is one of the important or sandy loam soils, and lesser in extent on
diseases of groundnut. It is widespread and fertile loam or alluvial loam soils. Poor quality 
severe throughout the )rovince. Yield losses in soils continuously fertilized with organic
fields affected by the disease are commonly in manure have a lower incidence of wilt than
the range of 15 to 25%.'The disease is more severe those receiving chemical fertilizers. 
in irrigated uplands, low tablelands and on the 
sandy river banks upstream, than on plains or In general, a soil pH of .0 to 6.8 is favourable
river delta regions in all districts. In general, for the pathogen. Some preliminary observa
diseased fields are widespread in the main tions suggest that alkaline soils may be
groundnut producing areas of Zhangjiang, and suppressive. A purple soil with a pH ranging
,iangmen districts and to a lesser extent in from 8 to more than 9, widely distributed in 
Shaoguang, Zhaoging, Foslhmn, tluizhoua and of Nanxiong county andthe north in Scian
Shantou. county, is continuously cropped with groundnut 

Epidemiology and tobacco, another host of bacterial wilt, and 
yet the incidence of wilt is low and usually less 

Department oif Groundnut, Industrial Crops than 3%. Tobacco isolates were shown in crossResearch Institute, Guangdong Academy of inoculation experiments to be capable of
Agricultural Sciences, Wushan, 5106,10, producing a wilt in groundnut. In tests on pottedGuangzhou, Guangdong, Peoples' Republic of plants with soil pH adjusted to 8.2 and 9.0, theChini incidence of bacterial wilt was 5 and 0% 

respectively. 
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Field observtions suggest that flood diseased fields, resulting in a reduction in 
irrigation. r (ultivation (of rice paddy for one* disease incidence from ,15-60", to less than 8%. 
or two seasons followed Iy groundn ut, is Even greater control may he anticipated if non
efet't.iv,, in redu'ing wilt to less than : and I"',,host crops are used in rotation with resistant 
resp'e'tivi'lv. I owvveer. the wilt incidence co(uld 
he as high as 15-2(0; in fields which are irrigate(d 
during th(. period of veg('tativ' plant growth, 
or under riin(v co(litijons vell where groundmt 
is rotated with non-hosts for 2-: vea's. Soils of, 
low moistur(e ('ontent t('tl(I to give a somewhat 
lower iO'it(,li' , wilt. Similarly, wilt incidence 
is higher in spring crops thal in the autumn 
cropi, proiallv because there is less rain at that 
tiime mi( soil moisture' is also reduced drying(y 
Wil(fs. IIOI'IfUlitiori ('Xj)o'iimivilts in the field tenl 
to clifirIll this oisi'rvntitil 00 the (effec't of soil 
mtoisturIII. 'I'' diseas (' r'dilv reproducedile .was 
in sI'is with 00isttulr,. ('oi(ltIlt of,( 6''", of 
witerhldilig ('a vhl(erasi inoctlationslpa'it v, 
sOIt iill1s fiihd, in soils of low mois'ure 
c'ojitot. 'l'hese otiservnitions show clearly that 
flo i irrigation and r'efited 'ultural practices 
C'Ial gnraitlv i'd(ucet, diseas inciden(c(' through 
red'uction i1l s)il pllpulaltions (f theI pathog'n. 
wfi.I'e is.I ntrast, high soil tmoisture c('totent 
'oltriilto's to dise'as(e dis)ersal indtl iultipli('a-
tion. amd dliseaIse, tends to I)e limited by soils 
of tow tlloistire, (content. 

W1:1t is tIle role ofl ateuIat' hosts and of fl i-

hosts ill dis('ase cl)idvIeli~i((fgy' * h,' ilaill 
aiftell'init hosts to groulditll in (itll ng((ong l' 
Itomil, , eggllinilut. tiliti, ti(l)iid''( .ind 
ia lleflicill (il . (asuarinacl).rolgaslicht, ru 
vqll zsi/ldia is bell slwll to li' stis('eptil)(' 
to ]('t;il isijbit's hy br ich llll(ture'' iiliit'l~ition 
aiiid IY soiking s('('dllinlgs in a ba'terial 
suispinsion. 'Tl' llost iimportantilte rnieai(' i( 
hiist is .. Ai,'rali, con*yiUd'swhitch Tl ii''-;i(1n-
Il shIo)ws S\Ol lllios (I Wilt in1gr'oui dltit fields, 

is widev ilist iitted (.veI ill P0i" Iquailiy 'ili(' 
si;ls il walste fmiif. ind call sirvive iiand (Iv(''-
wiilteir ill wet fhindfs. Isolates fi'oi we(ds ill 
gi',lu(oiltiit fields we showl tl produce 
svillllsflls ,ll iiu'lfatiol Ito grotildltit, tlltil 

idof pjltti but nuit ohico. Ihowever. a tollhiccii 
isoh e frotii Nailxioilg uiilY w;s shown to 
iilfect grollilli. 't'l mist ill tiant lll-host 
crops ili g iilIllil (ii't uli\it nii :iil'1s are rie'i', 
i'in. wleiat. s(,Iugtim. siilgi'(,iil'. sweet oiitit(o, 
s lifiian. hLifck iluill, lunillg bliulil ill aI.i.s 

(Ifl.'ligrls. IHii'(e is a lillir'( iimllti'ntuii ilii-lost 
f'r ise' il 'i) I'(titiols t lilii ivlain crops. 

i're('(it Y(eirs tll(' wiltresistalit cultivurs 'i 
vou 92 ald Y'ie-you :5i) have Illti latitd ill 

cultivars. 
Seed transmission is another possile factor 

in disease (pidetmiology. Ilowever, during 1959
19i many thousands of seeds from wilted 
plants were sown in sterilisvd soil, without any 
showing symptoms of wilt. These o)servations 
Provide nio evidence in sup)ort of the occurrence 
of' sed transmission. Freshly voided manure 
from oxen fed on diseased plants used as a 
fertilizer ap)parently can serve' as a source of 
illfction. hnderground insects and nematodes 
caus( root injury in(d may contrihute to disease 
disp'rsal. 
Sources of Resistance and Breeding 

of Resistant Cultivars 
l'or the purpose of obtaining isolates of high 

and staile virutence for use in resistance 
screening, I4 selected isolates from different 
ho(',Itions in Guangdong and three from other 
lrovinctes, were tested on 12 groundnut cultivars 
in order to demonstrate differences in pathoge
nicity. The results clearly identified three 
isolates, oif which two we're from Guangdong 
and one from Shandong, with high and stable 
virulence. I lowever, the race and hiovar of these 
isolates was not determined. 

'The first Streening of wilt resistant ground
(hits was lidl' in the I950ts with continuation 
ill the early 1970s. 't'h( results showed that 
inong tile wilt resistint plants 25 were of the 

runneir type, four were of' Spanish type and one 
wais of' Virginia type. Runner types are more 
(liseis(, re'sistant thlan other types, which has 
Ibein ii Infii'ned ly field ollservations. 

Screening fir resistance ti the systemic wilt 
and ma1jor fliar (iseas( pithogens was begun 
in 197 with the intrtductiin if'numleriis exotic 
germiplasn sources from Wl,RISAT and the 
USI)A, tost of' which originated in Latin 
Aierica. Testing for resistance to foliardiseases 
Was eithei' carried itit in tlh( field under natural 
disease pressure or in the glasshouse, and 
s(ci(einiig for resist:'e to licterial wilt in the 
field hy stetm puncture inoculation, or in the 
gtasshotise I) immersiin of seed in a hacterial 
stisp)('lsiin oir trinslantition of' seedlings into 

infestdil soil. The results if' the screening (If 
selected cultivars and species for re'sistance to 
bacteriali wilt and foiliri diseases may be 
sUmllirisv'd as folliws. Screening of selected 
lines frim eiixoti' interspeific hybrids showed 
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rable 1. Reacti in of some groundnut genotypes to wilt and foliar diseases in Guangdong. 
Identity Wilt )isease Reaction Botanical Country

Incidence B.W.* Rust LS* Type of Origin 
NCAc 17127 5.0 I R MR i Valencia Peru
 
P1 3935311 IH I.t MR

P1:1936.11 7.6 It R..
 
N(;Ac 1712.1 7.:1 R MR MR
IC( 1073 0 it R S Runner Brazil 
TC( 53.16 O.A It MR S .... 
NCAc 17129 3.7 I MR MR Valencia Peru 
NCAc 171310 3.0 I MR MR .... 
PI 41,1332 I11.4 I MR S Virginia Honduras
P1 19:528.11 1., I MR S " Peru
N(*Ar 171.12 21.A MR H MR Valencia 
PI :190595 32.9 MR i ..
PI .107.15-1 32.9 MR MR S Ecuador
RMI'91 * 85.7 S S MR Virginia Upper Volta 
RMP12* 66.7 S S MR .. 
Roit 33-1I 93.8 S S S Ghana
Schwarz 21 3.6 R S S Spanish Indonesia 
71T" 1.2 R S S 
8632'*" 6.7 Ht S S 
417"* 2.5 R S S 

(ajah 21.5 MR S S 
Macan 27.7 MR S S 
Kidang 28. MR S S .. 
Bentang 39.8 MR S S 
* B.W. bacterial wilt, 1I..S late heafspot, ** Schwarz 21 derivative, ***Rosette resistant 

that CS 30 and CS 7 possessed both bacterial 
wilt resistance an( either resistance or moderate 
resistance to foliar diseases. Furthermore, 
screening of cultivated species showed that 
germl)lasm with these levels of resistance 
generally originated in Latin America (Table 
1). Germplasm originating in Indonesia with 
resistance or moderate resistance to bacterial 
wilt was susceptible to rust and late leaf spot. 
It was also of interest that germplasm incor-
porating resistance to Witches Broom and 
rosette virus, and some sources with resistance 
to Aspergillus flams were susceptible to 
bacterial wilt. 

In addition, some species of four sections 
representing some wild Arachis species were 
screened in the glasshouse for resistance to 
bacterial wilt and foliar diseases. The results 
showed that representative entries in all 
sections possessed immunity to rust and high 
levels of resistance to bactrial wilt and leaf 
spots. It is of interest that monticola species of 
series Amphiploides in the Arachis section was 
identified as wilt and foliar disease susceptible, 
whereas stenosperna species of the Perennue 
series of the Arachissection combined high wilt 
and foliar disease resistance with high protein 

content in each of the three accessions exam
ned. It was concluded that wild Arachis species 

ie p t iaso c es t h wi l r eistances 
are potential sources of high level resistance to 
both bacterial wilt and foliar diseases. They 
greatly enhance the available gene pool in 
groundnut for purposes of breeding resistant 
uirs (l'ahle 2). 

In order to solve the problem of bacterial wilt 
disease and foliar diseases on irrigated land, 
the first attempts at breeding wilt resistant 
cultivars were made in the late 1960's. Two 
moderately resistant cultivars, Yie-you 589 and 
Suii-tien were identified in the early 1970's. Later 
an exotic source of wilt resistance was crossed 
with a local cultivar, and as a result two more 
resistant cultivars, Yie-you 92 and Yieyou 256, 
were released. More recently Yie-you 92 was 
included in quantitative tests at different 
localities in diseased fields in southern China. 
The results show conclusively that Yie-you 92 
maintains its resistance to bacterial wilt with 
greater pod yield, and that this cultivar is 
suitable for cultivation in diseased fields. At the 
same time an exotic runner type was crossed 
with a local cultivar, and a cultivar combining 
bactrial wilt resistance with moderate resist
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Table 2.Reaction of wild Arachis species to four groundnut diseases in Guangdong 

Section Species ICG/iI No. Disease Reaction
 
Rust ELS* LLS* I.W.'
 

Arachis batizocmi 8124 R/I lilR IIlR R/MS

luranensis 8123 flR fIR N** N** 

sJ)(gazzinii 8139(1, HR R N N 
correntina I It I i R N 
stenoslurina 8126 1itR HR N N 

8 137 HR H R N N 
8125 HR lR N N 

cardenasii 8216 1 fHiR N N 
chacoense 198:I 1 N N N 
villosa-1 PI210555 I R R N 
villosa.2 I'I210555 liR R R R 
rnon ticla 8135 S S S S

819S S S S S 
Erilctoides appressipila 8129 1 filR N N 

rigonii 8186 I IHR N N 
Ara'his ij). 8128 I itR R R 

Triseininaha, pusilla 8131 1 R R N 
1'l298628 fiR R iR N 
PI 3:11189 liR R flR N 

Rhizot:it-sa. glabratta 8178 1 HR N
" 
 8925 1 litR N N 

Arachis sl). 816( I lIR I. N 
II LK I he5(5-6() 
,%rachis sp. PI 338297 I liR N N 

EIS .arYhval spot. I,IoS late Ialfspot, B.W. :Bacterial wilt, ** N No sporulation or no syiptom 

an(' t rust was released. I however, quantitative success has been only partial in combining this 
tests showd(, that this (ultivar was unstable in resistance with resistance to rust, partly because 
yield in different seasons and also showed of the low yield character of the exotic parents
undesirable runner traits. This l)rol)lem was providing rust resistance. Nevertheless two 
overcome 1)y l)ack crossing, and a new cultivar institutions in Guangdong have released three 
comblining )a(terial wilt resistanc('( with high high yielding cultivars with rust resistance 
yield has been ol)taid and is being evaluated derived from exotic parents by the composite
in ditfbecnt localities, with encouraging results cross method. The rust reaction was identified 
il irelinlinarY tests, as moderate resistance. Preliminary test results 

Progress in iml)roving the range of sources have b,'en enco)uraging.
of bacterial wilt resistance has been good, but 
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Present Status of Groundnut Bacterial Wilt Research 
in Sri Lanka 

K.W. Jayasena* and R.H.S. Rajapaksa** 

Abstract 
A severe wihtdis.as, offgroundnut iCV. Hid Splmish) in fields at the Regional

Agriculturii l'search Station, "\ngtinaklapelessa, Sri Linka, was st wn to be 
('lilsid 1),' P 1,1idoIi (iS silf(Iaci'ouruijii I)iiivar 3. Most oi'the grotindnut 
lIa's cultivairs tested fromi( 'WISATwerv resistant to ba'terial wilt. 

(ROli-NNt 'T (Ar,.shi. pogneii) is Itllill)
 
grown inthe (h'y zone of Sri L.anka with an r'oot:
show brown discolouration inthe vascular 
annual rainfall of 125) min to41875 mm and svsten. 
isused f'(l ('onf('('tiOlltry). 'lFable 2: Response of different host plants tofocal ('onsuml)tion 

At l)r'setnt S O)N) ht art, ing (ultivatd. litth, inoculation of I(teria isolated from
 
1985 86 Mahi se son (Septemlrto lebruary), groundnut
 
we iil)served a,h'Vw gailun(lnut (cv.Red Splanish) Host 
 Reaction (Symptoms) 
plants wilted fincidence less than 2'",) 1.1-21 days afteri fields 
at the Riegional AgriCulttrltl HVsltr'Ch Station, inoculation 
Angtinaklapelssa. In the subsequent Mala Gruniltw(' lved 
setisii (I9, 7. the was .10-.15 in Spanish,NS incidetici' 
the samt,fiiId. This untsuiallv high oc'urrence. (.v 'l.o'alcT'l'omato 

leadi us to exaimine, the wilted plants, tio identify 'l'i bacco cv Whiti' Burley
the catiustl pathogen and (et(rmine the variettl Egg planl iv .laffna 
sus('i'lti hility, l. rpi' 

l)isease Symlptoms Peppr NI 1-2 
iontrol (distilled water)-
The. leatve~s fii,,','idl, IhWilting
lii'('it' fbhvc l~y oif' lants tohisvedl .1i-6days after 

drooping ;in(lwilting; finallv the.plants die off. 
Thin sectits tatken thriugh infected stetns and niuuhtiii. 

Tahle I: Ilac'tcrial colony altlicarance oil differ- Identification of the Causal Agent
cil artificial mcdia (after .I h.at :10 (1) lsolation f'rom the inf.ected roots and stems 

ral
M(diti' (tinlt ('iinsist('ntly pIroduc'Cd crea(tn colourcd rounded 
Charaicterisi ics cohoits (in suo('se Ieptte agar (SI A) (Table 

Triphnvl ttrazilium "luidal whit coloni . I).Isolates from groundnut were able to produce
.hlin(I ' )'d'.W with light pink center acid frni1 lactose, mal tose',('(llolios(,, mannitol,


Sucroso' I',.ptim. ,Agar 'ream cihir('il round sorbitol and dul(citol; after four days at 30°C
(SAi" ii,,hniois nitrite and gas were l)r(duced ftom nitrate.Ring's N ihidinm ' non\Vhiti' fluid ail -AgK .i 
 cl,,nl
tlit, ,ri,.san tIathogeni('city test was l)erf(,ied by stem pinprick inocuilation of fhreeweek-old 

+' seedlings
KI'lmn; In11 Ivw'd 19I)O + Kl+ing vl I.t5.1 using a 48 h culture theif bactetrium grown 
* Regional Agricultural Research Station, <onSIPA wilt weremedit im. The symtptonis 


Angunakolap(hssa, Sri Lanka 
 ohserved 4-6 clays after inoculation on ground-
Faculty cofAgriculture, University of nut and 14-21 days after intoc'ulation (n pepper,
Ruhuna, Mapalana, Kamburupitiya, Sri tobaccuo, toillato and egg plants (Table 2). These
Lanka tests indicate that the causal organism of 
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groundnut wilt is Pseudomonas solanacearum are presented in Table 3. Most of the !ineq tested 
biovar 3. showed resistance to bacterial wilt disease. 
Table 3: Incidence of wilt caused fly 1'. solana- Virginia; type cv. Red Spanish was the most 
e(r,,rm on introduced lines and cultivars f ora susceptible variety followed by No. ,15 and 

ICRIISAT 28(0 20. 
Entries Wilt intensity (!) References 
R( F.1 )II ;j 21. 2.. 2 1, ,1, :U1 I I layiwal.t , A.( 19i0J. A meltho d l'mr characterising) 

:.1.3n. ii I?.17; l I 211 j'S,,d,,i ud .s su1c(,1'er mln. lndon, IM;,I1. I:;. 7. o Nature, 
I( ; 16.I1 '. s7i . I I ( C), 105--1. . 
Ri;bul :;; I mnd NC AC 17096;. Kelman, A. 195.1. The relatiliship ,,f pathogenicity 
I('(; ) Iii. 2?: I (; 7,,- llsivudonlmn s r011I c Vi0 sol/o nona'nc t) olm l)l)ear
1('( ; (I' )lH . .J1. 2.1 nin10ln : tp.traozliiiin Itiliui. P'hytopatholohgy, -14,
N ,, 1.,. *2,,) '2(l .110 (03-65.t!. 
Ivd.,lipmlish !) 

King. E.O)., Ward, M.K. and lanev. I).E. 195-1. Two 
simpln media for tie demonstration o' pyocyalnin 

Scr ening for Resistance anI fluoresein. .Journal of Iahratory and Clinical 

;r(, lu ut lines cultivtars received from Medicine. I, :01-307 

I('I{ISAT wre evaluated for resistance to 
bacterial wilt disease in the glhasshouse. Res;ults 
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Status of Bacterial Wilt on Groundnut in Uganda 

Asinasi Fina Opio* and C.M. Busolo-Bulafu** 

Abstract 
Bacterial wilt of groundnut was first reported in Uganda in 19:38 at Bukalasa

farm and severe losses have heen reported in some localities in tile Lake Crescent 
area. Some introdued groundnut entries show a high level of resistance to the
disease. A germplasm collection has been made from within Uganda for screening
and for subsequent hybridisation work. There is also a nevd for a more extensive 
disease survey in d for investigation of the nide of transmission of the disease 
on groundnuts. 

Gu(n NiNI 1' (Arachiis hypoga'a) is the second 
most important pulse crop in Uganda, after 
beans. It is cultivated mainly in the Eastern 
and some parts of' the Western regions of the 
country. Thw cro) serves as an impor, int cheap 
source of protein, and is also being emphasised 
as one o! the crops for export in barter trade. 

Bacterial wilt caused by Pseudonoras 
solanac(arutn is one of the important diseases 
of groundnut in Uganda. Other important 
diseases are the rosette viruses, early leaf spot 
(Crcospora arachidicola) and late leaf spot
(Cercosporidium personatum) (Simbwa-
Bunnya 1972). 

Wilt of groundnut was first diagnosed and 
recorded in Uganda in 19:38 by Hansford 
(Uganda l)epartment of Agriculture files) at 
Bukalasa farm. At the time, the disease caused 
10% loss (If the cri). Bukalasa farm is '18 
kilometres north If Kampala. 

In 196:3 an outbreak occurred at the same 
farm, causing molre than 10 percent loss of cro)
(Simbwa-Bunnya 1972). In 1968, 80% of the 
groundnuts grown at Kawanda were infected 
by wilt, and in 1976 the disease resulted in 2, 
loss of the grotinidnutS which had been gro. a 
at Kabanyolo University farm. 

,, ---,Kawanda Research Station, .O. Box 706, 

** Namulonge Research Station, P'.O. Box 708.1,
Kampala, Uganda 

Research work on this disease in Uganda has 
mainly emphasised screening for resistance to 
the disease. The Principal of Bukalasa Agricul
tural College initiated a screening trial at 
Bukalasa farm in 1964. The results of the trial 
indicated that four numbered Indonesian 
varieties were highly resistant to the disease. 
In 1969 and 1970 Sirnbwa-Bunnya (1972)
screened 23 groundnut varieties for resistance 
to P. solanacearuin under field conditions at 
Bukalasa farm and Kawanda Research Station. 
H' found that one entry from Brazil and the 
United States )epartment of Agriculture 
accessions PI 341884, PI 341885 and PI 341886 
were highly resistant to the disease, while local 
commercial varieties Roxo and Red Beauty were 
susceptible. It was suggested by Simbwa-
Bunnya (1972) that commercially acceptable 
varieties resistant to bacterial wilt at Kawanda 
and Bukalasa be developed from the varieties 
scree:ed. Some crosses were made in 1974 
between the Brazilian entry and )oth Roxo and 
Red Beauty. From these crosses, several 
resistant lines were developed by single plant
selections and family selections. These lines 
were evaluated at Kawanda between 1979-1981 
(Kayiwa-Male 1981). 

At the same time, screening work continued 
at Kawanda with addition of thirty introduc
tions from ICRISAT (Kayiwa-Male 1981).Nineteen of the ICRISAT lines showed resist
ance but these lines, together with the crosses 
and all the breeding material, were lost because 
of the problems at the station between 1982
1986. Breeding work was reactivated at Namu
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longe Research Station in 1987. A germplasm 
colle(ti(,n has now been made from within the 
country for screening and for subsequent 
hybridisation work. 

iotype identification has also hten (lone in 
some parts of the coun -y. Biotype 3 and 4 have|le(Ii i(,ntifie(l affecting groundInuts in the lilke~Rfrne
(beentpar(,iit coury is eof t inx, Like 

C rescent part if the country (ayakey 1 ; Opio 
988; SimbwaliunInya 1972). 
The distribution of bacterial wilt on ground-

nut in Uganda is not known since no survey 
has Ibeen done.The disease hi 1een reported 
from thlie ILak e (rescen tarea il Uganda (akey 
1963: ()pio 1988; Simbwa-Hun nya 1972). Obser-
vations and reports have been received from 
farmers' fields and (on all the research stations 
in this area. 

There is therefore need to carry out an 
extersive survey to determine the distribution 
of tne disease and the extent to which farmers' 

varieties are affected. Breeding for resistance 
to the disease needs to be emphasised. In 
addition, the mode of disease transmission 
needs to be investigated on groundnuts in 
Uganda. 
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The Influence of Temperature Regime on the 
Interaction of Some Isolates of 

Pseudomonas solanacearum with Peanut 
(Arachis hypogaea L.) 

Siti Subandiyah* and A.C. Hayward** 

INi.H TIVi'y titration was used to Study the, 
influence of' temperature reginle on the inter-
action of somlie isolates of As, udomonas, so/a-
naceartimwith groundnut cv. ('h,o.Six isolates 
of hiovar :i and one isolate of,fili(r'int hiovar 
2 originating from dit'(rennt host plants anld 
difTerent areas ill Northern Territory (N), 
Queenshid (( ld), and New South Wales (NSW), 
Austr;li~i, were test(,(l.

lWe * W Sil5 
d istihniuwmterwas ,tine i teno 

distilled waIter at ai Thn(-tratii n linging from 
1(h30 
seellings were in)oulnted at the third leaf axil 
from the i) usigll. sterile miliCroti)s (',11tainiig 
20 A I of' in(oelum hii efo;lh se(ling. The 
inoculated seedlings werein{)ved intow'(ntrolhed
envirinnlentail glisshouses with day, night
temlperaituresif 233 15,25 2(,3) 25,or85 0'(. 
'lh, experimtents were dine twice, once in 
S11111 "11(1 idonc/ ill winter. 

All iif the isolates were able to infect ground-
nut and caused pronounced symptoms at tile 

* 	 Faculty of Agriculture, Gadjiah Mada Univer
sity, Sekip Unit I, Yogykara, Indonesia 

** 	 Dept. of Microbiology, University of Queens
land .1072, Australia 

156 

tem)erature regimes of' :3, 25 and 35,30'C. At 
the ten)erature regines of 20./'15 and 25/20C 
the symlptoms were slight. 'l'he isolate 0732 
(lomato, NT) ind isolate 01017S (Solanuum 
nigrum, NSW ('aused symptoms only at :30/25 
and 35 30 C, while the other isolates could 
produce syMIf)tols It all the temperature 
regiies. Ia*Ah isolate hehaved significantly 
differently when the regimes of 20/15 or 

20"(.' were compared with 30/ 25 or 35/30C.
Most of the isolates did not hehave significantly
differently when the temperature regime of 

2' w s o mared with 35" 0" ex 'et isolate 
'0howwver, all of thie isolates develped better 

it 3'). 3(0 C. I)isease progress clrves showed 

th it ill isolates Cause(l less severe snptoms 
in winter than in summer. I ligh temperature
reginies sulpportedl the development of all
isolates lnground mlit but only isolates 0171 
(Solanum im'/ongtna, Qld), 0234 (Pultenaea 

/ilSl , OlId), 0190 A'anthium pung.,ens Qld), 001 
Tomato, Old), and 0369A (Tomato, NSW) could 
infect groundnut at a low temperature regrime. 



Seed Infection and Transmission of
 
Pseudomonas solanacearum on Groundnut
 

Muhammad Machmud* and Keith J. Middleton** 

EWIi,' Inudrlon.sian groundnot cultiv;ars with from th, inf'ect,,d planLs were also grown in 
varyinrg hegr,,,s of resistilrci, Itlhraterial will sterile soil to d(et:mii e th(, preps(nc'e of wilted 
were grown ;it ('ikeu.kIh Ex rimentvital Farm, plant.b originating from the inf.cted seecs. 
a ,ih,known t be heavily int'ested with S rile'th, harvested Iords frorm the inifectede 
ilhdgina. Jllint. wretwilterdMno\ indkillid plants showed discolouration of the shells andpat aige arlY flaggrowh. whilte ny olthl o tins rot, while others looke(d healthy.w-itlh waelir lat rr l'ogwly inf (ed ry thes )iscohluration was also found on the seedcoat, 

hmirrhariuin rouldl sirvivi ai(n pridlui se"(, (otvledorn, and rarely oin til eliryo. lBad;lcrial 
all houirghf they were wiltel. S eds were harvestd colonies wer( isolated fron the (lifferent parLs 
fi'rr plants all Irouight to the, if th( infeted Seedlings grovni fromlli he wilted seed(s. 
l;ihlratriy for forlthir tests. ( )hrservaior s blarsed sdeIrs of inrf.cted plalnts showed wilting within 
o) syihll.olls or ahlrriililiis were Inde noll 2-1 weeks after sowing with intensities ranging 
the s vls.Tllpreisic of the I)Ii(triiinll on or iron r tor 5, 'This result provided further 
in tli srrls was deterininedl tiriugh isolatio n evi(len(C that 1'. solaurztrrum was able tx)be 
on rither SPA rr 'rZ( nedium. Samples rf seeds transmitted through groundnut seeds. 

BoIIgor IeweanrI Institute for Food Crops, 
JI Ciinranggu:IA, Biogor 16111 , Indonesii 

QI)I, .J Bjelke-iPeters'un Rirtiirech Station, 
Kingaroy, Q 16110, Australia 
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