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Abstract

The current status of research on bacterial wilt of grbnunt in Asia (specifically
in China and Vietnam) is reviewed. Particular emphasigiien to the available
disease management options, and their packaging anddatégon in on-farm
participatory research at hot-spot locations in China d arvietnam.
Recommendations are made for further collaborative aede with advanced
institutes to provide training to scientists and teichans from China and
Vietnam in recent advances in serological and moleculachniques for
identification and differentiation of races, biovargnd strains of the wilt
pathogen, Burkholderia solanacearum. Recommendations are also made for
further collaborative research, and the need to interpstential donors in
promoting the Groundnut Bacterial Wilt Working Group's tiaities. The
publication includes papers describing the status of thisease in China and
Vietnam.
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Preface

The fourth meeting of the Groundnut Bacterial Wilt WorkirGroup was held
11-13 May, 1998 in Van Dien, Thanh Tri, Hanoi, Vietnam. Trheeting and field
visits to bacterial wilt hot spot locations and experimansites in Vietnam were
co-sponsored by the Vietnam Agricultural Science Insté (VASI) and
International Crops Research Institute for Semi-Arigics (ICRISAT).

Scientists from China (4), Vietnam (25) and ICRISAT (1) tp@ipated in the

meeting. The present status of bacterial wilt managegmwas discussed and
accounts of current research on bacterial wilt diseasedifierent institutions,

particularly in China and Vietnam, were presented. Gooabmess has been made,
and prospects of continued collaborative research inte thanagement of this
disease are encouraging.

We sincerely believe that this volumeill provide a useful guide to thepresent
statusof groundnut bacterialvilt in Asia andwill further strengthen coordinated
work on this economically important disease.

S Pande

Liao Boshou
Nguyen Xuan Hong
C Johansen

CL L Gowda
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Welcome Address

Nguyen Huu Nghia'

Distinguished guests and participants, first of alloml me on behalf of Vietnam
Agricultural Science Institute (VASI) to warmly welcomall the guests and
participants in the Fourth Groundnut Bacterial Wilt Wkong Group Meeting,
especially the participants from the Internationalo@s Research Institute for the
Semi-Arid Tropics (ICRISAT) and China who have come ttead this meeting.

This is the Fourth Meeting of the International WorkiGroup on Groundnut
Bacterial Wilt, organized in the framework of the coltahtive program of member
countries of the Cereal and Legumes Asia Network (CLANhis working group
was established in March, 1990 on the basis of suggestfomember countries of
the Network, who had great concern in research and adntof groundnut
bacterial wilt. The previous meetings of this working gpowere organized in
Malaysia (1990), Taiwan (1992), and China (1994). VASS$ lgaeat honor to host
and co-sponsor this important meeting.

Bacterial wilt is one of the main constraints for graunmut production in many
Asian countries. It has attracted attention of variouseagch and development
agencies both at national and international level. psu know, a lot of
achievements in research and control of the disease heaan obtained by
Chinese research institutes in the last few years.rdfoege, we are glad to see the
presence of Chinese scientists who are specialized ireareB on groundnut
bacterial wilt and have not only significantly contriledt to the achievement of
China but have also contributed to promoting researnet aontrol of the disease
in the region and CLAN member countries.

In Vietnam, bacterial wilt is a serious and damagingatieethat is very difficult
to control. Since 1990, after the establishment of thélabmrative relationship
between Vietnam and ICRISAT, and with the cooperatiohCLAN member
countries, research on groundnut bacterial wilt hasdenaignificant progress.
Until now, several disease-resistant, high-yielding, ghvquality groundnut
varieties have been identified, tested in large-sgaleduction, and been accepted
by Vietnamese farmers. Resistance sources, especialdygénous genetic sources,
have been identified for utilization in varietal impr@ment programs. Research on
the biology of the pathogen and control of the disease &las been started.

1. Vietnam Agricultural Science Institute (VASI), Van Dighhanh Tri, Hanoi, Vietnam.



Collaboration in research and development in this fieldween national and
international institutions has been strengthened. Hoave to overcome the
problems caused by bacterial wilt in groundnut produntiohere is a lot of work to
be done in coming years.

Achievements obtained by other countries in the regionvehastrongly
stimulated Vietnamese scientists in research and contfolthe disease. We hope
that this meetingwill be a good opportunity for Vietnamese scientists stoare
their experiences in research and management of grounfaaoterial wilt with,
international participants. We also hope that Vietnaenssientists will learn from
this meeting.

On this occasion, allow me on behalf of VASI to express owghhappreciation
and grateful thanks to ICRISAT scientists and CLAN membeuntries for their
enthusiastic and effective support and collaboration iseaech and development
of groundnut in the past years. We sincerely hope thallaboration between
Vietnam, ICRISAT, and CLAN member countries will be sigdy developed.

Finally, | would like to wish the meeting success. | wish aile guests and
participants of the meeting good health and happiness.

Thank you for your attention.



Welcome Address from ICRISAT

S Pande?

Honorable Dr Nguyen Huu Nghia, Director General, Vietnangrixultural

Science Institute (VASI), Dr Phan Lieu, Director, Oil Rtalnstitute (OPI)

Southern Vietnam, Dr Liao Boshou, Coordinator, GroundnBidcterial Wilt

Working Group, Dr Nguyen Xuan Hong, Cereals and LegumesaANietwork

(CLAN) Coordinator, and distinguished participants, &sliand gentlemen, on
behalf of ICRISAT-CLAN and on my own behalf | welcome af you to this

3-day Working Group Meeting on Groundnut Bacterial Wilt.is my privilege to

participate and represent ICRISAT at this meeting beingld at one of the
leading agricultural institutions in Vietnam: VASI, Tha Tri, Hanoi. The choice
of Thanh Tri and Hanoi, in northern Vietnam, for this meegtins most

appropriate, especially considering the interest of WankiGroup members in
interacting with many Vietnamese scientists who have nélye made notable
contributions to collaborative research on the managdnodrgroundnut diseases,
including groundnut bacterial wilt.

I am pleased to take this opportunity to spell out certairpees of
cooperation between ICRISAT and VASI. The first ICRISATismion in
Vietnam, headed by the then Director General Dr L D Swiedafas in 1989
and was followed by signing of the Memorandum of Understagd{(MoU) for
cooperation between the Ministry of Agriculture and Foodluetry (MAFI),
Vietnam and ICRISAT in India on 25 Sep 1989. Since then,ebiors General,
CLAN Coordinators, and ICRISAT scientists have made mbtass visits to
Vietnam. Some of the notable visits to strengthen groundma&search and
integrated pest management research have been made IRISIET breeders,
agronomists, entomologists, and plant pathologists. Waveh developed and
implemented collaborative workplans with Vietnam, the shorecent being
presented during the CLAN Coordinators' Steering CommettMeeting, 24-28
Nov 1997 in Batu, Indonesia. More than 85 Vietnamese sdentiand
technicians have participated in various training proggamt ICRISAT.
Germplasm exchange has been a major activity. ICRISAT higplsed Vietnam
with a total of 3825 germplasm accessions, breeding linasd advanced
generation lines of groundnut. Also in collaboration witthe National Institute

1. International Crops Research Institute for the SemidATropics (ICRISAT), Patancheru 502 324ndhra
Pradesh, India.



of Vietnam ICRISAT has collected 67 accessions of grountdgermplasm, and
will collect more in thenearfuture.

Collaboration with East and Southeast Asia on groundriséades caused by
fungi, viruses, and bacteria has been encouraging, eslhebacterial wilt research,
which was most rewarding, having generated wilt basic argliad information on
this disease. An Information Bulletin on "Bacterial Wibif Groundnut"; a
Technical Manual on Techniques for Diagnosis Rseudomonas solanacearum; a
manual for resistance screening against groundnut biadteilt; and high quality
papers in the proceedings of the Bacterial Wilt WorkingpGp Meetings are a few
classic examples of our collaborative efforts. We at ICRMSAre not able to
conduct research on bacterial wilt of groundnut, and depemdhe comparative
advantage and expertise of groundnut scientists in Chindonesia, Vietnam and
other network member countries to collaborate in commbagtihis disease.

Groundnut bacterial wilt, caused bWurkholderia solanacearum (E.E Smith)
Yabuuchi et al. (formerlyP. solanacearum (E.E Smith) E.E Smith) has been a major
constraint on crop production in the countries of South &woditheast Asia and
the South Pacific. The disease has been a serious constta groundnut
production in Indonesia and China for several decadess becoming potentially
important in Vietnam, Malaysia, the Philippines, and Tlaaid. Bacterial wilt is
also a problem in some countries in Africa. It is a growitihgeat to groundnut
production in several other parts of the world, particwaim warm, humid areas.
The destructiveness of the disease is compounded by thie Wwbst range of the
wilt pathogen. Considerable research in Indonesia and &hhas provided an
excellent understanding of the effects of cultural preesi and environmental
factors on groundnut bacterial wilt, and the results dhdeen used to formulate
recommendations to reduce wilt incidence and severity.

Research on genetic resistance has been given the highésrity since the
early 1920s. The variety Schwarz 21 was released in Indani@s1927, the earliest
record of a disease-resistant groundnut being developkdch progress has been
made in Indonesia, China, and other countries in the dgebnt of various wilt-
resistant, high-yielding groundnut cultivars. Howevéhiere is a need for breeding
wilt-resistant groundnut varieties with high yield potéal and good agronomic
characters, and to combine resistance to other diseasgge@sts. Basic research on
the wilt pathogenB. solanacearum has been carried out in advanced laboratories in
the developed countries aB. solanacearum attacks many other important food
crops throughout the world. These studies have prodids with such diagnostic
tools as monoclonal antisera and polymerase chain reactexhniques. It is



expected that the results of this reseami enhanceour understanding in the
management of the pathogen and bacterial wilt diséeasgroundnut.

At ICRISAT Patancheru, we the groundnut scientists hewe responsibility of
working jointly with Asian national agricultural resefr system (NARS)
scientists to address constraints on groundnut proidumct in different
agroecological systems in Asia. This function is fat@ited by CLAN, which
started in 1986 as the Asian Grain Legume Network (AGLN)ithwICRISAT
providing a Coordinating Unit. CLAN has successfully popted many
collaborative activities concerning ICRISAT's mandateops (sorghum, pearl
millet, chickpea, pigeonpea, and groundnut) and its naa@deco-region (the
semi-arid tropics).

The "Working Groups" concept to focus collaborative wssé on the
challenging regional problems has been found usefd afiective and has resulted
in quick progress. One such effective Working Group, omo@rdnut Bacterial
Wilt in Asia, is meeting here today.

The foundation of the Groundnut Bacterial Wilt Workingdp (GBWWG)
was laid in 1990 after a planning meeting held in MalaysihisTrourth meeting of
the GBWWG is being held jointly under the auspices of ¥§lAand ICRISAT

Groundnut bacterial wilt is an important problem in gnadnut production
systems in South and Southeast Asia and in similar systésewlkere. Because of
the danger of its spreading to new areas where irrigatind multiple cropping are
being introduced, we need to provide necessary suppodt funding to ensure that
integrated disease management technology is soon ableil to farmers to
minimize losses caused by this disease.

We at ICRISAT sincerely hope that the recommendations sf theeting will
further strengthen international collaborative resbato find and provide cost-
effective solutions to managing bacterial wilt, the masiportant constraint on
groundnut production in East and Southeast Asian tues.



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

Liao Boshou?

Good morning, respected Mr Chairman, ladies and gentlenkenmst of all, | would
like to express my warm welcome to all the participantshics meeting. | am also
very pleased to have this chance, for the first time, totWdetnam with several of
my colleagues from China. As you know, groundnut has becamvery important
oil crop and cash crop in China, Vietnam, and many other dmiely countries.
With the development of economy and society, groundnutlvbd more and more
important because of its high nutrition, wide adaptatito various ecological
conditions, high yield potential, and high output or protina efficiency. We take
interest in noticing that groundnut production in Vietmdas increased in recent
years and that a considerable portion has been exportettribating significantly
to the nation's economy.

When we try to increase groundnut production, we have nuggte against many
diseases, and bacterial wilt is one of them. Bacterial wifigroundnut, caused by
Burkholderia solanacearum (E.F. Smith), Yabuuchi et al. is the most important leaict
disease of this crop throughout the world. In order to impreentrol of this disease
and coordinate concerned research in various countrigSroaindnut Bacterial Wilt
Working Group (GBWW G) was established through the joitidore$ of ICRISAT and
the Australian Centre for International Agriculturaldarch (ACIAR). In March,
1990, the first Working Group (WG) meeting was held in Malay The second WG
meeting was held in November, 1992 at the Asian Vegetabbse&ch and
Development Center (AVRDC) in Taiwan. The third WG megtimas held in July
1994 at the Oil Crops Research Institute in China. Wetlyegpreciate the efforts of
ICRISAT/Cereals and Legumes Asia Network (CLAN) in orgamg this meeting.
We are happy to see that this WG is considered one of th& suzcessful organized
by ICRISAT. As most of you know, ICRISAT has been subjectedeformation in
recent years and as a result many scientists have left IBR]JSncluding Dr V K
Mehan, the former Technical Coordinator of this WG . hede circumstances, | was
nominated Technical Coordinator of the WG during the £N Steering Committee
Meeting in November 1997, in Malang, Indonesia. | happetedsisit ICRISAT
during November and December, 1997 and had a chance towidn some of the

1. Oil Crops Research Institute (OCRI), Chinese Academy @fiéultural Sciences (CAAS), Wuhan 430062,
China.



ICRISAT scientists, including Dr Pande, to hold the FduWorking Group Meeting
in Vietnam. Dr Gowda, the CLAN Coordinator, visited Vieman late February this
year and decided to hold this meeting. | would like to expmagsthanks to the host
institution, Vietnam Agricultural Science Institute AS1), and Dr Nguyen Xuan
Hong for hosting the meeting. | am also very glad to see DraPande. a senior plant
pathologist, is representing ICRISAT here.

The objectives of this meeting are as follows:

* Review research progress on groundnut bacterial wiltrtipalar in China
and Vietnam, since the Third GBWW G meeting in 1994.

+ Evaluate the status of, and exchange information on resean groundnut
bacterial wilt in concerned countries.

+ Discuss and recommend priorities for collaborative aeske at the national
and international levels.

+ Determine the resources needed and to prepare joint gatpdor funding.

I am confident that wewill have a good meetinghere and that this meeting
will contribute significant knowledge to the members ofisthWG to combat
bacterial wilt.

I would like to give you a brief introduction about the $ed International
Bacterial Wilt Symposium (IBWS) held in Guadeloupe, Fr@nh22-27 June 1997.
With support from the China Natural Science Foundation (EN&nd CLAN, |
was able to attend IBWS. The symposium was hosted by thetutnstational de la
recherche agronomique (INRA) and attended by 120 partidpaepresenting 32
countries and organizations. The program of the sympunswas divided into eight
sessions. These sessions included opening and welcomimgarke, pathogen
diversity, disease diagnosis, pathogenicity, hodsistance |, biological control and
epidemiology, host resistance Il, and disease managemieotty-five papers were
presented in the eight scientific sessions. In additio®, goster papers were also
presented. There were 4 papers specifically on groundnuttebal wilt. The
symposium revealed marked progress in investigating théeoubar, ecological and
phenotypical basis of the wilt pathogen, diagnosis téghes, the molecular basis,
and genetic enhancement of host resistance, and biologadl cultural control.
The proceedings of the symposium, entitled "Bactekailt Disease: Molecular and
Ecological Aspects”, are being edited by P Prior (Francej @nAllen (USA) and
will be published by Springer Verlag in Germany in 1998.



Research on Bacterial Wilt in Vietnam

Nguyen Xuan Hong'

Abstract

In recent years, research on bacterial wilt in Vietham has been given
high priority. Systematic surveys conducted in both northern and
southern Vietnam have confirmed that bacterial wilt is a widespread
and serious disease of groundnut. It is especially severe in hilly and
upland areas, and in sandy soils along river banks, where it can
cause considerable plant mortality (15-50%) and yield losses.
Genetic resistance to bacterial wilt is a higjh-priority objective of
several research ingtitutions in Vietnam. The varieties Schwarz 21
and Matjan, reported to be resistant in Indonesia, also have shown
stable resistance in northern Vietnam. The local variety Gie Nho
Quan has been highly and stably resistant to bacterial wilt. All
isolates of Burkholderia solanacearurtom groundnut belong to
biovars 3 and 4. Research on cultural and biological control of
groundnut bacterial wilt is in progress.

Introduction

Vietnam has a tropical monsoon climate characterized ghhtemperatures, high
humidities, and high rainfall. Bacterial wilt caused Byrkholderia solanacearum

(E.F. Smith) Yabuuchi et al. has been known to cause sepoalklems on a number of
economically important crops in Vietnam including groumud, potato, tomato,
sesame, tobacco, and eggplant. Introduction of susceptielw varieties of these
crops has contributed to the increased incidence of bedterilt. Therefore, in

recent years research on bacterial wilt in Vietnam hasnbge/en increasing

attention.

1. Vietnam Agricultural Science Institute (VASI), Van Diehhanh Tri, Hanoi, Vietnam.

Nguyen Xuan Hong. 1998. Researclon bacterialwilt in Vietnam. Pages10-14.in Groundnut bacteriaWwilt:
proceedings of the Fourth Working Group Meeting, 11-13 yM&998, Vietnam Agricultural Science
Institute, Van Dien, Thanh Tri, Hanoi, Vietnam (Pande, lSao Boshou, Nguyen Xuan Hong, Johansen, C.,
and Gowda, C.L.L., eds.). Patancheru 502 324, Andhra eBtadIndia: International Crops Research
Institute for the Semi-Arid Tropics.
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Current Research on Bacterial Wilt in Vietnam

During 1991-97, systematic surveys jointly conducte¢y Wietnamese and
ICRISAT scientists have confirmed that bacterial wil$ one of the most
important biotic constraints to groundnut production both northern and
southern Vietnam.

In northern Vietnam, bacterial wilt is more severe on sgr{February to June)
crops grown under rainfed conditions in hilly and updaareas, and in sandy soils
along river banks. The disease is more serious in autudufy (to November) in
some areas where the crop is grown year after yearouthern provinces, bacterial
wilt occurs on groundnuts under both irrigated (wintg@risg and summer crops)
and rainfed (rainy-season crop) conditions. ConsideErgllant mortality and yield
lossescaused by bacterialwilt (15-50%) have been observed in varioaseasof
both northern and southern provinces.

In many groundnut-growing areas it was observed that theidence of
bacterial wilt was low when groundnut crops were fisstwvn, but increased to high
levels in second and subsequent sowings, leading to &bandonment or
discontinuation of the crop. It was also observed thantonuous dry spells
followed by rains could immediately induce severe wilt undeeld conditions.
Rotation of groundnut with irrigated rice appears effee in containing disease
incidence and severity.

Growing wilt-resistant cultivars is considered the mestective and practical
approach to controling bacterial wilt. Genetic resis&no bacterial wilt is a high-
priority objective of several research institutions Vietnam. The major research
thrusts at the Vietnam Agricultural Science Institute ASl), Hanoi, are to
identify wilt-resistant genotypes and to breed for iseence. A total of 715
germplasm and breeding lines were tested for reactiohatoterial wilt at hotspots
and in sickplots in Vietnam. Among them, 4 lines weressiied as highly
resistant, and 25 lines as moderately resistant (Liel719The local variety Gie
Nho Quan showed the highest level of resistance over sgasb disease hot spots
in northern Vietnam, with disease incidence/plant moittalless than 2%. The
varieties Schwarz 21 and Matjan, both reported reststanindonesia, also have
shown stable resistance in Vietnam. These varieties gaasekedly higher yields
than did the control cultivars Sen Nghe An (in northerretham) and Se Dia
Phuong (in central coastal areas). They are being tgpitultiplied and tested on-
farm for possible release in the near future. However,aacession of the variety
Kidang (ICG 11210), which was considered resistant in hela, showed high
wilt incidence in northern Vietnam. In southern Vietnamsearch on groundnut

11



bacterial wilt with emphasis on host-plant resistance baen intensified in recent
years at the Institute of Oil Plants. Several groundnoedisupplied by ICRISAT
were resistant to bacterial wilt. The line ICG 8666 (an asioes of the variety
Schwarz 21) showed the highest level of resistance, witmtphaortality less than
1% over 3 seasons in Cuchi (Duc Cam et al. 1995).

Research on host-plant resistance to bacterial wilt ofapo also has been
intensified in recent years. Approximately 140 germplasnd dreeding lines of
potato available in northern Vietnam were screened oher gast several years for
resistance to bacterial wilt. A total of 20 lines and vadsthave shown high levels
of resistance to bacterial wilt; several varieties indhglKT3, VT2 also gave high
yields (Thanh, 1998). More recently, research on host-prasistance of tomato
has been initiated at VASI, Hanoi Agricultural Universitgnd the Institute of
Vegetables and Fruits. Application of molecular methods #®tudying
B. solanacearum isolates have been initiated at the Institute of Agticual
Genetics, Hanoi (Cuong, personal communication). Unrdtently, research on
bacterial wilt of tobacco and eggplant was very limited,t hhe Department of
Plant Pathology and Pesticides, Hanoi Agricultural Umrisi¢y has initiated
research on the bacterial wilt disease on these crops.

Present Staffing and Resources Available for Research

At VASI, seven scientists including phytopathologistgranomists, and breeders are
now working on different aspects of bacterial wilt. A matwide network of groundnut
bacterial wilt research has been established recently, han initiatives of VASI
scientists. Several hotspot locations and sickplot® &lave been established and are
regularly used for multilocational resistance screenafggroundnut germplasm and
breeding lines. Recently, VASI scientists, in collabdoatwith ICRISAT scientists,
have intensified local groundnut germplasm collectiomd acharacterization. More
local groundnut varieties resistant to bacterial wile axpected to be identified. The
Department of Plant Pathology and Genetics at VASI is ently responsible for
carrying out a Ministry of Agricultural Research and Dey@hent (MARD) research
project on B. solanacearum and mechanisms of resistance to it. Facilities and
methodologies for pathogen isolation, biochemicalsteand artificial inoculation are
also available at VASI. Two researchers have complehedrtPhD work on identifying
sources of resistance to bacterial wilt on groundnut aotctp.

Two scientists are engaged in research on soilborne dseasd bacterial wilt
with emphasis on pathological aspects and control measatrdbe National Plant
Protection Institute (NPPI). They also participated imveys and research on the
disease in collaboration with VASI| and ICRISAT scientists

12



In southern Vietnam, at the Oil Plants Institute (OPI),ean of scientists is
actively involved in research on groundnut bacterial wiith emphasis on host-
plant resistance and integrated disease management. Theg established close
collaboration in research on bacterial wilt.

One group of researchers at the Hanoi Agricultural Umsity is conducting
extensive work on bacterial wilt of major crops in Hanoidasurrounding areas.

Two scientists have recently initiated research at thetitnte of Agricultural
Genetics on molecular aspects B.f solanacearum, in collaboration with the Asian
Vegetable Research and Development Center (AVRDC). Hawefunds for this
research are still awaited.

Future Plans

In Vietnam, because of the economic importance of badatewvilt, we continue to
give high priority to research on thiglisease.The following aspectswill receive
attention in coming years.
* Further systematic research to identify biovars, rapeghotypes, host range,
and conditions favouring the multiplication and spreadhsf pathogen.
* Rapid multiplication and introduction to large-scale duetion of
promising bacterial wilt resistant lines or varietielsgpoundnut.

* Breeding for bacterial wilt resistance using local amdroduced sources of
resistance.

« Development of a farmers' participatory, communitysed, integrated wilt
management program (using resistant cultivars, crop tfoba crop
husbandry, and certain cultural practices) to alleviaevere yield losses
from bacterial wilt and sustain groundnut cultivation greduction.

* Investigation in upland areas of rotating and/or intepgimg groundnut
with maize, which is a non-host crop popularly grown in Vign's dryland
crop systems.

* Increased emphasis on developing and strengthening lwmiédive research
on bacterial wilt between Vietnamese institutions andeot@ L AN member
countries.
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A Brief Introduction to Bacterial Wilt Research in China

Duan Naixiong®, Liao Boshou', He Li-Yuan? and Gao Guogqing®

Abstract

Bacterial wilt (BW) caused by Burkholderia solanacearumis an
important bacterial disease for several crops of economic importance in
China, including potato, tomato, tobacco, pepper, eggplant, ginger, and
groundnut. The disease is generally serious in the tropical and subtropical
regions of the country and less serious in the North, even though the
pathogen has been observed to cause losses in some areas. The
B. solanacearunisolates collected from various regions in China have been
characterized and divided into five races and five biovars based on their host
range and biochemical features. Extensive and intensive research on
bacterial wilt on the major host crops has been conducted at several
ingtitutions, including the Plant Protection Research Institute (PPRI), the
Oil Crops Research Institute (OCRI), and the Vegetable Research Institute
(VRI) of the Chinese Academy of Agricultural Sciences (CAAS), and
some provincial ingtitutions. In recent years, the motility of some wild
B. solanacearumnstrains 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 varietal improvement in tomato, tobacco, potato and
groundnut. Cultural control practices, including rotation with paddy rice
and other non-host crops, have been widely used.
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Introduction

Bacterial wilt (BW) caused byurkholderia solanacearum (E.F. Smith) Yebucchi et al. is
considered one of the most important bacterial disedsplants worldwide. Even
though the pathogen was first described (&seudomonas solanacearum) and
published by Erwin E Smith in 1896, the disease had alreadyted for a long
period in many tropical, subtropical, and temperate zorigh@ world. Plant species
in more than 50 families have been observed to be susceptiblthe pathogen.
Recently, 100 years after its discovery, the pathogen wasaneed and classified as
B. solanacearum. During the past century, over 4000 papers have been phadi®n
various aspects of BW (Kelman 1998), reflecting activeeagsh on the disease.

Host Range, Distribution and Economic Importance

In China, BW caused b¥. solanacearum is an important disease on many crops of
economic importance (He 1986). The disease was first dexbrin the country in
the 1930s. Important host plants include potatSoldtium tuberosum), tomato
(Lycopersicum esculentum), tobacco WNicotiana tabacum), groundnut Arachis
hypogaea), eggplant Solanum melongena), pepper Capsicum annum), ginger gingiber
officinale), sesame Sesamum indicum), sweet potato |pomoea batatas) mulberry
(Morus alba) and eucalyptusHucalyptus spp).

Bacterial wilt is generally more serious in southern omgi of China, where
temperatures are generally high year round and annualipitation is also generally
high. The disease is less important in the north, where tewperatures, especially
during winter, do not favor the survival of the pathogenwdweer, the epidemiology
of bacterial wilt in different hosts is also closely reddtto soil type and other
ecological factors. For example, sesame BW was obserwediangxi Province but
not in Hubei Province, where bacterial wilt is serious irogndnut and tomato.
Sweet potato BW has been observed to occur only sporaglicall

Currently, it is difficult to estimate the direct econic losses caused by bacterial
wilt in the main host crops. Potato, groundnut, tobacco, tmdato are crops widely
sown in the country, and yield losses from the diseasenéset crops are estimated to
be very large. For groundnut, it is estimated that the ameered by infested fields
has increased to over 300 000 ha (Liao et al. 1998) and thabge yield loss is
7-10%, even when wilt-resistant cultivars are extensivedwn.

Concerned Research Institutions in China

There are several institutions where research is curyentinducted on BW in
China. A brief description of these institutions and theaaod research on BW
being conducted in them is as follows:
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At PPRI, Beijing, BW has been an important research priofidy over two
decades. This laboratory has well-equipped facilities BW research. Research
areas include collection of pathogen isolates, charaza¢ion of isolates based on
virulence and pathogenicity, molecular mechanisms ofistasce to BW, and
biological control of BW of potato.

At the Tobacco Research Institute, CAAS, located in Yidu,atsdong
Province, the main activities are collection and evaluatod tobacco germplasm.
This Institute coordinates research on resistance scmgeand breeding for BW
resistance throughout China.

Research on screening and breeding for tomato, eggpland, @epper for
resistance to BW is coordinated by the Vegetables Rekednstitute (VRI),
CAAS, Beijing.

At the South Potato Center, located in Enshi, Hubei Provinpetato
germplasm evaluation and breeding for BW is being conddctSimilarly in Fujian
Academy of Agricultural Sciences, Fuzhou, research ontomnof tobacco BW is
being conducted.

Additionally, work on breeding for resistance to BW of tato is being
undertaken at Jiangsu Academy of Agricultural Scienceanjing.

The molecular basis of pathogenicity Bf solanacearum is being studied at the
Guangxi University, Nanning.

Several other institutions are conducting research on mdout BW. The
leading institution is OCRI, located in Wuhan. Research baen conducted at
OCRI in various aspects, including germplasm screeningeting, pathology, and
integrated control. At the Crop Research Institute of Gulamy Academy of
Agricultural Sciences, Guangzhou, extensive research b@en done on varietal
improvement for host resistance and integrated contf®érmplasm screening and
breeding research is also being conducted in the Indus@iaps Research Institute
of Guangxi Academy of Agricultural Sciences, located iarting, the Agricultural
Research Institute of Nanchong City in Sichuan Provinzed Fujian Agricultural
University located in Fuzhou.

Significant Achievements
Motility of wild B. solanacearum strains

In PPRI, Beijing, 30 of 140 wild type strains of Bolanacearum were observed to
have motility in semi-solid motility medium (SMM) with agafter 48 hours
incubation and in SMM medium without agar after 4 hours. tMe wild type

17



strains could move dramatically toward and accumulate meat segments of host
plants and some non-host plants. Some motile wild typemrstraould cause earlier
and higher disease incidence in potato plants than couldrethit was speculated
that motility was related to the infectivity of some Bilanacearum strains.

Protein related to bacterial wilt resistance in potato

In PPRI, Beijing, a 32-kD protein (AP1) that could inhibBt solanacearum was
purified from a BW-resistant potato variety. The biochesli characterization,
antimicrobial spectrum, and ultrastructural localizatiof AP | were investigated.
APl might be a new kind of plant-specific constitutive edise resistant protein
(Yuan and He 1998).

Transgenic potato plants

In the Biotechnology Research Center, CAAS, Beijing, smanic potato plants
with improved resistance to BW have been obtained. This was first case of

improvement of resistance t8. solanacearum through genetic engineering (Jia
1996, personal communication).

New resistant cultivars in some vegetables and groundnut

In several institutes, new varieties of tomato and eggplanth improved
resistance to BW have been developed and released for ptimducSeveral new
groundnut cultivars with desirable resistance have beereld@ed.

Further Research Needs

Bacterial wilt has attracted much research effort in récgears in China. The
disease is still important in terms of its wide distributi@and host range, the
considerable economic losses it causes, and the potenfioal its further

dissemination. Further research effont8l be made tcaddressthe following:

« The molecularbasis of virulence or pathogenicity of Bsolanacearum will be
further investigated.

+ Biotechnology approachesfor resistance improvemenwill be widely used,
especially for those species in which no desirable resigtasources have been
identified for conventional breeding.

* Varietal improvemenwill be an important researghriority in various crops for
both resistance to BW and agronomic traits.

+ Biological control of BW will be further investigatedmscially in potato.
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e Culturalcontrol approachewill be investigated and applied for most host crops.

 Technology transfer to farmers will be intensified.
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Present Status of Groundnut Bacterial Wilt in South
China

Liang Xuangiang®

Abstract

Bacterid wilt caused by Burkholderia solanacearums an important
production constraint in  over 70% of the groundnut (Arachis
hypogea) crops in southern China,  Scientists in Guandong Province
have been conducting research on bacterial wilt since the 1950s,
developing 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-
yielding varieties resistant to bacterial wilt have been developed and
now cover more than 70% of the diseased fields.  Through intensive
breeding, wilt resistance and high vyield have been combined with
resistance to rust and root rot, in some varieties.

Disease Distribution and Economic Importance

Groundnut is an important oil and industrial crop in SouthirGh (including
Guangdong, Guangxi, Jianxi, Fujiang, and Hainan progg), where it is cultivated
on about 800000 ha. Bacterial wilt (BW) caused Byrkholderia solanacearum (E.E
Smith) Yabuuchi et al. is a major constraint to groundnuddurction on over 70% of
southern China's production area. Yield losses of 15-28%cammon. The annual loss
in pod yield caused by BW is estimated at over 35 XK} Wilt intensity varies with
season, soil type, and cultural practices. In geneB&V, is more severe in spring than
in autumn. Wilt incidence in rice fields with rich clay $@in high tablelands is less
than on nonirrigated uplands, poor, sandy soils, or lowlefands. Good cultural
practices and resistant cultivars help to reduce BW inttage

1. Crops Research Institute, Guangdong Academy of @gdtural Sciences (GAAS), Wushan, 510640,
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Scientists in Guangdong have been conducting research on sBWe the
1950s and have developed integrated BW management measfickditionally,
they have released several cultivars with resistance to. BMproved management
practices and cultivars have been widely adopted. As altreswean yield in South
China has increased from 1.53 t han the 1980s to 2.0 t hain 1997. Some BW
management measures are described here.

Crop Rotation

Crop rotation has many advantages. It can maintain anceaser soil fertility and
reduce soilborne insect pests and diseases, includinigpamie propagules of BW.
To minimize BW incidence and severity, crop rotation hasem widely used in
South China since 1970. In South China, groundnut is catdd in two crop-
rotation systems: 1. rotation with paddy rice in lowlapdsually with a cycle of
2 to 3 years (the longer the rotation cycle, the more effecthe control), and 2.
rotation with sweet potato, jute, maize, sugarcane, saybddack bean, mung
bean or other non-BW-host crops in upland areas, alway$witotation cycle of 2
to 3 years. In South China, 60% of the groundnut crop is iranglareas. Rotation
with BW host-crops — for example tobacco, tomato, eggplaand pepper - is
discouraged.

Field Management

Such suitable cultural practices as flooding can effedtivcontrol BW. In the 1995
spring season in Guangzhou, flooding a field with a wiltidence of 42% for
30-45 days before sowing of groundnut lowered wilt immde to 5%, an
approximately ninefold reduction. Improved field dragreaalso helps reduce BW
incidence and severity if followed before the groundnubpcrstarts flowering.
Experiments conducted on the management of soil moégsthlrowed that 60% soil
moisture is an important threshold: if soil moisture isoad 60%, the BW
pathogen can easily reproduce.

Some field observations and greenhouse tests showed thlawsth pH 5.0-6.8
is favorable for pathogen growth. In general, alkaline sselippress BW pathogen
growth. In Xixin county, groundnut is rotated repeatedlptivtobacco (a host crop
of BW) in purple soil with pH 8-9, but the incidence of wilt &dways low (<5%).
Field sanitation practices such as burning crop resicued removing weeds —
especially Agerratum conyzoides — also help reduce BW incidence. Other
agronomic practices, including soil application of orgamanure seem to reduce
BW incidence. Chemicals, including fertilizers and nutrig, have not been found
tocontrol BW.
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Host-Plant Resistance

Genetic resistance to BW is recognized as the most effealisease management
strategy. In the past three decades, great emphasis haspbemd on managing BW
through host plant resistance. About 60 genotypes, inclgdocal landraces (led by
Taishan Sanlirou, Taishan Zhenzhou, and Xiekangqing),tiexwarieties from
ICRISAT (led by Gajah, Schwarz 21, ICG 1703, Pl 3933513, aBd30), and wild
Arachis species have been identified as sources of high, stasistance to BW in
artificial inoculation tests and multilocational sickep tests. Several high-yielding
BW resistant varieties e.g., Yue You 589, Yue You 92, Yue 266, Wu You 4, Guiyou
28, and Yue You 200 have been developed through the modiddymee method and
released for general cultivation in South China. Theseivari$ are grown on more
than 70% of the diseased fields, playing an important raledntrolling the disease,
and significantly increasing groundnut production in 8oGhina.

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

Yue You 256 and Yue You 200 have a high level of resistancBWb, as well as
moderate resistance to rust and high susceptiblity to modtcaused byFusarium
spp. These two widely distributed fungal diseases causstantial yield losses in
South China. Since 1988, incorporation of resistance to BWsf, and root rot
into high-yielding cultivars has received high prioritfrom screening of about
2000 germplasm accessions, Yinduhuapi, a runner typeigdnut from ICRISAT,
India, was identified as possessing high levels restgtato all three diseases.
Through large-scale hybridization, a potential breedimg Yue You 39 with high
yield and high resistance to BW, rust, and root rot was tbgped. But Yue You 39
has some agronomically unacceptable characters such esnlaturity, low shelling
percentage, and too many aerial pegs. Though backcrosgibn high-yielding,
early-maturing cultivars, two varieties, Yue You 202-35daviue You 79, with
higher yield, resistance to BW, rust, and root rot, and watkptation were
developed and released in Guangdong province. These twieties are gradually
replacing Yue You 92 and Yue You 256 in that region.

Yue You 202-35 was developed from the cross Yue You 39-54u& You 116,
and was released by Guangdong Crop Varieties Approval Cdbtemiin 1996.
During 1992-94, in advanced groundnut varieties trialss tverage yield of Yue
You 202-35 was 3.87 t haover 13 locations, a net 23.4% gain over Yue You 1186,
the control. The groundnut cultivar Yue You 202-35 is ofdnen duration, taking
120 days to mature. It has an erect growth habit and dark gesees. The seeds
contain 54.3% oil and 26% protein. The reactions of Yuai202-35 to BW, rust,
and root rot are excellent (Table 1).
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Table 1. Performance of some groundnut varieties resistant to bacterial
wilt released in South China’

Yield BW Rust Root rot Resistance Year of
Cultivars (t ha') incidence (%) (score) incidence (%) source used release
3
Yue You 589 1.6 7.8 6.0 ) Taishan 1970
Sanlirou
Yue You 92 2.6 4.2 5.0 - Taishan 1983
Sanlirou
Yue You 256 2.8 3.4 3.8 - AH 1722 1987
Gui You 28 2.2 5.0 5.5 - Taishan 1986
Sanlirou
Wu You 4 2.7 2.3 4.5 - Pl 393513 1988
Yue You 200 3.1 4.5 6.5 - Taishan 1992
Sanlirou
Yue You 202-353.8 4.0 25 2.0 Yinduhuapi 1996
Yue You 79 4.1 4.-2 2.5 2.0 Yinduhuapi 1997

1. Results from South China Groundnut Varieties Tests aod#iRcial Groundnut Varieties Tests.
2. Resistance sources used in breeding these varieties
3. Free from root rot disease incidence

Yue You 79 was derived from a cross involving Yue You 202-3%uwe You 116,
and released by Guangdong Crop Varieties Approval Commitire 1997. During
1996/97, in Guangdong Groundnut Varieties Trials, its ageryield was 4.09 t ha
over 10 locations, a net increase over Yue You 202-35. Itunea in 120 days in
the spring season and 115 days in the summer season. Itnhaseat growth habit
and dark green leaves. Disease scores of BW, rust; androdoaf Yue You 79 are
similar to those of Yue You 202-35 (Table 1). Yue You 202-3& &ue You 79
have good stability and adaptability for pod yield when gsow either rice-paddy
or upland conditions.
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Status of Groundnut Bacterial Wilt in Central China

Liao Boshou®, Duan Naixiong®, Tan Yujun®, and Wu Yong?

Abstract

Bacterial wilt (BW) caused by Burkholderia solanacearumnin
groundnut was first reported in central China in the 1950s. The
disease has been a constraint to groundnut cultivation in several
provinces in central China, including Schuan, Chongging, Hube,
Henan, Anhui, Jiangxi, Hunan, and Guizhou (Liao and Zeyong
1997). The total infested groundnut area is estimated at over
150000 hectares in the central provinces. The disease is becoming
more widespread because of expansion of groundnut and its
continuous cultivation. The disease generally causes yield losses of
10 to 30% in central China if susceptible groundnut cultivars are
grown, but wilt incidence in the traditional problem areas has been
significantly reduced by sowing improved resistant cultivars.
Therefore, as in most other diseased regions, the most important
control approach for BW in the central provinces is to grow
resistant cultivars, including E Hua 5, Zhong Hua 2, Lu Hua 3
Yue You 200, and 93-81. Other practical control approaches
include rotation with paddy rice or with such non-host upland crops
as wheat and rapeseed. The Oil Crops Research Institute of the
Chinese Academy of Agricultural Sciences has been the leading
research agency addressing the problem in this region. In the
future, genetic enhancement for resistance and other traits will
continue to be the most important control strategy in this region.

1. Oil Crops Research Institute, Chinese Academy of Agltural Sciences (CAAS), Wuhan 430062, China.
2. Agricutural Bureau of Hong An County, Hubei Provincel880, China.
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1998, Vietnam Agricultural Science Institute, Van Dierhanh Tri, Hanoi, Vietnam (Pande, S., Liao Boshou,
Nguyen Xuan Hong, Johansen, C., and Gowda, C.L.L.,)ed%atancheru 502 324, Andhra Pradesh, India:
International Crops Research Institute for the Semi-AFidpics.
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Introduction

Bacterial wilt caused byBurkholderia solanacearum (E.F. Smith) Yabuuchi et al. has been
an important disease of groundnufréchis hypogaea L.) for several decades in
central China. In the eastern part of Hubei Province, disease was first recorded
in Huangzhong Agricultural College in the 1950s, but theadlfarmers were well
acquainted with the wilt problem earlier than this. Groundtl bacterial wilt
became more serious in the 1960s and was reported from thdrogroundnut-
growing provinces of central China. Progress in diseasatiol has been made in
the past two decades using integrated control approaches.

Distribution and Severity

Currently, bacterial wilt of groundnut is a serious camasmt to groundnut
production in several provinces in central China, inclugi®ichuan, Chongqing,
Hubei, Henan, Anhui, Jiangxi, Hunan, and Guizhou. Theadisehas also been
reported in Zhejiang and Jiangsu Provinces on the eastt,cbas economic losses
were low there (Liao and Zeyong 1997).

The total area infested with BW in central China is od&0000 ha. The disease
is becoming more widespread with the expansion of groundmiltivation in most of
the provinces in central China. However, wilt incidencetiaditionally endemic
areas has significantly decreased because resistantvatdtiare being grown (Zhou
and Wei 1996). The disease generally causes yield lafsé® to 30% in susceptible
groundnut cultivars. At present, BW incidence in centrdlifa ranges between 2
and 12% wherever resistant cultivars are grown.

Disease Control

As in many other regions, the most important control apphotor groundnut BW
is to grow resistant cultivars. Currently, the followingsistant cultivars are being
grown in the central provinces.

E Hua 5 is highly resistant to BW. It has small seeds, matuegb/,eand has
desirable uniformity of pod shape. This cultivar was depeld at the Oil Crops
Research Institute (OCRI) and released in 1985 and is useduibei, Henan, and
Jiangxi Provinces. The yield of E Hua 5 is only moderatet, ibhas desirable tolerance
to shallow soil and poor fertility, so that it can be grown piand fields.

Zhong Hua 2 is highly resistant to BW, with medium-sizeddsand high seed
protein content. It was developed at OCRI, released in 1290 is extensively
cultivated in the central provinces. However, the cultihas poor seed dormancy,
so preharvest germination usually causes up to 10% loss.
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Lu Hua 3 is moderately resistant to BW, with medium-sizeged. It was
developed at Shandong Peanut Research Institute (SPRhceS1986 it has
been cultivated in some regions of Sichuan and HenaaviRces in central
China.

Yue You 200 is a highly resistant cultivar with improvgield potential and
drought tolerance. It was developed at the Crops Reseamtstitute of
Guangdong Academy of Agricultural Sciences and released Sichuan
Province in 1997 as Tianfu 11. 93-81 (ZH 212). A highlgsistant breeding
line with improved yield potential and tolerance to acgsbil was also
developed at OCRII.

Other practical control approaches include rotationttwpaddy rice and with
some non-host upland crops such as wheat or rapeseade\ts, the area that can
be rotated with paddy rice in central China is very smabnfg-term rotation with
non-host crops has also become less feasible in tkigion because of limited
arable land and expanded groundnut cultivation.

Research Organizations

In central China, the OCRI of the Chinese Academy of ikgittural Sciences
(CAAS), located in Wuhan, is the leading research oigation addressing
groundnut BW. The scientists at OCRI are responsible farordinating
groundnut BW research; conducting groundnut germplaswmllection and
evaluation for resistance to BW; conventional breedingnd resistance
improvement through biotechnology. Nanchong AgriculduiResearch Institute
in Sichuan Province is also engaged in breeding feistance to BW.

In central China, there is a network of eight sites fomnlenation for resistance
to BW in groundnut varietal trials.

Problems and Further Research Needs

Incidence of wilt diseases other than BW (probably cdusg soilborne fungi) has
significantly increased in recent years. These soilleorfungal diseases have
obviously complicated the further increase of groundmpuoductivity in regions

where BW is a problem.

The sizes of pathogen populations in infested fieldsrafdeg-term cultivation
of resistant cultivars is unknown. It would be interegtito investigate the
dynamics of population pathogenicity in soil. Farmersuld take an interest in
knowing whether susceptible groundnut cultivars witgher yield could be grown
in diseased fields after cultivation of resistant ones feveral years.
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The yield potential of most cultivars resistant to BW ifsem lower than that of
susceptible ones. Further breeding efforts should be emtd combine resistance
and high yield.

Despite all of our efforts, there amreaswhere BW incidence istill very high
because of continuous cultivation of susceptible gribuunt cultivars. Therefore,
effortswill be madeto extend BW-resistant cultivars to farmers in swreas.
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Status of Groundnut Bacterial Wilt in Northern Vietnam

Nguyen Xuan Hong, Nguyen Van Viet, and Nguyen Thi Yen'

Abstract

Groundnut bacterial wilt (BW) is a widespread disease in the major
groundnut-producing areas of northern Vietham. The disease is
increasingly serious in many parts of Nghe An, Ha Tinh, Thanh
Hoa, and other provinces. Bacterial wilt is severe not only in
traditional groundnut-growing areas but also in newly cultivated
areas. Wilt incidence in groundnut-producing areas has increased
substantially in the past few years. It is highest in dryland cropping
systems, especially in upland areas of hilly regions in light sandy soil
along river banks and in fields where groundnuts are intercropped
with dryland crops. Rotation of groundnut with rice is effective in
reducing wilt incidence. The disease is more serious in the autumn
crop. Most local varieties are susceptible to disease. Research on
identification of wilt-resistant genotypes, development of improved,
varieties, and integrated management of BW is needed.

Introduction

In northern Vietnam, groundnut is cultivated mainly in th@ring season
(February to June). It is the most important food legumepcaf Thanh Hoa, Nghe
An, Ha Tinh, and other provinces. The area under growthdmcreased from
102200 ha in 1992 to 123300 ha in 1995. Although soil andirmment
conditions are favorable for groundnut production, ageryields are still low (1.09 t
ha'). Bacterial wilt (BW) caused bBurkholderia solanacearum (E.F. Smith) Yebuuchi et
al. is widespread in major groundnut-producing areas aasdltfecome one of major
constraints to groundnut production. This report summesxithe results of surveys
on status of groundnut bacterial wilt conducted by sci¢atiof Vietnam
Agricultural Science Institute (VASI) during the lastayr.

1. Vietnam Agricultural Science Institute (VASI), Vanén, Thanh Tri, Hanoi, Vietnam.
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Distribution and Severity of Disease in Different Production
Systems

In northern Vietnam, groundnut is concentrated mostly inhBgAn, Ha Tinh,

Thanh Hoa, and Bac Giang provinces, and some areastlér provinces.
Groundnutis cultivated mainly underrainfed conditsan hilly and upland areas,
and along river banks in dryland cropping systemso@rdnut is also grown in
rotation with rice in the spring season. The area of gwbnut has significantly
increased in the last 3 years (Table 1).

Bacterial wilthas undoubtedly been presenton graundn northern Vietnam
for many years, although it was first documented in detaill®91 (Mehan et al.

Table 1. Sown area and yield of groundnut in northern Vietnam

Sown area (ha x 10°%) Yield (t ha)
1992 1995 1992 1995
Region 217.3 259.9 1.04 1.28
North 102.2 123.3 0.74 1.09
North Mountain and midland 34.2 41.6 0.80 0.96
Red River delta 17.5 17.7 0.90 1.30
North Central coast 50.5 64.0 0.64 1.13
Province
Bac Thai 5.2 6.7 0.64 0.83
Hoa Binh 2.6 3.9 0.69 0.92
Quang Ninh 2.7 2.9 0.79 0.85
Vinh Phu 6.8 9.4 0.79 1.03
Ha Bac 8.3 8.6 1.00 1.07
Hanoi 2.4 3.3 0.78 1.09
Ha Tay 3.4 4.6 0.95 1.12
Hai Hung 2.3 2.9 1.02 1.42
Nam Ha 3.4 3.7 0.79 1.33
Ninh Binh 4.1 4.4 0.86 0.70
Thanh Hoa 11.5 13.6 0.74 1.11
Nghe An 21.5 27.0 0.60 1.22
Ha Tinh 9.8 13.8 0.58 1.13
Quang Binh 2.7 2.8 0.50 0.59

32



1991, Hong et al. 1994). It is widely distributed in alleas of groundnut
production. Some regions are heavily infected, while iheotareas the disease is
sporadic. It is most severe in Nghe An, Ha Tinh, Thanh Hda,Tay, Bac Giang,
and Thai Nguyen provinces. In general the average wiltdidance ranges from
0.2-16.9%, but in the most heavily infected fields it reexh70-80%. The disease
is severe not only in the traditional groundnut-producingas (Nam Dam and
Nghia Dan districts of Nghe An province, Ha Trung, Hoangal Tinh Gia
districts of Thanh Hoa province, Lang Giang and Viet Yentricss of Bac Giang
province) but also in newly cultivated areas in Ha Tay, BHonh, Thai Nguyen,
and Hoa Binh provinces.

Wilt incidence in traditional groundnut-producingreashas increased very
fast. In fields where groundnut has been grown year after, y&specially in upland
areas and in the soils along the river banksiilt incidence has significantly
increased. Crop rotation and host resistance have beesidared important to
manage BW in these areas.

Wilt incidence varies greatly from place to place, degiemy on cropping
patterns and soil conditions. The disease is most seveleillg and riverbed areas
where wilt incidence ranges from 3-50% (Table 2).

Table 2. Bacterial wilt of groundnut in different ecological conditions of

northern Vietnam, 1995

Wilt incidence (%)

Number of
Area locations surveyed Range Average
Hilly 73 5-50 16.9
River beds 105 3-50 13.8
Upland 109 1-15 5.9
Rice-groundnut rotation 243 0-8 0.2

In upland areas of hilly regions, wilt incidence is highest in fields where
groundnut is grown twice a year. In these fields wilt irmide was 10-60%. The
disease was also found (3-50%) in sandy soils along rivertkdbawhere only
dryland crops such as groundnut, maize, tomato, and otbgetables were grown.
Wilt was also present (0-15%) in fields where groundnuwiswntercropped with
vegetables, maize, or mung bean. In irrigated rice-bagedundnut-growing areas,
wilt incidence was lowest (0-5%) (Table 3). Thus, rotatiohgroundnut with
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irrigated rice is the most effective way to control bacaé wilt. Similar results
have also been reported in China (Tan et al. 1994).

Table 3. Wilt incidence (%) of groundnut in different production
systems in Vietnam, 1995

Hilly with Hilly with Dryland Rice-
Main 1 crop of 2 crops of River crop groundnut
Location cultivar groundnut groundnut banks systems rotation
Ha Tinh Sen NA 5-25 - 3-35 3-15 0-2
Nghe An Cuc NA 5-35 10-45 5-50 1-10 0-5
Thanh Hoa Chum NA 10-25 15-50 3-20 1-12 0-1
Ninh Binh Sen Lai 10-25 15-50 - 1-15 0-5
Bac Giang Do BG 5-20 10-45 - 1-10 0-5
Thai Nguyen Chay HB 5-20 15-30 5-20 1-10 0-5
Vinh Phuc Su tuyen 10-25 15-40 5-35 3-10 0-3
Hanoi Sen NA 5-25 - - 0-5 0-2
Ha Tay Tram Xuyen 15-30 15-60 3-35 1-12 0-1

Table 4. Influence of cropping season on the incidence of groundnut
bacterial wilt (%) at six locations in Vietnam, 1995

Spring crop (Feb-Jun) Autumn crddul-Nov)

Location Cultivar Average Highest Average Highest
Ha Tinh Chum Nghe An 20-25 70 30-35 90
Ha Tinh Cue Nghe An 15-20 50 20-25 80
Bac Giang Do Bac Giang 15-20 70 20-25 90
Bac Giang Su Tuyen 15-25 75 25-30 95
Ha Tay Sen Lai 10-15 60 20-25 80
Ninh Binh 4329 5-7 40 15-20 70

Bacterial wilt is widespread in all groundnut-producingreas year-round.
However, it is more serious in autumn (Jul-Nov) in areas mehéhe crop is
grown year after year. Spring crop incidence reached aimaxn of 40-75% in a
1995 survey; maximum incidence in the autumn season wasn ekigher,
reaching 70-95% (Table 4).

34



The majority of currently grown groundnut varieties areghly susceptible to
BW. Only two genotypes, Tram Xuyen and 4329, have showdenate levels of
susceptibility to wilt under high disease pressure Ea5). In recent years,
germplasm accessions have been extensively evaluatede§istance to bacterial
wilt (Hong et al. 1994) but more research on identifioamti of wilt-resistant
groundnut genotypes is needed.

Table 5. Bacterial wilt reaction of major groundnut varieties popularly

grown in northern Vietnam (1994/95)

Wilt incidence in

Varieties hot-spot locations (%) Disease reaction®
Sen Nghe An 70.2 S

Sen Lai 50.7 S

Do Bac Giang 66.2 S

Su Tuyen 52.8 S

Tram Xuyen 42.3 MS

Chum Nghe An 68.2 S

VvV 79 53.9 s

4329 41.9 MS

1. S = susceptible, MS = moderately susceptible

Conclusion and Suggestions

Bacterial wilt is one of the most important constraints twgndnut production
in northern Vietnam. In recent years, yield losses caulgdthe disease in
farmers' field have significantly increased. Major gnanut varieties popularly
grown in northern Vietnam are susceptible to the disedserther genetic
evaluation to identify sources of resistance to BW is dexzk Research on
development of improved varieties with multiple diseagsistance to BW and
other major diseases should be given high priority. Meystematic research
needs to be undertaken on integrated management of graur®\VW, using host
plant resistance and cultural practices, particulactpp rotation, in order to
alleviate losses caused by the disease in major gdoun-growing areas of
northern Vietnam.
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Bacterial Wilt of Groundnut in Southern Vietnam

Nguyen Van Tung!, V K Mehan?, Phan Lieu', and Ngo Thi Lam Giang*

Abstract

Bacterial wilt (BW) caused by Burkholderia solanacearumis
becoming increasingly prevalent and severe in the groundnut (Arachis
hypogaea L.)crop of southern Vietnam.  Scientists at the Qil Plant
Ingtitute in Hanoi have carried out a detailed survey of BW in
southeastern Vietnam.  Incidence and severity was low in fields under
groundnut-rice-rice cropping systems and moderate to severe (up to
40% wilting) under groundnut-groundnut-rice systems.  The disease
was more serious in the summer-autumn season because of high soil
temperature and moisture. Nine resistant ICRISAT breeding lines
had good wilt reactions over 2 years, but their shelling percentage was
lower than that of local varieties. Integrated disease management
systems are needed to control fungal diseases and BW.

Introduction

Bacterial wilt (BW) is a serious constraint to groundnutoguction in many
regions of Vietnam. Depending upon the agroecological dibion and crop
rotations, the severity of BW varies across a region.

In collaboration with ICRISAT, the Oil Plant Institute (OPin Hanoi has
carried out a detailed survey to determine the status of thisease in some
groundnut-growing districts in the southeast region otMiam. Also during these
surveys, disease was monitored on bacterial wilt-resistgroundnut lines sent
from ICRISAT. The results of this survey are presented iis fhaper.

1. Oil Plants Institute (OPI), 171-175, Ham Nghi St.t Dsstrict, Ho Chi Minh City, Vietnam.
2. International Crops Research Institute for the SemidATFropics (ICRISAT), Patancheru 502 324, Andhra
Pradesh, India.

Nguyen Van Thang, Mehan, V.K., Phan Lieu, and Ngo Thi Lam Giang. 1998. Bacterial wilt of groundnut in
southern Vietnam.Pages37-42 in Groundnut hacterialilt: proceedingsof the Fourth Working Group Meeting,
11-13 May 1998, Vietnam Agricultural Science Institu¥#an Dien, Thanh Tri, Hanoi, Vietnam (Pande, S., Liao
Boshou, Nguyen Xuan Hong, Johansen, G, and Gowda, C.ledls,). Patancheru 502 324, Andhra Pradesh,
India: International Crops Research Institute for the S&mid Tropics.
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Survey of Bacterial Wilt Incidence

During the winter-spring season of 1995/96, an experimfrcCRISAT (Dr V K

Mehan) directly collaborated with us in carrying out thevey in four districts. In
each district, 5 to 6 villages and 5 to 50 groundnut fievdsre surveyed. Data
collection included cropping system, crop growth staB& incidence, and crop
cultivars grown in each district (Table 1).

Trang Bang district

In this district, BW incidence was 0-28% (mostly 16-18% ®@0-70 day-old crops)
in Loc Hung Village, and 0-9% in Gia Loc village where famn follow a

groundnut-groundnut-rice (G-G-R) cropping system. terice was 6-12% in fields
with a groundnut-fallow-vegetable (G-F-V) cropping ®yst

Low incidence (0-3%) of BW was recorded in 35-50 day-@lps in fields
with a G-G-R cropping system in An Tinh and Don Thuan vidagIn fields in
Loc Hung and Don Thuan villages where a groundnut-ricer(G-R-R) rotation
was followed, BW occurred at low incidence (0-4%). It weeen in a few fields
(incidence <1% in 35-50 day-old crops) in An Tinh village

Go Dau district

In Go Dau district, BW was very severe in Phuoc Dong villaewas prevalent in
almost all fields with a G-G-R cropping system, with ineicte of 11-43% (mostly
25-30%) in 65-75 day-old crops, and 2-8% in 35-60 day-amps. Some
apparently healthy plants also showed latent bacteriakdtibn in their roots.
Incidence commonly reached 30-40% in the winter-spriegsen, and 40-50% in
the summer-autumn season. Because of the increasingrisevef BW in this

village, many farmers are now switching to maize and vdgetin the summer-
autumn season. Bacterial wilt was observed in all fielddh G-G-R cropping
systems surveyed in Hiep Thanh village, with incidence2ef2%. The disease
occurred in most fields in Phuoc Thanh village (inciderscsd 0% in 60-85 day-
old crops, and 0-5% in 35-55 day-old crops). In Thanh Rhamd Bau Don
villages, bacterial wilt was present at low incidence i@-85 day-old crops, in
fields with G-R-R (0-2%) and G-G-R (2-5%). It occurred mbderate incidence
(8-10%) in 70 day-old crops with a groundnut-groundnegetable (G-G-V)
rotation in Thanh Phuoc village.

Cu Chi district

Bacterial wilt was observed at 1-4% in 50-65 day-old srop G-G-R, and 2-8%
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Table 1. Bacterial wilt on groundnut in southern Vietnam, winter-spring

1995/96, season
Cropping Crop age No of fields BW incidence
District Village system’ (days) surveyed (%)
Trang Bang Loc Hung G-G-R 27-70 30 0-28
G-R-R 25-50 15 0-4
Gia Loc G-G-R 45-60 30 0-9
G-F-V 45-85 10 6-12
Don Thuan G-G-R 50-60 10 1-3
G-R-R 45-70 25 0-4
An Tinh G-G-R 50-60 5 0-3
G-R-R 35-50 15 0-1
Go Dau Phuoc Dong G-G-R 65-75 10 11-43
G-G-R 35-60 20 2-8
Hiep Thanh G-G-R 40-65 10 2-12
Phuoc Thanh G-G-R 35-55 10 0-5
G-G-R 60-85 10 3-10
Thanh Phuoc 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
Cu Chi Trung Lap Ha G-R-R 50-65 1-4
G-R-R 35-40 0
G-G-R 60-75 2-8
Phuoc Thanh 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 0-2
G-F-G/R 70-80 7-8
Duc Lap Thuong G-G-R 40-60 20 0-6
Due 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 = rice, V = vegetable, F = fallow
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in fields in G-R-R cropping systems in Thing Lap Ha vgtof Cu Chi district. In
the latter cropping system, a number of plants in soreldi showed initial disease
symptoms. The disease was not visible in 35-40 day-olgpxro

In Phuoc Thanh village, bacterial wilt incidence was 2-48G-G-R cropping
systems, and 0-2% in 35-40 day-old crops in G-R-R cropgpEystems.

Due Hoa district

Bacterial wilt incidence was 0-6% in fields with G-G-Ropping system surveyed
in Duc Lap Thuong and Duc Hoa Thuong, and 0-8% in Duc Lap Hegé. It

was not observed in 35-48 day-old crops in black soil 8eild Duc Hoa Thoung
village. In Hoa Khanh Dong village, BW incidence was low 40-55 day-old

crops in fields with G-G-R (1-3%) and G-R-R (0-2%) cropgisystems.

Bacterial wilt occurred at moderate incidence in 50-89-d&d crops with a G-
F-G rotation in Due Lap Ha (4-8%) and Hoa Khanh Dong (7-8#tlages.

BW Incidence and Yield of ICRISAT Groundnut Lines

From the several groundnut lines that were identified ICRISAT as sources of
resistance to BW, OPI selected nine lines and evaludtedntfor agronomic and other
characteristics, including BW reaction, in two seasohMean duration of these
varieties (90 days) was at par with a local variety (€ad). Among these lines, ICGV
8666 had the highest resistance (BW incidence=0.1%). therocharacteristics, such
as shelling and oil content, it also corresponded tocalleariety (Table 2).

In the winter-spring season of 1997-98, we carried oidldrat five locations to
compare the performance of ICG 8666 and ICM 8645 withattbf a local variety
(Table 3). These two resistant genotypes were liked leyfarmers.

Conclusions

« Bacterial wilt is becoming increasingly prevalent aralexe, as a result of
continuous cropping and irrigation practices.

* Incidence and severity was low in G-R-R cropping systemd moderate to
severe (30-40%) in fields with a G-G-R cropping system.
* Incidence and severity were higher in the summer-autwaason, mainly

due to high soil temperature and moisture content.

 Farmers approved of the resistance, duration, pod yiakld] other traits of
ICG 8666, 8645, 8675. However, there is a need to imprdwe ghelling
percentage of these varieties.
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Table 2. Bacterial wilt incidence and yield of some selected groundnut

varieties, summer-autumn 1995 and winter-spring 1995/96, in Trang
Bang district, Vietnam
BW inci- Shelling Strong 100-seed Oil content Pod yield (kg ha™)
Varieties dence (%) (%) seed (%) mass (9) (%) S-Autumn W-Spring
ICG 8625 11 65 87 57 43.0 935 3000
ICG 8626 2.2 70 79 59 45.8 1230 3067
ICG 8632 1.1 67 88 54 44.8 1080 3300
ICG 8645 1.6 71 87 52 43.4 1180 2783
ICG 8654 4.3 62 88 54 44.6 1050 2983
ICG 8662 3.2 70 90 49 44.1 1020 2667
ICG 8666 0.1 69 90 57 44 .4 1280 3200
ICG 8675 1.9 69 92 50 45.1 1230 3133
Local control 57.8 71 86 50 44.1 800 2617
CV (%) 28.7 0.3 9
LSD (0.05) 0.2 482

Table 3. Yield of groundnut varieties | CG 8666 and

winter-spring 1997/98 (means of five locations)

I CG 8645 in

Sound 100-seed Pod vyield

Varieties Shelling (%) kernels (%) mass (Qg) (kg ha')
ICG 8666 (VD-9) 74.4 86.8 46.0 2901
ICG 8645 (VD-10) 74.2 84.3 46.1 2888
Local control 78.6 84.0 42.2 2534
CV (%) 1.6 2.2 1.6 5
SE(%) 0.6 0.9 6.9 66
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Suggestions

+ Diseases such as pod rot and damping-off, in additionBW, play very
important roles in groundnut production in southerne¥fiam. Therefore,
integrated disease management (IDM) systems must béledtad.

* In order to find valuable components for building I D Mstems, support
from ICRISAT and other organizationsill be needed.
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Latent Infection of Burkholderia solanacearum in
Groundnut and its Role in Resistance Enhancement

Liao Boshou, Shan Zhihui, Li Dong, Lei Yong, and Tan Yujunl

Abstract

Bacterid wilt (BW) caused by Burkholderia solanacearunis an important
disease of groundnut (Arachis hypogaea L.)in China, Indonesia, Vietnam,
and some other countries. Sowing resistant groundnut cultivars is the most
efficient and practica way to control the disease. Generally, success of
breeding for resistance to BW of groundnut and other crops was judged by the
percentage of surviving plants of newly bred lines relative to that of the
susceptible  line  under inoculation  and infection pressure. However, latent
colonization of B. solanacearum without obvious uniting symptoms has
recently become common in some resistant cultivars.  Latent colonization
could reduce root proliferation, tolerance to drought, and ultimately, pod vyield
of infected plants.  Specific experiments involving artificial  inoculation and
enzyme-linked immunosorbent assays (ELISA) were conducted to invegtigate
the characteristics of reaction to latent colonization and their variation among
resistant  groundnut  genotypes. Frequencies of latent colonization  varied
among genotypes. Low latent colonization was detected in only a few
resistant lines; these lines also possessed oable resistance to BW across
seasons and locations.  Genotypes with high latent colonization frequencies
were more sensitive to drought stress in late growth stages, even when wilt
incidence was low.  Hypocotyl tissues supported the highest  bacterial
colonization frequency. Improved techniques to detect latent colonization and
evaluate resistance have been developed. Latent infection is a new trait to be
addressed in  breeding for BW resistance.

Introduction

Bacterial wilt (BW) caused byurkholderia solanacearum (E.F. Smith) Yabuuchi et al. in
groundnut Arachis hypogaea L.) has been an important constraint to groundnut

1. Oil Crops Research Institute, Chinese Academy of Agtioall Sciences (CAAS), Wuhan 430062, China.

Liao Boshou, Shan Zhihui, Li Dong, Lei Yong, and Tan Yujun. 1998. Latent infectionof Burkholderia solanacearum in
groundnut and its role inesistanceenhancementPagest5-52in Groundnut bacterialilt: proceedingf the Fourth
Working Group Meeting, 11-13 May 1998, Vietnam AgricukiliScience Institute, Van Dien, Thanh Tri, Hanoi,
Vietnam (Pande, S., Liao Boshou, Nguyen Xuan Hong, JoharBenand Gowda, C.L.L, eds.). Patancheru 502 324,
Andhra Pradesh, India: International Crops Researchttrstfor the Semi-Arid Tropics.
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production in China, Indonesia, and Vietnam for decades &ndbecoming
increasingly widespread in several other countries (Kelet al. 1990, Mehan and
Liao 1994, Liao et al. 1994). In China, it is believed that riecent years,
groundnut fields infected witiB. solanacearum have increased to over 300000 ha.
The spread of BW has been caused by expansion in area ofignat cultivation;
use of susceptible cultivars in the new growing regionsj &tk of rotation with
non-host crops (Liao et al. 1994). It has been well providrat genetic
improvement for host resistance is the most importammponent of any
integrated control program for groundnut BW. The use sfstant cultivars is the
most practical and feasible control method for farmersmiany regions (Mehan
and Liao 1994). Thus, germplasm screening and breedingeistance have been
the research priorities for alleviating the disease ie past few decades.

Even though wilt incidence has been significantly reslidby sowing resistant
cultivars, groundnut production angroductivity in diseased areas are still
relatively low. Generally, resistant cultivars have loweld potentials and
undesirable reactions to drought and other stresses. ltatieriection of
B. solanacearum without obvious wilting symptoms in resistant groundrtwitivars
can reduce root proliferation, symbiotic nitrogen fikat, tolerance to drought,
and yield (Liao et al. 1994). These effects appeared toassociated with low
productivity of the crop in diseased areas. Several sclmas species, such as
tobacco, potato (Ciampi and Sequeria 1980, Ciampi et1#880), and tomato
(Prior et al. 1990), are also known to be latently infechgdhe pathogen without
symptoms. However, in previous breeding programs, latefdction and its effects
were seldom considered. Obviously, further breeding &fahould be made to
overcome the latent infection problem. In this paperetdtinfection related to
breeding for resistance tB. solanacearum in groundnut is described, based on the
available research results.

Traditional Criteria for Testing Resistance to Bacterial Wilt

The major objective of plant breeders has been to combiner&ble agronomic
characteristics with acceptable resistance to abioticd abiotic stresses.
Traditionally, when evaluating resistance to BW in seVeceops infected by
B. solanacearum, the proportion of wilted to non-wilted plants has been the
selection criterion, and all components of the interant between plant,
pathogen, and the environment have been taken into accdBnior et al.
1994). In previous breeding programs in China and other té@s, resistance to
BW in groundnut was defined only as high plant survival petage under
specified infection pressure (Mehan et al. 1990, Liao et 294). When the
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survival percentage is over 80%, the genotype is said tebistant; over 90%, it
is highly resistant (Li and Tan 1984, Mehan et al 1990hisT definition
appeared to be simple and practical in conventional brepdihhe resistant
cultivars were once considered pathogen-free based on #ok bf visual
occurrence of wilt.

In terms of the interaction of plant and pathogen, rasis¢ is defined as any
measurable mechanism able to overcome completely or totlilme development
of a pathogen or its effects (Prior et al. 1994). Thisid&fon emphasized the
positive control of a pathogen by plant metabolism. Tohee is defined as the
overall ability of a plant to withstand the developmentaopathogen without
major losses in yield (Prior et al. 1994). Accordingly, waemnfection or
colonization of B. solanacearum in groundnut genotypes without wilting
symptoms is concerned, the genotypes may be classifiedeastant to, or
tolerant of the disease. But if the yield losses or othedesirable influences on
the symptomless plants are considered, the above dedimstifor resistance or
tolerance must be modified. Visual occurrence of wilt syomps is not enough
for evaluating resistance to BW.

Influence of Latent Infection of B. solanacearum on Groundnut

Even though groundnut plants with high survival percgetan naturally
diseased fields or artificial inoculation traditionglWwere thought to be free
from B. solanacearum, latent infection by the pathogen has been found in
some of these genotypes. Latent infections Bf solanacearum are also
known to occur in cultivars of potato (Ciampi and Sequet®80, Bowman
and Sequeria 1982), tomato (Prior et al. 1990), eggplant, mepper (Prior
et al. 1994) including some resistant genotypes. Latentection was
thought to be a generalized and common trait Bf solanacearum
pathogenesis (Prior et al. 1994).

In repeated artificial inoculation experiments (Liao ¢t 4997, unpublished
data), groundnut seed emergence was reduced by 20-40%alxyngothe seeds in a
bacterial suspension. It was assumed that the invasioB. o$olanacearum into
groundnut seeds might encourage the infection of otteetdria or fungi in soil,
even if thewilt pathogencould notkill the seeddirectly. Liao et al. (1997)found
reduced dry root mass, root volume, number of nodulesl pomber plant, and
yield plant® in resistant groundnut cultivars artificially inocuéal with bacteria,
compared to noninoculated plants of the same cultivarswgrander the same
conditions. It is interesting to note that there is variatiamong groundnut
genotypes in their reaction to latent infection (Table 1).
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Table 1. Percentage reduction in root mass, root volume, nodules, and
yield per plant in groundnut lines artificially inoculated by
B. solanacearum and tested in China

Root Root Nodules Pods Yield
Genotype mass volume plant! plant? plant?!
Xiekangqing 3.57 3.53 5.81 -38.49 -45.26
Zao 18 -9.63 -19.72 -16.23 -23.19 -29.36
Taishan Zhenzhu -10.97 -11.23 -30.82 -23.80 -18.44
ZH 212 -34.83 -40.19 -27.93 -29.96 -58.76
ZH 112 -8.00 -21.73 -53.81 -33.98 -37.72
Yueyou 200 -4.76 -1.09 -18.56 1.98 5.96
89-15048 -6.89 -7.69 -6.47 -13.81 4.80
Luhua 3 5.08 -1.92 6.65 -0.50 -8.30
93-76 -7.57 -6.74 -8.16 -9.12 -13.04
Yueyou 92 4.04 6.72 9.82 -12.50 1.85
Taishan Sanlirou -23.14 -13.68 -36.86 -9.11 -5.89
Guiyou 28 -15.05 -12.16 -11.77 -12.48 -1.16
E Hua 4 -7.04 -11.11 -33.20 -1.85 -5.95
Gouliaozhong -11.92 -10.06 -11.76 -7.07 -2.15
Jiangtainzhong 6.25 6.87 1.93 6.98 3.25
85-1526 -15.38 -16.67 -4.55 -33.64 -29.41
Zhonghua 2 -10.46 -25.08 -0.13 -20.63 -25.68
Zhonghua 4 2.04 -2.27 -20.18 -5.01 5.76
91-074 -5.68 2.73 3.65 0.88 5.40
87-77 -16.82 -26.94 -6.95 -40.56 -31.53

In naturally diseased field plots, wilt was noticed in résid plants at the late
growth stages, when the plants were stressed by droughthdse wilted plants,
vascular bundles were discolored or destroyed due to indacand colonization by
B. solanacearum. The latent infection in resistant cultivars was thougitréduce
the absorption ability and drought tolerance in later grlowstages. It was
noteworthy that some of the released resistant cultivaesded well in fields free
from B. solanacearum but yielded relatively poorly in infested fields even tigh
wilt incidence was not high. Latent infection might be asen, along with the
poor soil fertility of the diseased fields. Latent infeati should be considered in
further efforts to breed for BW resistance.
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Techniques for Detecting Latent Infection

To enumerate culturable populations or total populatiofisbacteria in plant
tissues, new methods were developed. Counts of culturbateeria were obtained
after growing them on a suitable medium. Additionally,degical methods were
developed, providing means for rapid detection and idiéediion of bacteria.
Research in this field has mainly been conducted to obtaée- or biovar-specific
antibodies for use in the detection Bf solancearum from soil or plant tissues,
particularly in detecting latent infection.

In order to investigate latent colonization By solanacearum and its variation
among different groundnut genotypes, a special projeas started, supported by
the Chinese Natural Science Foundation. Experimentssisting of artificial
inoculation and enzyme-linked immunosorbent assays (FA) were conducted to
detect latent colonization in resistant groundnut gepesy Polycolonal
antibodies were produced by immunizing a female rabbithwan isolate of
B. soalancearum collected from the natural disease nursery in Hong Ana(Skt
al. 1997). Seeds of 30 resistant genotypes were aréifigiinoculated by soaking
them in a bacterial suspension for 30 minutes and then sowiag in sandy soil.
At 50 to 60 days after sowing, inoculated plants of eachoggpe were sampled
and cut into root, hypocotyl, base stem, and midstem pagti These samples were
then tested by ELISA. Frequencies of latent colonizatv@mied among different
resistant genotypes. A highly resistant line, 89-15048hiah had survival
percentage of 100% for several seasons, showed a latéanization frequency less
than 20%, while those in other resistant and susceptiieotypes ranged from
30% to 80%. The resistant germplasm accessions Xiekarmggend Taishan
Sanlirou, extensively used as breeding parents in Chigmssessed colonization
frequencies of 35% and 46%, respectively, in this experitm It was noteworthy
that not all inoculated seeds were infected or colonizaten in susceptible lines.
This phenomenon needs further investigation.

The tap-root tissues of tomato plants were highly colodibg B. solanacearum
(Prior et al. 1994), but in groundnut, tissues from the hygtgl had highest
colonization frequency in seed inoculation tests. Infeatiof roots occurred in
naturally diseased fields only after emergence. The Iseen of groundnut was
colonized by the bacteria, but colonization of the midstwas detected in only a
few samples. These results were similar to the resultsinbthafter inoculation of
different plant parts of tomato. However, in tomato, theportion of invaded
midstems without wilt symptoms varied according to therdegof resistance, i.e.,
lines with more resistance had lower levels of stem invagirior et al. 1994).

49



Implication of Latent Infection in Groundnut Breeding

Breeding for BW resistance and its application in managgihe disease are likely
to remain the major components of control strategies. émegal, groundnut
breeding for resistance to BW has progressed very slowlgpeeially when
attempts have been made to combine resistance with highdypotential and
resistance or tolerance to other stresses. This slowr@segmight be related to
lack of awareness in earlier breeding programs about the of latent infection.
Therefore, there is a need to modify germplasm evaluatioathmds and
selection criteria in breeding for wilt resistance to oseme the effects of latent
infection. Disease incidencéasedon visual wilting symptomswill remain the

basic criterion for evaluating resistance, particulantnder field conditions.
Plants colonized at low levels could be selected withinpapulation of

symptomless plants to obtain more resistant cultivarscémbination of wilt

incidence and colonization values could optimize bregdprograms and result
in selection of wider resistance with greater adaptatidn different

environments (Prior et al. 1994).

In groundnut, more than 90 accessions belonging to diffefeotanical types
have been identified as resistant to BW worldwide (Lidoak 1994). Resistance
has also been found in wild speciesApéchis (Yeh 1990) and interspecific hybrid
derivatives (Zhang 1996, personal communication). Compgdarto several
solanaceous crops such as potato, tomato, and tobaccaesoaf resistance to BW
in groundnut are much more diverse. However, there is a needlcteen these
diverse sources of resistance to groundnut BW for latemfedtion by
B. solanacearum isolates. In this direction, improved techniques for aeireg
latent colonization in groundnut tissues by ELISA appearbt useful in BW
resistance breeding programs.

In preliminary investigations, groundnut genotypes withigh Ilatent
colonization frequencies were more sensitive to termigdralught stress, even when
wilt incidence was low. Hypocotyl tissue had the highesicterial colonization
frequency, and should be used for evaluating reaction odnltattolonization in
groundnut lines used in breeding for BW resistance.
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Pathological Aspects and Cultural and Biological
Control of Groundnut Bacterial Wilt in Vietnam

Nguyen Xuan Hong, Nguyen Thi Yen, and Vi Anh Tuan®

Abstract

In recent years, extensive research at the Vietnam Agricultural Sciences
Institute has explained much about pathogenicity of Burkholderia
solanacearum,which causes bacterial wilt (BW) of groundnut, and
how to control the disease. Vietnamese isolates of B. solanacearum
vary greatly in their ability to cause wilt, and groundnut genotypes also
vary in their reaction to the pathogen. Rotation of groundnut with rice
or sugarcane significandy reduces disease severity, but this type of
rotation is not always feasble. Some Pseudomonas specieand
Bacillus subtilis have shown potential as biological control agents in
seed treatment. More research on biological control is needed.

Introduction

Groundnut bacterial wilt caused MBurkholderia solanacearum (E.F. Smith) Yabuuchi
et al. is widespread in the major groundnut-productiorasaref Vietnam. The
disease has become increasingly serious since it wat fiocumented in 1991
(Mehan et al. 1991). In recent years, major research effomt Vietnam have
been focused on systematic surveys to assess economicriamme, distribution,
and severity of the disease in major groundnut growin@saend identification
of sources of resistance among local and introduced gemnplareeding lines,
and varieties. Several groundnut cultivars resistantbacterial wilt have been
identified and widely tested for their possible releasensar future. However,
research on the pathogen and other management measusesn&de limited
progress.

1. Vietnam Agricultural Science Institute (VAS1), Vandh, Thanh Tri, Hanoi, Vietnam.

Nguyen Xuan Hong, Nguyen Thi Yen, and Vi Anh Tuan. 1998. Pathological aspects and cultural and biological
control of groundnut bacteriatilt in Vietnam. Pages53-57in Groundnut bacteriawilt: proceedings of the Fourth
Working Group Meeting, 11-13 May 1998, Vietnam Agriculill Science Institute, Van Dien, Thanh Tri,
Hanoi, Vietnam (Pande, S., Liao Boshou, Nguyen Xuan Halahansen, C., and Gowda, C.L.L., eds.). Patancheru
502 324, Andhra Pradesh, India: International CropsBeh Institute for the Semi-Arid Tropics.
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This paper reports the preliminary results of researctpathology and cultural
and biological control of groundnut BW conducted recently Wietnam
Agricultural Science Institute (VASI), Hanoi.

Races, Biovars, and Pathogenecity of Burkholderia solanacearum

In Vietnam, isolates oB. solanacearum from groundnut belong to biovars 3 and 4.
Among 25 isolates collected from different ecological agreof northern and
central Vietnam, 14 belonged to biovar 3 and 11 belongedidodr 4. Isolates of
both biovars were found in the same endemic region (Tdble

Table 1. Races and biovars of selected Burkholderia solanacearum
isolates in Vietnam?

Isolate Source DulcitoMannitol Sorbitol Maltosa LactosaCellobiosa Biovar Race

HT-1HaTinh + + + - - - 4 1
HT-2Ha Tinh + + + - - - 4 1
HT-3 Ha Tinh + + + + + u 3 1
HL-3 Nghe An + + + + + t 3 1
HL-7 Nghe An + + + - - - 4 1
XH-3Nghe An + t t - - - 4 1
XH-5Nghe An + t t - - - 4 1
HTR-4 Thanh Hoa+ + + - - - 4 1
QO- 1 Ha Tay + t + - - - 4 1
VY 10 Bac Giang + + + - - - 4 1
HB-1 Bac Giang + u t t t t 3 1
AK-13 Ha Tay + + + - - - 4 1
BD-1 Binh Dinh + + + + + + 3 1
BD-2 Binh Dinh + t+ + + + + 3 1
BD-3 Binh Dinh + t + t t t 3 1
BD-4 Binh Dinh  + + + + + + 3 1
1. + = positive reaction; - = negative reaction

Isolates ofB. solanacearum from groundnut are highly virulent on eggplant,
potato, tomato, and sesame but less virulent on tobacabl€l 2). All isolates
grow well on SPA medium at 30-35°C and release brown pigmantthis
medium. Under greenhouse conditions at temperatures eB2%8C, they cause a
hypersensitive reaction on tobacco leaves 18 to 24 afteocuthation by
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injection. Injection of leaf axils of young, susceptibleogndnut plants with a
pathogen suspension (108 CFU mlmL) 3 weeks after sowing caused wilt
symptoms in 3 to 4 days.

Table 2. Reactions of six crop species to groundnut isolates of
Burkholderia solanacearum in Vietnam

Crop species Period ofincubation (days) Wilt intensity (%)
Eggplant (Solarium melongena) 34 100
Potato (Solanum tuberosum) 45 80
Tomato (Lycopersicum esculentum) 45 90
Sesame (Sesamum indicum) 45 70
Tobacco (Nicotianna tabacum) 8 20

Sweet potato(lpomea batatas) -1 0

1 = Data not available

Isolates ofB. solanacearum from different areas of Vietnam vary widely in their
pathogenicity. Isolates from hot spot locations, such ag Hhd and Xuan Mai are
more virulent than those from other provinces (Table 3)

Table 3. Pathogenicity of 6 isolates of Burkholderia solanacearum on
selected groundnut genotypes following seed inoculations, Vietnam
Agricultural Science Institute, 1998

Wilt intensity (%)*

Genotype DA XM HT BD QN TTH
ICGV 86143 100 100 100 48 43 30
ICG 3704 76 92 96 72 28 33
ICG 8666 18 17 22 21 7 8
ICG 5273 14 33 35 22 10 12
Gie Nho Quan 4 3 5 0 0 0

1. DA = Dong Anh (Hanoi), BD = Binh Dinh, XM = Xuan Mai (Ha TaypN = Quang Ninh, HT = Ha Tinh,
TTH = Thua Thien (Hue)

Some groundnut varieties, such as ICG 8666 (Schwarzaatl)Gie Nho Quan
showed stable resistance to all isolates of #Blanacearum tested, whereas the
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variety ICGV 96143 gave differential reactions to diffeteisolates. On the same
groundnut variety and under the same conditions, onéatisoof the pathogen can
be more virulent and cause higher wilt intensity thathess. Research on the
possible pathotypes of thB. solanacearum in Vietnam is in progress.

Preliminary research conducted at VASI| has indicatedt theghly-virulent
isolates of B. solanacearum from groundnut are more tolerant and can survive
under stress conditions longer than less-virulent tesla

Different methods of inoculation significantly affectiM severity in groundnut
genotypes. In comparison to seed inoculation, stemcutation caused much more
severe wilt on the genotype ICG 5273 but less intense witICG 3704. These
data showed that different mechanisms of resistancegtoundnut BW exist
among test genotypes (Table 4).

Table 4. Reaction (% wilted plants) of selected groundnut cultivars to
stem and seed inoculation with a highly virulent isolate (HT) of
Burkholderia solanacearum

Groundnut cultivar Stem inoculation Seed inoculation
ICG 8666 (Schwarz 21) 20.0 22.4
ICG 5273 (Matjan) 60.0 26.5
ICG 3704 64.3 100.0

Cultural Control Measures

Rotation of groundnut with rice has proved most effeetiin reducing the
inoculum in soil and wilt incidence (Hong et al. 1997). Hower, in upland and
riverbed areas, groundnut is grown as a dryland crop. bsehareas, groundnut
cannot be rotated with rice. Therefore, rotation of ywmdnut with alternate
nonhost crops would be an important means to contain disease. Intercropping
groundnut and nonhost crops also reduces wilt incigenc

In northern Vietnam, surveys in different dryland craopg systems on upland
(hilly) and riverbed areas indicated that rotatingintercropping groundnut with
maize significantly reduced wilt incidence. Sugarcarsoawas a good crop for
rotation with groundnut. In some areas that are heavihfedsted with the
pathogen, rotation of groundnut with sugarcane for 3 gesignificantly reduced
BW incidence.
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Biological Control

In recent years, scientists at VASI have initiated experibs using antagonistic
bacteria to control BW. One strain &seudomonas fluorescens (No. 4) and another
strain of Pseudomonas sp. are highly effective in suppressing BW. These possible
biocontrol agents were used for seed treatment (Table 5hreMrecently,
preliminary research conducted in Hanoi Agricultural Uaisity (HAU) indicated
that P. fluorescens andB. subtilis could significantly suppresB. solanacearum. Further
research orbiological control of BWwill be conducted a¥AS| andHAU.

Table 5. Effect of seed treatment with antagonistic bacteria on wilt
intensity of groundnut variety | CG 3704, in sick plots at Vietnam
Agricultural Science Institute, 1997

Treatment Wilt intensity (%)
No seed treatment 86.2

Seed treatment witFseudomonas fluorescens 15.0

Seed treatment witHPseudomonas sp (P.aeruginosa ?) 15.8
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Integrated Disease Management with Special Reference
to Bacterial Wilt of Groundnut

S Pande, C Johansen, and J Narayana Rao?

Abstract

Groundnut is one of the most important oilseed crops in Asia, Africa,
and the Americas. Because of the tremendous diversity of its uses, and
of environments in which groundnut is cultivated, it is infected by over
100 plant pathogens. Bacterial wilt (BW), caused by Burkholderia
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 biovars
of B. solanacearumthat attack groundnut. Effective greenhouse and
field screening techniques have been developed, resistance sources
identified, and resistant cultivars developed. Integrated BW
management  in  groundnut  involves  wilt-resistant  cultivars, 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 appropriate packages of these strategies for
BW endemic areas.

Introduction

The cultivated groundnut Afachis hypogaea L.) is a self-pollinating annual
herbaceous legume. It is a unique plant because it flovadrsve ground and
produces pods containing one to five edible kernels begoound. It is grown on
over 18000000 ha throughout the world. India, China, USAd&uy Senegal,

1. International Crops Research Institute for the SemidATropics (ICRISAT), 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
bacterialwilt of groundnut.Pages58-74in Groundnut bacterialilt: proceedingsof the Fourth Working Group
Meeting, 11-13 May 1998, Vietnam Agricultural Sciencestibute, Van Dien, Thanh Tri, Hanoi, Vietnam
(Pande, S., Liao Boshou, Nguyen Xuan Hong, Johansen, Cd, Gowda, C.L.L., eds.). Patancheru 502 324,
Andhra Pradesh, India: International Crops Researchitlrist for the Semi-Arid Tropics.
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Nigeria, and Indonesia are the seven largest producersoaafnginut (Porter et al.
1984). It is a valuable source of protein for human and animafrition, and
provides a high-quality cooking oil. The crop is importawtthe economies of
farmers in several developing countries. Vietnam is ooandry where the crop is
gaining importance and has become an essential compoaofeatopping systems
and the farm economy.

Crop management practices for groundnut vary from taimdensive practices
with few or no other inputs in some developing countries 6fiéda and Asia to
almost total mechanization in the USA. Accordingly, dsesamanagement
practices vary widely. There may be minimal disease manmant, some use of
chemicals, or total reliance on host plant resistance (HPRpadden (1987)
defined integrated pest management as "a holistic, ™idtiplinary management
system that integrates control methods on the basis ofogcwdl and economic
principles for pests that coexist in an agroecosystem"isThotion certainly
describes disease management within groundnut prddocsystems worldwide.
Cultural practices, host plant resistance, and fungicidage are generally
integrated into management plans designed to minimizeiahitevels of disease
and obstruct disease progress. In this paper, specificmpbes of integrated
management of BW are discussed. Emphasis has been placegrawndnut
production systems in Asia and current strategies fgeaie management in the
principal groundnut countries in South and SoutheastaAdin addition, future
needs are considered at the conclusion of the paper.

Economic Losses

Bacterial wilt caused byBurkholderia solanacearum (E.F. Smith) Yabuuchi et al. is a
major constraint to groundnut production over large @red China, Indonesia,
and Vietnam (Table 1). Yield losses are usually in the eao§§10-40%, but losses
can reach 100% when highly susceptible cultivars are gramnviheavily infested

fields. In China, it is estimated that the annual loss @ugrdnut pods from wilt

exceeds50000 t. Severdossesare also reported in parts of Malaysiliji, Papua

New Guinea, and Uganda (Opio and Busolo-Bulafu 1990, Meditaal. 1994).

Geographical Distribution

The global distribution of groundnut BW is given in Table th China, the
disease occurs in 16 groundnut-growing provinces, randiogn 19°N to 39°N.
It is most severe in the southern and central provinces, revlieis estimated that
over 200000 ha of groundnut fields are infested with thetwidthogen (Mehan
et al 1994).
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Table 1. Estimated
in Asial

annual groundnut yield losses caused by bacterial wilt

Country Yield loss (%) Reference

China 10-100 Tan et al. 1994
Indonesia 5-65 Machmud and Rais 1994
Malaysia 0-20 Lum and Hamidah 1994
Philippines ~30 Natural 1994

Thailand >50 Butranu et al. 1994
Vietnam 5-80 Hong et al. 1994

1. Based on surveys of farmers' fields and research stal@ata

In Indonesia, the incidence and severity of BW vary e@meging on locations
and seasons; the disease is most severe in West Javah Solgwesi, and South
Sumarta. It is also economically important in centraldaeastern Java, Bali, and
North Sulawesi. In Vietnam, the disease can be severeatinleast six major
groundnut-growing provinces. In Malaysia, BW is severe Serdang and Kelantan
areas and less severe in the Kedah area.

Bacterial wilt has been reported in Thailand, Sri Lankapua New Guinea,
and India (Hayward 1990) and in several African countrig@sthiopia, Libya,
Madagascar, Mauritius, Somalia, South Africa, Ugandad Zimbabwe), as well as
in Australia, Taiwan, and Japan, (Table 2, Mehan et al. 6)98however,
information is sparse, and the present status of the diseasmany of these
countries is not known. The disease has been reportechenUtSA (Gitaitis and
Hammons 1984), and it is an important constraint to giobwrt production in
central and northwestern regions of Uganda (Opio and Bu8ailafu 1990).

Etiology and Biology

The taxonomy, characteristics, natural and inoculatedsthorange, and
geographical distribution of the causal agent of BWurkholderia solanacearum, are

(1986). Burkholderia solanacearum is an aerobic, non-
fluorescent, non-spore-forming, rod-shaped, gram-niegat bacterium,
approximately 0.5 W 15 5m (Kelman 1954, Hayward 1964).yKa&iagnostic
features are its cultural characteristics on tetrazoliagar medium, where virulent
isolates, that are mainly non-flagellate and non-motiferm irregularly round,
fluidal, creamy white colonies with light pink centergKelman 1954).
Extracellular slime formation is a common attribute of &irulent isolates ofB.

reviewed by Bradbury

60



Table 2. Global distribution and importance of groundnut bacterial wilt*

Country Province/Region Importance
China? Liaoning, Shandong, Hubei, Growing importance: disease
Jiangsu, Anhui, Henan, incidence <20% observed
Zhejiang, Hunan, Sichuan,
Guizhou
Hubei, Jiangxi, Fujiang, Important; disease incidence
Guangxi, Guangdong, Hainan >30% observed
Indonesia Irian Jaya, Kalimantan Important; disease incidence
10-30% observed
Java, Sumatra, Sulawasi, Very important; disease
Lombok, Bali incidence >30% observed
Vietnam Northern Vietnam: Vinh Phu Growing importance; disease
incidence <10% observed
Northern Vietnam: Bac Thai, Ha Bac, Important; disease incidence
Ha Tinh, Thanh Hao, Nghe An (Nghe Tinh) >30% observed
Southern Vietham: Long An, Tay Ninh
Malaysia Kedah, Ipoh Growing importance; disease
incidence <10% observed
Kelantan, Terengganu, Selangor Important; disease incidence
>30% observed
India Andhra Pradesh, Meghalaya, Not considered important; but

Tamil Nadu, Karnataka disease observed or reported

1. Groundnut bacterial wilt has also been reported in thiéigplines, Thailand, Sri Lanka, and Papua New
Guinea (Hayward, 1990). It has also been reported from Miats;i Madagascar, Libya, Somalia, Ethiopia,
Zimbabwe, South Africa, Swaziland, Taiwan, Japan andtAalia (Mehan et al. 1986), and from Georgia and
North Carolinain USA (Gitaitis and Hammons 1984). It issaonomically important disease in Uganda (Opio
and Busolo-Bulafu 1990).

2. Based on information from provincial surveys.

solanacearum. Avirulent isolates usually bear one to four polar flagedind are
highly motile. The bacterium produces a brown diffusiblgment on some media,
including tyrosine. Acid production from carbohydratesries greatly between
biovars and strains. Optimum temperature forgrowth wabietween 25 and 35°C.
Furtherinformationis availableinarecentreview (Meleaal. 1994).
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Burkholderia solanacearum has a very wide natural host range which includes
many crop plants and weeds that are found in groundnut ypaodn systems
(Bradbury 1986). Susceptible legumes include phaseéas, lupins, pea, soyabean,
faba bean, cowpea,Trifolium spp. and Syfosanthes spp. The species is highly
heterogenous (Bradbury 1986). Isolates are classifiem five races based on host
range (Buddenhagen and Kelman 1964, He et al. 1983), ardfive biovars based
on biochemical characteristics (Hayward 1964, He et &i83). Races and biovars
are informal groupings at the intraspecific level. Althgh the two systems of
classification are largely independent, each system loagtributed considerably to
understanding the complex pathogenicity of ®lanacearum (Mehan et al. 1994).
Race 1 isolates cause wilt in groundnuts and in many otlkgunminous and
solanaceous plants. Biovar 1 isolates cause wilt of gdowun in the USA; biovar 3
and, to a lesser extent, biovar 4 isolates cause wilt ofigdaut in Asia and Africa
(Hayward 1991). Biovars 2 and 5 have not been reporteh fgooundnut.

Serological techniques based on both polyclonal and ewbonal antibodies
have been developed for detection and identification ofs@anacearum (Alvarez
et al. 1993, Robinson 1993). Molecular techniques are alsing developed to
enhance detection of the bacterium and to better undedstias considerable
genetic diversity (Cook et al. 1989, Seal 1994#8urkholderia solanacearum-specific
D N A sequences have been identified and oligonucleotidmers constructed for
those regions that helped in detecting single cells efhlacterium in hosts by the
polymerase chain reaction (PCR) (Seal 1994). A rapid idferdtion test was also
developed for distinguishing biovars 3, 4, and 5 based onricdion fragment
length polymorphism D N A probes. Further work is focusion development of an
immunocapture PCR test fd. solanacearum.

Bacterial wilt is most important on groundnut in the watmid, and subhumid
tropics, especially in South and Southeast Asia (Haywa®811 Mehan and Liao
1994). It has also caused sporadic damage in wetter afda® semi-arid tropics. In
general, isolates d@. solanacearum from groundnut are reported to be more virulent on
groundnut than are isolates from other hosts (Mehan daad 1994); however, strains
from groundnut differ gready in their pathogenicity on thest (Tan et al. 1992).
Further information is needed on the geographic distiidntof races that infect
groundnut before specific linkages with environmentahditions can be made to
explain why wilt is severe in some zones but not in agher

Symptoms and Disease Diagnosis

Wilt symptoms can be observed 2 to 3 weeks after sowing. \Wemuwng seedlings
may wilt, but it is more common for wilting to commenceflwering (Mehan et
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al. 1994). Burkholderia solanacearum invades groundnut through wounds or through
natural openings in roots. The bacteria enter the waterdacting tissues,
multiply, and block the vessels to cause wilting of themglalnfection of young
plants results in rapid wilting of stems and foliage, be&vies remain green until
final rotting occurs. When older plants or cultivars theae not highly susceptible
are infected, wilting proceeds more gradually, usuallgrshg with the lateral
branches. Infected plants have discolored and rottedsrastd sometimes rotted
pods.

The diagnostic characteristics of this disease are dadwirdiscoloration in
the xylem and pith, and streaming of bacterial ooze from thit ends of infected
stems and roots when these are immersed in water.

Epidemiology

The disease is soilborne, and its long-term survival isofad by continuous
cropping of groundnut and other host plants and the presefceeed hosts
(Mehan and Liao 1994). The bacterium is mainly dissemddathrough water and
infested soil. Soil temperatures above 25°C togetherhnwhigh soil moisture favor
the development of wilt (Wang et al. 1983). Wilt peaks whbke soil temperature
is over 30°C for 10 days (Tan and Liao 1990). Under contimlpwet conditions,

wilt develops and spreads, but severe wilt symptoms mayappear for some time.
Infected plants wilt rapidly if they are subjected to a dryripd. A clear

relationship between soil type and groundnut wilt has betn established. In
Indonesia, wilt is predominantly a problem of heavy clayyj@am soils (Machmud
1986), whereas in China wilt is more common in sandy soile (3990). Wilt is

less prevalent in soils with high organic matter, and pnéhiary information

suggests that alkaline soils are wilt-suppressive h{Y&990). Machmud and
Middleton (1990) found seed transmission of 5 to 8% irslilg harvested seed,
but this was greatly reduced by drying. Seed transmissioof tdhvious quarantine
significance, and more research is needed to deterrtieeextent of transmission
(Mehan and Liao 1994).

Disease Management

The best approach to management of wilt is to combine @gppate cultural
control practices with the sowing of resistant varieti€s.op sanitation measures
such as burning crop residues, removing weeds, and cleampgements after
cultivation also help to reduce carry-over and spread efdisease. Adjustment of
sowing date to avoid periods of high temperature and soiktnoe has had limited
success (Kelman 1953). Rotation with immune or highlhjistasit crops, including
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rice, maize, sugarcane, soyabean, and sorghum, is ué¢®dtaing and Hou 1982, He
1990). Chemical control is not economically feasible.riddes with high levels of
resistance and good agronomic qualities have been bre@hima and Indonesia
(Liao et al. 1990, Yeh 1990, Machmud 1993) and Mehan et(&4B94) list 54
resistant genotypes. Additionally, several wilAatachis spp. are highly resistant
(Yeh 1990). Considerable progress has been made in theageament of the BW
of groundnut.

Agronomic and Cultural Management
Crop rotation

As groundnut BW is mainly soilborne, rotation of groundnmith crops that are
immune or highly resistant t®. solanacearum and with nonhost crops such as rice,
maize, soybean, and sugarcane, are effective measumsati@n of groundnut with
rice or sugarcane for 2 to 3 years can greatly reduce witidence and severity
(Wang and Hou 1982, He 1990, Tan and Liao 1990, Machmu@3Y19Groundnut-
rice rotation systems are successfully used in severalomegof China (He 1990).
Rotation with wheat, sorghum, and cotton is also effective reducing wilt
incidence. In rainfed uplands, rotation of groundnut wittaize and sorghum or
intercropping groundnut with maize are useful ways to taem the disease.

Although crop rotations for shorter periods with immuneps have proved
effective in containing the disease, leaving a gap of astl@&to 4 years between
groundnut crops is more effective, especially in soilatthre heavily infested with
the pathogen. Long gaps are not practical where groundsutmportant major
crop (e.g., in Vietnam). Little is known about how varsoaropping systems affect
soil microorganisms in general or the survival of the wagithogen in particular.

Continuous cultivation of highly resistant groundnut d¢udrs could either
reduce or maintain theB. solanacearum population, or it could select for more
virulent strains.

Flooding and fallowing

Flooding groundnut fields for 15 to 30 days before sowingoareduces wilt
incidence (Li et al. 1981, He 1990). In areas where growridis grown under
irrigation in the dry season, it should be possible to tcoh or greatly reduce
disease levels by dry season fallowing, because the biameis highly susceptible
to desiccation. The effects of fallowing can be enhanbgcultivation to improve
soil drying and reduce weed growth. Improved soil drainagips in reducing wilt
incidence and severity.
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Sowing date

Depending upon the length of the growing season and culkigaown, the sowing
date can be adjusted to avoid periods of high temperaturamgle soil moisture
conditions that favour bacterial infection and diseasevedepment. A few
attempts have been made to minimize crop losses by algesiowing dates, but
these have had limited success (Kelman 1953). In the HubreviRce of China,
early sowing in mid-April results in much lower inciden@nd severity of BW
than does sowing in June (Mehan et al. 1994).

Crop sanitation

Crop sanitation (e.g., burning crop residues, removingdse and cleaning farm
tools after operations in infested fields) should help edudisease levels.
Experimental evidence on the effects of crop sanitatiemat available.

Soil amendments by fertilizers and manures

Soil application of urea, mineral ash, and organic manwe lze useful in reducing
wilt incidence (Chang and Hsu 1988, Yeh 1990). These feetis are likely to
stimulate soil microbial activity against the wilt patpen, and some of their
components may enhance host resistance. More researatequired to elucidate
the mechanisms by which soil amendments control wilt, Hpmadly from other

groundnut-producing countries of South and Southeast Asia

Chemical soil treatment

Soil treatment with sulfur, lime, and other chemicals, luting fungicides and
antibiotics, has not proved useful in controlling groundBW Applying 300 kg
ha™ of chloropicrin 10 days before sowing can effectively tmr 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 transmission is reqabtb be at the rate of
58%, particularly in freshly harvested seed. Thus, inddcseed is likely to provide
a primary source of inoculum, particularly for diseasefrareas. There is rapid loss
of viability of the bacterium as groundnut seeds dry data moisture content
below 9% (Zhang et al. 1993). Seed transmission is of @b¥i quarantine
significance, and more research is needed to determire dégree to which
B. solanacearum can be seed-transmitted in groundnut.

65



Management Using Biological Agents

Biological control ofB. solanacearum has been extensively investigated and found
promising under laboratory and greenhouse conditions. ¢élewx, most biological
control agents used to control BW, including several antagtoc Pseudomonas (P.
cepacia, P. fluroresoens, P. glumae, and Bacillus spp.), have not proved highly
effective againsB. solanacearum in the field (Trigalet et al. 1994). Of considerable
interest is the more recent work involving some geneticadingineered hrp
avirulent mutants ofB. solanacearum (Trigalet and Trigalet-Demery 1990). It
would be useful to develop such biocontrol agents into cff& commercial
products for seed treatment. However, it may take a lomgetbefore approaches
to biological control reach the stage of commercial apation.

Host-Plant Resistance

Sowing disease resistant cultivars is the cheapest anst raffective method by
which to combat BW of groundnut. Much progress has beanlanin developing
screening techniques, identifying stable sources oktaste and breeding resistant
cultivars (Mehan et al. 1994).

Worldwide, some 90 germplasm accessions and improvedvauk of groundnut
have been reported resistant to BW. Most of these redisjenotypes are from
China and Indonesia (Mehan et al. 1994). Resistant llmeage also originated in
or been collected from Argentina, Brazil, India, Israekr®, Uganda, and USA
(Machmud 1993). Most of the screening efforts have beememin China and
Indonesia, where more than 6000 germplasm accessions hagn tested.

Among the available resistant genotypes, 31 belong t® $ipanish type (var
vulgaris) including more than 20 improved cultivars bred in Chimeddndonesia.
A few Valencia (varfagtigiata) lines resistant to foliar diseases have also been found
resistant to BW in China and Indonesia (Yeh 1990, Mehan analoL1994).
Resistance to BW in these genotypes (e.g., NCAc 17127 an89B641) might be
less stable than that in the resistant Spanish lines.eR#&c these Valencia lines
showed varying levels of resistance at different locasioin China. Only three
resistant genotypes belong to the Virginia type (VMapogaea), and they are
important in breeding programs (Duan et al. 1993).

In recent years, 50 "Chinese dragon" type genotypes haweas bdentified as
resistant to BW (Duan et al. 1993). All of the resistantghrma lines were collected
from heavily infested locations in southern China. No stmit material of this
type has been obtained from the northern provinces. The adralijnes are
landraces that have long been cultivated in China (Sun aét 1963);
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arachaeological evidence indicates that they had bedtivated for at least 500
years before the Virginia type groundnuts were introducewdatrd the end of the
19" Century. As resistant genotypes are far more common éndttagon type than
in the other three botanical types, there may have beémcisen for resistance
down through the centuries in which BW has been a serigo®lpm in southern
China. The characterization of some 200 dragon genotypdiates considerable
variation in many characters. Genetic diversity for regise among dragon lines
merits further investigation.

Screening on a limited scale has led to the identificationsarhe resistant
accessions of wildArachis species. Resistance has also been found in some
interspecific hybrid derivatives that also have regise to foliar fungal diseases
(Mehan and Liao 1994).

Efforts to breed groundnuts with resistance to BW have beencentrated
mainly in Indonesia and China. In Indonesia, Schwarz 21 itsmderivatives (Gajah
and Kidang) have been extensively used as resistancersiandbreeding programs
since the early 1950s. In China, two wilt-resistant linéshwgood general combining
ability, Xiekangging and Taishan Sanlirou, have been usegsistance donors (Liao
et al. 1990). As most resistance donors used in breedingrgms belong to ssp.
fastigiata, the geneticbaseofwilt resistance is narrow.

In Indonesia, two wilt-resistant cultivars, Schwarz 2&leased in 1925, and
Gajah released in 1952, are widely grown in Java where BW ipusly caused
heavy vyield losses in susceptible cultivars. In the 1950wed wilt-resistant
cultivars (Kidang, Banteng, and Macan) were developed frarpsses between
Schwarz 21 and some introductions from Japan, Israel, anéd .Uilt-resistant
cultivars such as Anoa, Rusa, Pelanduk, Tupai, and Tapieased in 1982/83,
were developed from crosses between Gajah or Kidang anddntitions from
Honduras and USA. Some of these cultivars (e.g., Pelanduk Taupai) are now
grown by farmers in Indonesia (Machmud 1993).

In China, breeding efforts in the 1960s led to the releaséw@ moderately
resistant cultivars, Yue You 589 and Sueitien. Later, antiexiesistance source was
crossed with a local cultivar, and two important resistamd high-yielding
cultivars, Yue You 92 and Yue You 256, were bred in Guangdobigqd et al.
1990). In the last decade, several high-yielding, w#sistant cultivars were
released to farmers. These include Jinyou 3121, Guiyou 28lula 3, El hua 5, and
Zhong Hua 2 (Liao et al. 1990). El Hua 5 is currently growinsome 18000 ha in
most of the wilt-affected areas in central China. Zhong Ruyan early maturing,
wilt-resistant cultivar with wide adaptation, is becargipopular with farmers in
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central China. A new wilt-resistant breeding line, Yueu 200, with high yield
potential, is now at the demonstratiostage and will be released soon in
Guangdong Province, China (Zhang et al. 1994). Some récéimed cultivars
that have multiple resistances to wilt and rust have élsen developed in China.

More than half of the global groundnut germplasm colleatihas still to be
screened for resistance to BW, and new sources of resistaoould still be
identified. Special emphasis should be placed on comlgninlt resistance with
high yield potential and resistance to foliar fungéedses.

Integrated Disease Management

In general an integrated approach to BW control shoidgolve wilt-resistant
groundnut cultivars, rotation with non-host crops, amdpcsanitation. Rotation
of groundnut with rice in lowland areas or in upland aresquipped with an
irrigation system, or rotation with a non-host cougplevith the use of resistant
groundnut cultivars and the use of herbicides ingatied areas, are important and
effective means of reducing disease incidence in iefé¢soils. It is not possible to
adopt crop rotations in upland and marginal lands whgroundnuts are grown
under rainfed conditions. In such areas, use of resistalltivars and seed from
disease-free areas is advocated. However, more on-fagsearch is needed to
devise appropriate packages of these strategies for eB\emic areas.

Future Research Needs

Although BW has been extensively studied worldwide feeveral decades,
efficient and complete control measures are not yet abdl to resource-poor
farmers in Asia or elsewhere. Substantial progress hagnb made in the
development and release of resistant cultivars, butstast varieties alone have
not solved the problem completely. It is expected thaghity resistant and high-
yielding cultivars endowedwith other desirable characteristicwill be made
available to farmers in the near future, specificallyrégions where the disease is a
major constraint to crop production. High priority shdwe given to participatory
on-farm validation of the components of disease mamagnt and their
integration. Extension programs that include supptyiseed of newly developed
resistant cultivars to farmers should be mandatory fomy aresearch and
development program.

To enhance and diversify genetic resistance to BW,siimperative to assemble
various germplasm accessions and varieties with putatesistance in countries
where the disease is endemic. Sources of resistance fdifferent botanical
accessionwill be useful in increasing the diversity and stabilityresistance.
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There is a need to establish an International GroundnutteBel Wilt Nursery
(IGBWN) to determine the stability of wilt resistance ¢tlugh multilocational
testing. Concerted efforts are also needed to foster thehamge of wilt-resistant
germplasm and breeding lines. Priority should also beegito testing resistant lines,
including possible differentials, for their reaction toarious groundnut-adapted
strains of pathotypes of the wilt pathogen from differeagions of the world.

Crop rotations with non-host crops are often not accdptabo farmers,
especially if such rotations are prolonged, and thisgghllights the need for
complementary control measures. Therefore more reseaschneieded to devise
appropriate integrated packages involving HPR, cropati@n, sanitation, and
agronomical soil amendments specifically for local dema&ndemic areas. It is
likely that controlmethodsinvolving biologicalagentswill needlocal adaptations
in the future. This prospect offers a new research avenue.

There is a need to increase and strengthen the collabmratn research on
bacterial wilt through the Groundnut Bacterial Wilt WorlgnGroup. It is
expected that this collaboration will provide solutions tocation- and region-
specific problems andill contribute to improvediseasecontrol.
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Germplasm Screening and Breeding for Resistance to
Bacterial Wilt in China

Liao Boshou®, Duan Naixiong, Jiang Huifang®, Liang Xuangiang?,
and Gao Guogqing®

Abstract

Bacterial wilt (BW) caused by Burkholderia solanacearum is an important constraint
on groundnut production on >300000 ha in China. This is about 8% of the total
groundnut area sown each year. WIlt incidence and yield loss are estimated to be 10-
30% in susceptible groundnut cultivars. It is well known that genetic resistance is the
most important component of integrated management of groundnut BW.  Therefore,
between 1974 and 1978, about 1700 germplasm accessions were screened at hot spot
locations in China. Two lines, Xiekangging and Taishan Sanlirou, were identified as
highly resistant to BW. Snce then, these lines have been extensively used in breeding
for BW resistance. In addition to these lines, during 1986-93, over 3000 germplasm
accessions were also screened and over 50 dragon type lines and 3 Virginia lines were
identified as resstant. Furthermore, of the 1100 local groundnut germplasm screened
during 1994-97, 13 lines were identified as resstant. These resistant genotypes (~ 70
including checks) were tested across locations in China, and resistance in most of these
genotypes was stable.  Seventy-eight wild Arachis accessions were also evaluated
under natural infection conditions, and 24 showed good levels of resistance to BW.
Twelve resistant genotypes were also identified from the lines received from ICRISAT
during 1994-97.Fifteen resistant lines were transferred from China to ICRISAT in
1995, Several new breeding lines, including Yue You 200, Yue You 79, and 93-81,
have been developed. A few resistant lines were also selected from an interspecific
hybrid (Baisha 1016xW Arachis chacoense)at Henan Academy of Agricultural
Sciences.  Efforts to enhance resistance by genetic transformation are in progress.
Further research efforts will be made for enhancing yield potential, resistance to other
wilt pathogens, and drought tolerance of BW-resistant groundnut cultivars.

1. Oil Crops Research Institute, Chinese Academy of Aglitural Sciences (CAAS), Wuhan 430062, China.

2. Crops Research Institute, Guangdong Academy of Agtical Sciences (GAAS), Guangzhou 510640, China.
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Introduction

Groundnut is an important oil and cash crop in China. In thel-1990s,
groundnut was annually harvested from an area of aboutn3iBion ha, with
production of around 9 to 10 million tons. Bacterial wiltusad by Burkholderia
solanacearum (E.F. Smith) Yabuuchi et al. has been an important caiet to
groundnut production in China for decades. In recent gjetihe disease has spread
to more than 300000 ha, nearly 8% of the annually sown afeggaundnut in the
country. Incidence is about 10-30% in susceptibletiwars and less than 10% in
resistant cultivars currently grown in the major grountHgrowing regions of
China. In the past three decades, extensive researctbdes done to identify the
components of integrated control approaches for bactewidl. Despite this effort,
no effective chemical means to minimize BW are yet avddalhong-term rotation
is the only effective cultural control practice, but isidgen feasible because of the
limitations of arable land. However, use of BW-resistgnbundnut cultivars is the
most effective and practical method for control in farmefglds. Hence,
groundnut germplasm screening and resistance enhandemkave been
emphasized in recent years. In this paper, progress m@adgenetic improvement of
host resistance to BW in China since 1994 is reviewed.

Germplasm Screening
Screening methods

In large-scale germplasm screening for resistance to By¥oundnut lines are
usually evaluated in single-row plots without replicati under natural disease
pressure at hot-spot locations. Genotypes that showhhsurvival percentage are
selected and further tested under natural disease peessn three to four
replications with a susceptible control sown at regulariuals. In China, disease
nurseries have been established at such hot-spot lataates Hong An, Hubei
Province by the Oil Crops Research Institute (OCRI),inglse Academy of
Agricultural Sciences (CAAS), and in Guangzhou, GuanggidProvince. In the
Hong An nursery, groundnut has been continuously grownofeer 30 years, and
wilt incidence in susceptible groundnut genotypes is c¢oteantly over 90%,
indicating a desirable disease pressure for meaningfudlweation of groundnut
genotypes.

Artificial inoculation is routinely followed to enhancenfiection and confirm
resistance. Infection pressure in artificial inoculatits kept similar to that available
under natural conditions. Soaking seeds in bacterialenspn for 30 minutes before
sowing has been the most effective method of inoculatiddowever, the seed
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inoculation method also reduced seed emergence. Whenlsaiap was small, stem
and root inoculation techniques were also used to evalwatd confirm BW
resistance. Multilocational tests were generally neededverify the stability of
resistance. Field resistance can also be evaluated asguaitdocations in Sichuan,
Guangxi, Jiangxi, and other provinces (Tan and Liao 1990).

Germplasm screening before 1994

During 1974-77, about 1700 groundnut germplasm accessimilected in China
were systematically tested in Hong An, Hubei ProvinceisTWwas the first large-
scale screening for resistance. Two groundnut accessio Xiekangging and
Taishan Sanlirou - were identified as resistant and hlaeen extensively used in
breeding in China. During 1986-93, over 3000 groundneatngplasm accessions
were screened, and over 50 dragon type lines and 3 Viadines were identified as
resistant. A total of 70 lines were resistant, and theigistance was generally
stable across locations and seasons in China (Duan et93)1

Germplasm screening, 1994 to date

About 1100 accessions of groundnut germplasm were serkéor their reaction to
bacterial wilt between 1994 and 1997. Most of these atomes were breeding lines
developed by various research institutes in China. Frdmasd screenings, 13
resistant lines were identified. Seventy-eight wild astens were evaluated under
natural disease pressure, and 24 showed reasonable kefvedsistance. However, the
resistance in wildArachis spp. needs further evaluation and confirmation.

Twelve resistant genotypes were repeatedly identifiedbmgngermplasm lines
introduced from ICRISAT during 1994-97. The resistancetlnic material was
desirable (Table 1), but most of them were small-seedethwdower yield potential
than the local resistant germplasm.

In 1995, 15 groundnut accessions with desirable resigtato bacterial wilt
developed or identified in China (Table 2) were sent to tBGRISAT genebank.
These lines are available to interested researchers.

Breeding for Resistance

Breeding methodology

Conventional hybridization has been applied effectivelybreeding for resistance
to BW groundnut. Resistance to BW in groundnut is simplhéanted and could
be easily transferred to different cultivars. Selectionr fresistance has been
conducted in the Fthrough K generations. An effective disease-screening nursery
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Table 1. Reaction of groundnut germplasm lines from ICRISAT to
bacterial wilt in China, 1994-96

Resistance (%)
Line 1994 1995 1996 Mean Reaction
ICG 1608 80.0 93.3 88.4 87.4 R
ICG 1610 76.9 90.9 81.7 83.2 R
ICG 3121 100.0 70.0 97.0 89.0 R
ICG 5313 95.0 100.0 97.0 97.3 HR
ICG 6417 92.9 91.7 92.0 92.2 HR
ICG 7919 85.0 100.0 89.7 91.6 HR
ICG 8684 100.0 84.6 87.9 90.8 HR
ICG 8701 89.7 92.9 91.4 91.2 HR
ICG 8704 76.9 93.8 85.5 85.4 R
ICG 8706 96.6 86.7 89.5 90.9 HR
ICG 8707 71.4 88.8 80.4 80.2 R
ICG 8719 88.5 93.8 91.8 91.4 HR

1. R = resistant, HR = highly resistant.

Table 2. Reaction of local groundnut lines to bacterial wilt in China, 1995
Lines Reaction Sources
Xiekangqging R Local variety
Taishan Zhengzhu R Local variety

E Hua 5 R Improved cultivar
Zhong Hua 2 R Improved cultivar
Yue You 92 R Improved cultivar
Gui You 28 R Improved cultivar
Yue You 200 R Breeding line
Jiangtianzhong MR Local variety
Gouliaozhong MR Local variety
Luhua 3 MR Improved cultivar
Kangqging 2 R Breeding line
89-15048 R Breeding line
91-054(ZH 112) R Breeding line
91-076 R Breeding line
91-081 (ZH 212) R Breeding line
Zao 18 HS Breeding line

1. R = resistant, MR = Moderately resistant, HS = highlycepsble.
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is available for resistance selection, and artificial ¢obation is used as and when
needed. Survival percentage is currently used as thista@se selection criterion.
Multilocational tests are conducted to determine dli&hiyield, and adaptation of
selected lines (Chen and Hong 1995).

Resistance donors

In China, several resistant germplasm accessions have heed in breeding.
Xiekangqing and Taishan Sanlirou have been most extehsiused as resistance
donors. Improved resistant cultivars, including E Hual%, Hua 3, and Yue You
92, were bred from Xiekangqing, while Zhong Hua 2 and Zhd¢huop 4 were bred
from Taishan Sanlirou. Induhuapi has been effectivelyduae a resistant parent in
Guangdong Province.

It is interesting to note that only germplasm lines belimggto ssp.fastigiata in
the cultivatedArachis have been successfully used as resistance donors iading
programs. Apparently, early maturity and tolerance tademil and poor soil fertility
in Spanish or Valencia types are most desirable in diffelegro-ecological conditions
and wilt-prone areas in China. Generally, the resistaamogypes identified from
spp. hypogaea are thought to be promising in increasing yield levelBW resistant
lines; however, some of their characters may inhibit gregion of wilt resistance
with desirable agronomic traits necessary for adaptatimnthe disease-prone areas.
Large pods are usually important for high yield potentialf bn most cases this trait
is associated with a sensitive reaction to calcium definitacid soils, a condition
predominating in most regions wher8. solanacearum causes serious wilt in
groundnut. Therefore, direct use of large-podded ggmed in breeding seems
difficult. Efforts are currently in progress to use sowiethe resistant high-yielding
genotypes of ssp.hypogaea in BW resistance breeding programs in China and
elsewhere (Liao and Xu 1997, Liao et al. 1990).

Status of resistant cultivars and breeding lines

Since 1994, several improved groundnut cultivars or prongsreeding lines have
been developed or released in China. Yue You 200, a breeldiveg developed at
Guangdong Academy of Agricultural Sciences (GAAS), prsmg both for

resistance to BW and high yield in central China, was mddaas Tianfu 11 in
Sichuan Province. Yue You 202-35 also was developed atAGAand released in
Guangdong Province in 1997 (Liang et al. 1997). It is g&sit to both bacterial
wilt and rust Puccinia arachidis), with a relative high oil content (543%). A
promising breeding line, Yue You 79, with desirable remise to both BW and
rust, has been developed at GAAS.
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At OCRI, two resistant lines have been developed. Line 9348 highly
resistant, with tolerance to acid soil. Another resistine, 93-76, with desirable
pod shape and uniformity, as well as drought toleranes, leen identified (Cui
1998, personal communication). Many advanced breedimgslare in the pipeline
under further selection.

Wan Hua 2 was released in Anhui Province in 1996. It. wascdbed as
resistant to BW. In Fujian Province, Quan Hua 10, with mmde resistance to
BW, was released in 1995 (Zhou and Wei 1996).

Resistant lines developed from interspecific hybridization

An advanced breeding line, 9102, was developed at HenamdAmy of
Agricultural Sciences (HAAS) located in Zhengzhou (Zhangngyou 1997,
personal communication). It was developed from a ctosbwveen Baisha 1016, a
Spanish-type cultivar, and. chacoense. The groundnut line 9102 is resistant to
BW in Guangxi and Hubei Provinces. It matures early, hagh seed oil content
(56%), and produces high yields.

Biotechnology for resistance enhancement

Even though resistance to BW in groundnut has not been dounegatively
correlated with agronomic traits, integrating BW resnmsta with high yield
potential has progressed relatively slowly. In order to arde yield potential,
stability of resistance to BW, an anti-bacterial gene arah$formation system like
those employed successfully in potato for resistanceBtosolanacearum are being
used in transforming groundnut at OCRI.

Further Research Needs

Genetic enhancement for resistangél be the most important resear@dreain
further addressing the BW problem in China. The followirrg @ossible subjects
for future research efforts:

e« Screening more desirable resistant resources
* Investigating genetic diversity of wilt resistance in gnanut
« Enhancingyield potential ofwilt-resistant groundnulitéivars

« Enhancing resistance to other wilt pathogens and drougherance of BW-
resistant cultivars

« Enhancing quality of BW-resistant cultivars
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Germplasm Evaluation and Breeding for Groundnut
Bacterial Wilt Resistance in Vietnam

Nguyen Van Lieu , Tran Dinh Long , and Nguyen Xuan Hong"

Abstract

Bacterid wilt caused by Burkholderia solanacearumnis one of the
most serious diseases of groundnut in Southeast Asia, particularly in
Vietnam. Before 1991, evaluation of groundnut germplasm for
bacterial wilt (BW) resistance had never been done in Vietham. The
first systematic screening for BW resistance was done in  1992-95,
when a total of 715 groundnut accessions were screened in sick plots
at hot-spot locations in 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 disease.  Groundnut
line Gie Nho Quan possessed the highest resistance to BW, with a
survival rating of 97%. This variety also had good agronomic
characters, and therefore is a good candidate to be cultivated in
infested areas, and to be used as a BW resistance gene donor in
breeding for BW resistance in Vietham. Several other genotypes, such
as Schwarz 21 (KPS 13), Matjan (KPS 18), and | CGV 87157 are
promising resistant cultivars.  The pod vyield of these cultivars s
substantially higher than that of the local control, Do Bac Giang.
Breeding for BW resistance has been initiated and some progress

made.

Introduction

Bacterial wilt of groundnut caused byBurkholderia solanacearum (RE Smith)

Yabuuchi et al. is the only economically important bacaédisease of groundnuts

1. Vietnam Agricultural Science Institute (VASI), Vandh, Thanh Tri, Hanoi, Vietnam.
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(Hong and Mehan 1993). It develops favorably in warm, humédions of the
world where groundnuts are grown. Southeast Asia is ot favorable region
for BW. China and Indonesia are two other countries witingé groundnut-
growing areas infected by BW. These two countries haviel pauch attention to
BW research. The most remarkable achievement in BW researad the
development of groundnut variety Schwarz 21, which wasdbire Indonesia in
1925 (Mehan et al. 1986). Soon after this discovery,esa&v highly resistant
varieties were bred in Indonesia, China, and other coestriand have
contributed to reducing yield losses in groundnut. Un1B94, it was estimated
that more than 6000 groundnut accessions had been ewealdat BW resistance
in China and Indonesia alone, and about 140 accessione wexistant to BW.
From those genetic resources, many highly BW resistaatieties with good
agronomic characteristics have been released for directpction or to be used
in BW resistance breeding programes.

Bacterial wilt of groundnut has been found in Vietnam sii®62 (Ung Dinh
1962, Dang 1968). Scientists who carried out preliminargerkments to find BW
resistant genotypes among local varieties did not hawe sagcess. From 1970 to
1990, research on BW was negligible. A comprehensiveearh program,
including germplasm evaluation and breeding for BW resise, has been
conducted since 1991 (Hong and Mehan 1993).

Materials and Methods

Germplasm evaluation

Sick plots were sown at hot-spot locations to identify BViseance. In these sick
plots, densities of bacteria exceeded® IDFU 100 ¢* soil. Sowings for resistance
screening were carried out twice a year. In the spring osgeasowings usually
started 10 March, and in the autumn season, sowing time wasnd 20 July.
Seeds of tested entries were soaked in a bacterial sugpe(®ix 16 CFU 1 mL?)
for 20 minutes before sowing.

Experiments were laid out in an augmented design withoaglication. A
susceptible control (ICG 3704) and one local controlo(Bac Giang or Sen Nghe
An) were sown after every 10 test entries. Each test entryswas in a 1-rh plot
area with 60 to 80 plants Ar These experiments were repeated for at least three
seasons. From 1992 through 1995, a total of 715 groundoedsaions (including
596 exotic lines) were screened for BW resistance in sioksp Seventy days after
sowing, the percentage @filted plants was counted tassesB W incidence. Test
lines were categorized as, 1. highly resistant (<10% edltplants), 2. resistant
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(11-30%), 3. moderately susceptible (31-50%), 4. sptb&e (51-90%), and
5. highly susceptible (>91%).

Breeding for bacterial wilt resistance

Bacterial wilt-resistant lines were evaluated for agrovic characteristics. Germplasm
lines or bred varieties with such desirable agronomiarabteristics as high pod yield
or good potential to resist drought and/or some mainafolliseases, were further
selected evaluation for stability ofyield inmultilocatial trials. Remaining lines and
varieties were kept in the gene bank for future use. ttitocational trials, these lines
were sown in randomized complete block designs and dcire pod yield and seed
characteristics.

Results and Discussion

Germplasm evaluation

Out of 715 lines, only a few (~ 4%) were found to be resistan BW in the
1992-95 germplasm evaluation (Table 1). Most of theistamt accessions
belonged to the Spanish type; few were Virginia or \"alia types.

Frequency of occurrence of resistance in short-diwratines was lower than in
medium- and long-duration lines.

Table 1. Germplasm evaluation for bacterial wilt resistance, 1992-95,

Vietnam

Disease category Number Percentage Most promising lines in
category

1. Highly resistant 4 0.6 Gie Nho Quan, NcAc 17127,
Pl 393531

2. Resistant 25 3.5 Schwarz 21, ICGV 87206
Matjan

3. Moderately susceptible 69 9.6 SeKontum, do Lao Cai, NcAc
17090

4. Susceptible 522 73.0 Sen Nghe An, Do Bac Giang,
Tram Xuyen

5. Highly susceptible 95 13.3 No2, ICG 3704, UPL-PN2

Total 715 100.0
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Table 2.

groundnut variety under artificial

Burkholderia

Bacterial

wilt

solanacearum

resistant

inoculation® with different

performance of Gie

Nho Quan

isolates of

Plants surviving 21 days after treatment (%)

Genotype QO0? HT, HTr, HB
Gie Nho Quan 100.0 92.0 100.0 96.0
Sen Nghe An 70.0 31.2 69.2 50.0
ICG 3704 46.7 0.0 42.3 20.0

1. Inoculation method: seed treatment + root cutting

2. QO0, HTy, Htry, HB: Isolates oB. solanacearum

Table 3. Bacterial wilt resistant performance of Gie Nho Quan
groundnut variety in natural sick plots at four locations in Vietnam

during spring season, 1996-97

Plants surviving at 70 days after sowing (%)

Thach Binh Thanh Liem Agr. Uni. N°3 Xuan Mai
Genotype (Ninh Binh) (Ha Ham) (Thai Nguyen) (Ha Tay)
Gie Nho Quan 98.8 99.0 99.2 98.9
Schwarz 21 (KPS 13) 84.0 85.2 - 87.5
Matjan (KPS 18) 80.0 85.0 - 88.4
Sen Nghe An 69.2 56.5 65.0 315
VvV 79 57.7 - 61.8 46.2
ICG 3704 42.3 235 34.5 0.8

The significant finding of our resistance screening vihe identification of a
highly resistant landrace, Gie Nho Quan. This landracéem inoculated with
different isolates ofB. solanacearum, was highly resistant in comparison to other
genotypes (Table 2). It was evaluated along with other lable8 BW-resistant
sources in sick plots at hot-spot locations (Table 3). Thta presented in Tables 2
and 3 clearly indicate that Gie Nho Quan was the most madisgroundnut
genotype. Its resistance was more stable over locatiomsn that of other varieties.
Its resistance level was higher than those of the two tradal sources of BW
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resistance, Schwarz 21 and Matjan. Gie Nho Quan isidensd to be the best
source of resistance to BW of groundnut in Vietnam. Taracteristic features of
Gie Nho Quan are Spanish type, dark-green leaf cal0r42 cm stem height, small
seeds and pods, pink-white testa color, high shellirgcgntage (77.8%), short
duration, moderate foliar disease resistance, andghbtolerance. Pod yield of this
variety was not high, but could be acceptable when growBW infested areas.

Breeding for bacterial wilt resistance

The selected resistant groundnut lines were evaluateduhihecational trials for

pod yield and other important characters, such as 100+4pasls, 100-seed mass,
shelling percentage, testa colour, and duration. Afteeehyears of multilocational
testing, we identified four good varieties (Table 4).|IAfour were of medium

duration with exportable testa colour. All of them excdpite Nho Quan had
higher yields than thelocal control. These varietieswill be further tested in
farmers' fields for BW resistance.

Several crosses have been made since 1996, and seleéoionresistant
genotypes is in progress.

Table 4. Main characteristics of some promising resistant groundnut

varieties with good yield potential in Vietnam

Duration Mature I0Oseed Shelling Pod yield
Variety (days) pods plant™® mass (g) percentage mean (kg ha)
Schwarz 21 (KPS 13) 126 9.1 54.8 70.5 241
Matjan 126 9.3 58.2 72.1 253
ICGV 87157 130 10.2 52.3 70.2 278
Gie Nho Quan 120 14.7 40.1 77.8 206
Do Bac Giang 123 8.6 51.2 73.2 228
Local control
CV(%) 6.7 4.3 1.8 46
LSD 0.05 1.2 3.9 2.5 20
Conclusions

¢ Most of evaluated groundnut accessions were susceptibleBW in North
Vietnam.

e The resistance potential of Spanish types was higthern the potential of
Virginiaand Valencia types.

86



e Short-duration accessions were more susceptible to BWhttvere medium-

and long-duration accessions.

e« Gie Nho Quan, a local landrace, is potentially one of thestmmaluable source
of resistance in Vietnam. It can be used for growing in B\Wiested areas and

making crosses to create resistant varieties.

e Schwarz 21, Matjan, and some other BW resistant varieggaee good yields

and therefore were selected for on-farm testing in BWeshéd areas.
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Recommendations

During the Fourth Groundnut Bacterial Wilt Working Grpu(GBWWG)

Meeting, further research priorities and related workglawere intensively
discussed among the participants. It was believed that tmo$ the

recommendations formed in the Third GBWW G Meeting heldNohan, China
in July 1994 still stand. Following are the revised recomdetions based on the
discussions.

Disease Monitoring

Systematic surveys have been conducted in the past in amber countries, and
substantial information is available on the diseasetrdbsition across different
regions and cropping systems. However, high-yielding etdes, which may or may
not be resistant to bacterial wilt, have been extensive$gduor distributed
recently, especially in the non-traditional groundnubwging areas of China and
Vietnam. It is therefore agreed that annual surveys showdatinue in all

countries, and information should be gathered on the ghwun scenario of BW
with the change in varieties. Also, it was suggested to cehdargeted surveys of
disease-endemic areas using Geographical Positioningte;y (GPS) and
Geographical Information Systems (GIS).

Basic Research on Burkholderia solanacearum

Basic research on Bsolanacearum strains affecting groundnut is highly desired.
Research activities for disease diagnosis, pathogeradmin, and determination of
pathogenicity at hotspots in China and Vietnamwill be conducted and

strengthened through collaboration with advanced lalmoras in developed and

developing countries. Wherever possible, use of both ok and conventional

approachewill be followed.

Efforts should be made to develop more sensitive and gSpeaifonoclonal
antibodies to detect the individual biovars and patpet ofB. solanacearum in
different plant parts (seed, plant tissues, and soil).

Strains highly virulent on groundnut, reported from Chimnd Vietnam,
should be sent to an advanced research Ilaboratory (such afamseted
Experimental Station in UK) for maintenance, charactetian, and
documentation. Priority in this effort should be given toams collected from
member countries.
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Germplasm and Information Exchange Among Member
Countries

A Working Group newssheetwill be edited by the Technical Coordinator (TC)
and circulated among members of thiorking Group. Two to threeissueswill be
produced annually. Groundnut genotypes will be exchangadong member
countries. The exchangeill be carried out bilaterally or througifCRISAT.

Genetic Enhancement for Host-Plant Resistance

Host-plant resistance is an important component oéatie management. More
coordinated research is needed to evaluate wilt rasistandraces, especially those
collected from humid areas of China and Vietnam. Theaeddlaces should be
assembled at ICRISAT and screened at disease hot spotShina and Vietnam.

There is a concerted need to collect promising germpldsom disease-endemic
areas, and conserve it at ICRISAT. Sources of stablestagsie to BW are available
in member countries, and most of these sources are dVlailat the ICRISAT gene

bank. Researchers are encouraged to test these sourcesmayically at hot spots
in their countries. This was suggested as an alternatieeamn International

Groundnut Bacterial Wilt Nursery (IGBWN). Results ofreening should be

reported in GBW W G meetings.

The Group strongly felt the need to give high prioritylticeeding high-yielding
cultivars combining resistances to BW and major fuhnfydiar diseases, specifically
late leaf spot and rust. Members also wanted to moniberincidence and severity
of web blotch, which has been recently found to be a deseaf increasing
potential in southern China and northern Vietnam (sipeally on newly
developed BW-resistant cultivars). These foliar dissaare serious constraints to
groundnut production in warm, humid environments.

The Group also felt the need to emphasize understandfntdgpe mechanism of
resistance (such as the role of incubation period aatént infection) and its use
in breeding for disease resistance.

Further screening of groundnut germplasm lines to idgrddditional and diverse
sourcesof resistanceso BW will be continued in China, Indonesia, and Vietnam.
Breeding for BW resistance combined with multiple remige to fungal foliar
diseases (late leaf spots and rust) and other wiltadéese with drought tolerance and
improved qualitywill be highly emphasized. Further investigatiornll be madeof
the genetics and mechanisms &Esistanceto BW in groundnut.Priority will be
given to improving methods for resistance evaluatidncluding techniques for
artificial inoculation and for detecting latent infectio
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Interaction between B. solanacearum and other soilborne
pathogens

The Group strongly felt the need to start systematialisgion the interaction of
the groundnut wilt pathogen with such soilborne fungiFasarium spp. Aspergillus
flavus, and Sclerotium rolfsii.

This relationship is quite commonly observed, and it ik tbat bacteria and
fungi together are causing enormous damage, especialtrdnghts and other rain-
free periods in upland areas. The Group also felt a need teldp and/or assemble
a package of practices available to combat soilborseades and include them in
on-farm studies on groundnut BW management.

Integrated Disease Management and Transfer of Technology

Cultural control will be further studied in terms of mealems of crop rotation
influencing the pathogen population and pathogenicity. teRimn and field
management practices are still recommended to farmergewvbe feasible. It was felt
that substantial information is available on host-pla®sistance and cultural
practices that reduce disease incidence, but these catibims are not yet
sufficiently verified and validated in on-farm researah that these practices can be
used by farmers. Therefore, concerted efforts are neededinitate farmers'
participatory research to devise appropriate locatioeesfic packages of these
strategies. More research effofll be made fobiological control by using avirulent
strains of B.solanacearum strains.Seedtransmissiorwill be further monitored.

Workshop and Training Activities

In-country workshops were recommended for China andtNaen. These in-
country workshops will be held for more extensive infmation exchange and
technology transfer. The activity will be supported migi by individual member
countries with limited support from CLAN. An in-countryworkshop is
tentatively planned for 1999 or 2000 in southern Vietnam.

Funding Proposal Development

It was agreed that all national programs of the member toes should support
research on groundnut BW wherever this disease is a caimstrto crop
production. At present, national programs are the mainrces of research
funding. International project and fundings are importafot BW research,
especially for international cooperation. Proposalsitten by member countries
will be prepared and submitted to donors for potential fimgd
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About ICRISAT

The semi-arid tropics (SAT) encompasses parts of 48 apwed countries including most of
India, parts of southeast Asia, a swathe across sub-SaAdrica, much of southern and eastern
Africa, and parts of Latin America. Many of these countraes among the poorest in the world.
Approximately one-sixth of the world's population lives time SAT, which is typified by
unpredictable weather, limited and erratic rainfall, andrient-poor soils.

ICRISAT's mandate crops are sorghum, pearl millet, dmmillet, chickpea, pigeonpea, and
groundnut; these six crops are vital to life for theereincreasing populations of the semi-arid
tropics. ICRISAT's mission is to conduct research which ¢t@ad to enhanced sustainable
production of these crops and to improved managementeofimited natural resources of the
SAT ICRISAT communicates information on technologies hsyt are developed through
workshops, networks, training, library services, and phihg.

ICRISAT was established in 1972. It is one of 16 nonptrofesearch and training centers
funded through the Consultative Group on Internationatidgltural Research (CGIAR). The
CGIAR is an informal association of approximately 50 pobdind private sector donors; it is
co-sponsored by the Food and Agriculture Organizatiorthef United Nations (FAO), the
United Nations Development Programme (UNDP), the UnitHdtions Environment

Programme (UNEP), and the World Bank.
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