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Abstract

The current status of research on bactenal W1lt of groundnut m ASia (speClflCally
m Chma and VIetnam) IS revIewed Particular emphasIs IS gIven to the avaIlable
dIsease management optlOns, and their packagmg and vahdatlOn m on-farm
partICipatory research at hot-spot 10catlOns m Chma and VIetnam
RecommendatlOns are made for further collaboratIve research With advanced
mstitutes to provIde trammg to sCIentIsts and techmcIans from Chma and
VIetnam m recent advances m serological and molecular techmques for
IdentIflCatIon and dlfferentiatlOn of races, blOvars, and strams of the W1lt
pathogen, Burkholdena solanacearum RecommendatlOns are also made for
further collaborative research, and the need to mterest potentIal donors m
promotmg the Groundnut Bactenal Wilt Workmg Group's actIVItIes The
pubhcatlOn mcludes papers descnbmg the status of the dIsease m Chma and
VIetnam
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Preface

The fourth meetIng of the Groundnut Bactenal WIlt Working Group was held
11-13 May, 1998 In Van Olen, Thanh Tn, HanOI, Vietnam The meetIng and field
VISitS to bactenal Wilt hot spot locatIOns and expenmental sites In Vietnam were
co-sponsored by the Vietnam Agncultural SCience Institute (VAS!) and
International Crops Research Instttute for Semi-And TropICs (ICRISAT)

SCientists from ChIna (4), Vietnam (25) and ICRISAT (1) participated In the
meeting The present status of bactenal wtlt management was discussed and
accounts of current research on bactenal Wilt disease In different Institutions,
partICularly In ChIna and Vietnam, were presented Good progress has been made,
and prospects of contInued collaborative research Into the management of thiS
dlseru;e are encouragIng

We sIncerely belteve that thiS volume Will proVide a useful gUIde to the present
status of groundnut bactenal wtlt In ASia and Will further strengthen coordinated
work on thiS economically Important disease

S Pande
Lmo Boshou

Nguyen Xuan Hong
e Johansen

eLL Gowda

v
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Welcome Address

Nguyen Huu Nghla1

DistmgUlshed guests and partiCipants, firSt of all allow me on behalf of Vietnam
Agncultural SCience Institute (VAS!) to warmly welcome all the guests and
participants m the Fourth Groundnut Bactenal Wilt Workmg Group Meetmg,
especially the partiCipants from the International Crops Research Institute for the
SemI-And TroPICS (ICRISAT) and Chma who have come to attend thiS meetmg

This IS the Fourth Meetmg of the International Workmg Group on Groundnut
Bactenal Wilt, organized m the framework of the collaborative program of member
countnes of the Cereal and Legumes ASia Network (CLAN) ThiS workmg group
was estabhshed m March, 1990 on the basiS of suggestIOn of member countnes of
the Network, who had great concern m research and control of groundnut
bactenal WIlt The preVIOUS meetmgs of thIS workmg group were orgamzed m
MalaYSia (1990), Taiwan (1992), and Chma (1994) VASI has great honor to host

and co-sponsor thiS important meetmg

Bactenal WIlt IS one of the mam constramts for groundnut production m many
ASian countries It has attracted attention of vanous research and development
agenCIes both at national and mternatl0nal level As you know, a lot of
achIevements m research and control of the disease have been obtamed by
Chmese research mstitutes m the last few years Therefore, we are glad to see the
presence of Chmese SCIentists who are speciahzed m research on groundnut
bactenal Wilt and have not only sigmficantly contnblted to the achievement of
Chma but have also contnbuted to promotmg research and control of the disease
m the regIOn and CLAN member countnes

In VIetnam, bactenal Wilt IS a senous and damagmg disease that IS very diffIcult
to control Smce 1990, after the estabhshment of the collaboratIve relatlOnshlp
between Vietnam and ICRISAT, and With the cooperation of CLAN member
countnes, research on groundnut bactenal wilt has made slgmfiCant progress
Until now, several dl:>ease-resistant, hlgh-yieldmg, high qualtty groundnut
vanetles have been Identified, tested m large scale productIon, and been accepted
by Vietnamese farmers ReSIstance sources, espeCially mdlgenous genetic sources,
have been identified for UtihzatIOn m vanetal improvement programs Research on
the biology of the pathogen and control of the disease has also been started

1 Vietnam Agncultural SCience Institute (VAS!) Van Olen Thanh Tn HanOi Vietnam
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Collaboration In research and development In thIs fIeld between national and
internatiOnal inStitutiOns has been strengthened However, to overcome the
problems caused by bactenal wilt In groundnut production, there IS a lot of work to
be done In commg years

AchIevements obtained by other countnes In the regiOn have strongly
stimulated VIetnamese sCIentIsts In research and control of the dIsease We hope
that thIs meeting wIll be a good opportumty for VIetnamese SCIentists to share
their expenences In research and management of groundnut bactenal wilt wIth
mternatlonal partICipants We also hope that VIetnamese SCIentists Will learn from
this meetmg

On this occaSiOn, allow me on behalf of VASI to express our hIgh appreciation
and grateful thanks to ICRISAT SCIentists and CLAN member countnes for theIr
enthusiastic and effective support and collaboration In research and development
of groundnut In the past years We smcerely hope that collaboration between
Vietnam, ICRISAT, and CLAN member countnes will be strongly developed

Fmally, I would lIke to wIsh the meeting success I wIsh all the guests and
partiCIpants of the meeting good health and happiness

Thank you for your attentIon
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Welcome Address from ICRISAT

S Pande1

Honorable Dr Nguyen Huu NghIa, Dlrector General, Vletnam Agncultural
SCience Institute (VASI), Dr Phan Lieu, Duector, Oil Plant Institute (OP!)
Southern Vietnam, Dr LIao Boshou, Coordmator, Groundnut Bactenal Wilt
Workmg Group, Dr Nguyen Xuan Hong, Cereals and Legumes ASia Network
(CLAN) Coordmator, and distmgulshed partlclpants, ladles and gentlemen, on
behalf of ICRISAT-CLAN and on my own behalf I welcome all of you to this
3-day Workmg Group Meetmg on GlOundnut Bactenal Wllt It is my pnvilege to
partiCipate and represent ICRISAT at this meetmg bemg held at one of the
leadmg agncultural mStitutions m Vletnam VASI, Thanh Tn, HanOl The choiCe
of Thanh Tn and HanOl, m northern Vletnam, for thls meetmg IS most
appropnate, especially considermg the mterest of Workmg Group members m
mteractmg With many Vietnamese SClentists who have recently made notable
contnbutiOns to collaborative research on the management of groundnut diseases,
mcludmg groundnut bactenal Wilt

I am pleased to take thls opportumty to spell out certam aspects of
cooperatiOn between ICRISAT and VASI The flrSt ICRISAT miSSion m
Vietnam, headed by the then Dlrector General Dr L 0 Swmdale was m 1989
and was followed by signmg of the Memorandum of Understandmg (MoU) for
cooperatiOn between the Mmlstry of Agnculture and Food Industry (MAF!),
Vletnam and ICRISAT m India on 25 Sep 1989 Smce then, Duectors General,
CLAN Coordmators, and ICRISAT SCientlsts have made countless ViSitS to
Vietnam Some of the notable ViSitS to strengthen groundnut research and
mtegrated pest management research have been made by ICRISAT breeders,
agronomists, entomologlsts, and plant pathologists We have developed and
implemented collaborative workplans With Vietnam, the most recent bemg
presented dunng the CLAN Coordmators' Steermg Committee Meetmg, 24-28
Nov 1997 m Batu, IndoneSia More than 85 Vietnamese SCientists and
techmcians have particlpated m vanous trammg programs at ICRISAT
Germplasm exchange has been a major actlvlty ICRISAT has supplied Vietnam
Wlth a total of 3825 germplasm acceSSiOns, breedmg hnes, and advanced
generation lines of groundnut Also m collaboration With the National Institute

1 International Crops Research Institute for the Semi And TropiCS (lCRISAT) Patancheru 502 324 Andhra
Pradesh India
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of VIetnam ICRISAT has collected 67 accessIOns of groundnut germplasm, and
will collect more m the near future

CollaboratIon wIth East and Southeast ASia on groundnut dIseases caused by
fungI, VIruses, and bactena has been encouragmg, espec.ally bactenal WIlt research,
whICh was most rewardmg, havmg generated WIlt basIc and applIed mformatlon on
thIS dIsease An Informatlon Bulletm on "Bactenal WIlt of Groundnut", a
Techlllcal Manual on Techlllques for DiagnosIs of Pseudomonas solanacearum, a
manual for resistance screenmg agamst groundnut bactenal WIlt, and hIgh qualIty
papers m the proceedmgs of the Bactenal Wilt Workmg Group Meetmgs are a few
classIc examples of our collaboratlve efforts We at ICRISAT are not able to
conduct research on bactenal WIlt of groundnut, and depend on the comparatlve
advantage and expertlse of groundnut SCIentlsts m Chma, IndoneSia, VIetnam and
other network member countnes to collaborate m combatmg thIS dIsease

Groundnut bactenal WIlt, caused by Burkholdena solanacearum (E F Smith)

Yabuuchl et al (formerly P solanacearum (E F Smith) E F Smith) has been a major
constramt on crop productlon m the countnes of South and Southeast ASia and
the South PacIfIC The dIsease has been a senous constramt to groundnut
productIon m IndoneSia and Chma for several decades It IS becommg porentlally
Important m VIetnam, MalaYSia, the Phlllppmes, and Thal1and Bactenal wilt IS
also a problem m some countnes m Afnca It IS a growmg threat to groundnut
productIon m several other parts of the world, particularly m warm, humId areas
The destructiveness of the dIsease IS compounded by the WIde host range of the
WIlt pathogen ConsIderable research m IndoneSia and Chma has proVIded an
excellent understandmg of the effects of cultural practIces and envIronmental
factors on groundnut bactenal WIlt, and the results have been used to formulate
recommendations to reduce wilt mCldence and seventy

Research on genetlc resIstance has been gIven the hIghest pnonty smce the
early 1920s The vanety Schwarz 21 was released m IndoneSia m 1927, the earlIest
record of a dIsease-reSIStant groundnut bemg developed Much progress has been
made m IndoneSIa, Chma, and other countnes m the development of vanous wllt
reSIstant, hIgh Yleldmg groundnut cultlvars However, there IS a need for breedmg
WIlt-resIstant groundnut vanetles WIth hIgh yIeld potentlal and good agronomIc
characters, and to combme reSIstance to other dIseases and pests BaSIC research on
the wilt pathogen B solanacearum has been carned out m advanced laboratones m
the developed countrIes as B solanacearum attacks many other Important food
crops throughout the world These studIes have proVIded us WIth such diagnostIc
tools as monoclonal antisera and polymerase cham reaction techlllques It IS
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expected that the results of thiS research will enhance our understandmg m the
management of the pathogen and bactenal Wilt disease m groundnut

At ICRISAT Patancheru, we the groundnut SCientists have the responsibility of
workmg Jomtly with ASian national agncultural research system (NARS)
SCientists to address constramts on groundnut production m different
agroecologlcal systems m ASia This function IS facilitated by CLAN, which
started m 1986 as the ASian Gram Legume Network (AGLN), with ICRISAT
provldmg a Coordmatmg Umt CLAN has successfully supported many
collaborative actIvltles concernmg ICRISAT's mandate crops (sorghum, pearl
mdlet, chickpea, plgeonpea, and groundnut) and ItS mandate eeo-reglon (the
semi-and tropiCS)

The "Workmg Groups" concept to focus collaborative research on the
challengmg regional problems has been found useful and effective and has resulted
m qmck progress One such effective Workmg Group, on Groundnut Bactenal
Wilt m ASia, IS meetmg here today

The foundation of the Groundnut Bactenal Wilt Workmg Group (GBWWG)
was laid m 1990 after a plannmg meetmg held m MalaYSia This fourth meetmg of
the GBWWG IS bemg held Jomtly under the auspices ofYASI and ICRISAT

Groundnut bactenal Wilt IS an Important problem m groundnut production
systems m South and Southeast ASia and m slmllar systems elsew~ere Because of
the danger of ItS spreadmg to new areas where Irngatlon and multiple croppmg are
bemg mtroduced, we need to proVide necessary support and fundmg to ensure that
mtegrated disease management technology IS soon avallable to farmers to

mmlmlze losses caused by thiS disease

We at ICRISAT smcerely hope that the recommendations of thiS meetmg Will
further strengthen mternatlonal collaborative research to fmd and pwvlde cost
effective solutions to managmg bactenal wIlt, the most Important constramt on
groundnut productIOn m East and Southeast ASian countnes

7



Objectives of the Fourth Groundnut Bacterial Wilt
Working Group (GBWWG) Meetmg and an Overview of
the Second International Bacterial Wilt Symposium

Llao Boshou1

Good morning, respected Mr Chairman, ladles and gentlemen FlfSt of all, I would
like to express my warm welcome to all the partiCipants to this meetmg I am also
very pleased to have this chance, for the first time, to VISit Vietnam With several of
my colleagues from Chma As you know, groundnut has become a very Important
Oil crop and cash crop m Chma, Vietnam, and many other developmg countnes
With the development of economy and SOCiety, groundnut Will be more and more
Important because of Its high nutntlOn, Wide adaptation to vanous ecological
condltlons, high yield potential, and high output or production effiCiency We take
Interest m notlcmg that groundnut production m Vietnam has Increased m recent
years and that a conSiderable portion has been exported, contnbutmg slgmflcantly
to the nation's economy

When we try to Increase groundnut production, we have to struggle against many
diseases, and bactenal wtIt 15 one of them Bactenal wtIt of groundnut, caused by
Burkholdena solanacearum (E F Smith) Yabuuchl et a1 IS the most Important bactenal
disease of thiS crop throughout the world In order to Improve control of thiS disease
and coordinate concerned research In vanous countries, a Groundnut Bactenal Wilt
Workmg Group (GBWWG) was estabhshed through the JOint efforts ofICRISAT and
the Australian Centre for InternatlOnal Agricultural Research (ACIAR) In March,
1990, the first Workmg Group (WG) meetmg was held m MalaYSia The second WG
meeting was held In November, 1992 at the ASian Vegetable Research and
Development Center (AVRDC) In Taiwan The third WG meetmg was held In July
1994 at the all Crops Research Institute m Chma We greatly appreciate the efforts of
ICRISAT/Cereals and Legumes ASia Network (CLAN) m organlzmg thiS meetmg
We are happy to see that thiS WG IS conSidered one of the most successful organized
by ICRISAT As most of you know, ICRISAT has been subjected to reformation m
recent years and as a result many SCientists have left ICRISAT, mcludmg Dr V K
Mehan, the former Techmcal Coordinator of thl5 WG In these Circumstances, I was
nommated Techmcal Coordinator of the WG dunng the CLAN Steenng Committee
Meetmg m November 1997, m Malang, IndoneSia I happened to VISit ICRISAT
dunng November and December, 1997 and had a chance to plan With some of the

1 01\ Crops Research [nsntute (OCRO Chmese Academy of Abflcultural SCLences (CAAS) Wuhan 430062
Chma
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ICRISAT SCientists, mcludmg Dr Pande, to hold the Fourth Workmg Group Meetmg
m Vietnam Dr Gowda, the CLAN Coordmator, vIsited Vietnam In late February thiS
year and decided to hold thiS meetmg I would lIke to express my thanks ro the host
lllStItut1on, Vietnam Agricultural SCience Institute (VASl), and Dr Nguyen Xuan
Hong for hostmg the meetmg I am also very glad to see that Dr Pdflde a senIor plant
pathologist, 1S representmg ICRISAT here

The obJectives of th1S meetmg are as follows

• ReView research progress on groundnut bactenal wIlt, particular In ChIna
and Vietnam, smce the Third GBWWG meetmg m 1994

• Evaluate the status of, and exchange information on research on groundnut
bactenal wIlt m concerned countnes

• DISCUSS and recommend prIontIes for collaborative research at the national
and mternatlonallevels

• Determme the resources needed and to prepare Jomt proposals for funding

I am confident that we wIll have a good meetIng here and that thiS meetIng
Will contnbute slgmfIcant knowledge to the members of thiS WG to combat
bactenal Wilt

I would lIke to give you a bnef mtroductlOn about the Second International
Bactenal WIlt SymposIUm (IBWS) held m Guadeloupe, France, 22-27 June 1997
With support from the Chma Natural SCience Foundation (CNSF) and CLAN, I
was able to attend IBWS The symposIUm was hosted by the InstItut national de la
recherche agronomlque (INRA) and attended by 120 partiCipants representIng 32
countnes and organIzations The program of the symposIUm was divided Into eight
sessIOns These sessIOns mcluded openIng and welcomIng remarks, pathogen
diverSity, dlSea~e diagnOSIS, pathogenICIty, host resistance I, biologICal control and
epidemiology, host resistance II, and disease management Forty five papers were
presented m the eight sCientifiC sessIOns In addmon, 53 poster papers were abo
presented There were 4 papers speCIfically on groundnut bactenal Wilt The
symposIUm revealed marked progress m mvestIgatIng the molecular, ecologICal and
phenotypical baSIS of the wIlt pathogen diagnOSIS techniques the molecular ba~l~

and genetic enhancement of host reSistance, and biologICal and cultural control
The proceedmgs of the symposIUm, entitled "Bactenal Wilt Dlsea~e Molecular and
Ecological Aspects", are bemg edited by P Pnor (France) and C Allen (USA) and
wIll be publIshed by Spnnger Verlag m Germany m 1998

9



Research on Bacterial Wilt In Vietnam

Nguyen Xuan Hongl

Abstract

In recent years, research on bactenal wtlt In VIetnam has been gIVen
hIgh pnonty Systematzc surveys conducted m both northern and
southern Vietnam have confIrmed that bactenal wIlt IS a widespread
and senous disease of groundnut It IS especially severe In hilly and
uplarul areas, and In sandy soIls along nver banks, where It can
cause considerable plant mortahty (15-50%) and yIeld losses
Genetic resistance to bactenal wtlt IS a hlgh,pnonty obJectzve of
several research Instltutzons In VIetnam The vanetles Schwarz 21
and Matjan, reported to be resIstant In IndonesIa, also have shown
stable resistance In northern Vietnam The local vanety Gle Nho
Quan has been hIghly and stably resIstant to bactenal WIlt All
Isolates of Burkholdena solanacearum from groundnut belong to

bwvars 3 and 4 Research on culturol and bwlogzcal control of
groundnut bactenal wtlt IS In progress

Introduction

VIetnam has a tropIcal monsoon chmate charactenzed by high temperatures, high
humidIties, and high ramfall Bactenal wilt caused by Burkholdena solanacearum
(E F Smith) Yabuuchl et al has been known to cause senous problems on a number of
economically important crops m Vietnam mcludmg groundnut, potato, tomato,
sesame, tobacco, and eggplant Introduction of susceptIble new vaneties of these
crops has contnbuted to the ltlcreased mCidence of bactenal wilt Therefore, m
recent years re:,earch on bactenal Wilt m Vietnam has been gIven mcreasmg
a'"tcntlon

1 Vietnam Agncultural SCience Institute (VASI) Van Dlen Thanh Tn HanOi Vietnam

Nguyen Xuan Hong 1998 Research on bactenal wilt In Vietnam Pages 10-14 In Groundnut bactenal wilt
proceedings of the Fourth Workmg Group Meeting 11-13 May 1998 Vietnam Agncultural Sctence
Institute Van Dten Thanh Tn HanOI Vtetna'll (Pande S L'ao Boshou Nguyen Xuan Hong Johansen C
and Gowda C L L eds) Patancheru 502 324 Andhra Pradesh Indta lntermuonal Crops Research
Institute for the Semi And TropICS
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Current Research on Bacterial Wilt In Vietnam

Dunng 1991-97. systematic surveys ]omtly conducted by Vietnamese and
ICRISAT SCientists have confmned that bactenal wilt IS one of the most
Important blOtic constramts to groundnut production m both northern and
southern Vietnam

In northern Vietnam. bactenal wilt IS more severe on spnng (February to June)
crops grown under ramfed condltlons m hilly and upland areas. and m sandy solls
along nver banks The disease IS more senous m autumn (July to November) m
some areas where the crop IS grown year after year In southern provmces. bactenal
Wilt occurs on groundnuts under both lITigated (wmter-spnng and summer crops)
and ramfed (ramy-season crop) conditions Considerable plant mortaltty and yield
losses caused by bactenal Wilt (15-50%) have been observed m vanous areas of
both northern and southern provmces

In many groundnut growmg areas It was observed that the mCldence of
bactenal Wilt was low when groundnut crops were fust sown, but mcreased to high
levels m second and subsequent sowmgs. leadmg to the abandonment or
dlscontmuatlon of the crop It was also observed that contmuous dry spells
followed by rams could Immediately mduce severe Wilt under fteld conditions
Rotation of groundnut with Irngated nce appears effective m contammg disease
mCldence and seventy

Growmg wilt-resistant cultlvars IS conSidered the most effective and practical
approach to controlmg bactenal wilt Genetic resistance to bactenal Wilt IS a high
pnonty objective of several research mstltutlons m Vietnam The major research
thrusts at the Vietnam Agncultural SCience Institute (VAS!). HanoI. dre to
Identify wilt-reSistant genotypes and to breed for resistance A total of 715
germplasm and breedmg lmes were tested for reaction to bactenal Wilt at hotspots
and m slckplots m Vietnam Among them, 4 lmes were classlfted as highly
resistant, and 25 lmes as moderately resistant (Lieu, 1997) The local vanety Gle
Nho Quan showed the highest level of resistance over seasons at disease hot spots
m northern Vietnam, with disease mCldence/plant mortaltty less than 2% The
vanetles Schwarz 21 and Matjan. both reported resistant m IndoneSia, also have
shown stable resistance m Vietnam These vaneties gave markedly higher Yields
than did the control cultlvars Sen Nghe An (m northern Vietnam) and Se OIa
Phuong (m central coastal areas) They are bemg rapidly multlplted and tested on
farm for pOSSible release m the near future However. an accession of the vanety
Kldang (ICG 11210), whICh was considered resistant m Indonesld. showed high
Wilt mCldence m northern Vietnam In southern Vietnam. research on groundnut

11



bactenal Wilt with emphasis on host plant resistance has been mtensified m recent
years at the Institute of Oil Plants Several groundnut Imes supplied by ICRISAT
were reSistant to bactenal Wilt The Ime ICG 8666 (an acceSSiOn of the vanety
Schwarz 21) showed the highest level of reSistance, With plant mortality less than
1% over 3 seasons m Cuchi (Duc Cam et al 1995)

Research on host-plant reSistance to bactenal wilt of potato also has been
mtensified m recent years ApproXimately 140 germplasm and breedmg Imes of
potato available m northern Vietnam were screened over the past several years for
reSistance to bactenal Wilt A total of 20 Imes and vaneties have shown high levels
of reSistance to bactenal Wilt, several vaneties mcludmg KT3, VT2 also gave high
yields (Thanh, 1998) More recently, research on host plant reSistance of tomato
has been mltlated at VASI, HanOi Agncultural Umverslty, and the Institute of
Vegetables and Fruits Apphcation of molecular methods m studymg
B solanacearum isolates have been mitiated at the Institute of Agncultural
Genetics, HanOi (Cuong, personal commumcatlOn) Until recently, research on
bactenal wilt of tobacco and eggplant was very limited, but tl'e Department of
Plant Pathology and Pesticides, HanOi Agncultural Umversity has mltlated
research on the bactenal Wilt disease on these crops

Present Staffmg and Resources Available for Research

At VASI, seven SCientists mcludmg phytopathologists, agronomiSts, and breeders are
now workmg on different aspects of bactenal Wilt A nationwide network of groundnut
bactenal wilt research has been establiShed recently, on the mitiativeS of VASI
SCientists Several hotspot locations and sickplots also have been established and are
regularly used for multilocational reSistance screenmg of groundnut germplasm and
breedmg hnes Recently, VASI SCientists, m collaboration With ICRISAT SCientiSts,
have mtensified local groundnut germplasm collection and charactenzation More
local groundnut "aneties reSistant to bactenal Wilt are expected to be identified The
Department of Plant Pathology and Genetics at VASI is currently responsible for
carrymg out a Mmistry of Agricultural Research and Development (MARD) research
project on B solanacearum and mechamsms of reSi!>tance to it Facilltles and
methodologies for pathogen i50lation, biochemical tests, and artificml moculation are
also aVailable at VASI Two researchers have completed thelf PhD work on identifymg
sources of reSistance to bactenal wilt on groundnut and potato

Two SCientists are engaged m research on SOilborne diseases and bactenal Wilt
With emphaSiS on pathologiCal aspects and control measures at the National Plant
Protection Institute (NPPI) They also partiCipated m surveys and research on the
disease m collaboration With VASI and ICRISAT SCientists
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In southern VIetnam, at the all Plants Institute (OPO, a team of SCIentists IS
aCtively mvolved m research on groundnut bactenal wIlt wIth emphasIS on host
plant reSIstance and mtegrated dIsease management They have establIshed close
collaboration m research on bactenal WIlt

One group of researchers at the HanOi Agncultural Umverslty IS conductmg
extensIve work on bactenal wilt of major crops m HanOI and surroundmg areas

Two SCIentists have recently mltlated research at the Institute of Agncultural
Genetics on molecular aspects of B solanacearum, m collaboration WIth the ASian
Vegetable Research and Development Center (AVRDC) However, funds for thIS

research are stIll aWaited

Future Plans

In VIetnam, because of the economIC Importance of bactenal wilt, we contmue to

gIve hIgh pnonty to research on thIS dIsease The followmg aspects WIll receIve
attention m commg years

• Further systematIC research to Identify bIOvars, races, pathotypes, host range,
and condltlons favounng the multiplIcation and spread of the pathogen

• RapId multiplIcatIOn and mtroductIon to large-scale productIOn of
promlsmg bactenal WIlt reSIstant hnes or vanetles of groundnut

• Breedmg for bactenal WIlt reSIstance usmg local and mtroduced sources of
reSIstance

• Development of a farmers' partiCIpatory, commumty based, mtegrated wilt
management program (usmg reSIstant cultivars, crop rotation, crop
husbandry, and certam cultural practices) to alleViate severe yIeld losses
from bactenal WIlt and sustam groundnut cultivatIOn and productIOn

• InvestIgatIon m upland areas of rotatmg and/or mtercroppmg groundnut
WIth maIze, whICh IS a non-host crop popularly grown m VIetnam's dryland
crop systems

• Increased emphaSIS on developmg and strengthenmg collaborative research
on bactenal WIlt between VIetnamese mstitutIOns and other CLAN member
countnes
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A Brief Introduction to Bacterial Wilt Research m Chma

Duan Nalxlong1, Llao Boshou1, He LI-Yuan2
, and Gao Guoqmg3

Abstract

Bacterzal wilt (BW) caused by Burkholdena solanacearum IS an
Important bacterzal dISease for several crops of economIc Importance In

ChIna, IncludIng potato, tomato, tobacco, pepper, eggplant, gznger, and
groundnut The dIsease IS generally senous In the tropIcal and subtropIcal
regzons of the country and less senous In the North, even though the
pathogen has been observed to cause losses In some areas The
B solanacearum Isolates collected from vanous regzons In ChIna have been
charactenzed and dIVIded Into five races and five blOvars based on theIr host
range and bIOchemIcal features ExtensIVe and IntensIVe research on

bacterzal wilt on the major host crops has been conducted at several
InstItUtIOns, IncludIng the Plant ProtectIOn Research InstItute (PPRI) , the
all Crops Research InstItute (OCRI) , and the Vegetable Research InstItute
(VRI) of the ChInese Academy of Agncultural SCIences (CAAS) , and
some provIncIal inStItUtIons In recent years, the motIlIty of some WIld

B solanacearum strazns and ItS role In infectIon have been studIed The
molecular basIS of pathogenIcIty has been InvestIgated through InternatIonal
cooperatIon ProteIns related to BW resIstance In potato were Isolated, and
the gene sequence was analyzed Regenerates of potato from genetIc
transformatIOn have been found wIth Improved resIstance to BW Progress
has been made In vanetal Improvement In tomato, tobacco, potato and
groundnut Cultural control practIces, IncludIng rotatIon WIth paddy nce
and other non,host crops, have been wIdely used

I Ot! Crops Research Institute (OCRl) Chmese Academy of Agncultural SCiences (CAAS) Wuhan 430062
Chma
2 Plant Protection Research Institute (PPRl) Chmese Academy of Agncultural SCIences (CAAS) BelJmg
100094 Chma
3 Industrial Crops Research Institute GuangxI Academy of Agncultural SCiences (GAAS) Nannmg 530007
Chma

Duan Nau(Iong, bao Boshou, He b Yuan, and Gao Guoqmg 1998 A hnef mtroductlon to hactenal '" tit
research m Chma Pages 15-19 In Groundnut bactenal wilt proceedmgs uf the Fourth Workmg Group
Meetmg 11-13 May 1998 Vletnam Agncultural SCience Institute Van Dlen Thanh Tn Hanot VIetnam
(Pande S Ltao Boshou Nguyen Xuan Hong Johansen C and Gowda C L L eds) Patancheru 502 324
Andhra Pradesh Indta International Crops Research Institute for the SemI And Troplcs
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Introduction

Bactenal wilt (BW) caused by Burkholderza solanacearum (E F Smith) Yebucchl et al IS
considered one of the most Important bactenal disease of plants worldwide Even
though the pathogen was flIst descnbed (as Pseudomonas solanacearum) and
published by Erwm F Smith m 1896, the disease had already eXisted for a long
penod m many tropical, subtropical, and temperate zones of the world Plant species
m more than 50 famlltes have been observed to be susceptible to the pathogen
Recently, 100 years after ItS discovery, the pathogen was re-named and claSSified as
B solanacearum Dunng the past century, over 4000 papers have been published on
vanous aspects of BW (Kelman 1998), reflectmg active research on the disease

Host Range, Dlstnbutlon and Economic Importance

In Chma, BW caused by B solanacearum IS an Important disease on many crops of
economic Importance (He 1986) The disease was frrst recorded m the country m
the 1930s Important host plants mclude potato (Solanum tuberosum) , tomato
(Lycoperslcum esculentum) , tobacco (Nlcotlana tabacum) , groundnut (ArachIS
hypogaea), eggplant (Solanum melongena), pepper (CapsIcum annum), gmger (Zmgzber
officlnale) , sesame (Sesamum lruUcum) , sweet potato (Ipomoea batatas) mulberry
(Morus alba) and eucalyptus (Eucalyptus spp)

Bactenal Wilt IS generally more senous m southern regions of Chma, where
temperatures are generally high year round and annual precipitation IS also generally
high The dISease IS less Important m the north, where low temperatures, especially
dunng wmter, do not favor the survival of the pathogen However, the epidemiology
of bactenal wIlt m different hosts IS also closely related to soil type and other
ecological factors For example, sesame BW was observed m }langxI Provmce but
not m Hubel Provmce, where bactenal Wilt IS senous m groundnut and tomato
Sweet potato BW has been observed to occur only sporadIcally

Currently, it IS difficult to estimate the direct economIC losses caused by bactenal
WIlt m the mam host crops Potato, groundnut, tobacco, and tomato are crops WIdely
sown m the country, and yIeld losses from the disease m these crops are esttmated to
be very large For groundnut, It IS estImated that the area covered by mfested fields
has mcreased to over 300 000 ha (Llao et al 1998) and that average YIeld loss IS
7-10%, even when wilt resistant culttvars are exteflSlvely sown

Concerned Research Institutions In China

There are several InstltutlOns where research IS currently conducted on BW In
Chma A bnef descnptlOn of these mstttuttons and the area of research on BW
bemg conducted m them IS as follows
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At PPRI, Be1jmg, BW has been an 1mportant research pnonty for over two
decades Th1s laboratory has well-eqUipped facilities for BW research Research
areas mclude collectlOn of pathogen Isolates, charactenzation of Isolates based on
virulence and pathogemclty, molecular mechamsms of resistance to BW, and
blolog1cal control of BW of potato

At the Tobacco Research Institute, CAAS, located m Yldu, Shandong
Provmce, the mam act1v1t1es are collect1on and evaluation of tobacco germplasm
ThiS Imt1tute coordmates research on res1stance screenmg and breedmg for BW
resistance throughout Chma

Research on screenmg and breedmg for tomato, eggplant, and pepper for
res1stance to BW 1S coordmated by the Vegetables Research Institute (VRI),
CAAS, Be1jmg

At the South Potato Center, located m Ensh1, Hubel Provmce, potato
germplasm evaluatlon and breedmg for BW 1S bemg conducted Slm1larly m FUJlan
Academy of Agncultural SCiences, Fuzhou, research on control of tobacco BW IS
bemg conducted

Add1tionally, work on breedmg for resistance to BW of tomato IS bemg
undertaken at )Iangsu Academy of Agncultural SCiences, Nanjmg

The molecular bas1s of pathogemCity of B solanacearum IS bemg studied at the
Guangx1 Umverslty, Nannmg

Several other InStitutIOns are conductmg research on groundnut BW The
leadmg mstitution IS OCRI, located m Wuhan Research has been conducted at
OCRI m vanous aspects, mcludmg germplasm screenmg, breedmg, pathology, and
mtegrated control At the Crop Research Institute of Guangdong Academy of
Agncultural SCiences, Guangzhou, extensive research has been done on vanetal
1mprovement for host res1stance and mtegrated control Germplasm screenmg and
breedmg research IS also bemg conducted m the Industnal Crops Research Inst1tute
of GuangxI Academy of Agncultural SCiences, located m Nannmg, the AgrICultural
Research Institute of Nanchong City m Sichuan Provmce, and FUJlan Agncultural
Umverslty located m Fuzhou

Slgmflcant Achievements

Motility of Wild B solanacearum strains

In PPRI, BelJmg, 30 of 140 Wild type strams of B solanacearum were ob~erved to
have motlllty m semi-solid motility medIUm (SMM) With agar after 48 hours
mcubation and m SMM medIUm without agar after 4 hours Motile Wild type
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strams could move dramatically toward and accumulate near root segments of host
plants and some non host plants Some motile wild type strams could cause earlier
and higher dIsease mCldence m potato plants than could others It was speculated
that motility was related to the mfectivlty of some B solanacearum strams

Protein related to bacterial wilt resistance In potato

In PPRI, BeIJmg, a 32-kD protem (API) that could mhibIt B solanacearum was
punfIed from a BW resIstant potato vanety The bIOchemIcal charactenzation,
antimIcrobial spectrum, and ultrastructural localization of API were mvestigated
API might be a new kmd of plant-specIfIc conStitutIve dIsease resIstant protem
(Yuan and He 1998)

Transgenic potato plants

In the BIOtechnology Research Center, CAAS, BelJmg, transgemc potato plants
with Improved resistance to BW have been obtamed ThiS was the flrst case of
Improvement of reSIstance to B solanacearum through genetic engmeermg (J Ia

1996, personal commumcatIOn)

New resistant cultlvars In some vegetables and groundnut

In several mstltutes, new vaneties of tomato and eggplant WIth Improved
resistance to BW have been developed and released for production Several new
groundnut cultlVars WIth deSlrable reSIstance have been developed

Further Research Needs

Bactenal Wilt has attracted much research effort m recent years m Chma The
disease IS stIll Important m terms of ItS WIde dlstnbutlon and host range, the
consIderable economic losses It causes, and the potential for ItS further
dlssemmation Further research efforts Will be made to address the followmg

• The molecular baSIS of Virulence or pathogemclty of B solanacearum Will be
further mvestlgated

• BIotechnology approaches for reSIstance Improvement will be WIdely used,
espeCially for those speCIes m whIch no dCSlrable resistance sources have been
Identified for conventional breedmg

• Vanetal Improvement will be an Important research pnonty m vanous crops for
both resistance to BW and agronomIC traits

• BiologIcal control of BW Will be further mvestigated espeCially m potato
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• Cultural control approaches wIll be mvestlgated and applted for most host crops

• Technology transfer to farmers wIll be mtenslfied
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Present Status of Groundnut Bacterial Wilt m South
Chma

Liang Xuanqlang1

Abstract

Bacterzal wilt caused by Burkholdena solanacearum IS an Important
production constraint mover 70% of the groundnut (ArachiS
hypogea) crops In southern China Sczentlsts m Guandong Province
have been conducting research on bactenal wilt since the 1950s,
developmg Integrated management measures Crop rotation and field
management are effective ways to control the dISease, but the most
useful strategy IS employment of host,plant reSIStance Several hIgh,
yleldmg vaneties resIstant to bacterzal wilt have been developed and
now cover more than 70% of the dzseased fields Through intensIve
breeding, wilt resIstance and hIgh yIeld have been combined WIth
resIstance to rust and root rot, In some vaneties

Disease Distribution and Economic Importance

Groundnut IS an Important 011 and mdustnal crop m South Chma (mcludmg
Guangdong, GuangxI, ]Ianxl, FUJlang, and Haman provmces), where It IS cultivated
on about 800000 ha Bactenal Wilt (BW) caused by Burkholderza solanacearum (E F

Smith) Yabuuchl et al IS a major constramt to groundnut production on over 70% of
southern Chma's production area Yield losses of 15-25% are common The annual loss
m pod yield caused by BW IS estimated at over 35 x 106 kg Wilt mtenslty vanes With
season, SOlI type, and cultural practices In general, BW IS more severe m spnng than
m autumn Wilt mCidence m nce fields With nch clay SOlI on high tablelands IS les~

than on nomITIgated uplands, poor, sandy SOlIs, or low tablelands Good cultural
practices and resistant cuItlvars help to reduce BW mCidence

1 Crops Research Instltute Guangdong Academy of Agncultural SClences (GAAS) Wushan 510640
Guangzhou Chma
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for the Semi And TropiCS

23



SCientists m Guangdong have been conductmg research on BW smce the
1950s and have developed mtegrated BW management measures Additionally,
they have released several cultivars With resistance to BW Improved management
practices and cultivars have been widely adopted As a result, mean yield m South
Chma has mcreased from 1 53 t ha-I m the 1980s to 20 t ha-1 m 1997 Some BW
management measures are descnbed here

Crop Rotation

Crop rotation has many advantages It can mamtam and mcrease SOlI fertility and
reduce SOilborne msect pests and diseases, mcludmg SOilborne propagules of BW
To minimiZe BW mCidence and seventy, crop rotation has been Widely used m
South Chma smce 1970 In South Chma, groundnut is cultivated m two crop
rotation systems 1 rotation With paddy nce m lowlands, usually with a cycle of
2 to 3 years (the longer the rotation cycle, the more effective the control), and 2
rotation with sweet potato, Jute, malze, sugarcane, soybean, black bean, mung
bean or other non BW-host crops m upland areas, always with a rotation cycle of 2
to 3 years In South Chma, 60% of the groundnut crop is m upland areas Rotation
with BW host crops - for example tobacco, tomato, eggplant, and pepper - is
discouraged

Field Management

Such SUitable cultural practices as floodmg can effectively control BW In the 1995
sprmg season m Guangzhou, floodmg a field with a Wilt mcidence of 42% for
30-45 days before sowmg of groundnut lowered wilt mCidence to 5%, an
approximately nmefold reduction Improved field dramage also helps reduce BW
mCidence and seventy if followed before the groundnut crop starts flowenng
Expenments conducted on the management of SOlI mOisture showed that 60% SOlI
mOisture is an important threshold if soil mOisture is above 60%, the BW
pathogen can easily reproduce

Some field observations and greenhouse tests showed that SOlI with pH 5 0-6 8
is favorable for pathogen growth In general, alkalme soils suppress BW pathogen
growth In Xlxm county, groundnut is rotated repeatedly with tobacco (a host crop
of BW) m purple soil with pH 8-9, but the mCidence of wilt IS always low (::;5%)
Field sanitation practices such as burnmg crop reSidues and removmg weeds 
especially Agerratum conyzoldes - also help reduce BW mCidence Other
agronomic practices, mcludmg soil application of organic manure seem to reduce
BW mCidence Chemicals, mcludmg ferti1tzers and nutnents, have not been found
to control BW
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Host-Plant Resistance

Genetic resIStance to BW IS recogniZed as the most effective disease management
strategy In the past three decades, great emphasIS has been placed on managmg BW
through host plant resistance About 60 genotypes, mcludmg local landraces (led by
Talshan Sanhrou, TalShan Zhernhou, and Xlekangqmg), exotic vaneties from
ICRISAT (led by Ga]ah, Schwarz 21, ICG 1703, PI 3933513, and CS 30), and wild
Arachis species have been Identified as sources of high, stable resistance to BW m
artificial moculation tests and multilocational sick plot tests Several hlgh-Yleldmg
BW resIStant vanetles e g , Yue YOl.l 589, Yue You 92, Yue You 256, Wu You 4, GUlyou
28, and Yue You 200 have been developed through the modIfied pedigree method and
released for general cultivation m South Chma These cultivars are grown on more
than 70% of the diseased fIelds, playmg an Important role m controlhng the dISease,
and significantly mcreasmg groundnut production m South Chma

Breeding for Multiple ReSistance to BW, Rust, and Root Rot

Yue You 256 and Yue You 200 have a high level of resistance to BW, as well as
moderate reslstance to rust and high susceptlbhty to root rot caused by Fusanum

spp These two widely distributed fungal diseases cause substantial yield losses m
South Chma Smce 1988, mcorporatlon of resistance to BW, rust, and root rot
mto hlgh-Yleldmg cultlvars has received high pnonty From screenmg of about
2000 germplasm acceSSions, YmduhuapI, a runner type groundnut from ICRISAT,
India, was identified as possessmg high levels reSistance to all three diseases
Through large-scale hybndlzatlon, a potential breedmg Ime Yue You 39 With high
yield and high resistance to BW, rust, and root rot was developed But Yue You 39
has some agronomically unacceptable characters such as late matunty, low shellmg
percentage, and too many aenal pegs Though backcrossmg With high Yleldmg,
early-matunng cultivars, two vanetles, Yue You 202 35 and Yue You 79, With
higher yield, resistance to BW, rust, and root rot, and Wide adaptation were
developed aTld released m Guangdong provmce These two vaneties are gradually
replacmg Yue You 92 and Yue You 256 m that reglOn

Yue You 202-35 was developed from the cross Yue You 39 54 x Yue You 116,
and was released by Guangdong Crop Vanetles Approval Committee m 1996
Dunng 1992-94, m advanced groundnut vaneties tnals, the average yield of Yue
You 202-35 was 3 87 t ha-1 over 13 locations, a net 23 4% gam over Yue You 116,
the control The groundnut cultlvar Yue You 202 35 IS of medlUm duration, takmg
120 days to mature It has an erect growth habit and dark green leaves The seeds
contam 543% 011 and 26% protem The reactlOns of Yue You 202 35 to BW, rust,
and root rot are excellent (Table 1)
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Table 1 Performance of some groundnut varieties resistant to bacterial
wtlt released 10 South Chmal

YIeld BW Rust Root rot ResIstance Year of
Culuvars (t ha-' ) mCldence (%) (score) mCldence (%) source used2 release

Yue You 589 16 78 60 - 3 Talshan 1970
Sanllrou

Yue You 92 26 42 50 Talshan 1983
Sanltrou

Yue You 256 28 34 38 AHl722 1987

Om You 28 22 50 55 Talshan 1986
Sanltrou

Wu You 4 27 23 45 PI 393513 1988

Yue You 200 3 1 45 65 Talshan 1992
Sanltrou

Yue You 202-35 38 40 25 20 YmduhuapI 1996

Yue You 79 41 42 25 20 YinduhuapI 1997

1 Results from South China Groundnut VarIeties Tests and Provincial Groundnut Vanetles Tests
2 Resistance sources used In breedmg these varIeties

3 Free fmm root tot disease incidence

Yue You 79 was denved from a cross involving Yue You 20235 X Yue You 116,
and released by Ouangdong Crop Vanetles Approval CommIttee in 1997 Dunng
1996/97, m Ouangdong Oroundnut Vanetles Tnals, ItS average yield was 4 09 t ha-1

over 10 locatlons, a net increase over Yue You 202 35 It matures in 120 daye; in
the spnng season and 115 days in the summer season It has an erect growth habIt
and dark green leaves DIsease scores of BW, rust, and root rot of Yue You 79 are
SImIlar to those of Yue You 202 35 (Table 1) Yue You 202-35 and Yue You 79
have good stabillty and adaptablltty for pod yield when sown in either nee-paddy
or upland conditions
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Status of Groundnut Bacterial Wilt In Central China

Llao Boshou1, Duan Nalxlong1, Tan YUJun1, and Wu Yong2

Abstract

Bactenal wzlt (BW) caused by Burkholdena solanacearum m
groundnut was first reported zn central Chma m the 1950s The
dIsease has been a constraznt to groundnut cultIVatIOn m several
provmces In cent'ral Chma, zncludmg SIchuan, Chongqmg, Hubel,
Henan, AnhUl, ]zangxI, Hunan, and GUlzhou (Llao and Zeyong
1997) The total znfested groundnut area IS estlmated at over
150000 hectares m the central provznces The dIsease IS becoming
more WIdespread because of expansIon of groundnut and ItS

contlnuous cultIVatIOn The dIsease generally causes yIeld losses of
10 to 30% m central China If susceptIble groundnut cultIVars are
grown, but wzlt incIdence In the tradmonal problem areas has been
slgmflcantly reduced by sowing Improved resIstant cultlvars
Therefore, as zn most other dIseased regzons, the most Important
control approach for BW In the central provinces IS to grow
resIstant cultIVars, mcludzng E Hua 5, Zhong Hua 2, Lu Hua 3,
Yue You 200, and 93,81 Other practical control approaches
znclude rotatlon wIth paddy nce or wIth such non,host upland crops
as wheat and rapeseed The Od Crops Research InstItute of the
Chinese Academy of Agncultural SCIences has been the leadzng
research agency addresszng the problem In thIS regzon In the
future, genetlc enhancement for resIstance and other traIts wdl
continue to be the most Important control strategy In thIS regzon

1 011 Crops Research Institute Chmese Academy of Agncultural SCiences (CAAS) Wuhan 430062 Chma
2 Agncutural Bureau of Hong An County Hubel Provmce 431500 Chma

Liao Boshou, Duan Na""ong Tan Yugun and Wu Yong 1998 Status of broundnut bactenal wilt m Lenrral
Chma Pages 27-30 In Groundnut bactenal Wilt proceedmgs of the Fourth Workmb Grour Meetmb 11-13 Ma)
1998 Vlemam Agncultural SCience Institute Van Olen Thanh Tn HanOI VIetnam (Pande S Llao Boshou
Nguyen Xuan Hong Johamen C and Gowda C L L eds) Patancheru 502 324 Andhra Prade,h India
International Crops Research Institute for the Semi And TropiCS
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Introduction

Bacterial wilt caused by Burkholdena solanacearum (E F Smith) Yabuuchl et al has been
an important disease of groundnut (Arachis hypogaea L) for several decades m
central Chma In the eastern part of Hubei Provmce, the disease was £lrst recorded
m Huangzhong Agricultural College m the 1950s, but the local farmers were well
acquamted with the wl1t problem earlier than thiS Groundnut bacterial wllt
became more serious m the 1960s and was reported from all other groundnut
growmg provmces of central Chma Progress m disease control has been made 1U

the past two decades usmg mtegrated control approaches

Distribution and Severity

Currently, bacterial Wilt of groundnut is a serious constramt to groundnut
production m several provmces In central Chma, mcludmg Sichuan, Chongqmg,
Hubel, Henan, AnhUl, Jmngxi, Hunan, and GUlzhou The disease has also been
reported m Zheliang and jlangsu Provmces on the east coast, but economiC losses
were low there (Lmo and Zeyong 1997)

The total area mfested with BW ill central Chma is over 150000 ha The disease
IS becommg more Widespread With the expanSion of groundnut cultivation m most of
the provillces m central Chma However, wilt mCldence m traditiOnally endemiC
areas has sigmfIcantly decreased because resistant cultivars are bemg grown (Zhou
and Wei 1996) The disease generally causes yield losses of 10 to 30% ill susceptible
groundnut cultlvars At present, BW illcidence m central Chma ranges between 2
and 12% wherever reSistant cultivars are grown

Disease Control

As m many other regions, the most Important control approach for groundnut BW
IS to grow resistant cultlvars Currently, the followmg reSistant cultivars are bemg
grown m the central provillces

E Hua 5 IS highly reSiStant to BW It has small seeds, matures early, and has
deSirable uniformity of pod shape This cultivar was developed at the Oil Crops
Research Immute (OCR!) and released ill 1985 and is used m Hubei, Henan, and
Jiangxi Provmces The Yield of E Hua 5 is only moderate, but It has deSirable tolerance
to shallow SOlI and poor fertlllty, so that It can be grown m upland fields

Zhong Hua 2 is highly reSistant to BW, With medIUm-sized seed and high seed
protem content It was developed at OCRI, released m 1990, and is extensively
cultivated m the central provmces However, the cultivar has poor seed dormancy,
so preharvest germmation usually causes up to 10% loss

28



Lu Hua 3 IS moderately resistant to BW, with medlUm-SlZed seed It was
developed at Shandong Peanut Research InstItute (SPRI) Smce 1986 It has
been cultivated m some regiOns of Sichuan and Henan Provmces m central
Chma

Yue You 200 IS a highly resistant eultivar With Improved yield potential and
drought tolerance It was developed at the Crops Research Institute of
Guangdong Academy of Agncultural SCiences and released m Sichuan
Provmce m 1997 as Tianfu 11 93-81 (ZH 212) A highly resistant breedmg
lme With Improved yield potential and tolerance to aCid sod was also
developed at OCRI

Other practical control approaches mclude rotation With paddy nce and With
some non-host upland crops such as wheat or rapeseed However, the area that can
be rotated With paddy nce m central Chma IS very small Long term rotation With
non-host crops has also become less feaSIble m thiS regIOn because of limited
arable land and expanded groundnut cultIVatiOn

Research Organizations

In central Chma, the OCRI of the Chmese Academy of Agncultural SCiences
(CAAS), located m Wuhan, IS the leadmg research orgamzation addressmg
groundnut BW The sCientists at OCRI are responsIble for coordmatmg
groundnut BW research, conductmg groundnut germplasm collection and

evaluation for resistance to BW, conventional breedmg, and resistance
Improvement through biOtechnology Nanchong Agncultural Research Institute
ill Sichuan Provmce IS also engaged m breedmg for resistance to BW

In central Chma, there IS a network of eight sites for evaluation for resistance
to BW m groundnut vanetal tnals

Problems and Further Research Needs

InCidence of Wilt dIseases other than BW (probably caused by SOIlborne fungi) has
slgmfIcantly illcreased m recent years These SOIlborne fungal diseases ha\ e
obViOusly compltcated the further illcrease of groundnut productiVity m regIOns
where BW IS a problem

The sizes of pathogen populations m mfested fIelds after long term culttvatlon
of reSIstant culttvars IS unknown It would be mterestmg to mvesttgate the
dynamICS of populatIon pathogemclty ill soil Farmers would take an mterest m
knowmg whether susceptible groundnut cultIvars WIth higher Yield could be grown
m dIseased fIelds after cultivatIOn of resistant ones for several years
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The yIeld potential of most cultIvars resIstant to BW IS often lower than that of
susceptible ones Further breedmg efforts should be made to combme resIstance
and hIgh yIeld

DespIte all of our efforts, there are areas where BW mCIdence IS stIll very hIgh
because of contmuous cultivation of susceptible groundnut culuvars Therefore,
efforts wIll be made to extend BW-reslstant cultIvars to farmers m such areas
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Status of Groundnut Bacterial Wilt In Northern Vietnam

Nguyen Xuan Hong, Nguyen Van Viet, and Nguyen Thl Yen1

Abstract

Groundnut bactenal wilt (BW) IS a wzdespread disease In the major
groundnut~producmg areas of northern Vietnam The dzsease IS

mC1easmgly serzous In many parts of Nghe An, Ha Tinh, Thanh
Hoa, and other provinces Bactenal wilt IS severe not only In

tradztlonal groundnut~growlng areas but also In newly cultivated
areas Wilt mCldence In groundnut~produclngareas has Increased
substantially In the past few years It IS highest In dryland croppmg
systems, espeaally m upland areas of hilly regIOns In light sandy sozl
along rzver banks and In fields where groundnuts are mtercropped
With dryland crops Rotation of groundnut with rzce IS efff'ctlVe In

reduCing wilt incIdence The disease IS more serzous In the autumn
crop Most local varzetles are susceptible to disease Research on

identification of wzlHeslstant genotypes, developmel"t of Improved
varzetIes, and Integrated management of BW IS needed

Introduction

In northern Vietnam, groundnut IS cultivated mamly m the spnng season
(February to June) It IS the most Important food legume crop of Thanh Hoa, Nghf'
An, Ha Tinh, and other provmces The area under groundnut mcreased from
102200 ha m 1992 to 123300 ha m 1995 Although SOlI and environment
condItIons are favorable for groundnut production, average yields are stllliow (1 09 t
ha-l ) Bactenal wilt (BW) caused by Burkholdena solanacearum (EF Smith) YebuuLhl et

al IS wIdespread m major groundnut-producmg areas and has become one of major
constramts to groundnut production This report summanzes the results of surveys
on status of groundnut bactenal wIlt conducted by SClentlsts of Vietnam
AgrIcultural SCIence Instltute (VASI) dUrIng the last year

1 VIetnam Agncultural SCIence Institute (VAS!) Van Olen Thanh Tn HanOI VIetnam

Nguyen Xuan Hong Nguyen Van VIet, and Nguyen Thl Yen 1998 Status of groundnut bactenal wtlt Ln

northern VIetnam Pages 31-36 In Groundnut bactenal WIlt proceedmgs of the Fourth Workmg Group Meeting
11-13 May 1998 VIetnam Agncultural SCience InstItute Van Olen Thanh Tn HanOI VIetnam (Pande S Llao
Boshou Nguyen Xuan Hong Johansen C and Gowda C L L eds) Patancheru 502 324 A "dhra Pradc h
India International Crops Research Institute for the SemI And TropICS
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Dlstrabutlon and Severity of Disease In Different Production
Systems

In northern Vietnam, groundnut is concentrated mostly m Nghe An, Ha Tmh,
Thanh Hoa, and Bac Giang provmces, and some areas of other provmces
Groundnut is cultivated mamly under ramfed condltlons m hilly and upland areas,
and along flver banks m dryland croppmg systems Groundnut is also grown m
rotation With nee m the spnng season The area of groundnut has sigmficantly
mcreased m the last 3 years (Table 1)

Bactenal wllt has undoubtedly been present on groundnut m northern Vietnam
for many years, although it was fmt documented m detail m 1991 (Mehan et al

Table 1 Sown area and yield of groundnut In northern Vietnam

Region
North
North Muuntam and midland
Red River delta
North Central coast

Sown area (ha X 103
) Yield (t ha-1)

1992 1995 1992 1995

2173 2599 104 128
1022 1233 074 109
342 416 080 096
175 177 090 130
505 640 064 113

52 67 064 083
26 39 069 092
27 29 079 (\ 85
68 94 079 103
83 86 100 107
24 33 078 109
34 46 095 112
23 29 102 142
34 37 079 133
41 44 086 070

115 136 074 III
215 270 060 1 22
98 138 058 113
27 28 050 059

PrOVince
Bac That
Hoa Bmh
QuangNmh
VmhPhu
HaBac
HanOi
HaTay
Hai Hung
NamHa
NmhBmh
Thanh Hoa
NgheAn
Ha Tinh
Quang Binh
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1991, Hong et al 1994) It IS WIdely dlstnbuted m all areas of groundnut
production Some reglOns are heavIly mfected, whIle m other areas the d1sease 1S
sporad1c It 1S most severe m Nghe An, Ha Tinh, Thanh Hoa, Ha Tay, Bac Giang,
and Tha1 Nguyen provmces In general the average wIlt mC1dence ranges from
02-169%, but m the most heavIly mfected fields 1t reaches 70-80% The d1sease
1S severe not only m the tradltlonal groundnut producmg areas (Nam Dam and
Nghta Dan dlstncts of Nghe An provmce, Ha Trung, Hoang Hoa, Tmh Gla
dlstncts of Thanh Hoa provmce, Lang GIang and VIet Yen dlstncts of Bac GIang
provmce) but also m newly cultivated areas m Ha Tay, Bac Nmh, Tha1 Nguyen,
and Hoa Bmh provmces

Wilt mCIdence m trad1tIonai groundnut-producmg areas has mcreased very
fast In fIelds where groundnut has been grown year after year, especially m upland
areas and m the soils along the nver banks, wIlt mCIdence has slgmficantly
mcreased Crop rotation and host reslStance have been consIdered Important to
manage BW m these areas

WIlt mCIdence vanes greatly from place to place, dependmg on croppmg
patterns and soil condltlons The dIsease IS most severe m hIlly and nverbed areas
where WIlt mCIdence ranges from 3-50% (Table 2)

Table 2 Bacterial Wilt of groundnut 10 different ecological conditions of
northern Vietnam, 1995

WIlt mCIdence (%)

Area

HIlly
RIver beds
Upland
Rice-groundnut rotatIon

Number of
locatIons surveyed

73
105
109
243

Range

5-50
3-50
1-15
0-8

Average

169
138
59
02

In upland areas of hIlly reg10ns, w1lt mCIdence IS hIghest m fields where
groundnut 1S grown twIce a year In these fields wilt mC1dence was 10-60% The
dIsease Was also found (3-50%) m sandy SOlIs along nver banks where only
dryland crops such as groundnut, malze, tomato, and other vegetables were grown
Wilt was also present (0-15%) m fields where groundnut was mtercropped w1th
vegetables, maIze, or mung bean In IrrIgated nce-based, groundnut-growmg areas,
WIlt mCIdence was lowest (0-5%) (Table 3) Thus, rotation of groundnut w1th
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irngated nce is the most effective way to control bactenal Wilt Similar results
have also been reported m Chma (Tan et al 1994)

Table. 3 Wtlt incIdence (%) of groundnut in dIfferent productIon
systems In VIetnam, 1995

Hilly with Hilly wIth Dryland Rlce-
Mam 1 crop of 2 crops of River crop groundnut

LocatIon cultlvar groundnut groundnut banks systems rotation

HaTmh SenNA 5-25 3-35 3-15 0-2
Nghe An CucNA 5-35 10-45 5-50 1-10 0-5
Thanh Hoa ChumNA 10-25 15-50 3-20 1-12 0-1
NmhBmh Sen Lm 10-25 15-50 1-15 0-5
Bac Giang DoBG 5-20 10-45 1-10 0-5
Thai Nguyen ChayHB 5-20 15-30 5-20 1-10 0-5
Vmh Phuc Su tuyen 10-25 15-40 5-35 3-10 0-3
HanoI SenNA 5-25 0-5 0-2
HaTay TramXuyen 15-30 15-60 3-35 1-12 0-1

Table 4 Influence of cropping season on the incIdence of groundnut
bacterIal wtlt (%) at SIX locatIons in VIetnam, 1995

Spnng crop (Feb-]un) Autumn crop (Jul-Nov)

Location Cultivar Average Highest Average HIghest

HaTmh Chum Nghe An 20-25 70 30-35 90
HaTmh Cuc Nghe All 15-20 50 20-25 80
Bac Giang Do BacGiang 15-20 70 20-25 90
Bac Giang Su Tuyen 15-25 75 25-30 95
HaTay Sen Lai 10-15 60 20-25 80
NmhBmh 4329 5-7 40 15-20 70

Bactenal Wilt is Widespread m all groundnut~producmg areas year~round

However, It is more senous m autumn (Jul-Nov) m areas where the crop is
grown year after year Spnng crop mCidence reached a maXImum of 40-75% m a
1995 survey, maXimum incidence m the autumn season was even hIgher,
reachmg 70-95% (Table 4)
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The maJonty of currently grown groundnut vaneties are highly susceptible to

BW Only two genotypes, Tram Xuyen and 4329, have shown moderate levels of
susceptibility to Wilt under high disease pressure (Table 5) In recent years,
germplasm accessiOns have been extenSively evaluated for reSistance to bactenal
wilt (Hong et al 1994) but more research on identification of Wilt-reSistant
groundnut genotypes IS needed

Table 5 Bacterial Wilt reaction of major groundnut varieties popularly
grown In northern Vietnam (1994/95)

Vaneties

Sen NgheAn

Sen Lai

Do BacGiang

Su Tuyen

TramXuyen

Chum NgheAn

V79
4329

Wilt inCidence in

hot-spot locations (%)

702
507
662
528
423

682
539

419

Disease reactiOn I

S
S
S
S
MS

S
S
MS

1 S = susceptible MS = moderately susceptible

ConclUSion and Suggestions

Bactenal Wilt is one of the most lmportant constraints to groundnut production
in northern Vletnam In recent years, Yleld losses caused by the disea:.e in
farmers' field have sigmfIcantly increased Major groundnut vaneties popularly
grown in northew Vietnam are susceptible to the disease Further genetic
evaluatiOn to ldentify sources of reslstance to BW is needed Research on
development of lmproved vaneties wlth multiple disease reSistance to BW and
other major diseases should be given high pnonty More systematiC research
needs to be undertaken on integrated management of groundnut BW, u:.mg host
plant reSistance and cultural practices, particularly crop rotation, m order to
alleviate losses caused by the disease in major groundnut-growing areas of
northern Vietnam
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Bacterial Wilt of Groundnut In Southern Vietnam

Nguyen Van Tung\ V K Mehan2, Phan Lleu\ and Ngo Thl Lam Glang1

Abstract

Bactenal wIlt (BW) caused by Burkholdena solanacearum IS

becoming increasingly prevalent and severe In the groundnut (Arachis
hypogaea L ) crop of southern Vietnam Saentlsts at the OIl Plant
Instltute In HanoI have camed out a detailed survey of BW m
southeastern VIetnam Inadence and seventy was low In fields under
groundnuHlCe~ce croppmg systems and moderate to severe (up to

40% Wlltlng) under groundnut~groundnut~ce systems The dtsease
was more senous m the summer~autumn season because of high sot!
temperature and mOIsture Nine resIstant ICRISAT breedtng lmes
had good wIlt reactlons over 2 years, but their shellmg percentage was
lower than that of local vanetles Integrated dtsease management
systems are needed to control fungal dtseases and BW

Introduction

Bactenal wilt (BW) IS a senous constramt to groundnut production m many
regiOns of Vietnam Dependmg upon the agro-ecologlCal conditiOn and crop
rotatiOns, the severity of BW vanes across a regiOn

In collaboration With ICRISAT, the Oil Plant Institute (OPO m HanOI has
earned out a detailed survey to determme the status of thiS disease m some
groundnut-growmg dlstncts m the southeast region of Vietnam Also dunng these
surveys, disease was momtored on bactenal wilt-reSistant groundnut lmes sent
from ICRISAT The results of thiS survey are presented m thiS paper

I OLl Plants Institute (OP!) 171-175 Ham Nghl St 1st Dlstnct Ho Chi Mmh City Vietnam
2 International Crops Research Institute for the Semi And TropiCS (ICRISAT) Patancheru 502 324 Andhra
Pradesh I,ndm

Nguyen Van Thang Mehan, VK Phan Lieu and Ngo Thl Lam Giang 1998 Bactenal \\tlt of groundnut m
southern Vietnam Pages 37-42 In Groundnut hactenal Wilt. proceedmgs of the Fourth Wnrkmb Group Meennb
11-13 May 1998 Vietnam Agncultural SCience Institute Van Olen Thanh Tn HanOi Vietnam (Pande S LidO

Boshou Nguyen Xuan Hong Johansen C and Gowda C L L eds) Patancheru 502 324 Andhra Pradesh
Indm International Crops Research Institute for the Semi And TropiCS
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Survey of Bacterial Wilt Incidence

Dunng the wlnter-spnng season of 1995/96, an expert from ICRISAT (Dr V K
Mehan) directly collaborated With us 10 carry10g out the survey In four dlstncts In
each dlstnct, 5 to 6 villages and 5 to 50 groundnut fields were surveyed Data
collectIOn Included cropp1Og system, crop growth stage, BW incidence, and crop
culnvars grown 10 each dlstnct (Table 1)

Trang Bang district

In this dlstnct, BW 10Cldence was 0-28% (mostly 16-18% on 60-70 day-old crops)
In Loc Hung Village, and 0-9% 10 Gla Loc village where farmers follow a
groundnut-groundnut-nce (G G-R) cropp1Og system Incidence was 6-12% 10 fields
With a groundnut-fallow-vegetable (G-F-V) cropp1Og system

Low 10Cldence (0-3%) of BW was recorded In 35-50 day old crops In fields
with a G-G-R cropp1Og system 10 An Tinh and Don Thuan villages In fields 10
Loc Hung and Don Thuan villages where a groundnut-nce-nce (G-R-R) rotation
was followed, BW occurred at low incidence (0-4%) It was seen In a few fields
(incidence <1% In 35-50 day-old crops) In An Tinh village

Go Dau district

In Go Dau dlstnct, BW was very severe 10 Phuoc Dong village It was prevalent 10
almost all fields with a G-G-R cropp1Og system, with incidence of 11-43% (mostly
25-30%) In 65-75 day old crops, and 2-8% 10 35-60 day old crops Some
apparently healthy plants also showed latent bactenal infection In their roots
InCidence commonly reached 30-40% In the wlnter-spnng season, and 40-50% In
the summer-autumn season Because of the increasing seventy of BW In thiS
Village, many farmers are now sWitching to maize and vegetables In the summer
autumn season Bactenal Wilt was observed In all fields With G-G-R cropping
systems surveyed In Hlep Thanh Village, With inCidence of 2-12% The disease
occurred In most fields In Phuoc Thanh Village (inCidence 3-10% In 60-85 day
old crops, and 0-5% In 35-55 day old crops) In Thanh Phuoc and Bau Don
Villages, bactenal wilt was present at low inCidence In 30-55 day old crops, In

fields With G R-R (0-2%) and G-G-R (2-5%) It occurred at moderate inCidence
(8-10%) In 70 day old crops With a groundnut groundnut-vegetable (G-GN)
rotation In Thanh Phuoc Village

Cu Chi district

Bactenal Wilt was observed at 1-4% In 50-65 day-old crops In G G R, and 2-8%
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Table 1. BacterIal wdt on groundnut In southern VIetnam, wInter-sprIng
1995/96, season

Croppmg Crop age No of fields BW mCldence
Dlstnct Village system l (days) surveyed (%)

Trang Bang Loc Hung G-G-R 27-70 30 0-28
G-R-R 25-50 15 0-4

Gla Loc G-G-R 45-60 30 0-9
G-F-V 45-85 10 6-12

Don TIman G-G-R 50-60 10 1-3
G-R-R 45-70 25 0-4

AnTmh G-G-R 50-60 5 0-3
G-R-R 35-50 15 0-1

GoDau Phuoc Dong G-G-R 65-75 10 11-43
G-G-R 35-60 20 2-8

HiepThanh G-G-R 40-65 10 2-12
PhuocThanh G-G-R 35-55 10 0-5

G-G-R 60-85 10 3-10
ThanhPhuoc G-G-R 40-70 10 2-5

G-R-R 40-55 8 0-2
G-G-V 10 2 8-10

Bau Don G-R-R 40-55 10 0-2
G-G-R 30-50 5 0-4

CUChl TrungLap Ha G-R-R 50-65 8 1-4
G-R-R 35-40 5 0
G-G-R 60-75 7 2-8

PhuocThanh G-G-R 55-60 10 2-4
G-R-R 55-65 5 0-2

Phuoc Hiep G-R-R 30-55 15 0-5

Duc Hoa Hoa Khanh Dong G-G-R 40-55 10 1-3
G-R-R 40-55 7 0-2
G-F-G/R 70-80 8 7-8

Duc Lap Thuong G-G-R 40-60 20 0-6
Duc Hoa Thuong G-G-R 50-75 15 1-6

G-R-R 35-48 10 0
Duc Lap Ha G-G-R 40-80 15 0-8

G-R-G/R 50-75 5 4-8

1 G =groundnut R =nee V =vegetable F =fallow
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m fIelds m G-R R croppmg systems m Trung Lap Ha village of Cu Chi distnct In
the latter croppmg system, a number of plants m some fields showed mitial disease
symptoms The dIsease was not visible m 35-40 day old crops

In Phuoc Thanh VIllage, bactenal wllt mCidence was 2-4% m G-G-R croppmg
systems, and 0-2% m 35-40 day-old crops m G-R R croppmg systems

Duc Hoa district

Bactenal WIlt mCldence was 0-6% m fIelds with G-G-R croppmg system surveyed
m Duc Lap Thuong and Duc Hoa Thuong, and 0-8% m Duc Lap Ha village It
was not observed m 35-48 day-old crops m black soil fIelds m Duc Hoa Thoung
Village In Hoa Khanh Dong Village, BW mCldence was low m 40-55 day old
crops m fields with G G-R (1-3%) and G-R-R (0-2%) croppmg systems

Bactenal Wilt occurred at moderate mCidence m 50-80 day-old crops wIth a G
F-G rotation m Duc Lap Ha (4-8%) and Hoa Khanh Dong (7-8%) VIllages

BW InCidence and Yield of ICRISAT Groundnut Lmes

From the several groundnut Imes that were IdentifIed by ICRISAT as sources of
resistance to BW, OPI selected mne Imes and evaluated them for agronomiC and other
charactenstics, mcludmg BW reactIon, m two seasons Mean duration of these
vaneties (90 days) was at par With a local vanety (Table 2) Among these lmes, ICGV
8666 had the highest resIstance (BW mCidence=O 1%) In other charactenstlCs, such
as shellmg and 011 content, it also corresponded to a local vanety (Table 2)

In the wmter-spnng season of 1997 98, we camed out tnals at five locations to
compare the performance of ICG 8666 and ICM 8645 wIth that of a local vanety
(Table 3) These two resistant genotypes were hked by the farmers

ConclUSions

• Bactenal wilt is becommg mcreasmgly prevalent and severe, as a result of
contmuous croppmg and irngatiOn practices

• InCIdence and seventy was low m G R R croppmg system, and moderate to
severe (30-40%) m fIelds wIth a G-G-R croppmg system

• InCidence and seventy were hIgher m the summer-autumn season, mamly
due to high SOlI temperature and mOisture content

• Farmers approved of the resistance, duration, pod yield, and other traitS of
ICG 8666, 8645, 8675 However, there is a need to llnprove the shellmg
percentage of these vaneties
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Table 2. Bacterial Wilt Incidence and yteld of some selected groundnut
varieties, summer-autumn 1995 and WInter~sprIng 1995/96, In Trang
Bang district, Vietnam

BW mCl- Shellmg Strong IOO-seed all content Pod Yleld (kg ha I)

Vaneties dence (%) (%) seed (%) mass (g) (%) S-Autumn W-Sprmg

ICG 8625 1 1 65 87 57 430 935 3000
ICG 8626 22 70 79 59 458 1230 3067
ICG 8632 1 1 67 88 54 448 1080 3300
ICG8645 1 6 71 87 52 434 1180 2783
ICG 8654 43 62 88 54 446 1050 2983
ICG 8662 32 70 90 49 441 1020 2667
ICG 8666 01 69 90 57 444 1280 3200
ICG 8675 19 69 92 50 45 1 1230 3133
Local control 578 71 86 50 441 800 2617

CV(%) 287 03 9
LSD (005) 02 482

Table 3 Yield of groundnut varieties ICG 8666 and ICG 8645 In
wInter-sprIng 1997/98 (means of five locations)

Sound lOa-seed Pod Yleld
Vanetles Shellmg (%) kernels (%) mass (g) (kg ha- I )

ICG 8666 (VD-9) 744 868 460 2901
ICG 8645 (VD-I0) 742 843 461 2888
Local control 786 840 422 2534

CV(%) 16 22 16 5
SE(±) 06 09 69 66
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Suggestions

• Diseases such as pod rot and dampmg-off, m addition to BW, play very
important roles m groundnut production m southern Vietnam Therefore,
mtegrated disease management (lDM) systems must be establtshed

• In order to fmd valuable components for butldmg 10M systems, support
from ICRISAT and other orgamzattons Will be needed

42



Technology Development for
Disease Diagnosis and Control



Latent Infection of Burkholderia solanacearum In
Groundnut and Its Role In Resistance Enhancement

Llao Boshou, Shan Zhlhul, LI Dong, Lei Yang, and Tan YUJun1

Abstract

Bacterzal wzlt (BW) caused by Burkholdena solanacearum IS an Important
dIsease of groundnut (ArachIS hypogaea L) In Chma, Indonesia, Vzetnam,
and some other countries Sowzng resIstant groundnut cultwars zs the most
effiaent and practical way to control the dIsease Generally, success of
breedIng for reSlstance to BW ofgroundnut and other crops was Judged by the
percentage of survzvlng plants of newly bred lInes relative to that of the
susceptzble lme under moculatzon and mfectlon pressure However, latent
colonzzatzon of B solanacearum wzthout obvIOUS WIlting symptoms has
recently become common m some resIStant cultzvars Latent colonIzatIOn
could reduce root prolzferatzon, tolerance to drought, and ultzmately, pod yIeld
of Infected plants Speafic expenments Involvzng artzfiCIal maculation and
enzyme~lInked Immunosorbent assays (ELISA) were conducted to Investzgate
the charactenstzcs of reactzon to latent colonlzatzon and thezr vanatzon among
resIStant groundnut genotypes FrequenCies of latent colomzatlon vaned
among genotypes Low latent colonzzatzon was detected m only a few
resIStant lInes, these lmes also possessed stable resIStance to BW across
seasons and locations Genotypes With hzgh latent colomzatlon frequenCIes
were more sensltzve to drought stress In late growth stages, even when wilt
Inczdence was low Hypocotyl tzssues supported the hIghest bactenal
colonzzatzon frequency Improved techmques to detect latent colomzatzon and
evaluate resIStance have been developed Latent mfectzon IS a new trazt to be
addressed m breedIng for BW resIstance

Introduction

Bactenal wilt (BW) caused by Burkholdena solanacearum (E F SmIth) Yabuuchl et al m
groundnut (ArachIS hypogaea L) has been an lmportant constramt to groundnut

1 011 Crops Research InstItute Chmese Academy of Agncultural SCIences (CAAS) Wuhan 430062 China

Ltao Boshou, Shan Zluhw, LI Dong, Lei Yong, and Tan YUJun. 1998 Latent uUectlon of Burkholdena solanaLwrum In

groundnut and Its role m resIStance enhancement Pages 45-52 In Groundnut hactenal Wilt proceedmgs of the Fnurth
Workmg Group Meetmg 11-13 May 1998 VIetnam Agncultural SCience Institute Van Dlen Thanh Tn Hanm

Vlernam (Pande S Liao Boshou Nguyen Xuan Hong Johansen C and Gowda C L L eds) Patancheru 502 324
Andhra Pradesh India Internatlonal Crops Research Instltute for the Semi And TropiCS
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production m Chma, Indonesla, and Vietnam for decades and IS becommg
mcreasmgly widespread m several other countnes (Mehan et al 1990, Mehan and
LlaO 1994, Llao et al 1994) In Chma, it IS beheved that m recent years,
groundnut fields mfected With B solanacearum have mcreased to over 300000 ha
The spread of BW has been caused by expansion m area of groundnut cultivation,
use of susceptible cultlvars m the new growmg regiOns, and lack of rotatiOn with
non host crops (Llao et al 1994) It has been well proven that genetic
Improvement for host resistance IS the most Important component of any
mtegrated control program for groundnut BW The use of resistant cultivars IS the
most practical and feasible control method for farmers m many regiOns (Mehan
and LlaO 1994) Thus, germplasm screenmg and breedmg for resistance have been
the research pnontles for allevlatmg the disease m the past few decades

Even though Wilt mCldence has been slgmficantly reduced by sowmg resistant
cultivars, groundnut production and productivity m diseased areas are still
relatively low Generally, resistant cultivars have low yield potentials and
undeSIrable reactions to drought and other stresses Latent mfection of
B solanacearum without obviOus wtltmg symptoms m resistant groundnut cultlvars
can reduce root proliferatton, symbiotic mtrogen fixation, tolerance to drought,
and yield (Llao et al 1994) These effects appeared to be associated With low
proJuCtiVlty of the crop m diseased areas Several solanaceous speCies, such as
tob 1CCO, potato (Ciampi and Sequena 1980, Clampi et al 1980), and tomato
(Pnor et al 1990), are also known to be latently mfected by the pathogen without
symptoms However, m preViOUS breedmg programs, latent mfection and itS effects
were seldom considered ObviOusly, further breedmg efforts should be made to
overcome the latent mfectton problem In thiS paper, latent mfectlon related to
breedmg for resistance to B solanacearum m groundnut IS descnbed, based on the
available research results

Traditional Criteria for Testing Resistance to Bacterial Wilt

The major objective of plant breeders has been to combme favorable agronomic
charactenstlcs with acceptable resistance to abiOtic and biOtic stresses
Tradmonally, when evaluatmg resistance to BW m several crops mfected by
B solanacearum, the proportiOn of wilted to non Wilted plants has been the
selection cntenon, and all components of the mteractlon between plant,
pathogen, and the environment have been taken mto account (Pnor et al
1994) In prevIOus breedmg programs m Chma and other countnes, resistance to
BW m groundnut was defmed only as high plant survival percentage under
speCified mfectiOn pressure (Mehan et al 1990, Liao et al 1994) When the
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survIval percentage IS over 80%, the genotype IS saId to be resIstant, over 90%, It
IS hIghly resIstant (LI and Tan 1984, Mehan et al 1990) This defmltlon
appeared to be sImple and practIcal m conventtonal breedmg The resIstant
cultlvars were once consIdered pathogen-free based on the lack of visual
occurrence of wIlt

In terms of the mteractIOn of plant and pathogen, resistance IS defmed as any
measurable mechamsm able to overcome completely or to ltmit the development
of a pathogen or ItS effects (Pnor et al 1994) ThIS deftmtton emphasIzed the
posItIve control of a pathogen by plant metabohsm Tolerance IS defmed as the
overall abtllty of a plant to wIthstand the development of a pathogen WIthout
major losses m yIeld (Pnor et al 1994) Accordmgly, where mfection or
colonizatIOn of B solanacearum m groundnut genotypes WIthout wlltmg
symptoms IS concerned, the genotypes may be classlfted as reSIstant to, or
tolerant of the dIsease But If the YIeld losses or other undesIrable mfluences on
the symptomless plants are conSIdered, the above defmltIOns for reSIstance or
tolerance must be modIfIed VIsual occurrence of wIlt symptoms IS not enough
for evaluatmg reSIstance to BW

Influence of Latent Infection of B solanacearum on Groundnut

Even though groundnut plants WIth hIgh surVIval percentage m naturally
dIseased fIelds or artlftclal moculatIOn tradItIOnally were thought to be free
from B solanacearum, latent mfection by the pathogen has been found m
some of these genotypes Latent mfectlons of B solanacearum are also
known to occur m cultlvars of potato (CIampI and SequeIla 1980, Bowman
and Sequena 1982), tomato (PIlor et al 1990), eggplant, and pepper (PIlor
et al 1994) mcludmg some reSIstant genotypes Latent mfectlon was
thought to be a generahzed and common traIt of B solanacearum
pathogeneSIs (PIlor et al 1994)

In repeated arttftcIaI moculatton expenments (LIao et al 1997, unpublIshed
data), groundnut seed emergence was reduced by 20-40% by soakmg the seeds 10 a
bactenal suspenSIon It was assumed that the mvaslon of B solanacearum mto
groundnut seeds mIght encourage the mfectton of other bactena or fungI 10 SOlI,
even If the wtlt pathogen could not kill the seeds dIrectly LIao et al (1997) found
reduced dry root mass, root volume, number of nodules, pod number planr- l , and
yIeld plant-1 m reSIstant groundnut cultlvars artlftcIally moculated WIth bactena,
compared to nonmoculated plants of the same cultlvars grown under the same
condmons It IS mterestmg to note that there IS vanatlon among groundnut
genotypes m theIr reactton to latent mfectlon (Table 1)
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Table 1 Percentage reduction In root mass, root volume, nodules, and
yteld per plant In groundnut lInes artIfICIally Inoculated by
B solanacearum and tested In Chma

Genotype

Xlekangqmg
Zao 18
Talshan Zhenzhu
ZH 212
ZH 112
Yueyou 200
89-15048
Luhua3
93-76
Yueyou 92
Talshan SanlIrou
GUIYOU 28
EHua4
GoulIaozhong
Jmngtamzhong
85-1526
Zhonghua 2
Zhonghua4
91-074
87-77

Root
mass

357
-963

-1097
-3483
-800
-476
-689
508

-757
404

-2314
-1505
-704

-1192
625

-1538
-1046

204
-568

-1682

Root
volume

353
-1972
-1123
-4019
-21 73
-109
-769
-192
-674

672
-13 68
-1216
-1111
-1006

687
-1667
-2508
-227

273
-2694

Nodules
planel

581
-1623
-3082
-2793
-5381
-1856
-647

665
-816
982

-3686
-11 77
-3320
-11 76

193
-455
-013

-2018
365

-695

Pods
plant-I

-3849
-2319
-2380
-2996
-3398

198
-13 81
-050
-912

-1250
-911

-1248
-185
-707

698
-3364
-2063
-501

088
-4056

Yield
planrl

-4526
-2936
-1844
-5876
-3772

596
480

-830
-13 04

185
-589
-116
-595
-215

325
-2941
-2568

576
540

-3153

In naturally diseased field plots, Wilt was noticed In resistant plants at the late
growth stages, when the plants were stressed by drought In these wilted plants,
vascular bundles were discolored or destroyed due to mfectlon and colonlzatlon by
B solanacearum The latent mfectlon m resistant culuvars was thought to reduce
the absorptlon abilIty and drought tolerance In later growth stages It was
noteworthy that some of the released resistant culuvars yielded well m fields free
from B solanacearum but Yielded relatively poorly m mfested fields even though
Wilt mCldence was not high Latent mfectlon might be a reason, along With the
poor SOlI fertilIty of the diseased fields Latent mfectlon should be considered m
further efforts to breed for BW resistance
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Techmques for Detecting Latent Infection

To enumerate culturable populatIons or total populatlons of bactena m plant
tlssues, new methods were developed Counts of culturable bactena were obtamed
after growmg them on a sUltable medlUm AddltlOnally, serologlCal methods were
developed, provldmg means for rapld detectlon and Identlflcatlon of bactena
Research In thlS fIeld has mamly been conducted to obtam race~ or biovar~speclflc

antibodles for use m the detectlOn of B solancearum from soll or plant tlssues,
particularly m detectmg latent mfectlon

In order to mvestlgate latent colomzatlon by B solanacearum and Its vanatlon
among different groundnut genotypes, a special project was started, supported by
the Chmese Natural SCience FoundatlOn Expenments conslstmg of artlflclal
moculatlon and enzyme~lmkedIf''lmunosorbent assays (ELISA) were conducted to
detect latent colomzatlOn m reslstant groundnut genotypes Polycolonal
antlbodles were produced by lmmumzmg a female rabbIt WIth an lsolate of
B soalancearum collected from the natural dIsease nursery m Hong An (Shan et
al 1997) Seeds of 30 reslstant genotypes were artlflcially moculated by soakmg
them m a bactenal suspension for 30 mmutes and then sowmg them m sandy soll
At 50 to 60 days after sowmg, moculated plants of each genotype were sampled
and cut mto root, hypocotyl, base stem, and midstem portlons These samples were
then tested by ELISA Frequencies of latent colomzatlon vaned among dlfferent
resilltant genotypes A hlghly reSIstant hne, 89~15048, whlch had survIval
percentage of 100% for several seasons, showed a latent colomzatlon frequency less
than 20%, whl1e those mother reslstant and susceptlble genotypes ranged from
30% to 80% The reSIstant germplasm accessIons Xlekangqmg and Talshan
Sanhrou, extensIvely used as breedmg parents m Chma, possessed cololllzatlOn
frequencles of 35% and 46%, respectlvely, m thIS expenment It was noteworthy
that not all moculated seeds were mfected or cololllzed, even m susceptlble hnes
This phenomenon needs further mvestlgation

The tap,root tl"ssues of tomato plants were hIghly colomzed by B solanacearum
(Pnor et al 1994), but m groundnut, tissues from the hypocotyl had hlghest
colomzation frequency m seed moculatlon tests InfectlOn of roots occurred m
naturally dIseased fIelds only after emergence The base stem of groundnut was
cololllzed by the bactena, but cololllzatlon of the midstem was detected m only a
few samples These results were slmllar to the results obtamed after moculatlOn of
dIfferent plant parts of tomato However, m tomato, the proportlon of mvaded
midstems WlthOUt Wllt symptoms vaned accordmg to the degree of reSIstance, 1 e ,
hnes WIth more resistance had lower levels of stem mvaslOn (Pnor et al 1994)
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Implication of Latent Infection m Groundnut Breedmg

Breedmg for BW reSiStance and its application m managmg the disease are likely
to remam the major components of control strategies In general, groundnut
breedmg for resistance to BW has progressed very slowly, especially when
attempts have been made to combme resistance With hIgh yield potential and
resIstance or tolerance to other stresses ThIs slow progress mIght be related to
lack of awareness m earlier breedmg programs about the role of latent mfection
Therefore, there is a need to modIfy germplasm evaluatlOn methods and
selectIon cntena m breedmg for wilt resIstance to overcome the effects of latent
mfectlOn DIsease mCldence based on vIsual wIltmg symptoms wIll remam the
basIc cntenon for evaluatmg resIstance, particularly under fIeld conditions
Plants colomzed at low levels could be selected withm a populatIon of
symptomless plants to obtam more resIstant cultlvars A combmatiOn of wIlt
mCidence and colomzation values could optimize breedmg programs and result
m selection of wider resIstance WIth greater adaptation to dIfferent
enVironments (Pnor et al 1994)

In groundnut, more than 90 acceSSions belongmg to different botamcal types
have been identified as resistant to BW worldwide (Liao et al 1994) Resistance
has also been found m wild speCies of ArachIs (Yeh 1990) and mterspeclfIc hybnd
denvatives (Zhang 1996, personal commumcation) Compared to several
solanaceous crops such as potato, tomato, and tobacco, sources of resIstance to BW
in groundnut are much more diverse However, there is a need to screen these
diverse sources of resistance to groundnut BW for latent mfectiOn by
B solanacearum isolates In thIs direction, improved techmques for detectmg
latent colomzation m groundnut tissues by ELISA appear to be useful m BW
resistance breedmg programs

In prelimmary mvestigations, groundnut genotypes with hIgh latent
colomzation frequencies were more senSitive to termmal drought stress, even when
Wilt mCidence was low Hypocotyl tissue had the highest bactenal colOnization
frequency, and should be used for evaluatmg reaction of latent colomzatiOn m
groundnut lmes used in breedmg for BW resIstance

Acknowledgments

ThIS research on latent mfection of B solanacearum m groundnut was supported
by the Chma Natural SCience Foundation (No 39570495) and the International
Crops Research Institute for the Semi-And TroPICS (ICRISAT) The above
orgamzations are Sincerely acknowledged

50



References

Bowman, J E , and Sequerta, L 1982 ReSIstance to Pseudomonas solanacearum 10
potato 10feCtIVIty tltrtIOns 10 relatIon to multIplIcation and spread of the
pathogen Amencan Potato ]oumal59 155-164

Ciampi, L , and Sequerta, L 1980 MultIplIcatIOn of Pseudomonas solanacearum 10
reSIstant potato plants and the establIshment of latent 1Ofectlons Amencan
Potato ]ournal57 319-329

Ciampi, L, Sequena, L, and French, E R 1980 Latent 1OfectIon of potato
tubers by Pseudomonas solanacearum Amencan Potato Journal 57 377-386

LI, W R , Tan, YJ 1984 Inoculation technIques for groundnut bactenal wilt 011
Crops ofCh1Oa 277-81

Llao, B S, Duan, N X , Wang, YY, Sun, DR, and Mehan, VK 1994
Host,plant reSIstance to groundnut bactenal WIlt genetic dIversity and
enhancement Pages 91-96 m Groundnut bactenal WIlt 10 ASia proceed1Ogs of
the Thud Work1Og Group Meet10g 4-5 Ju11994, Oil Crops Research Insmute,
Wuhan, Chma (Mehan, VK , and McDonald, 0, eds) Patancheru 502 324,
Andhra Pradesh, India InternatIOnal Crops Research Insmure for the Seml
And TropICS

LIao, B S , LI, D, Shan, Z H, Tan, YJ , Duan, N X, and Tang, G Y 1997
Influence of latent Infection of Ralstonza solanacearum on groundnut OIl Crops of
ChIna 19(4) 55-58

Mehan, V K , and LIao, B S 1994 Groundnut bacterial wIlt past, present, and
future Pages 67-88 In Groundnut bacterIal wIlt 10 ASia proceedIngs of the Third
Work1Og Group MeetIng 4-5 Jul 1994, 011 Crops Research Institute, Wuhan,
Chma (Mehan, VK, and McDonald, D, eds) Patancheru 502 324, Andhra
Pradesh, India International Crops Research InstItute for the Seml,And TropiCS

Mehan, VK, Nigam, S N , and McDonald, D, 1990 Management of bactenal
WIlt of groundnut USIng genetic reSIstance and cultural practIces Pages 211-218 In

Bactenal WIlt proceedIngs of an ACIAR/ICRISAT Collaborative Research
Planmng Meet1Og, 18-19 Mar 1990, GentIng Highlands, MalaYSia (Middleton,
K J , and Hayward, A C , eds ) ACIAR Proceed1Ogs no 31 Canberra, AustralIa
AustralIan Center for InternatIOnal Agricultural Reilearch

Prior, P, Beramls, M , Chillet, M , and SchmIt, J 1990 Preltm10ary studies for
tomato bactenal WIlt (Pseudomonas solanacearum E FSmlth) reSIstance mechamsms
SymbIOsIS 9 393-400

51



Prlor, P, Gnmault, V, and Schmlt J 1994 Reslstance to bactenal wIlt
(Pseudomonas solanacearum) m tomato present status and prospects Pages 209
223 m Bactenal wilt the dIsease and its causatIve agent, Pseudomonas solanacearum
(Hayward, A C, and Hartman, G L eds) Wallmgford, UK axon, CAB
Internatlonal

Shan, Z H, Ltao, B S, Tan, YJ , Ll, D, Lel, Y, and Shen, M Z 1997
Detectlon techmque tor latent mfection of groundnut bactenal wIlt all Crops of
Chma 19(2) 45-47

Yeh, W L , 1990 A reVIew of bactenal wilt on groundnut m Guangdong Provmce,
People's RepublIc of Chma Pages 48-51 m Bactenal Wilt of groundnut
proceedmgs of an ACIARjICRISAT Collaboratlve Research Plannmg Meetmg,
18-19 March 1990 Gentmg HIghlands, MalaysIa (Middleton, KJ ,and Hayward,
A C , eds) ACIAR Proceedmgs no 31 Canberra, AustralIa AustralIan Centre
for Internatlonal Agncultural Research

52



Pathological Aspects and Cultural and Biological
Control of Groundnut Bactenal Wilt In Vietnam

Nguyen Xuan Hong, Nguyen Thl Yen, and VI Anh Tuan1

Abstract

In recent years, extensIVe research at the VIetnam AgrIcultural SCIences
InstItute has explamed much about pathogenICIty of Burkholdena
solanacearum, whICh causes bactenal wdt (BW) of groundnut, and
how to control the cUsease Vzetnamese ISOlates of B solanacearum
vary greatly m theIr abzllty to cause WIlt, and groundnut genotypes also
vary m theIr reactIon to the pathogen RotatIon of groundnut WIth nee
or sugarcane SIgnIficantly reduces dISease seventy, but thIS type of
rotatIon IS not always feasIble Some Pseudomonas species and
BaCillus subtlhs have shown potentIal as bIOlogzcal control agents In

seed treatment More research on bIOlogzcal control IS needed

Introduction

Groundnut bactenal Wilt caused by Burkholdena solanacearum (E F Smith) YabuuLhl

et al IS Widespread In the major groundnut production areas of Vietnam The
dIsease has become IncreasIngly senous SInce It was ftrst documented In 1991
(Mehan et al 1991) In recent years, major research efforts In Vietnam have
been focused on systemaUc surveys to assess economic Importance, dlstnbuuon,
and seventy of the disease In major groundnut groWIng areas and Identlftcauon
of sources of reSIstance among local and Introduced germplasm breedIng lines,
and vaneties Several groundnut culuvars reSIstant to bactenal Wilt have been
IdentIfied and Widely tested for theIr pOSSible release In near future However,
research on the pathogen and other management measures has made limIted
progress

1 Vlemam Agncultural SCience Institute (VASil Van Olen Thanh Tn HanOI Vlemam

Nguyen Xuan Hong, Nguyen Thl Yen and VI Anh Tuan 1998 PathologICal aspects and cultural and hll[nblLal
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HanOI Vlemam (Pande S Llao Boshou Nguyen Xuan Hong Johansen C and Gowda eLL eds) Patancheru

502 324 Andhra Pradesh India Internatlonal Crops Research Institute for the Semi And TropiCS

53



ThiS paper reports the prehmmary results of research on pathology and cultural
and blOlogical control of groundnut BW conducted recently at Vietnam
Agncultural SCience Institute (VASI), Hanol

Races, Blovars, and Pathogeneclty of Burkholderla solanacearum

In Vietnam, isolates of B solanacearum from groundnut belong to blOvars 3 and 4
Among 25 isolates collected from different ecological areas of northern and
central Vietnam, 14 belonged to biovar 3 and 11 belonged to blOvar 4 Isolates of
both blOvars were found m the same endemiC reglOn (Table 1)

Table 1 Races and blovars of selected Burkholdena solanacearum
.Isolates In Vletnam i

Isolate Source Dubtol Manmtol Sorbitol Maltosa Lactosa Cellobiosa BlOvar Race

HT-IHaTinh + + + 4 1
HT-2HaTmh + + + 4 1
HT-3HaTmh + + + + + + 3 1
HL-3 NgheAn + + + + + + 3 1
HL-7NgheAn + + + 4 1
XH-3NgheAn + + + 4 1
XH-5NgheAn + + + 4 1
HTR-4 Thanh Hoa+ + + 4 1
QO-IHaTay + + + 4 1
VY 10 Bac Giang + + + 4 1
HB-l Bac Giang + + + + + + 3 1
AK-13 Ha Tay + + + 4 1
BD-l BmhDmh + + + + + + 3 1
BD-2BmhDmh + + + + + + 3 1
BD-3 BmhDmh + + + + + + 3 1
BD-4BmhDmh + + + + + + 3 1

I + = posltlve reaction - = negatlve reaction

Isolates of B solanacearum from groundnut are highly virulent on eggplant,
potato, tomato, and sesame but less virulent on tobacco (Table 2) All isolates
grow well on SPA medmm at 30-35°C and release brown plgment m thiS
medmm Under greenhouse condltlons at temperatures of 28-32°C, they cause a
hypersenSitlVe reactiOn on tobacco leaves 18 to 24 after moculatlon by

54



mJectlOn Injection of leafaxiis of young, susceptible groundnut plants with a
pathogen suspensIOn (108 CFU mL-I/mL) 3 weeks after sowmg caused ""lit
symptoms m 3 to 4 days

Table 2 ReactIOns of SIX crop species to groundnut Isolates of
Burkholdena solanacearum in Vietnam

Crop species

Eggplant (Solanum melongena)

Potato (Solanum tuberosum)
Tomato (Lycoperslcum esculentum)

Sesame (Sesamum mdlCum)
Tobacco (Mcouanna tabacum)
Sweet potato (Ipomea batatas)

1 = Data not available

Penod of mcubatlon (days)

34
45
45
45
8
-I

WIlt mtenslty (%)

100
80
90
70
20
o

Isolates of B solanacearum from different areas of Vietnam vary widely m their
pathogemclty Isolates from hot spot locations, such as Ha Tinh and Xuan Mal are
more Virulent than those from other provmces (Table 3)

Table 3 Pathogemclty of 6 Isolates of Burkholdena solanacearum on
selected groundnut genotypes following seed inoculatIOns, Vietnam
Agricultural SCience Institute, 1998

Wilt mtenslty (%)1

Genotype

ICGY 86143
leG 3704
ICG 8666
ICG 5273
Gle Nho Quan

DA
100

76
18
14
4

XM
100
92
17
33

3

HT

100
96
22
35

5

BD

48
72
21
22
o

QN

43
28

7
10
o

TTH

30
33
8

12
o

1 DA = Dong Anh (HanOI) BD =Bmh Dlnh XM =Xuan Mal (Ha Tay) QN =Quang Nlnh HT = Ha Tinh
TTH = Thua Thien (Hue)

Some groundnut vanetles, such as ICG 8666 (Schwarz 21) and Gle Nho Quan
showed stable resistance to all Isolates of B solanacearum tested, whereas the
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vanety ICGV 96143 gave dlfferential reactlOns to dlfferent lsolates On the same
groundnut vanety and under the same condltlons, one lsolate of the pathogen can
be more vlrulent and cause h1gher w1lt mtenslty than others Research on the
poss1ble pathorypes of the B solanacearum m V1etnam 1S m progress

Prellmmary research conducted at VASI has md1cated that h1ghly-v1rulent
lsolates of B solanacearum from groundnut are more tolerant and can surv1ve
under stress condltlons longer than less-v1rulent 1solates

Dlfferent methods of moculat1on slgmf1cantly affect wtlt seventy m groundnut
genotypes In companson to seed moculation, stem moculation caused much more
severe wtlt on the genotype ICG 5273 but less mtense w1lt on ICG 3704 These

data showed that d1fferent mechamsms of res1stance to groundnut BW eX1st
among test genotypes (Table 4)

Table 4 Reaction (% wIlted plants) of selected groundnut cultlVars to
stem and seed moculatlOn with a highly virulent Isolate (HT) of
Burkholdena solanacearum

Groundnut cult1var

ICG 8666 (Schwarz 21)
ICG 5273 (Mat]an)
ICG 3704

Stem moculat1on

200
600
643

Seed moculation

224
265

1000

Cultural Control Measures

Rotat1on of groundnut w1th nce has proved most effective m reducmg the
moculum m soli and W1lt mC1dence (Hong et al 1997) However, m upland and
nverbed areas, groundnut 1S grown as a dryland crop In these areas, groundnut
cannot be rotated w1th nce Therefore, rotation of groundnut w1th alternate
nonhost crops would be an lmportant means to contam the d1sease lntercroppmg
groundnut and nonhost crops also reduces w1lt mC1dence

In northern V1etnam, surveys m d1fferent dryland croppmg systems on upland
(hllly) and nverbed areas mdlCated that rotatmg or mtercroppmg groundnut w1th

malze slgmf1cantly reduced W1lt mCldence Sugarcane also was a good crop for
rotation wlth groundnut In some areas that are heavtly mfested wlth the
pathogen, rotation of groundnut wlth sugarcane for 3 years slgmflCantly reduced
BW mCldence
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Biological Control

In recent years, SCientlsts at VASI have mltlated expenments usmg antagonIStic
bactena to control BW One stram of Pseudomonas fluorescens (No 4) and another
stram of Pseudomonas sp are highly effectlve m suppressmg BW These possIble
blocontrol agents were used for seed treatment (Table 5) More recently,
prelrmmary research conducted m HanOI Agncultural Umversity (HAU) mdlCated
that P fluorescens and B subuUs could sIgmficantly suppress B solanacearum Further
research on bIOlogIcal control of BW wIll be conducted at VASI and HAU

Table 5 Effect of seed treatment with antagonistic bacteria on Wilt
intensity of groundnllt variety leG 3704, In sick plots at Vietnam
Agricultural SCience Institute, 1997

Treatment

No seed treatment
Seed treatment WIth Pseudomonas fluorescens
Seed treatment wIth Pseudomonas sp (P aerugmosa 7)

References

WIlt mtensity (%)

862
150
158

Hong, N X, Lieu, N V and Yen, NT 1997 DIstnbutIOn, seventy of groundnut
bactenal wIlt and Identlfication of race and biovar belongmg of Pseudomonas
solanacearum Isolates m Northern VIetnam Journal of Plant Protectlon, No 6 (m
Vietnamese With summary m Englrsh)

Mehan, VK, Hong, N X, and Ly, NT 1991 On the IdentlficatIOn of
pathogens causmg the so called groundnut wIlt dIsease m North VIetnam In
Improved cultIvatIOn technologies for groundnut and other food legumes m
Vietnam Mmistry of Agnculture and Food Industry Vietnam HanOi, Vietnam,
Agncultural Publrshmg House (m Vietnamese With summary m Englrsh)
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Integrated Disease Management with Special Reference
to Bacterial Wilt of Groundnut

S Pande, C Johansen, and J Narayana Rao1

Abstract

Groundnut IS one of the most Important OIlseed crops In AsIa, Afnca,
and the Amencas Because of the tremendous dIVerSIty of Its uses, and
of envIronments In whICh groundnut IS cultivated, It IS Infected by over
100 plant pathogens Bactenal WIlt (BW), caused by Burkholdena
solanacearum, IS a major constraint to groundnut production In

China, IndoneSIa, Vietnam, MalaYSIa, and Uganda Much progress
has been made In understandIng the epIdemIOlogy of races and blovars
of B solanacearum that attack groundnut Effective greenhouse and
field screemng techniques have been developed, resIstance sources
Identified, and resIStant culuvars developed Integrated BW
management In groundnut Involves Wllt.-reslstant cultlvars, rotatIOn
WIth nonhost crops, and crop sanitation, but these practices are not yet
sufficIently refined to be used by resource,poor farmers In South and
Southeast AsIa Therefore, more on,farm partiCIpatory research by
farmers IS needed to devISe approprzate packages of these strategIes for
BW endemIc areas

Introduction

The cultivated groundnut (ArachIS hypogaea L) 1S a self,pollmatmg annual
herbaceous legume It 1S a umque plant because 1t flowers above ground and
produces pods contammg one to £lve edible kernels below ground It IS grown on
over 18000000 ha throughout the world India, Chma, USA, Sudan, Senegal,

1 International Crops Research Instltute for the Semi And TropiCS (lCRISAT) Patancheru 502 324 Andhra
Pradesh India
ICRISAT Conference Paper no CP 1362

Pande, S ,Johansen C, and Narayana Rao, J 1998 Integrated disease management With speCial reference to
bactenal wilt of groundnut Pages 58-74 In Groundnut bactenal wilt proceedmgs of the Fourth Workmg Group
Meetmg 11-13 May 1998 Vietnam Agncultural SCience Institute Van Olen Thanh Tn HanOI Vietnam
(Pande S Liao Boshou Nguyen Xuan Hong Johansen C and Gowda C L L eds) Patancheru 502 324
Andhra Pradesh India International Crops Research Institute for the Semi And TropiCS
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Nlgena, and Indonesia are the seven largest producers of groundnut (Porter et al
1984) It IS a valuable source of protem for human and anImal nutntlon, and
provIdes a hlgh~quahty cookmg 011 The crop IS Important to the economies of
farmers m several developmg countnes Vietnam IS one country where the crop is
gammg Importance and has become an essential component of croppmg systems
and the farm economy

Crop management practices for groundnut vary from labor-mtensive practices
With few or no other mputs m some developmg countnes of AfrICa and ASia to
almost total mechanIzation m the USA Accordmgly, disease management
practices vary WIdely There may be mmimal disease management, some use of
chemicals, or total rehance on host plant resistance (HPR) Madd~n (1987)
defmed Integrated pest management as "a holistic, multidisclplmary management
system that Integrates control methods on the basiS of ecological and economic
pnnclples for pests that coexist m an agroecosystem" This notion certamly
descnbes disease management wlthm groundnut production systems worldWide
Cultural practices, host plant reSistance, and fungicide usage are generally
mtegrated mto management plans deSigned to mmimlze mltlal levels of disease
and obstruct disease progress In thiS paper, specIfic examples of mtegrated
management of BW are discussed EmphaSIS has been placed on groundnut
production systems m ASia and current strategies for disease management m the
pnncipal groundnut countries m South and Southeast ASia In additiOn, future
needs are consIdered at the conclUSion of the paper

Economic Losses

Bactenal WIlt caused by Burkholdena solanacearum (E F Smith) Yabuuchl et al is a
major constramt to groundnut production over large areas of Chma, IndoneSia,
and VIetnam (Table 1) Yield losses are usually m the range of 10-40%, but losses
can reach 100% when highly susceptible cultivars are grown m heavlly mfested
fields In Chma, it is estimated that the annual loss of groundnut pods from Wilt
exceeds 50000 t Severe losses are also reported m parts of MalaySia, FiJI, Papua
New Gumea, and Uganda (OpIO and Busolo-Bulafu 1990, Mehan et al 1994)

Geographical Distribution

The global distnbutIOn of groundnut BW is given m Table 2 In Chma, the
disease occurs In 16 groundnut-growmg provmces, rangmg from 19°N ro 39°N
It is most severe m the southern and central provmces, where it is estimated that
over 200000 ha of groundnut fields are mfested WIth the Wilt pathogen (Mehan
et al 1994)
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Table 1 Estimated annual groundnut yield losses caused by bacterial wtlt
In ASla i

Country

Chma
Indonesia
Malaysia
Philippmes
Thalland
Vietnam

Yield loss (%)

10-100
5-65
0-20
- 30
>50

5-80

Reference

Tan et al 1994
Machmud and RatS 1994
Lum and Hamidah 1994
Natural 1994
Butranu et al 1994
Hong et al 1994

1 Based on surveys of farmers fields and research station data

In Indonesia, the mCidence and seventy of BW vary dependmg on locations
and seasons, the disease is most severe m West Java, South SulaweSi, and South
Sumarta It is also economically important m central and eastern Java, Bah, and
North SulaweSi In Vietnam, the disease can be severe m at least SiX major
groundnut-growmg provmces In MalaySia, BW is severe m Serdang and Kelantan
areas and less severe m the Kedah area

Bactenal Wilt has been reported m Thailand, Sn Lanka, Papua New Gumea,
and India (Hayward 1990) and m several Afncan countnes (Ethiopia, Libya,
Madagascar, Mauntius, Somalia, South Afnca, Uganda, and Zimbabwe), as well as
m Australia, Taiwan, and Japan, (Table 2, Mehan et al 1986), however,
mformation is sparse, and the present status of the disease m many of these
countnes is not known The disease has been reported m the USA (GitaltlS and
Hammons 1984), and it is an important constramt to groundnut production m
central and northwestern regions of Uganda (OpiO and Busolo-Bulafu 1990)

Etiology and Biology

The taxonomy, charactenstics, natural and moculated host range, and
geographical distnbution of the causal agent of BW, Burkholdena solanacearum, are
reviewed by Bradbury (1986) Burkholdena solanacearum is an aerobiC, non
fluorescent, non-spore-formmg, rod-shaped, gram-negative bactenum,
approximately 05 W 155m (Kelman 1954, Hayward 1964) Key diagnostic
features are itS cultural charactenstics on tetrazolmm agar medmm, where Virulent
isolates, that are mamly non-flagellate and non motile, form megularly round,
flUidal, creamy white colomes With light pmk centers (Kelman 1954)
Extracellular shme formation is a common attnbute of all Virulent isolates of B
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Table 2. Global dIstrIbutIOn and Importance of groundnut bacterIal wIlt!

Country Provmce/ReglOn Importance

Chma2 LIaonmg, Shandong, Hubei, Growmg importance disease
j Iangsu, AnhUl, Henan, mCidence <20% observed
ZheJiang, Hunan, Sichuan,
GUlzhou

Hubei, jiangxi, FUJiang, Important, disedse mCidence
Guangxi, Guangdong, Haman >30% observed

Indonesia Inan j aya, Kalimantan Important, disease mCidence
10-30% observed

java, Sumatra, Sulawasi, Very important, disease
Lombok, Bali mCidence >30% obsprved

Vietnam Northern Vietnam Vmh Phu Growmg importance, disease
mCidence <10% observed

Northern Vietnam Bac Thai, Ha Bac, Important, disease mCidence
Ha Tinh, Thanh Hao, Nghe An (Nghe Tinh) >30% observed
Southern Vietnam Long An, Tay Ninh

Malaysia Kedah,Ipoh Growmg importance, diSease
mCidence <10% observed

Kelantan, Terengganu, Selangor Important, disease mCidence
>30% observed

India Andhra Pradesh, Meghalaya, Not considered important, but
Tamil Nadu, Kamataka disease observed or reported

1 Groundnut bactenal wtlt has also been reported m the Phlltppmes Thatland Sri Lanka and Papua New
Gumea (Hayward 1990) It has also been reported from Mauritius Madagascar Libya Somalta Ethiopia
Zimbabwe South Africa Swaztland Taiwan Japan and Australia (Mehan et al 1986) and from Georgia and
North Carolma m USA (Gltams and Hammons 1984) It IS an economICally Important disease m Uganda (OpIO
and Busolo Bulafu 1990)

2 Based on mfonnatlon from provmclal surveys

solanacearum AVirulent isolates usually bear one to four polar flagella and are
highly motile The bactenum produces a brown diffusible pigment on some media,
mcludmg tyrosme ACid productiOn from carbohydrates vanes greatly between
biovars and strams Optimum temperature for growth vanes between 25 and 35°C
Further mformation is available m a recent reView (Mehan et al 1994)
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Burkholdena solanacearum has a very wide natural host range wh1ch mcludes
many crop plants and weeds that are found m groundnut production systems
(Bradbury 1986) Suscept1ble legumes mclude phaseolus bean, lupms, pea, soyabean,
faba bean, cowpea, Tnfobum spp and Stylosanthes spp The species IS h1ghly
heterogenous (Bradbury 1986) Isolates are class1f1ed mto £lve races based on host
range (Buddenhagen and Kelman 1964, He et al 1983), and mto f1ve blOvars based
on b10chem1cal charactenstlcs (Hayward 1964, He et a1 1983) Races and b10vars
are mformal groupmgs at the mtraspeclflc level Although the two systems of
class1£lcatlon are largely mdependent, each system has contnbuted cons1derably to
understandmg the complex pathogemc1ty of B solanacearum (Mehan et al 1994)
Race 1 Isolates cause wtlt m groundnuts and m many other legummous and
solanaceous plants B10var 1 1solates cause w1lt of groundnut m the USA, b10var 3
and, to a lesser extent, b10var 4 1solates cause W1lt of groundnut m AS1a and Afnca
(Hayward 1991) B10vars 2 and 5 have not been reported from groundnut

Serolog1cal techmques based on both polyclonal and monoclonal ant1bod1es
have been developed for detection and 1dentlf1catlon of B solanacearum (Alvarez
et al 1993, Robmson 1993) Molecular techmques are also bemg developed to

enhance detection of the bactenum and to better understand Its conSiderable
genettc diverSity (Cook et al 1989, Seal 1994) Burkholdena solanacearum-speclflc
DNA sequences have been Identified and oltgonucleotlde pnmers constructed for
those reglOns that helped m detectmg smgle cells of the bactenum m hosts by the
polymerase cham reaction (PCR) (Seal 1994) A rap1d 1dent1flcatlon test was also
developed for dlstmgmshmg blOvars 3, 4, and 5 based on restnct on fragment
length polymorphism DNA probes Further work IS focusmg on development of an
lmmunocapture peR test for B solanacearum

Bactenal w1lt 1S most Important on groundnut m the warm, humid, and subhumld
trOplCS, especlally m South and Southeast ASia (Hayward 1991, Mehan and Llao
1994) It has also caused sporadic damage II' wetter areas of the semi and tropiCS In
general, 1solates of B solanacearum from groundnut are reported to be more virulent on
groundnut than are ISolates from other hosts (Mehan and LlaO 1994), however, strams
from groundnut differ greatly m their pathogemclty on the host (Tan et al 1992)
Further mformat10n IS needed on the geographiC dlstnbutlon of races that mfect
groundnut before speclftc lmkages With environmental condlttons can be made to
explam why Wilt IS severe m some zones but not mothers

Symptoms and Disease DiagnOSIs

Wilt symptoms can be observed 2 to 3 weeks after sowmg Very young seedlmgs
may Wilt, but It IS more common for wlltmg to commence at flowenng (Mehan et
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al 1994) Burkholdena solanacearum mvades groundnut through wounds or through
natural openmgs m roots The bactena enter the water-conductmg tissues,
multiply, and block the vessels to cause wiltmg of the plant Infection of young
plants results m rapid wtltmg of stems and foltage, but leaves remam green until
fmal rottmg occurs When older plants or cultivars that are not h1ghly susceptible
are mfected, wtltmg proceeds more gradually, usually startmg With the lateral
branches Infected plants have discolored and rotted roots and sometimes rotted
pods

The d1agnost1c charactenstics of thiS disease are dark brown discoloration m
the xylem and pith, and streammg of bactenal ooze from the cut ends of mfected
stems and roots when these are immersed m water

Epidemiology

The disease is sotlbome, and its long-term surv1val 1S favored by contmuous
croppmg of groundnut and other host plants and the presence of weed hosts
(Mehan and LlaO 1994) The bactenum is mamly dissemmated through water and
mfested sotl Sotl temperatures above 25°C together With high SOlI mOlsture favor
the development of wtlt (Wang et al 1983) Wilt peaks when the SOlI temperature
is over 30°C for 10 days (Tan and Llao 1990) Under contmuously wet cond1tIons,
wtlt develops and spreads, but severe Wilt symptoms may not appear for some time
Infected plants w1lt rap1dly 1f they are subjected to a dry penod A clear
relationship between SOlI type and groundnut Wilt has not been estabhshed In
IndoneSia, Wilt is predommantly a problem of heavy clay or loam sotls (Machmud
1986), whereas m Chma w1lt 1S more common m sandy SOlIs (He 1990) Wtlt 1S
less prevalent m solls With high organiC matter, and prehmmary mformatlon
suggests that alkalme sotls are w1lt-suppressive (Yeh 1990) Machmud and
Middleton (l990) found seed transmiSSion of 5 to 8% m freshly harvested seed,
but thiS was greatly reduced by drymg Seed transmiSS10n 1S of obvlOus quarantme
slgmfIcance, and more research is needed to determme the extent of transmiSS10n
(Mehan and LlaO 1994)

Disease Management

The best approach to management of wtlt 1S to combme appropnate cultural
control pract1ces With the sowmg of reSistant vaneties Crop samtation measures
such as bummg crop reSidues, removmg weeds, and cleanmg Implements after
cult1VatiOn also help to reduce carry-over and spread of the d1sease Adjustment of
sowmg date to aVOld penods of hIgh temperature and SOlI mOlsture has had hm1ted
success (Kelman 1953) Rotation With Immune or hIghly reSIstant crops, mcludmg
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nce, maize, sugarcane, soyabean, and sorghum, IS useful (Wang and Hou 1982, He
1990) Chemical control IS not economically feasible Vanetles With high levels of
resistance and good agronomic qualmes have been bred m Chma and Indonesla
(Llao et al 1990, Yeh 1990, Machmud 1993) and Mehan et al (1994) hst 54
resistant genotypes Addmonally, several wlld Arachis spp are highly resistant
(Yeh 1990) Considerable progress has been made m the management of the BW
of groundnut

Agronomic and Cultural Management

Crop rotation

As groundnut BW IS mamly SOIlborne, rotatlon of groundnut With crops that are
Immune or highly resistant to B solanacearum and with nonhost crops such as nce,
maize, soybean, and sugarcane, are effectlve measures Rotatlon of groundnut With
nce or sugarcane for 2 to 3 years can greatly reduce wllt mCldence and seventy
(Wang and Hou 1982, He 1990, Tan and Ltao 1990, Machmud 1993) Groundnut
nce rotatlon systems are successfully used m several regions of Chma (He 1990)
Rotatlon With wheat, sorghum, and cotton IS also effectlve m reducmg Wilt
mCldence In ramfed uplands, rotatlon of groundnut With maize and sorghum or
mtercroppmg groundnut With maize are useful ways to contam the disease

Although crop rotations for shorter penods With Immune crops have proved
effectlve m contammg the disease, leavmg a gap of at least 3 to 4 years between
groundnut crops IS more effective, espeCially m SOlIs that are heavily mfested With
the pathogen Long gaps are not practlcal where groundnut IS Important major
crop (e g , m Vietnam) Little IS known about how vanous croppmg systems affect
SOlI mlCroorgamsms m general or the survival of the Wilt pathogen m partlcular

Contmuous cultlvatlon of highly resistant groundnut cultlvars could either
reduce or mamtam the B solanacearum populatlon, or It could select for more
Virulent strams

Flooding and fallOWing

Floodmg groundnut fields for 15 to 30 days before sowmg also reduces Wilt
mCldence (LI et al 1981, He 1990) In areas where groundnut IS grown under
IrngatlOn m the dry season, It should be possible to control or greatly reduce
disease levels by dry season fallowmg, because the bactenum IS highly susceptible
to deslccatlon The effects of fallowmg can be enhanced by cultlvatlOn to Improve
soll drymg and reduce weed growth Improved soll dramage help,> m reducmg Wilt
mCldence and seventy
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Sowmg date

Dependmg upon the length of the grOWIng season and cultivars grown, the sowmg
date can be adjusted to aVOld penods of high temperature or ample sOlI mOisture
condltlons that favour bactenal Infection and disease development A few
attempts have been made to mInimize crop losses by altenng SOWIng dates, but
these have had lImited success (Kelman 1953) In the Hubel ProvInce of Chma,
early SOWIng In mld-Apnl results m much lower mCldence and seventy of BW
than does sowmg m June (Mehan et al 1994)

Crop samtatlon

Crop sanitation (e g , burnIng crop residues, removmg weeds, and cleanmg farm
tools after operations m mfested fIelds) should help reduce disease levels
ExperImental eVIdence on the effects of crop SanItatIon IS not aVaIlable

SOil amendments by fertilizers and manures

SOlI applIcation of urea, mmeral ash, and organIC manure can be useful In reducmg
WIlt mCldence (Chang and Hsu 1988, Yeh 1990) These fertilIzers are lIkely to

stimulate soIl mIcrobIal activity agamst the Wilt pathogen, and some of their
components may enhance host reSIstance More research IS reqUlred to elUCIdate
the mechanIsms by whIch soIl amendments control Wilt, specIfIcally from other
groundnut-producmg countries of South and Southeast ASIa

Chemical SOil treatment

SoIl treatment WIth sulfur, lIme, and other chemIcals, mcludmg fungicIdes and
antIbIotIcs, has not proved useful m controllmg groundnut BW Applymg 300 kg
ha-1 of chloropICrIn 10 days before SOWIng can effectively control the dIsease
(Wang and Hou 1982), but thIS treatment IS expenSIve

Seed Transmission and Plant Quarantine

The bacterIum, B solanacearum IS transmitted through Infected groundnut seed
(Machmud and MIddleton 1990) Seed trarnmiSSIon IS reported to be at the rate of
58%, particularly m freshly harvested seed Thus, mfected seed IS lIkely to proVIde
a pnmary source of moculum, particularly for dIsease-free areas There IS rapId loss
of VIabIlIty of the bacterIum as groundnut seeds dry out to a mOlsture content
below 9% (Zhang et al 1993) Seed transmISSIOn IS of obVIOUS quarantme
SignIfIcance, and more research 15 needed to determme the degree to whICh
B solanacearum can be seed-transmitted m groundnut
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Management Usmg Biological Agents

BIOlogical control of B solanacearum has been extensively Investigated and found
promiSIng under laboratory and greenhouse conditIOns However, most bIOlogical
control agents used to control BW, IncludIng several antagOnistic Pseudomonas (P
cepacla, P fluroresoens. P glumae, and Baczllus spp), have not proved hIghly
effective agaInst B solanacearum In the field (Tngalet et al 1994) Of considerable
Interest IS the more recent work InvolVIng some genetically engIneered hrp
aVirulent mutants of B solanacearum (Tngalet and Tngalet-Demery 1990) It
would be useful to develop such blOcontrol agents Into effectIve commercIal
products for seed treatment However, It may take a long time before approaches
to biological control reach the stage of commercIal appltcatlon

Host-Plant ReSistance

SOWIng disease resistant cultlvars IS the cheapest and most effective method by
which to combat BW of groundnut Much progress has been made In developIng
screenIng techniques, IdentifyIng stable sources of resistance and breedIng resistant
cultlvars (Mehan et al 1994)

WorldWide, some 90 germplasm accessions and Improved cultlvars of groundnut
have been reported resistant to BW Most of these resistant genotypes are from
ChIna and IndonesIa (Mehan et al 1994) ReSistant hnes have also ongInated In
or been collected from ArgentIna, BrazIl, IndIa, Israel, Peru, Uganda, and USA
(Machmud 1993) Most of the screenIng efforts have been made In ChIna and
IndonesIa, where more than 6000 germplasm accessIOns have been tested

Among the available resIstant genotypes, 31 belong to the spanish type (var
vulgans) IncludIng more than 20 Improved cultlvars bred In ChIna and IndoneSIa
A few valenCia (var fasugzata) hnes resistant to fohar diseases have also been found
resistant to BW In ChIna and IndoneSIa (Yeh 1990, Mehan and Llao 1994)
ReSistance to BW In these genotypes (e g, NCAc 17127 and PI 393641) might be
less stable than that In the resistant spanish hnes Recently, these valenCIa hnes
showed varyIng levels of resistance at different locations In ChIna Only three
resistant genotypes belong to the virgInia type (var hypogaea) , and they are
Important In breedIng programs (Duan et al 1993)

In recent years, 50 "ChInese dragon" type genotypes have been IdentifIed as
resIstant to BW (Duan et al 1993) All of the resistant dragon hnes were collected
from heavIly Infested locations In southern ChIna No resistant matenal of this
type has been obtaIned from the northern proVInces The dragon hnes are
landraces that have long been cultIvated In Chma (Sun et al 1963),
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arachaeologlCal eVidence Indicates that they had been cultivated for at least 500
years before the Virginia type groundnuts were Introduced toward the end of the
19th Century As resistant genotypes are far more common In the dragon type than
m the other three botamcal types, there may have been selectiOn for resistance
down through the centunes In which BW has been a senous problem In southern
China The charactenzation of some 200 dragon genotypes IndlCates considerable
vanatiOn m many characters Geneuc diversity for resistance among dragon lmes
ments further mvesugauon

Screenmg on a lImited scale has led to the idenuflCauon of some resistant
accessiOns of wild Arachzs speCies Resistance has also been found In some
Interspeciftc hybnd denvatives that also have resistance to fohar fungal diseases
(Mehan and LIaO 1994)

Efforts to breed groundnuts With resistance to BW have been concentrated
mamly m IndoneSia and Chma In IndoneSia, Schwarz 21 and itS denvatIves (GaJah
and Kidang) have been extenSively used as resistance donors m breedmg programs
smce the early 1950s In Chma, two wilt resistant lines with good general combmIng
abilIty, Xiekangqmg and Talshan Sanhrou, have been used as resistance donors (Lmo
et al 1990) As most resistance donors used m breedmg programs belong to ssp
fastzgw.ta, the genetic base of Wilt resistance is narrow

In IndoneSia, two Wilt-reSistant cultivars, Schwarz 21, released In 1925, and
GaJah released In 1952, are Widely grown m Java where BW preViOusly caused
heavy yield losses m suscepuble culuvars In the 1950s, three wilt resistant
culuvars (Kidang, Banteng, and Macan) were developed from crosses between
Schwarz 21 and some mtroducuons from Japan, Israel, and USA Wilt resistant
culuvars such as Anoa, Rusa, Pelanduk, Tupai, and Tapir, released m 1982/83,
were developed from crosses between GaJah or Kidang and Introducuons from
Honduras and USA Some of these culuvars (e g, Pelanduk and Tupal) are now
grown by farmers In IndoneSia (Machmud 1993)

In China, breedmg efforts In the 1960s led to the release of two moderately
resistant cultivars, Yue You 589 and Sueltlen Later, an exotlC resistance source was
crossed With a local cultivar, and two important resistant and high Yleldmg
culuvars, Yue You 92 and Yue You 256, were bred In Guangdong (Lmo et al
1990) In the last decade, several high-yieldmg, wilt-reSistant culuvars were
released to farmers These mclude JInyou 3121, Gmyou 28, Lutlua 3, El hua 5, and
Zhong Hua 2 (Lmo et al 1990) EI Hua 5 IS currently grown on some 18000 ha In
most of the wilt-affected areas In central China Zhong Hua 2, an early matunng,
wilt-reSistant cultIvar With Wide adaptauon, is becoming popular with farmers In
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central Chma A new wilt-resistant breedmg lme, Yue You 200, with high yield
potentml, IS now at the demonstratlon stage and will be released soon m
Guangdong Provmce, Chma (Zhang et al 1994) Some recently bred cultlvars
that have multlple resistances to wilt and rust have also been developed m Chma

More than half of the global groundnut germplasm collectiOn has still to be
screened for resistance to BW, and new sources of resistance could stlll be
Identifled Specml emphaSIS should be placed on combmmg wilt resistance With
high yield potential and resistance to fohar fungal diseases

Integrated Disease Management

In general an mtegrated approach to BW control should mvolve Wilt-reSistant
groundnut cultlvars, rotation With non-host crops, and crop samtatlon Rotation
of groundnut With nce m lowland areas or m upland areas eqUipped With an
IrngatiOn system, or rotation With a non-host coupled With the use of resistant
groundnut cultlvars and the use of herbiCides m Irngated areas, are Important and
effective means of reducmg disease mCldence m mfested SOlIs It IS not pOSSIble to
adopt crop rotations m upland and margmal lands where groundnuts are grown
under ramfed conditions In such areas, use of resistant cultivars and seed from
dlsedse-free areas IS advocated However, more on farm research IS needed to
deVise appropnate pad.ages of these strategies for BW-endemlc areas

Future Research Needs

Although BW has been extemlvely studied worldWide for several decades,
effiCient and complete control measures are not yet avmlable to resource-poor
farmers m ASia or elsewhere Substantlal progress has been made m the
development and release of resistant cultlvars, but resistant vaneties alone have
not solved the problem completely It IS expected that highly resistant and hlgh
Yleldmg cultivars endowed With other deSirable charactenstlcs Will be made
available to farmers m the near future, speclflcally m regIOns where the disease IS a
major constramt to crop production High pnonty should be given to partiCipatory
on farm vahdatlon of the components of disease management and thelT
mtegratlon ExtenSion programs that mclude supplymg seed of newly developed
resistant cultlvars to farmers should be mandatory for any research and
development program

To enhance and diverSify genetlc resistance to BW, It IS Imperative to assemble
vanous germplasm acc.esslons and vanetles With putatlve resistance m countnes
where the disease IS endemiC Sources of resistance from different botamcal
acceSSiOns Will be useful m mcreasmg the diverSity and stablhty of resistance
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There IS a need to establish an International Groundnut Bactenal Wilt Nursery
(lGBWN) to determme the stability of wilt resIStance through multIlocatlOnal
testmg Concerted efforts are also needed to foster the exchange of Wilt resIstant
germplasm and breedmg hnes Pnonty should also be gIven to testmg resIstant lines,
mcludmg possIble dlfferenttals, for theIr reaction to vanous groundnut adapted
stralflS of pathotypes of the wilt pathogen from dIfferent regloflS of the world

Crop rotations wIth non-host crops are often not acceptable to farmers,
espeCially If such rotations are prolonged, and thIS hIghlIghts the need for
complementary control measures Therefore more research IS needed to deVIse
appropnate mtegrated packages mvolvmg HPR, crop rotation, samtatlon, and
agronomlcal soil amendments specIfically for local dIsease-endemIc areas It IS
lIkely that control methods mvolvmg bIologIcal agents will need local adaptatIoflS
m the future ThIS prospect offers a new research avenue

There IS a need to mcrease and strengthen the collaboration m research on
bactenal wilt through the Groundnut Bactenal Wilt Workmg Group It IS
expected that thIS collaboratIon WIll proVIde solutions to locatlon- and reglon
speCIfIc problems and WIll contnbute to Improved dIsease control
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Germplasm Screenmg and Breedmg for Resistance to
Bacterial Wilt In China

Llao Boshou1, Duan Nalxlong, Jiang HUlfang1, liang Xuanqlang2,

and Gao Guoqmg3

Abstract

Bacterzal wilt (BW) caused by Burkho1dena solanacearum IS an Important constramt
on groundnut production on >300000 ha m Chma ThIS zs about 8% of the total
groundnut area sown each year Wilt Incidence and yield loss are estimated to be 10
30% m susceptible groundnut cultlvars It IS weU known that genetic reszstance IS the
most zmportant component of mtegrated management of groundnut BW Therefore,
between 1974 and 1978, about 1700 germplasm accessIOns were screened at hot spot
locatIOns m China Two lmes, Xlekangqmg and TalShan Sanurou, were identified as
highly resistant to BW Since then, these unes have been extensIVely used m breedmg
for BW resIStance In addZtlon to these unes, durmg 1986-93, over 3000 germplasm
accessIOns were also screened and over 50 dragon type unes and 3 vlrgmllI lmes were
identified as resistant Furthermore, of the 1100 local groundnut germplasm screened
dunng 1994-97, 13 unes were identified as reszstant These resistant genot"ipes (- 70
zncludmg checks) were tested across locations mChIna, and resistance mmost of these
genotypes was stable Seventy-eight wild ArachiS accessIOns were also evaluated
under natural mfectzon conditIOns, and 24 showed good levels of resistance to BW
Twelve resistant genotypes were also identified from the lmes receIVed from ICR1SAT
dunng 1994-97 Fzfteen resistant unes were transferred from Chma to ICRISAT m
1995 Several new breedmg lmes, zncludmg Yue You 200, Yue You 79, and 93-81,
have been developed A few resistant unes were also selected from an mterspecific
hybrid (Balsha 1016>&1 ArachIS chacoerne) at Henan Academ"l' of Agncultural
SCiences Efforts to enhance resistance by genetIC transformation are m progress
Further research effons WIU be made for enhancmg yzeld potential, resistance to other
Wilt pathogens, and drought tolerance of BW-reSIStant groundnut cultlVars

1 011 Crops Research Institute Chmese Academy of Agncultural SCIences (CAAS) Wuhan 430062 Chma
2 Crops Research Institute Guangdong Academy of Agncultural SCIences (GAAS) Guang hou 510640 Chma
3 Industnal Crops Research Institute GuangxI Academy of Agncultural SCIences (GAAS) Nannmg 530007
Chma

Ltao Boshou Duan NalXlong JIang HUlfang, LIang XuanqIang, and Gao Guoqmg 1998 Gennplasm screenIng
and breedmg for resIstance to bactenal WIlt m Chma Pages 75-81 In Groundnut hactenal WIlt proceedmgs of the
Fourth Workmg Group Meetmg 11-13 May 1998 Vlemam Agncultural SCIence Insntute Van Olen Thanh Tn
HanOI Vlemam (Pande S Llao Boshou Nguyen Xuan Hong Johansen C and Gowda C L L eds)
Patanchetu 502 324 Andhra Pradesh India International Crops Research Institute for the Semi And TropICS
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Introduction

Groundnut 1S an important otl and cash crop m Chma In the m1d 1990s,
groundnut was annually harvested from an area of about 38 milhon ha, w1th
production of around 9 to 10 milhon tons Bactenal w1lt caused by Burkholdena
solanacearum (E F Smith) Yabuuchl et al has been an important constramt to
groundnut production m Chma for decades In recent years, the disease has spread
to more than 300000 ha, nearly 8% of the annually sown area of groundnut m the
country Inc1dence is about 10-30% m susceptible cultivars and less than 10% m
resistant cultivars currently grown m the major groundnut-growmg reg10ns of
Chma In the past three decades, extens1ve research has been done to identify the
components of mtegrated control approaches for bactenal W1lt Despite this effort,
no effective chemical means to mmimize BW are yet available Long-term rotation
1S the only effective cultural control practice, but is seldom feaSible because of the
hm1tatiOnS of arable land However, use of BW-resistant groundnut cultivars is the
most effective and practical method for control m farmers' fields Hence,
groundnut germplasm screemng and reSistance enhancement have been
emphas1zed m recent years In thiS paper, progress made m genetic 1mprovement of
host res1stance to BW m Chma smce 1994 is rev1ewed

Germplasm Screening

Screening methods

In large-scale gennplasm screenmg for reSistance to BW, groundnut lmes are
usually evaluated m smgle-row plots w1thout rephcation, under natural d1sease
pressure at hot-spot locations Genotypes that show high surVival percentage are
selected and further tested under natural disease pressure m three to four
rephcations w1th a susceptible control sown at regular mtervals In Chma, d1sease
nursenes have been estabhshed at such hot-spot locations as Hong An, Hubei
Provmce by the Oil Crops Research Institute (OCRO, Chmese Academy of
Agncultural SC1ences (CAAS), and m Guangzhou, Guangdong Provmce In the
Hong An nursery, groundnut has been contmuously grown for over 30 years, and
w1lt mCidence m susceptible groundnut genotypes is conSistently over 90%,
mdicatmg a deSlrable disease pressure for meanmgful evaluat10n of groundnut
genotypes

ArtifiCial moculation is routmely followed to enhance mfect10n and confirm
reSistance Infection pressure m artifiCial moculation 1S kept simtlar to that available
under natural cond1tions Soakmg seeds m bactenal suspenSion for 30 mmutes before
sowmg has been the most effective method of moculation However, the seed
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moculation method also reduced seed emergence When sample SiZe was small, stem
and root moculation techniques were also used to evaluate and confirm BW
reSistance Multllocatlonal tests were generally needed to venfy the stablhty of
reSistance Field reSistance can also be evaluated at hot-spot locations m SIChuan,
Guangxi, ]iangxi, and other provmces (Tan and LlaO 1990)

Germplasm screening before 1994

Dunng 1974-77, about 1700 groundnut germplasm acceSSions collected m Chma
were systematically tested m Hong An, Hubei Provmce ThiS was the first large
scale screenmg for reSistance Two groundnut acceSSions - Xlekangqmg and
Tmshan Sanhrou - were identified as reSistant and have been extensively used m
breedmg m Chma Dunng 1986-93, over 3000 groundnut germplasm accessIons
were screened, and over 50 dragon type hnes and 3 virgmia hnes were identified as
reSistant A total of 70 hnes were reSistant, and their reSistance was generally
stable across locations and seasons m Chma (Duan et al 1993)

Germplasm screening, 1994 to date

About 1100 acceSSions of groundnut germplasm were screened for their reaction to
bactenal Wilt between 1994 and 1997 Most of these acceSSions were breedmg hnes
developed by vanous research institutes m Chma From these screenmgs, 13
resIstant lmes were identified Seventy-eIght Wild acceSSions were evaluated under
natural disease pressure, and 24 showed reasonable levels of reSistance However, the
reSistance m wdd Arachzs spp needs further evaluatiOn and confirmation

Twelve reSistant genotypes were repeatedly identif1ed among germplasm lmes
mtroduced from ICRISAT dunng 1994-97 The res1stance of thIS matenal was
deSirable (Table 1), but most of them were small-seeded WIth lower y1eld potential
than the local res1stant germplasm

In 1995, 15 groundnut acceSSlOns w1th des1rable res1stance to bactenal wllt
developed or 1dentif1ed m Chma (Table 2) were sent to the ICRISAT genebank
These hnes are available to mterested researchers

Breedmg for ReSistance

Breeding methodology

Conventlonal hybndization has been apphed effectively m breedmg for res1stance
to BW groundnut Res1stance to BW m groundnut 1S slmply mhented and could
be easdy transferred to different cult1vars Selection for res1stance has been
conducted m the Fz through F6 generations An effective d1sease-screenmg nursery
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Table 1 ReactIOn of groundnut germplasm lInes from ICRISAT to
bacterial wdt In China, 1994-96

Reslstance (%)

Lme 1994 1995 1996 Mean Reactlon

ICG 1608 800 933 884 874 R
ICG 1610 769 909 81 7 832 R
ICG 3121 1000 700 970 890 R
ICG 5313 950 1000 970 973 HR
ICG 6417 929 91 7 920 922 HR
ICG 7919 850 1000 897 916 HR
ICG 8684 1000 846 879 908 HR
ICG 8701 897 929 914 912 HR
ICG 8704 769 938 855 854 R
ICG 8706 966 867 895 909 HR
ICG 8707 714 888 804 802 R
ICG 8719 885 938 918 914 HR

1 R = reSIStant HR = highly reSIStant

Table 2 Reaction of local groundnut hnes to bacterial wdt In China, 1995

Lmes Reactlon Sources

Xlekangqmg R Local vanety
Talshan Zhengzhu R Local vanety
EHua5 R Improved cultlvar
ZhongHua 2 R Improved cultlvar
Yue You 92 R Improved cultlvar
Gm You 28 R Improved cultlvar
Yue You 200 R Breedmglme
Jlangtlanzhong MR Local vanety
Gouhaozhong MR Local vanety
Luhua3 MR Improved cultlvar
Kangqmg2 R Breedmglme
89-15048 R Breedmg lme
91-054(ZH 112) R Breedmg lme
91-076 R Breedmg lme
91-081(ZH 212) R Breedmg lme
Zao 18 HS Breedmglme

1 R = resIStant MR = Moderately resistant HS = highly susceptible
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IS avatlable for resistance selection, and artificial moculation IS used as and when
needed Survival percentage IS currently used as the resistance selecnon cntenon
Multllocational tests are conducted to determme stablhty, yield, and adaptatlOn of
selected hnes (Chen and Hong 1995)

Resistance donors

In Chma, several resistant germplasm acceSSlOns have been used m breedmg
Xlekangqmg and Talshan Sanhrou have been most extensively used as resistance
donors Improved resistant cultivars, mcludmg E Hua 5, Lu Hua 3, and Yue You
92, were bred from Xlekangqmg, whtle Zhong Hua 2 and Zhong Hua 4 were bred
from Talshan Sanhrou Induhuapi has been effectively used as a resistant parent m
Guangdong Province

It IS mterestmg to note that only germplasm hnes belongmg to ssp fasngrata m
the cultivated Arachls have been successfully used as resistance donors In breeding
programs Apparently, early matunty and tolerance to aCid SOlI and poor SOlI fertlhty
m spanish or valenCia types are most deSirable In different agro-ecologlcal condltlons
and Wilt-prone areas m Chma Generally, the resistant genotypes Idennfled from
spp hypogaea are thought to be promlsmg In Increasmg yield levels of BW resistant
hnes, however, some of their characters may mhlblt mtegranon of Wilt resistance
With deSirable agronomic traits necessary for adaptation In the disease-prone areas
Large pods are usually Important for high yield potential, but m most cases thiS trait
IS assOCiated With a sensitive reaction to calcIUm defiCit In aCid solls, a condition
predommatmg m most regions where B solanacearum causes senous wllt m
groundnut Therefore, direct use of large-podded genotypes m breedmg seems
difficult Efforts are currently m progress to use some of the resistant hlgh-Yleldmg
genotypes of ssp hypogaea m BW resistance breedmg programs m Chma and
elsewhere (Ltao and Xu 1997, Ltao et al 1990)

Status of resistant cultlvars and breeding lines

Smce 1994, several Improved groundnut cultlvars or promlsmg breedmg hnes have
been developed or released m Chma Yue You 200, a breedmg line developed at
Guangdong Academy of Agncultural SCiences (GAAS), promlsmg both for
resistance to BW and high yield m central China, was released as Tlanfu 11 m
Sichuan Provmce Yue You 202-35 also was developed at GAAS and released m
Guangdong Provmce In 1997 (Liang et al 1997) It IS resistant to both bactenal
Wilt and rust (Puccmw arachuIlS) , With a relative high 011 content (543%) A
promlsmg breedmg hne, Yue You 79, With deSirable resistance to both BW and
rust, has been developed at GAAS
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At OCRI, two resistant Imes have been developed Lme 93-81 is highly
resistant, With tolerance to aCid soil Another resistant Ime, 93-76, with deSirable
pod shape and uniformity, as well as drought tolerance, has been identified (Cm
1998, personal communication) Many advanced breedmg Imes are m the pipelme
under further selection

Wan Hua 2 was released m Anhm Provmce m 1996 It was descnbed as
resistant to BW In FU]ian Provmce, Quan Hua 10, with moderate resistance to
BW, was released m 1995 (Zhou and Wei 1996)

Resistant lines developed from interspecific hybridization

An advanced breedmg Ime, 9102, was developed at Henan Academy of
Agncultural SCiences (HAAS) located m Zhengzhou (Zhang Xmgyou 1997,
personal communication) It was developed from a cross between Baisha 1016, a
spanish-type cultivar, and A chacoense The groundnut Ime 9102 is reSistant to
BW m Guangxi and Hubei Provmces It matures early, has high seed Oil content
(56%), and produces high Yields

Biotechnology for resistance enhancement

Even though reSistance to BW m groundnut has not been found negatively
correlated With agronomic traits, mtegratmg BW reSistance with high yield
potential has progressed relatively slowly In order to enhance yield potential,
stability of reSistance to BW, an anti-bactenal gene and transformation system like
those employed successfully m potato for reSistance to B solanacearum are bemg
used m transformmg groundnut at OCRI

Further Research Needs

Genetic enhancement for reSistance will be the most important research area m
further addressmg the BW problem m Chma The followmg are possible subjects
for future research efforts

• Screenmg more deSirable reSistant resources

• Investigatmg genetic diverSity of Wilt reSistance m groundnut

• Enhancmg yield potential of Wilt reSistant groundnut cultivars

• Enhancmg reSistance to other wilt pathogens and drought tolerance of BW
reSistant cultlvars

• Enhancmg quality of BW-resistant cultivars
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Germplasm Evaluation and Breeding for Groundnut
Bacterial Wilt Resistance In Vietnam

Nguyen Van Lieu, Tran Dlnh Long, and Nguyen Xuan Hong1

Abstract

Bactenal wilt caused by Burkholdena solanacearum IS one of the
most senous dISeases of groundnut m Southeast Asia, particularly m

VIetnam Before 1991, evaluation of groundnut germplasm for
bacterIal wilt (BW) resIstance had never been done m VIetnam The
first systematic screemng for BW resIstance was done m 1992-95,
when a total of 715 groundnut accessIons were screened m SIck plots
at hoHpot locations m northern VIetnam Only 4 1% of the screened
lInes were resIstant to BW Of those, only 0 6% were hIghly resIstant
Most aVaIlable accessIOns were susceptible to the cUsease Groundnut
lme Gle Nho Quan possessed the hIghest resIstance to BW, WIth a
survwal rating of 97% ThIS vanety also had good agronomIc
characters, and therefore IS a good candIdate to be cultivated m

mfested areas, and to be used as a BW resIstance gene donor m
breedmg for BW resIstance m VIetnam Several other genotypes, such
as Schwarz 21 (KPS 13), MatJan (KPS 18), and ICGV 87157 are
promlsmg resIstant cultlVars The pod yIeld of these cultwars IS

substantially hIgher than that of the local control, Do Bac GIang
Breedmg for BW resIstance has been mltlated and some progress
made

Introduction

Bactenal wllt of groundnut caused by Burkholdena solanacearum (E F Smith)

Yabuuchl et al IS the only economically Important bactenal disease of groundnuts

1 VIetnam Agncultural SCIence Institute (VAS!) Van Dlen Thanh Tn HanOI Vietnam

Nguyen Van LIeu Tran Dmh Long and Nguyen Xuang Hong 1998 Germplasm evaluation and breedmg for

groundnut bactenal Wilt resIstance m VIetnam Pages 82-87 In Groundnut bactenal WIlt proceedmgs of the
Fourth Workmg Group Meeting 11-13 May 1998 Vietnam Agncultural SCience InstItute Van Dlen Thanh Tn
HanOI Vletnam (Pande S Ltao Boshou Nguyen Xuan Hong Johansen C and Gowda C L L eds)
Pat1ncheru 502 324 Andhra Pradesh Indta International Crops Research Institute for the Seml And TropiCS

82



(Hong and Mehan 1993) It develops favorably m warm, humid regiOns of the
world where groundnuts are grown Southeast ASia is the most favorable regiOn
for BW Chma and IndoneSia are two other countnes with large groundnut
growmg areas mfected by BW These two countnes have paid much attention to
BW research The most remarkable achlevement m BW research was the
development of groundnut vanety Schwarz 21, which was bred m IndoneSia m
1925 (Mehan et al 1986) Soon after thls discovery, several hlghly resistant
vanetles were bred m IndoneSia, Chma, and other countnes and have
contributed to reducmg Yleld losses m groundnut Until 1994, it was estimated
that more than 6000 groundnut acceSSiOns had been evaluated for BW reSiStance
m Chma and IndoneSia alone, and about 140 accessiOns were reslstant to BW
From those genetiC resources, many hlghly BW resistant vanetles With good
agronomiC characteClstlcs have been released for direct productlon or to be used
m BW resistance breedmg programes

Bactenal wllt of groundnut has been found m Vietnam smce 1962 (Ung Dmh
1962, Dang 1968) SCientlsts who carned out prelimmary expenments to fmd BW
resistant genotypes among local vanetles did not have any success From 1970 to
1990, research on BW was negligible A cOlrprehensive research program,
mc1udmg germplasm evaluation and breedmg for BW resistance, has been
conducted smce 1991 (Hong and Mehan 1993)

Materials and Methods

Germplasm evaluation

Sick plots were sown at hot-spot locatlons to ldentlfy BW resistance In these sick
plots, densltles of bactena exceeded 106 CFU 100 g-i SOIl Sowmgs for resistance
screenmg were carned out twice a year In the spnng season, sowmgs usually
started 10 March, and m the autumn season, sowmg time Was around 20 July
Seeds of tested entnes were soaked m a bactenal suspenSiOn (6 x 108 CFU 1 mL-1 )

for 20 mmutes before sowmg

Expenments were laid out m an augmented design wlthout replication A
susceptible control (lCG 3704) and one local control (Do Bac Giang or Sen Nghe
An) were sown after every 10 test entnes Each test entry was sown mal m2 plot
area With 60 to 80 plants m-2 These expenments were repeated for at least three
seasons From 1992 through 1995, a total of 715 groundnut acceSSiOns (mc1udmg
596 exotlc lmes) were screened for BW resistance m sick plots Seventy days after
sowmg, the percentage of Wilted plants was counted to assess BW mCidence Test
lmes were categonzed as, 1 hlghly resistant (:::;10% wilted plants), 2 resistant
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(11-30%), 3 moderately susceptible (31-50%), 4 susceptible (51-90%), and
5 highly susceptible (>91 %)

Breeding for bacterial wilt resistance

Bactenal wilt resistant lmes were evaluated for agronomiC charactenstIcs Germplasm
lmes or bred vanetIes With such desirable agronomiC charactenstIcs as high pod yield
or good potential to resiSt drought and/or some mam fohar diseases, were further
selected evaluation for stabihty of yield m multilocational tnals Remammg lmes and
vaneties were kept m the gene bank for future use In multilocational tnals, these hnes
were sown m randomized complete block deSigns and scored for pod yield and seed
characteflStics

Results and DISCUSSion

Germplasm evaluation

Out of 715 hnes, only a few (- 4%) were foune! to be resistant to BW ill the
1992-95 germplasm evaluation (Table 1) Most of the resistant acceSSions
belonged to the spanish type, few were VUgillla or valenCia types

Frequency of occurrence of resistance ill short-duration hnes was lower than ill
mediUm- and long duration hnes

Table 1 Germplasm evaluatIOn for bacterial Wilt resistance, 1992-95,
Vietnam

Disease category Number Percentage Most promlSlng hnes m
category

2 ReSistant 25

3 Moderately susceptible 69

5 Highly susceptible 95

1 Highly resistant 4 Gie Nho Quan, NcAc 17127,
PI 393531
Schwarz 21, ICGY 87206
Matjan
SeKontum, do Lao Cai, NcAc
17090
Sen Nghe An, Do Bac Giang,
Tram Xuyen
N02, ICG 1704, UPL-PN2

96

35

06

730

133

1000715Total

4 Susceptible 522
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Table 2 BacterIal wIlt resIstant performance of Gle Nho Quan
groundnut varIety under artifICIal moculatlon l WIth dIfferent Isolates of
Burkholderz.a solanacearum

Plants survlvmg 21 days after treatment (%)

Genotype

Gle NhoQuan
Sen NgheAn
leG 3704

1000
700
467

HT
I

920
312
00

1000
692
423

HB

960
50 a
200

1 Inoculation method seed treatment + root cuttmg
Z QO HT[ Htr4 HB Isolates of B solanacearum

Table 3 BacterIal WIlt resIstant performance of Gle Nho Quan
groundnut varIety m natural SIck plots at four locatIOns m VIetnam
durmg sprmg season, 1996-97

Plants survlVlng at 70 days after sowmg (%)

ThachBmh ThanhLIem
Genotype (NmhBlnh) (Ha Ham)

GleNhoQuan 988 990
Schwarz 21 (KPS 13) 840 852
MatJan (KPS 18) 800 850
Sen NgheAn 692 565
V79 577
leG 3704 423 235

Agr Un! N°3
(Thai Nguyen)

992

650
618
345

Xuan Mal
(Ha Tay)

989
875
884
315
462
08

The sigmficant fmdmg of our reSistance screenmg was the Identification of a
highly reSIstant landrace, Gle Nho Quan ThiS landrace, when maculated With
different Isolates of B solanacearum, was highly resistant m companson to other
genotypes (Table 2) It was evaluated along With other aVailable BW-reslstant
sources m Sick plots at hot-spot locations (Table 3) The data presented m Tables 2
and 3 clearly mdlcate that Gle Nho Quan was the most reSistant groundnut
genotype Its resIStance was more stable over locations, than that of other vaneties
Its resistance level was higher than those of the two tradltlonal sources of BW
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resistance, Schwarz 21 and Mat]an Ole Nho Quan IS considered to be the best
source of resistance to BW of groundnut In Vietnam The charactenstlc features of
Ole Nho Quan are spamsh type, dark-green leaf color, 40-42 cm stem height, small
seeds and pods, pink-white testa color, high shelling percentage (77 8%), short
duration, moderate foliar disease reSistance, and drought tolerance Pod yield of thiS
vanety was not high, but could be acceptable when grown In BW Infested areas

Breeding for bacterial Wilt resistance

The selected resistant groundnut hnes were evaluated In multllocatlonal trials for
pod yield and other Important characters, such as 100-pod mass, lOO-seed mass,
shellIng percentage, testa colour, and duration After three years of multIlocational
testing, we Identified four good vaneties (Table 4) All four were of medIUm
duration With exportable testa colour All of them except Ole Nho Quan had
higher yields than the local control These vaneties wIll be further tested In
farmers' fIelds for BW resistance

Several crosses have been made Since 1996, and selectIOn for resistant
genotypes IS In progress

Table 4 MaIn characteristics of some promiSIng resistant groundnut
varieties With good yield potential In Vietnam

Duration Mature lOOseed Shellmg Pod Yield
Variety (days) pods plant I mass (g) percentage mean(kg ha I)

Schwarz 21 (KPS 13) 126 91 548 705 241
Mat]an 126 93 582 721 253
lCOV 87157 130 102 523 702 278
Ole NhoQuan 120 147 401 778 206
Do Bac OIang 123 86 512 732 228

Local control
CV(%) 67 43 18 46
LSD005 1 2 39 25 20

ConclUSions

• Most of evaluated groundnut accessIOns were susceptible to BW In North
Vietnam

• The resistance potential of spamsh types was higher than the potential of
virginia and valenCia types
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• Short-duratlon acceSSiOns were more susceptlble to BW than were medlUm
and long-duratlon acceSSions

• Gie Nho Quan, a local landrace, 1S potentlally one of the most valuable source
of resistance m Vietnam It can be used for growmg m BW mfested areas and
makmg crosses to create res1stant vanetles

• Schwarz 21, MatJan, and some other BW res1stant vanetles gave good Y1elds
and therefore were selected for on-farm testmg m BW mfested areas
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Recommendations

Durmg the Fourth Groundnut Bactenal Wilt Workmg Group (GBWWG)
Meetmg, further research pnontles and related workplans were mtenslvely
discussed among the participants It was belteved that most of the
recommendations formed m the Third GBWWG Meetmg held m Wuhan, Chma
m July 1994 sttll stand Followmg are the revised recommendations based on the
discussions

Disease MOnitoring

Systematic surveys have been conducted m the past m all member countnes, and
substanttal mformatlon IS available on the disease dlstnbutton across different
regions and croppmg systems However, hlgh-Yleldmg vanetles, which mayor may
not be resistant to bactenal wile, have been extensively used or dlstnbuted
recently, espeCially m the non-traditIonal groundnut-growmg areas of Chma and
Vietnam It IS therefore agreed that annual surveys should contmue m all
countnes, and mformatton should be gathered on the changmg scenano of BW
With the change m vaneties Also, It was suggested to conduct targeted surveys of
disease-endemic areas usmg Geographical Posltlonmg System (GPS) and
Geographical Information Systems (GIS)

BasIc Research on Burkholdefla solanacearum

BasIc research on B solanacearum strams affectmg groundnut IS highly deSifed
Research activIties for disease diagnosIs, pathogen detection, and determmatlon of
pathogemclty at hot spots m Chma and Vietnam Will be conducted and
strengthened through collaboratIOn With advanced laboratones m developed and
developmg countnes Wherever pOSSible, use of both molecular and conventtonal
approaches Will be followed

Efforts should be made to develop more sensltlve and speCIfic monoclonal
antibodies to detect the mdlvldual blovars and pathotypes of B solanacearum In

different plant parts (seed, plant tissues, and SOIl)

Strams highly Virulent on groundnut, reported from Chma and Vietnam,
should be <;ent to an advanced research laboratory (such as Rothamsted
Expenmental Station m UK) for mamtenance, charactenzatlOn, and
documentatlon Pnonty m thiS effort should be given to strams collected from
member countnes
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Germplasm and Information Exchange Among Member
Countries

A Workmg Group news sheet will be edlted by the Techmcal Coordmator (TC)
and clrculated among members of the Workmg Group Two to three Issues wlll be
produced annually Groundnut genotypes wtll be exchanged among member
countnes The exchange WIll be carned out bIlaterally or through ICRISAT

Genetic Enhancement for Host-Plant Resistance

Host-plant resIstance IS an lmportant component of dlsease management More
coordmated research IS needed to evaluate wllt resIstant landraces, especially those
collected from humld areas of Chma and Vletnam These landraces should be
assembled at ICRISAT and screened at dIsease hot spots m Chma and VIetnam
There IS a concerted need to collect promlsmg germplasm from dIsease-endemIc
areas, and conserve It at ICRISAT Sources of stable resIstance to BW are avaIlable
m member countries, and most of these sources are avallable at the ICRISAT gene
bank Researchers are encouraged to test these sources systematIcally at hot spots
m thelr countnes ThIs was suggested as an alternative to an International
Groundnut Bactenal Wllt Nursery (IGBWN) Results of screenmg should be
reported m GBWWG meetmgs

The Group strongly felt the need to glVe hlgh prlonty to breedmg hlgh-Yleldmg
cultlvars combmmg resIstances to BW and major fungal fohar dIseases, specIfIcally
late leaf spot and rust Members also wanted to momtor the mCldence and seventy
of web blotch, whIch has been recently found to be a dIsease of mcreasmg
potential m southern Chma and northern Vletnam (speclflcally on newly
developed BW-reslstant cultlvars) These foltar dIseases are senous constramts to
groundnut production m warm, humId enVlronments

The Group also felt the need to emphaslze understandmg of the mechamsm of
resIstance (such as the role of mcubatlon penod and latent mfection) and Its use
m breedmg for dIsease resIstance

Further screenmg of groundnut germplasm hnes to Identify addItional and dIverse
sources of reslstances to BW WIll be contmued m Chma, IndoneSIa, and VIetnam
Breedmg for BW resIstance combmed WIth multiple resIstance to fungal foltar
dlseases (late leaf spots and rust) and other wllt dISeases, WIth drought tolerance and
Improved qualtty wlll be hIghly emphaslzed Further mvestlgatlon WIll be made of
the genetIcs and mechanIsms of reslstance to BW m groundnut Pnorlty WIll be
gIven to Improvmg methods for resIstance evaluation, mc1udmg techmques for
artlflclal moculation and for detectmg latent mfectlon
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Interaction between B solanacearum and other sOilborne
pathogens

The Group strongly felt the need to start systematic studies on the mteractlOn of
the groundnut Wilt pathogen WIth such SOIlborne fungi as Fusarzum spp Aspergillus
flavus, and Sclerotium rolfSl!

ThIS relatIOnshIp IS qUite commonly observed, and It IS felt that bactena and
fungI together are causmg enormous damage, espeCially m droughts and other ram
free penods m upland areas The Group also felt a need to develop and/or assemble
a package of practIces avaIlable to combat sOIlborne dIseases and mclude them m
on,farm studIes on groundnut BW management

Integrated Disease Management and Transfer of Technology

Cultural control WIll be further studIed m terms of mechanisms of crop rotation
mfluencmg the pathogen populatIon and pathogeniCIty Rotation and fIeld
management practIces are still recommended to farmers wherever feasible It was felt
that substantial mformatIon IS avaIlable on host-plant resIstance and cultural
practIces that reduce dIsease mCIdence, but these combmatIons are not yet
suffIcIently venfled and valIdated m on-farm research so that these practICes can be
used by farmers Therefore, concerted efforts are needed to mmate farmers'
partICIpatory research to deVIse apptopnate location-specIfIc packages of these
strategIes More research efforts WIll be made for bIologICal control by usmg aVIrulent
strams of B solanacearum strams Seed transmIssIon Will be further mOnitored

Workshop and Training ActiVities

In,country workshops were recommended for Chma and VIetnam These m
country workshops WIll be held for more extenSIve mformatIon exchange and
technology transfer The aCtiVIty WIll be supported mamly by mdividual member
countnes WIth ltmited support from CLAN An m country workshop IS
tentatIvely planned for 1999 or 2000 m southern VIetnam

Funding Proposal Development

It was agreed that all natIonal programs of the member countnes should support
research on groundnut BW wherever thIS disease IS a constramt to crop
production At present, natIonal programs are the mam sources of research
fundmg International project and fundmgs are Important for BW research,
espeCially for mternational cooperatIon Proposals wntten by member countnes
WIll be prepared and submItted to donors for potential fundmg
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