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Abstract

“The usc of bacterial wilt-resistant groundnut cultivars is an effective and practical way of reducing yield
Tosses (rom the discase. Many sources of resistance have been reported from the People’s Republic of
China, Indonesia, and Uganda where bacterial wilt is a scrious problem. Much pragress has been made in
the development of scveral wilt-resistant cultivars in China and Indonesia. Several of thesc cullivars arc
now widcly grown in various parts of Indoncsia (¢.g. Gajah, Pelanduk, Tupai) and south and central China
(c.g. C1Hua 5, LuHua 3, Vue You 92, Gmynu ’3 Lhung Hua 2), and have had much impact in reducing
yield losses in wilt-affected arcas, The ian cultivars Schwarz 21 and Gajah
continues 10 be uscful even after several decades of |hcw cultivation. However, recent studies in China
have highli the existence of n the wilt pathogen, Pseudomonas solanacearum.
This necessitates more critical genctic evaluation of w.h -resistance to clu:-daxc host-pathogen interac-
tions. Future research i bility and durability of i , as well as i of resistance
to other yield reducing diseases, arc indicated. Crop rofation with feasible non-host crops (c.g. rice and
maize) is also a useful means of reducing the discase levels in huinid :mp.ul arcas. An integrated
approach to discase involving wil cultivars,

P and crop

sanitation, is emphasiscd.

BAcCTERIAL wilt (BW) of groundnut (Arachis hypogaea
L.) occurs in scveral countrics of southern Asia,
Southcast Asia, Africa, and North Amcrica, but it is
cconomically important in only the People’s Republic
of China, Indoncsia and Uganda (Hayward 1990; He
1990; Machmud 1986; Mchan ct al. 1986; Simbwa-
Bunnya 1972). The discasc has recently been reported
as scvere in some groundnut-producing arcas, of
Victnam (Mchan ct al. 1991). In the People’s Republic
of China, the discasc is most scvere in central and
southcrn groundnut-producing arcas where more than
0.2 million hectares arc infested with the will
pathogen, Pseudomonas solanaccarum E.F. Smith,
and yicld losscs of 10-30% arc common (Liao ct al.
1990). However, within any region there are variations
in discase incidence and scverity attributable to soil
type, pathogen populations, cropping patterns, climatic
factors and groundnut cultivars. The persistence of the
pathogen in soil, and its wide host range, often limit the
cffectivencss  of cultural and chemical  control
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practices. Although rotation with non-host crops
provides cffective discase management, control of BW
of groundnut has been achicved mainly with resistant
cultivars. In this review paper we provide information
on sources of resistance to the disease and examine how
these sources arc being utilised in the breeding of
resistant cultivars. Resistant cultivars and cultural
control measures are considered for usc in integrated
discase management systems.

Host Plant Resistance

Sources of resistance

Attempts to seleet wilt-resistant groundnut cultivars
werc first made in Indonesia in the 1920s. Most of the
cuhiv-.\rs sclected as BW-resistant, such as Hybrid No.
3, Katjan Tocban, and Purc Line 21, later showed high
mor\ahly of plants under scvcr»d-scasc pressure (Palm
1926). § . from an wilt
breeding program in Java, a highly resistant cultivar,
Schwarz 21, was developed by sclection from a wilt-
resistant groundnut line of unknown origin (Schwars
and Hanley 1950). Resistance in this culivar was




confirmed in several field and greenhouse screcning
tests (Jenkins et al, 1966; Machmud and Lasimin 1987;
Machmud and Middlcton 1988; Ych 1990). From
extensive screening of several hundred germplasm and
breeding lines in wilt-sick plots in Indonesia, several
Imcs with varying levels of rcmuncc to BW were

ificd (Machmud and Middl 1988, 1990;

Sharma and Sockamo 1992),

Various lines/cultivars resistant to P. solanaccarum
have also been reported from Mauritius, South Africa,
Uganda, the Uniled States, the Philippines and Sri
Lanka (Orian 1949; Sclischop 1947; Jenkins ct al.
1966; Simbwa-Bunnya 1972; Natural ct al. 1988;
Jayasena and Rajapaksa 1990). However, some of these
were susceptible in China (Sun ctal. 1981).

Many sources of resistance have been reported
from the People’s Republic of China where a sclection
and breeding program for wilt resistance was begun in
the late 1950s. Of over 500 germplasm lines screencd
in Guangdong Province in the carly 1960s, 30 wilt-
resistant lines were identified (Zhou and Liu 1962;
OCRI 1976). From cxtensive sereening of over 4000
germplasm accessions and breeding lines in the 1970s

pressure, pathogen virulence, environmental factors
and genetic background of the lines. Many of the
reported  sources of resistance  have only ficld
resistance to BW: they show substantial wilt incidence
in glasshouse screening tests. Only a few lincs have
been found resistant to BW in both licld and glasshouse
tests (Machmud and Middleton 1990).

Ficld screening under high discase pressure is useful
for identifying sources of resistance. In most cases,
glasshousc tests and discase ratings in the ficld do not
correlate well. In gencral, certain  inoculation
techniques (c.g. hypodermic syninge inoculation) used
in the glasshouse give high levels of wilt in most

s (Machmud and Middieton 19905, It is
nolcwonhy that several accessions of Schwarz 21
(ICG 1609, ICG 5313, and ICG 8666) glasshousc
tested in Bogor, Indonesia, showed susceptibility (over
60% wilt incidence) with this technigue, while this
cultivar has shown consistent resistance in many ficld
and glasshouse tests. These genotypic variations in
reactions 1o BW (in ficld and glasshouse tests) can be
attributed to pathogen virulence, inoculum pressure,
and inoculation  techniques.  Stem-inoculation

and 1980s, many additional sources of resistance were
identified (OCRI 1977; Xu et al. 1980; Wang ct al.
1983; Tan and Liao 1990; Duan and Li 1987; Duan et
al. 1991). These included Xickangging, Taishan
Sanlirou, Lukangking 1, Yue io 589, Huangchuan Zhili,
Tianjing Dou, Taishan Zhengzhu, and many lincs of
‘Chinese Dragon' type. Somc of these (Taishan
Zhengzhu, Yue io 589) were later shown to be suscep-
tible (Sun ctal. 1981). In the next decade, several other
cultivars (Xickongchung, Sucitian, Teishan Sanliyue,
and Huongzhuanzhili) were reported resistant (Sun ¢t
al. 1981).

Recently, several wilt-resistant cultivars with high
yicld and quality were released i China (Yeh 1990;
Liao et al. 1990). These cultivars are Lu Hua 3, El Hua
5. Zhong Hua 2, Yue You 92, Yue You 256, Guiyou 28,
and Jinyou 3121. The cultivars Ei Hua 5. Zhong Hua 2
and Yuc You 92 have shown stable wilt resistance in
multilocation tests carricd out in Huber Province,
China (Liso et al. 1990). These wilt-resistant lines/
cultivars have approximalely 90% plant survival
compared with below 10% survival in suseeptible
cultivars in infested fields.

Differential  discase reactions of some  lines/
cultivars have been noted in different locations. For
instance, the lines PI 414332 and NC Ac 17130, found
\'C\Is(.\ni in Chlm (Ych 1990), were susceptible 10
1 d and Midd 1988, 1990).
Some cultivars (Gajuh, Kidang, Macan, Banteng)
reported resistant in Indonesia were moderately
resistant in China (Yeh 1990). Likely causes of varia-
tions in wilt reactions of these lines include invculum

techniques often give higher discase levels thar root-.
inoculation techmigues. It is important to employ inocu-
lation techniques (in glasshouse screcning tests) that
simulale nawral ficld conditions, especially in terins of
infection route. Some studics have shown higher levels
of wilt-resistance in sclected progemes of Gajah and
several other wilt-resistant lines than in unselected bulk
of Gajuh and other fines (Shurma and Sockarno 1992)
This emphasiscs the need for maintaning 2 high level
of resistance in cullivars by proper selection and
maintenance of breeder seed through plant progeny
cvaluation, particularly under high disease pressure

Lines/eultivars resistant to BW are listed in Table |
A myjority of remstance sources belong 10 Arachis
Ivpogaca subsp. fastigiata. However, there are some
sources, such as Tianjin Dou, that beleng 1o suhsp.
hypogaea,

High levels of resistance to BW have also been
reported in several wild Aracius species (Yeh 1990},
These species are A. duranensis, A, spegazzini, A. corr-
entina, A. stenosperma, A, cardenasti, A. chacoense,
A villosa, A, appressipida. A, pusilia and A, glabrata.
These specics also have high levels of resistance or
immunity o rust, late leal” spot and carly leaf spot
pathog Some of the wilt-resistant lines/cultivars
POSSESS TeNistance to two or more pjor groundnut
diseases. For instance, some Peravian accessions (Pl
03641, PL3Y3S3, Ac 17127 NC Ac 17129 have
resistance 1o rustand fate leal spot Subrahmanyam et
al. 1980: Mchan ¢t al. 1986: Yeh 1990). Some interspe-
cific hybrid derivatives such as CS 7 and CS 30 possess
resistance to bacterial wilt and rust and late leaf spot




Table 1. Groundnut i

resistant to bacterial wilt.

Lincs/cultivars

Other identity*”
o

Schwarz 21

P1267771
P1341884

PI341885

P1341886

Rusa, Anoa

Tupai, Gaja

Kidang, Banteng, Pclanduk
ICGS(E)-61
F4924/1014
F4726/1014

Holland St. Runner
Bulundi

1ICGV 87206

1CGV 86606

EGPN 11

GH 3UNC Ac 17090-4B-10
1CGV-87160-BWR-1B
1ICGV-88275-BWR-B
1CGV-88278-BWR-B
Ah3 x NCAc 17090-BWR-2
Altika-BWR-2B
‘Taishan Sanlirou
Tianjing Dou
Xiekangqing
Huangchuan Zhigan
Xickongchung
Teishan Sanliyuc
Sucitian

Yue You22

Yue You 589

Yue You 320-14

Hai Hua

Lok-wou
Svi-man-tai-zong
Dingzixili

Jinake

Dunduzai

Liamzhou

Bairizai

Bayuchao
Yuebeizhong
Shuikouyazai
Qujiangdazhiaou
Yangjiangpudizhan
Yue You 92

Matjan

ICG 7502

P1476842
P1476834
P1476824
P1476825
PL445925
P[445926
ICG 11506
ICG 11508

1CG 11505
1ICG 11516
1ICG HIs12
1CG 11650

Indonesia

Surinam
Isracl

Isract
Isracl
Indonesia
Indonesia
Indonesia
India
Indonesia
Indonesia
Usa
Uganda
India
India
India
India
India
India
India
China
China
China
China
China
China
China
China
China
China
China
Ching
China
China
China
China
China
China
China
China
China
China
China

China

" Schwarz and Hantley (1950)

Winstead and Kelman (1952)
Jenkins et al. (1966)

Jenkins et al. (1966),
Simbwa-Bunnya (1972,
Simbwa-Bunnya (1972;
Anon, (1983, 1983),
Machmud (1986),

Wakman (1988

Machmud and Lasinin (1987,

Machmud and Middieton (1990,

Sharma and Sockarno (1992)

Zhou nd Lau (1962
Xuetal. (1930
Wang ctal. (1983)

Sunctal {1981,

Hammons and Porter (1982)°

Mixonctal. (1983)

Guang Rou Zheng (1984}

Lisoctal (1990



Table 1. (cont'd.) Groundnut lines/cultivars resistant to bacterial wilt,

Lines/cultivars

Other identity® o Country of origin Reference
Yue You 256 - China Yeh (1990)
NCAc17124 WCG 168(1CG 1702) Peru
NCAc 17127 WCG 173(ICG 1703) Peru
NCAc17129 ICG 1704 Peru
NCAc 17130 WCG 182(1CG 1705) Peru
P1393531 Tingo Maria (ICG 7893) Peru
P1393641 1CG 7894 Peru
P1393528-B - Peru
P1414332 Resistente Largo (ICG 7900) Ilonduras
1CG 1073 Rasteiro USA
1CG 5346 Rasteiro Brazil
7343,8632, 8647 - Indonesia
€§7,C830 - India
LuHua3 - China Lo etal. (1990,
ElHua$s - China
Jin You 3121 - China
Guiyou 28 - China GAAS (1987), Liao et al. (1990}
Zhong Hua2 - China Wang et al. (1990), Liso etai. (1990,
IPB PN 82:68-16 - Philippines  Natural et al. (1988)
IPB PN 82-68-174 - Philippines
1PB PN 82-70-67 - Philippines
1PB PN 82:70-27 - Philippines
IPBPN87-71-27 - Philippines
1CG (FDRS) 21,28, 29.30.31 Tndia Jayasena wnd Rajapaksa (1990)

1CG = ICRISAT Groundnut Number.
b_ = Not known,
D. McDonald (pers. comm.

(Yeh 1990). Schwarz 21 has resistance to BW, verti-
cillium wilt and pythium pod rot (Frank and Krikun
1969; Jenkins ct al. 1966).

Breeding for resistance to bacterial wilt

Breeding for wilt-resistance was first initiated in
Indoncsia, where bacterial wilt was the most important
groundnut discase. A highly resistant cultivar, Schwarz
21, was sclected from a local population of groundnut
in the carly 1920s. This cultivar was derived from wait-
resistant populations obtained from the Cheribon
region of Java, where the discase was especially severe
Schwarz 21 and its derivatives are grown predomi-
nantly in Java, and have made dnut cultivati

other crosses between Gajah and Kidang and intro-
ductions from Honduras and the USA fed to the devel-
opment of wilt-resistant cultivars Rusa, Anoa,
Pelanduk, Tupai and Tapir, and these were released in
1982-83 (Anon. 1983, 19845, Resistance in these
cultivars has been verified in several fizld and
house tests in Indonesia (Machmud ¢ Wak:
1988). Rccently, hybridisation of the improved
BW-resistant Indonesian cultivars with other acees-
sions has been achieved, with particular emphasis on
incorporation of resistance o rust and leal spots.
Emphasis on maintenance of wilt resistance has beea
a high prionty objective throughout the history of

possible in arcas where other cultivars previously
suffered heavy yield losses. In the 1950s, crosses
between Schwarz 21 and other introductions from
Japan, Isracl and the USA led to the development of
several wilt-resistant cultivars, viz. Gajah, Kidang,
Banteng, and Macan. These four wilt-resistant
cultivars were relcased in Indoncsia in 1952, Several

crop img n Indonesta. Genetie resistance to
bacterial wilt is essential, and selections are made in
wilt-sick plots. Itis noteworthy that resistance can be
cnhanced by selection under severe bactenal wilt
pressure in wilt-sick plots {Sharma and Sockarno
1992).

In the People’s Republic of China, breeding cefforts
m the 1960s led 1o the development of two moderately




resistant cultivars, Yoe You $59 and Suciticn. Later an
exolic souree of will revistance was crossed with a
local cultivar and several wilt-resistant cultivars,
including Yue You 92 and Yue You 256, were
developed. During the past 1S years, much attention
was given to breeding groundnuts for resistance to BW
in China. High yiclding wilt-resistant cultivars have
been released and have an important role in discase
control and increased groundnut production in arcas
infested with BW, These include Jinyou Guiyou 28, Lu
Hua 3, El Hua 5, and Zhong Hua 2 (GAAS 1987
ctal. 1990; Wang ctal. 1990). Of these, Lu Hua 3 is the
Tighest yielder in infested areas of southern China (He
1990),

Scveral will-resistant germplasm lines and cultivars
have been used as resistant parents (Teishan Sanliyue,
“Teishan Zhenzhu, Xickongchung, Tianjin Dou, Taishan
Sanlirou, Xickangging and Schwarz 21) in several wilt-
resistance breeding programs in China. Two wilt-
resistant lincs with good general combining ability,
)\mk-mgqmg and Talshan Sanlirou, have been used

as donors in will

brecding progrmm (Liao ct al. 1990). In recent yrm
biceding emphasis has been placed on combining BW-
resistance with resistances o rust and leal spot
discascs. In breeding for resistance to BW, some
parents with rust and late Ieaf spot resistance have been
used, and some breeding lines (Yue You 202, Yue You
266) with resistance 1o tust and BW have been
developed (Liao etal, 1990).

Wilt-resistant - groundnut  cultivars  released i
Indoncsia and China arc given in Table 2. Most of these
belong to the Spanish group.

Wilt-resistant cultivars have been developed in
lower latitudes, where seleclion pressures arc greatest.
This demonstrates a nced for exiensive cvaluation of
germplasm in low-latitude arcas for sources of bacterial
wilt resistance. However, the primary origin of
BW-resistant genotypes should be determined.

Genetics and mechanisms of resistance

Although the results from limited inheritance studics
{Liao ¢t al. 1986) involving Spanish groundnuls are
suggestive of partial dominance of resistance and the
involvement of three pairs of major genes and some
minor genes, they are not conclusive. More detailed
studics with dlﬁcrcm botanical types and strains or

h in¢ are required to
cluud.\lc the naturc of inheritance of BW resistance in
groundnut,

Little is known about the mechanisnis) of
resistance 1o BW. Resistance is probably manifested
mainly through host defence to discase development,
though there might be differences among cultivars in
their ability to resist invasion by 2. solunaccarum.

‘Table 2. Bacterial will-tesistant groundaul cultivars relcased
in Indonesia and China.

 Pedigree “Yearof
release
Schwarz 21 Selection from a wilt-resistant hine 1925
rom the Chenbon region of Java
{Indonesia)
Gajpah Schwarz 21 x Spanish 13.38 1952
Banteng  Schwarz. 21 « Spanish 1833 1952
Kidang Schwarz 21 x Small Japan 1952
Macan Schwarz 2| « Spamsh 18-38 Eyc 3 1952
Anoa Gajah x AH 223 (PI350050, 1952
Rusa Gayah < AH 223 (P13506%0) 182
Pelanduk  Gayah  Virgima Bunch Improscd 1953
Tapir Kidang x Virginia Bunch Improved 1933
Tupa US 26 % Kidang 1983
Yue You92 (Yue You 116 x Xickangqing) -

« Yue You 116
Yie Yot 256 (Yue You 116 « Xiekangging)
4 Yue You 110

Lubuad  Xuzhou 68-4 £ Xickangqing 1952
Jin You 3121 (Dalia « Linyu 1) x Kickangqing 1944
Guiyou 28 ‘Tashan Sanlirou x Yue You 551 1036
LIHuaS  Xickangging « Yue you 539 1985

ange Hhia 2 B3 Hua A 2 Taishan Sanhitou 1AA)

Some infected plants do not display wilung symptoms,
and partial wilting symptoms can be observed
resistant genotypes (Liao et al. 1990). The expression
of resistance may be influenced by the genetic
background of the host plant, inoculum level, virulence
of the pathogen and environmental factors.

Stability and durability of resistance

Although it has been suggested that the stability and
durability of genelic resistance 10 BW may be
questionable because of the possible genetic variability
of the wilt pathogen (Lum 1990), this 1s not borne out
by the continued resisance of cutuvars such as
Schwarz 21 and Gajah that arc extensively grown in
Indonesia. These cultivars were released to fanmers in
1925 and 1952, respectively. It is noteworthy that in
one of the wilt sick plots in the Hubes Provinee, Chinaa
resistant cullivar was successfully grown continuously
Tor nine years without losing 1L resistance.

There 1s litde information on the distribution and
variabihty of the wilt pathoger in farmers’ ficlds or on
the genetic composition of local culuvars. Some
studies ¢.g. Tan et al. 1991 have demonstrated the
cxistence of highly virulent stewas of pathotypes (Tuble
3) and, 1n the hight of these findings, it1s important
study stability of resistance through collaborative trals
at different discase “hot spots™ and in arcas where
different strains or pathotypes are suspected. A set of




Table 3, Reactions of groundnut isolates of Pseudomonas sol

lanacearum on some diagnostic groundnut cultivars®,

Cultivars Pathotypes of P solanacearum®

1 2 3 4 5 6 7
Xiekangqing R R R M M M S
Taishan Sanlirou R R M R M M N
Huangchuan Zhigan R M M M M M S
Lukangqing R M M M M M S
Fuhuasheng N N N S N M N
Ehua S S S S S M S

*Data froim Tan et al. (1991): R = Highly resistant (< 10% wilt incadence): M = Moderately resistant (10-50% wilt incadence); and § = Suscepibie

(>30% wiltincidence)

Thinty-six isolates from various parts of China were divided info seve
BW-resistance.

differentials should be included in these trials. Some
description of lhc strains of the pathogen to which
these  lines/cul arc  subjected is
important,

Durability of wilt-resistance should be ensured by
adopting appropriate breeding  strategics and by
bringing in new resistance genes from diverse sources
and wild specics.

Impact of wilt-resistant cultivars

Releases of wilt-resistant cultivars in Indonesia have
significantly reduced yicld losses in various parts of the
country where disease was a scrious problem. Two
carly bred resistant cultivars, Schwarz 21 and Gajah,
arc widely grown in Java where the discase previously
caused heavy yicld losses (25-45%) in susceptible
cultivars, Some wilt-resistant  cultivars  (Pelanduk,
Tupai) developed in the 1980s arc now becoming
popular with farmers, The discasc in farmers’ fields is
now sporadic because of the cultivation of improved
Indoncsian cultivars resistant to BW. Wilt-resi
high-yiclding cultivars play an important role in
discase control and increased groundnut production in
scveral provinces of China where BW is a production
constraint. El Hua § is grown in most of the bacterial-
wilt-affected areas, covering over 10000 ha, in central
China (Liao ct al. 1990). Zhong Hua 2, an carly
maturing wilt-resistant cultivar with wide adaptation, is
becoming popular with farmers in southern China. Yue
You 92, Lu Hua 3, Jinyou 3121 and Guiyou 28 arc
grown cxtensively in Guangdong, Guangxi, Fujian and
Shandong provinces. Some recently  developed
cultivars have multiple resistances to BW and rust and
are awaiting releasc in the near future. They are
cxpected 1o further increase groundnut production in
areas where both BW and foliar fungal discases are
serious,

n pathotypes based on their virulence fo six cultivars with different levels of

Cultural Measures

Rotation of groundnuts with non-host crops such as
rice, sugarcanc, maize and wheat is an effective means
of controlling BW of groundnut (Sun et al. 1981; He
1990). It is possible to minimisc and even achieve near
complete control of BW  following rotation of
groundnuts with paddy rice for 3-5 years (Wang et al.
1983; He 1990). Scveral groundnut-rice rotation
systems arc widely adopted in arrigated areas of
Guangdong, Fujian, Hubei and Shandong provinces of
China where the discase is a production constraint. In
Guangdong Province of China, rotation of groundnut
with sugarcanc for 2-3 years has been found effective
in reducing BW incidence from 60% to below 10%
(OCRI 1977). In the Hube: Province. rotation of
groundnuts with wheat 1s helpful in reducing wilt
incidence in uplands. In dnylands, rotation of
groundnuts with maize, sorghum and sugarcanc for
longer periods (4-5 years) is useful in containing the
discase, In such arcas intercropping of groundnuts und
masze can also be uscd as a means of r.uucmn wilt
incidence. | ping experiments in the Ph

showed that maize was the most cffective of several
intercrops in reducing BW discase incidence in
potatoes (Kloos ctal. 1987). Little is known as to how
these cropping systems affect the perpetuation and
survival of the BW pathogen.

Flooding of groundnut ficlds for 15-30 days before
planting clfectively reduces BW incidence (OCRI
1977; Lictal. 1981). ’

Some soil amendments such us S-H nuxture, urea
and mincral ash can be useful in reducing BW
incidence (Chang and Hsu [988. Sun and Huang 1985).
The S-H mixwre is very rich in calcium and silicon, and
caleium is Tikely to enhance host resistance to wilt,
Qther components of S-H mixture may stimulate soil
microbual activity nst the wilt pathogen. Further




research is required to clucidate mechanisms of BW
control following soil amendments.

Crop sanitation (c.g. burning of crop residucs and
removal of solanaccous weeds, and cleaning of lools
and machinery after operations in infested ficlds) help
reduce disease levels,

Concluding Remarks

The cultivation of wilt g cultivars is
highly uscful in effective management of bacterial
wilt, Over 60 germplasm lincs have been identified as
resistant to BW, and 20 wilt-resistant cultivars have
been developed, mainly in China and Indonesia, It is
imperative 10 broaden the genctic base of wilt-
resistance by using different parents with high levels of
stable resistance, including highly resistant wild
Arachis specics. International *bacterial wilt nurseries’
should be established to test slability of resistance and
pathogen variability. Since rust and leaf spot discases
are severe in many arcas where BW is a production
constraint, priority should be given to incorporating
resistances 1o bacterial will, rust and leaf spots into
high-yiclding cultivars adapted to specific environ-
ments, Further genetic cvaluation of BW-resistance,
involving scveral strains or pathotypes, is required to
devise strategies for cffective usc of sources of
resistance in breeding programs. Priority should be
given 1o testing of sclected resistant lines, including
diffcrentials, for their reaction to several strains or
pathotypes of the pathogen from differcnt regions of
the world. This work should be possible in a country
where  groundnut is  not  grown and  where
P. solanacearum is not a problem. It is necessary o
identify the most virulent strains so that they can be
uscd for screening in breeding programs. Rescarch
efforts are nceded to elucidute the mechanisms and
components of wilt-resistance. Some cultural practices
such as rotation with rice, maize or sugarcanc and crop
sanitation are cffective in containing the discase. In
irrigated areas or relatively high rainfall arcas of
southern Asia and Southeast Asia, crop rotation with
paddy rice is feasible and is cffective in reducing
discase levels. More information is needed on the
cffects of different cropping systems and rotations on
survival of P. solanacearum, and on the mechanisms
involved in decreasing or increasing populations of the
pathogen. Although sanitation practices arc helpful in
reducing discase levels, the impact of crop sanitation
practices, particularly management of crop residucs
and wecds, on the BW pathogen and the discasc needs
o be demonstrated. The soil solarisation approach to
will control should be investigated; this may prove
>ffective in humid tropical countries. Emphasis should
o placed on an integrated approach to buctenal wilt
zontrol. involving wilt-resistant cultivars, rotation with

non-host crops (rice, sugarcane or maize), and crop
sanitation.
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