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I EXECUTIVE SUMMARY 

A research program sponsored by USAlD, was carned out to understand the 
survIval of a bactenal pathogen, '(anlhomonas wmpestrzs pv campestns, In sOIl and 
plants m tropical and subtropical enVIronments and to erradicate the devastating effects of 
black rot of crucIfers In Hav"an and Nepal The work has been performed by a Jomt effort 
of Tnbhuvan Umverslty (TU) of Nepal and the UnIversity of Hawall (UH) m USA New 
methodology for detection of '( campestlls pv campestns (Xcc) was developed 
EpidemIOlogy and perpetuation of disease were studied wIth a selected panel of 
monoclonal antlbodles (MAbs) Farm management practices were designed m order to 
mInimiZe black rot damage 

Strams of Xcc were Isolated from sOils, plants and seeds from Nepal and Hawall 
and classified with MAbs For epidemIOlogical and survival studies a Virulent stram of 
Xcc was blOengmeered to contain the 'lux' gene to make It blOlummescent, permIttmg 
quantitative nondestructive detection ofhve Xcc cells m SOIl or leaf tissues The mfluence 
of mOIsture regimes of soils and competition With other bactena on the phylloplane of 
crucifers and rotational crops were related to survival of Xcc The role of plant nutntlOn 
on mfectIon rates and disease development was determmed In all cases, the pivotal and 
Imprescmdlble tools for momtonng Xcc populatIOns were specific MAbs and the Xcc 
"lux" stram 

The tranfer of mformatlon and trammg has taken consIderable effort and IS a major 
part of the accomplIshments of the project Faculty and tramees from TU VISited Hawall 
on several occaSIOns m order to learn techmcal skills and to aSSimIlate the advances of the 
project Dr DillI D Shakya, our collaborator m the Central Department of Botany m 
Tnbhuvan UmverSlty, came to Hawall on three occasIOns m order to partiCipate m the 
"technology transfer' on Immunodlagnostlc tests and survIval studIes Two graduate 
students from Nepal and three from Hawan participated m the proJect, and their work 
resulted m one MS theSIS and two Ph 0 dissertations The students mastered the 
techmques usmg serology and blOlummescent markers for survival studies The P I and 
project dIrector VISited Nepal, surveyed the productIOn sites and offered workshops and 
trammg at TU A techmcal semmar was given at the USAlD headquarters m Kathmandu 
followed by a round-table diSCUSSion on strategies for Improvement of crUCifer production 
m Nepal Participants mcluded mVlted guests from the Mmlstry of Agnculture 
government research and extenSIOn personnel, faculty and graduate students from 
Tnbhuvan Umveslty and the USAlD team m Nepal In conclUSion, 1) SuffiCient 
knowledge IS now available to adapt better disease management for cruCifers m Nepal and 
With adoption of appropnate cultural practices losses due to black rot can be substantIallv 
reduced, 2) Fmdmgs of laboratory, greenhouse, and field research lead to changes m 
management procedures, some of which are common to both Hawal1 and Nepal More 
progress, particularly m Nepal, wIll be achieved If appropnate detectIOn and IdentificatIOn 
methods are used to solve the major problem, that IS, detectmg mfected seed and makmg 
clean seed avaIlable to farmers 3) Seventeen pubhcatlOns (refereed articles, short articles 
theses, abstracts and bulletms) resulted from the project The two bulletInS were prepared 
as mstructIOnal matenals for national sCientIsts and extenSIOn personnel These 
pubhcatIOns could also be used to extend the results to other developIng countnes 
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II RESEARCH OBJECTIVES 

A Why was the proJect conducted') Black. rot disease IS the most devastatmg and 

economically Important disease of crucifers worldv.-Ide Disease management strategIes 

are based on thorough knowledge of pathogen dlsssemmatlOn spread and survIval, but 

httle IS known about the epldemlOlogv of the dIsease and/or the survival of the pathogen m 

tropical and subtropical envIronments where edaphic factors and cultural practIces are so 

unhke those of temperate zones Crucifer production practices m Hawall has much m 

common WIth practIces m Nepal where land IS usually recropped WIthout adequate fallow, 

promotmg the buIld-up of moculum and the perpetuation of plant disease When 

condItions for survival of pathogens are known moculum can be reduced by nonchemlcal 

cultural methods such as modificatIOn of the SOil mOIsture levels, regulated applIcaton of 

orgamc amendments, selectl',e fertilizatIOn mtercroppmg WIth resistant plants, and/or 

bIOlogical control 

The overall aim of thiS project \Vas to detemme the !tmlts of survival of the SOil

borne ~hogens (Xcc) m aCidiC tropical soIls and to determme the conditIOns under which 

these levels of moculum WIll perpetuate disease Early m our collaborative studies we 

discovered that contammated seed was a major source ofmoculum m Nepal, and mfected 

seed served to remfest SOlis even after extended crop rotations We thus undertook 

studies to measure the levels ot seed mfestatlOn and to quantify the rate of symptomless 

spread of dIsease m seedbeds dunng the first SIX weeks of the croppmg cycle 

B SpeCific obJectives 

1 Develop methodology for detectmg Xcc and Identlfymg speCific strams of 

thiS bactenal pathogen usmg highly speCific monoclonal antibodies and a 

genetically engmeered blOlummescent "lux" reporter stram to detect irve 

cells of the pathogen 

2 Determme the survival and spread of Xcc strams under different mOisture 

regImes, temperatures, and nutnent levels 

3 DeVise management practices that wIll mlmmlze the mCldence of black 

rot disease In Nepal and HawaII 
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C Relation to current research At the time this project was proposed, httle 

infOrmatIOn was aVaIlable on the survival of Xcc In SOli or Its spread on leaf surfaces of 

crucIfers and rotational crops The most common mode of penetration IS through the 

hydathodes (water pores) at leat margInS (Sutton and WillIams, 1970), although the 

pathogen also gaIns entry through the root system (Cook et al 1952) The pathogen was 

known to survive In sorl for more than a year In undecomposed plant debns In sorl (Schaad 

and White, 1974), but whether or not this amount of moculum was suffiCient to reInfect 

plants through wounds In roots had not been studied The pathogen IS commonly 

transmitted through seed but mfected seed often escapes detectIon and IS planted along 

WIth healthy seed ProductIOn of crucifer seed m cool areas of temperate zones WIth low 

summer raInfall helps to reduce contamInation of seed In humId or tropical areas, It IS 

extremely difficult to produce disease-free seed because of the heavy rams that spread 

bactena onto flowenng parts and seed may be contamInated event hough the foliage 

shows no symptoms (Williams 1980) In additIOn, disease IS perpetuated by bactena that 

survive In Infected leaves and plant debns and for short penods In the SOIl (Alvarez and 

Cho, 1978, WIlharns, 1980) Dunng the course of this project, much new InformatIon has 

been obtaIned about the speCific factors that Influence survival and spread of the disease 

(Schaad and Alvarez 1993 Shaw and Kado 1986 Dane and Shaw, 1996) In additIOn to 

the speCific mformatlon gamed through the research In thiS project (see lIst of references) 

D Innovative aspects of the proJect Use ofhybndoma technology and MAbs for 

detection and IdentificatIOn of plant pathogemc bactena proVided a novel approach to 

studIes of SOIl-borne Inoculum at the time thiS project was proposed PreVIOusly survival 

and epidemIOlogIcal studIes were carned out by Indirect assay methods USIng seml

selectIve media to estimate Viable populations of bact en a Indirect estimates were 

subjected to gross errors becau~e they were based on populations extracted from SOli and 

enumerated under highly art'fiCial conditIons Serological methods for detection of Xcc 

enabled direct observations of root surfaces In situ, but these early attempts mtroduced 

errors due to the non-speCifiCity of poly clonal antisera (Alvarez and Lou, 1985) Our 

contnbutton was to generate highly speCific MAbs that Identify Xcc and delineate different 

straInS and groups of straInS In the general pathogen population (Alvarez et ai, 1985 



1994) Cross-reactIOns \\11th unrelated populatIOns of other soIl mIcroorganIsms were 

largely ehmmated Strams of Xcc collected from nearly all cruclfer-gro\\lmg areas of 

Nepal were collected and characterIzed wIth MA.bs, bIochemIcal tests, and pathogenIc ltv 

assays (Alvarez, et al 1994, Shakya et al manuscrtpt I1l preparatIOn) We found that all 

the straInS from Nepal reacted \\11th at least one or more of the MAbs In the panel, Thus, 

we were able to assIgn serotypes to all the strams m the NepalI collectIon and we were 

able to use selected antIbodIes m sun IvaI studIes on leaf surfaces and sOIl 

DIrect serologIcal methods, such as the enzyme-hnked Immunosorbent assay 

(ELISA) and Immunofluorescence (IF) are unable to dlstmgUlsh lIve from dead cells, and 

thiS was a potential pitfall forseen m our methodology To resolve thiS problem we made 

further modIficatIOns In methodology The first modIfication employed a mmlplate

enrIchment ELISA that not only excluded dead cells from detectIOn but also enhanced the 

sensitIvIty over dIrect ELIS A. by 10 OOO-fold The second modification used the same 

pnnclple, but employed an Immunofluorescence colony-stamIng technIque (Alvarez, et al , 

1996) AgaIn, only hve cells were detected, and sensItIvIty was 10,000 times greater than 

direct Immunofluorescence For the third modIficatIOn we departed from serology and 

bIOengmeered a VIrulent stram of Xcc to contam the "lux" operon, ongmally obtamed from 

a manne bactenum, VibrIO jisr..hem (Shaw and Kado, 1986) We were unable to use the 

stram from Shaw and Kado tor our studIes because the stram they selected was not 

pathogemc on our model test crop, cabbage We used the plasmId m Eschertschw coli to 

transform a Virulent stram Isolated m Hawall and then developed a rapId assay USIng thIS 

the transformant as a biolumInescent reporter straIn Data were quantified by adaptIng the 

most probable number (rvlPN) method for assays of soIl and leaf surfaces (Anas et al , 

1996) ThiS method was equal In sensItIvIty to the mmlplate enrIchment assay (Norman 

and Alvarez, 1994) and also dlstlOgUished between hve and dead Xcc cells on plant 

surfaces and m soil Once the methodology was m place, we used well-estabhshed 

methods of sot! and mIcrobIal population analYSIS to complete the project 

E Other organIzattons that supported the project The Central Department of 

Botany ofTnbhuvan Umverslty supported the project by provldmg faclittles, students, and 

the salary of our chief collaborator, Dr D D Shakya, m Nepal The UnIversity of Haw all 



provIded laboratones, greenhouse facIlitIes and field plots for the aspects of thIs study 

that could not be undertaken In Nepal The U S Department of Agnculture provIded 

supplemental grant funds through the T -ST AR program that enabled us to extend the 

sUrvIval studIes to the phylloplane We obtaIned new epIdemIOlogIcal data that proVided 

Important 10SIghts on symptomless spread of the pathogen 10 seedbeds and In field plots 

III METHODS AND RESULTS 

A Isolation and charactenzatlon of Xcc straInS from Hawan and Nepal 

Methods Crul.lfer productIOn areas were surveyed for dIsease 10CIdence and seventy 

Most farms showed high IncIdence of black rot dIsease when temperatures 

were above 28 C (Fig 1) Bactenal strams were Isolated from Infected leaf 

matenals, seed and SOIl from the cabbage productIon areas of Haw all and 

Nepal StraIns ""ere tested for pathogenICIty and reactIOns With speCific 

monoclonal antIbodIes, and serological reactivIty patterns were compared With 

strams from a world-WIde collectIon In Nepal bactenal strams were Isolated 

from many dIfferent prov1Oces from rangmg from the Theml vegetable 

productIOn regIon near Kathmandu to the humId, low elevatIOn Teral regIOn 

and the cooler mountaInOUS seed-productIon areas (FIg 2) Pathogen IdentIty 

was confirmed WIth standard bIochemIcal and pathogenICIty tests and 

serologIcal reactIOn patterns were compared WIth Xcc strams from HawaII 

that represented the major serogroups 

Results Strams from Nepal all had the major bIOchemIcal charactenstIcs ofXcc 

strams In the world-WIde collectIon CharactenstIcs of straInS are shown 10 

Table 1 Strams were serologIcally heterogeneous but all strams fell mto the 

major serogroups represented by the strams from Hawan and other 

geographIcal regIOns of the world No new serotypes were detected among 

the 43 strams charactenzed from Nepal Xcc was commonly detected 10 seed 

produced 10 Nepal, and most of the seed samples collected from the major 

Asan Market In Kathmandu were 10fected 
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PubhcatIOns Three publicatIOns resulted from thIs mltlal work and survey on disease 

mCldence m Nepali) -\lvarez et al , 1994, 2) Shakya, et al , 1998, and 

3) Manandhar, U 1994 (See SectIon VIII) 

B SelectIve medIa and serologIcal methods for detection ofXcc In SOli, on leaf tissues 

and m seed 

Methods We first attempted to utilIze selective medIa as a basIs for evaluatmg 

serologIcal methods of detectIon SelectIve medIa were evaluated and 

compared for recovery of Xcc from seed and sOIl These were then used to 

develop a ennchment ELISA techntque whereby the sample containing 

bactena was Introduced mto Indrvldual wells of 96-well mIcroplates and 

Incubated for 72 hours Then the top layer of agar was washed wIth 

carbonate buffer removed and dned onto a new 96-well mlcrotlter plate 

ELISA was performed usmg selected monoclonal antibodIes 

Results The method referred to as mlnlplate-ennchment ELISA, was accurate and 

10,000 tImes more sensltrve than dIrect ELISA for detectmg Xcc In SOIl and 

on leaf samples Recovery of Xcc by the mlntplate-ennchment ELISA method 

was equal to recovery on two selectIve medIa (ET and FS) when SOIls were 

dry, but It was 10 to 100-fold more senSItIve than eIther of these selectIve 

media when samples were taken from mOIst or wet soils ThIs IS because In 

wet SOIls plates were overgrown With other bactena and It was ImpossIble to 

IdentIfy Xcc when mIxed wah hIgh levels of background growth 

PublIcatIons One publicatIOn and one abstract resulted from these studIes 1) FukUi 

et ai, 1994, 2) MochIzuki and Alvarez, 1992 (See SectIOn VIII) 
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C Development of a blOlummescent reporter stram for survival studies 

Methods Several strams representative of the typical Xcc populatlOn m Ha\Vall were 

selected for these studies The "lux" gene cassete \Vas mtroduced to Xcc bv 

tnparental matmgs 'hlth E coh :,tram HE 101 (pUCD607) and helper stram 

The transconJugants 'here tested for growth m vitro, for vlrulence followmg 

serIal passage through plants and were serotyped usmg the MAbs A stable 

stram was selected m 'h hlch the genes confernng blOlummescence were on the 

chromosome To use thIs stram m survival studies a method was developed 

to detect the pathogen m low numbers from seed samples leaf surfaces and 

SOli Sample:, to be tested are first mcubated m mdlvldual wells of 96-well 

microtlter plates contammg 100 ul of a semlselectlve medIum, descrIbed 

above A senSItive \.-ray film IS placed over the mlcrotlter plate to detect the 

sIgnal from the reporter stram The number of Xcc cells In the orIgmal sample 

IS then calculated usmg a modified most-probable-number (NIPN) techmque 

descrIbed bv Woomer et al 1990) 

Results A stable transconJugant, 17ILIIH-7, \Vas developed and charactenzed ThIS 

stram has been stable throughout the SIX year duration of the project and has 

been useful for 3c1IVlval and epidemiological studies 

PublIcations McElhaney et al 1992, 1997 AriaS et al 1996a b Anas 1998 (See 

Section VIII) 

D Survtval of Xcc m soIl 

Methods SOli survival studles were carned out on a medial Isothermlc TYPIC 

Eutrandept SOli representatIve of the areas where most of the cruCIfers are 

produced m Ha'hall and SImIlar to SOlis m Nepal where cruCIfers are grown A 

water retentlOn c.urve was prepared usmg ceramic pressure plates by applvmg 

-10, -30, -50, -100, -250, -400, -600, and -900 kPa In early expenments, 

bacterIa did not survive more than seven days as free-lIVIng orgamsms In mOist 
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soil Thus, our expenments tested survival m naturally mfected cabbage, 

ground to pass a 1 mm2 sieve and vacuum-dned overmght Debns was added 

to the SOIl at vanous ratios and the populations of 'Ccc were evaluated with 

selective media (FukuI et al 1994) the mlmplate ennchment ELISA 

techmque and the \1PN-mlcrofluor plate techmque (Arms, et ai, 1996a) 

Populations of other mlcroorgamsms associated with the dechne of XCC 

populations was evaluated on selective media (AriaS, 1998) 

Results Populations of Xcc m sOil mfested wIth cruCifer debns declmed rapidly when 

SOIl was mOIst (low SOli matnc potential) but showed httle declme when solls 

were dry Populations of cellulolytic microorganisms rapidly mcreased when 

water was added to soils but populations of proteolytic organisms stayed 

relatlvelv constant and were unrelated to the declIne m Xcc populations In 

saturated (wet) sOil Xcc dechned rapidly and was detected for only 10 days, 

while m dry SOIl (-900 kPa) the population remamed stable for more than 28 

days 

PublicatIOns FukUI et al 1994 Arias et al 1996a, Arias 1998 (See SectIon VIII) 

E Survival on leaf surfaces of alternate hosts 

Methods EpiphytiC survival ofXcc was determmed on 3-week-old seedlIngs of 

cabbage, mustard, lettuce and nce Seedlmgs were sprayed wah a suspensIOn 

of bact en a contammg approximately 108 colony-formmg unIts (CFU) per ml) 

Leaf samples were taken at regular mtervals from 1 to 40 days Four basal 

leaves, which were present at the time of moculatlOn, were collected and 

processed from each of four mdlvldual plants per species on every samplmg 

date Entire leaves were placed m stenle 250 ml Erlenmeyer flasks contammg 

20 ml of phosphate buffered salme Flasks were placed on a rotary shaker for 

15 mmutes then 10-fold dilutIOns were plated on mlcrofluorplates and 

processed as mdlcated for SOIl samples (Arias et al 1996a) Data were 



analyzed with one-wav analysIs of vanance and Scheffe's test for companson 

of means of the transformed data were performed wlthm each samplmg date 

usmg the computer program ST A TISTIX (Siegel 1992) 
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Results The pathogen Xcc was recovered for up to 48 days on spray-moculated 

cabbage, mustard and lettuce leaves, with no slgmficant differences among 

these crops (P = 0 05) Declmes "",ere gradual after 48 days In contrast, the 

pathogen was detected on nce leaves for mne days but eleven days after spray 

moculatlOn was undetectable Results from thiS study and the one above 

mdlcate that nee IS an Ideal rotatIonal crop for cruCifers The wet sOils 

reqUired for nee production caused rapId declmes 10 Xcc populatIOns, and 

leaves were not conducive to epiphytiC surVival Thus, for both reasons, a 

rotatIonal crop of nce would decrease the survival of Xcc 

PubhcatlOns Anas, et al , 1996b, Anas, 1998 (See SectIOn VIII) 

F Spread of Xcc m the seedbed 

Methods Seedbeds were established 10 8 X 12 arrays to conform With a mlcrotlter 

plate Four plants at the center of each seedbed were moculated With Xcc and 

the flat was watered by an overhead mlstmg system Similar to those used 10 

commercIal seedbeds Plants were sampled at regular mtervals by methods 

descnbed above Symptomless spread of the pathogen was detected by the 

mmlplate ennchment ELISA techmque (Mochizuki and Alvarez, 1992 

Norman and Alvarez 1994, Shlgakl et al 1994, Shlgakl 1996) or In later 

expenments by the l'v1PN-ficrofluor techmque (AriaS et al , 1996a, 1996b) 

Results In all expenments the pathogen was detectable on symptomless leaves 

throughout the seedbed and was not restncted to moculated plants Most 

plants failed to develop symptoms even after SIX weeks the normal tIme for 

transplant mto field plots In one large expenment symptomless plants from 
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moculated flats were transplanted mto field plots (SIX treatments, four 

replications) and disease was mOnitored to the time of harvest The field had 

not prevIOusly been cropped to any crucifers, and cruclferous weeds collected 

from the plot showed no signs of disease nor was the pathogen detected by 

ELISA from any symptomless cruclferous weeds Three weeks after 

transplant 109 symptomless crucifers mto the field, symptoms began to appear 

on the transplanted crop Seven weeks after transplant, the entire plot was plot shoVved no 

mfected, and no plants survrved to harvest These expenments demonstrated 

that a small amount of Inoculum can mfect an enUre seedbed, and because the 

grower Vvlll not be able to recognize and elimmate Infected plants, disease can 

destroy the entlre crop ThiS IS particularly devastatmg to small growers, as 

they Will have mvested time and resources mto gettmg the crop to matunty 

PublicatIOns Mochizuki and Alvarez 1992 Shlgakl and Alvarez, 1993, Shlgakl, et 

ai, 1994 Shlgakl 1996 Anas et al 1996ab (See Section VIII) 

G Effects of nutntlOn on disease development 10 the seedbed 

Methods The effects of nitrogen phosphorus calcIUm, and potassIUm on cabbage 

growth and susceptlblhty to InfectIOn by Xcc were determmed usmg a 

common cabbage culuvar from Hawall (Bra'5Slea oleraeea var eapltata cv 

CG-Cross) Nutnents were added as a balanced Hoagland's solutIOn or as 

Osmocote formulatIOns Aqueous solutIOns of ammonium nitrate, ammonium 

sulhate or potassIUm mtrate were used to evaluate the effect of va no us forms 

ofmtrogen on susceptlblhty to disease The symptomless spread of the 

pathogen wlthm seedlmgs were evaluated by the leaf blot assay (McElhaney 

1991) usmg a blOlummescent reporter stram of Xcc Plants were contmuously 

momtored for SIX v.eeks for mternal presence of the pathogen 

Results Among all the nutnents tested, only nitrogen had an effect on the 

susceptlblltty of cabbage to black rot Disease progression was Similar 10 all 
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plants WIth low and normal levels of nItrogen fertlllzatlOn, but at 2 X and 3 X 

the normal levels ammonium nItrate and ammOnIum sulphate disease 

restncted disease progress FertlitzatlOn WIth potassIUm nItrate showed Similar 

results, except that\\- htle s')- mptoms were clearly reduced, the leaf blots 

showed that the pathogen had mvaded the vasular tissue and progressed well 

mto the malO stem These results can be used to modify fertilization practices 

m the seedbed, where fertlhzatlOn \\-lth higher levels ofmtrogen would 

accomphsh two functlon~ 1) restnct disease progress by Xcc, and 2) produce 

sturdIer seeditngs pnor to transplant AppitcatlOn of more mtrogen to the 

seedbed would be co~t-effectIve and should proVide protectlOn dunng the 

seedhng stage when epiphytiC spread of the pathogen has Its greatest Impact 

PublicatlOns McElhaney et al 1998 (See SectlOn VIII) 

H Use pestiCides and/or blOcontrol agents to retard spread of Xcc 10 the seedbed 

Methods The blOlumll1escent reporter stram of Xcc was used m these studies to 

determme the effects of smgle or multiple pestiCide applicatIOns on disease 

development 10 the seedbed Fosetyl-Al was selected for final studies, because 

thiS fungiCide had bactenocldal effects Eight replicates of smgle seedlmgs 

were treated With 1, 2 or 3 apphcatlons of fosetvl-Al at weekly mtervals pnor 

to moculatIOn of the pathogen Control treatments substituted delOnIzed 

water for the fungiCide suspensIOn Seedlmgs were moculated 2 days after the 

final fosetyl-Al apphcatlon After 13 days all moculated leaves were eXCised 

and autophotographed usmg sensitive x-ray film to detect bIOlummescence 

from the reporter ">tram of Xcc 

Results A smgle treatment of fosetyl-Al as a spray and drench reduced the 

mvaslveness of Xcc on moculated cabbage seedlmgs Multiple treatments did 

not reduce the mvaslveness further The effect offosetyl-Al was Immediate 

(wlthm one hour) and persisted for at least 21 days No phytotOXIC effects 
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were eVident folloWIng a sIngle treatment The results show that growers can 

slgmficantly reduce pathogen spread In the seedbed bv a sIngle applicatIon of a 

fimglclde already registered for use on other vegetable crops 

PubhcatlOns MochizukI and AI'varez 1996 

IV IMPACT AND RELEVANCE OF TECHNOLOGY TRANSFER 

A How will the findings be useful In the developing country? The research findIngs 

clearly demonstrated that vegetable (crucifer) productIOn IS senously h10dered by black rot 

dIsease, but that 'y\ It-h j3Feper CF0P- management and edllcatlOn losses due to~s disease 

can be prevented (Please refer to exten~lon bulletIn) Some of the disease control 

practices have been well-documented and can be applted directly If extenSion workers 

work with growers to educate and assIst In Implement10g control practices 

Survival of the pathogen ¥ wmpe~fll,} pv campestns, 10 crucifer seed was not a 

pnmary objective of the current project smce our Vvork was focused on find10g methods 

to reduce survival of the pathogen In sot! Nevertheless, find10gs from our Imtlal surveys 

In Nepal made It clear that contammated seed IS a major source of 100culum 10 most 

productIOn areas Further Improvements 10 crucIfer productIOn wIll reqUire enhancement 

of seed detection technology, and may reqUire some additIonal research to adapt state of 

the art techmques that should be Implemented Vvlth the facIlItIes avaIlable 10 Nepal (please 

refer to section VII, Future work) A clean seed program could be developed and adapted 

to the speCific cultural conditIOns prevelant to vegetable-grOWIng areas of Nepal (both 

Themi flver valley near Kathmandu and the Term vegetable groVvIng regIOns) 

B The proJect's Impact on mdlvlduals, laboratOries, departments, and mstltutlons 

The SCientIst Impacted most directly In thIS project was our collaborator Dr D D Shakya 

She receIved extensIve tra1010g 10 use and applicatIon of monoclonal antIbodIes for 

detectIon and epidemIOlogical studIes and now should be able to dIrect her students and 

colleagues ill both disease managment practices as well future research on thiS and other 

seed-borne vegetable dIseases caused by bactena With the resources prOvided bv thIS 

grant, whe was able to supplement the research for two M Sc students at Tnbhuvan 
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UnIversity and to extend the InformatIOn to growers It she IS provided the resources to 

contInue a research and extensIOn program at Tnbhuvan UnIVersity, the program will have 

a contInuIng Impact on her colleagues and the and the outreach programs of Tnbhuvan 

UnIverSIty 

C Use of results ThiS project leads to the need for development of a pathogen-free 

"clean" seed program to be established by the growers and or MInIstry of Agnculture 10 

Nepal Such a program could be Implemented and supported bv other InternatIOnal 

organizations, such as F AO or UNDP Dunng our VISit to Nepal 10 1997 we discussed 

the potential for a clean-seed program 10 Nepal WIth Ms Sandra Vogelsang, U S 

Ambassador to Nepal Ms Carol! Long ReSidential Representative of the UNDP to 

Nepal, and Dr RIchard Wuster the ReSidential Program Officer ofFAO 10 Nepal In 

addition we discussed potential Improvements for Nepal with Fred Pollock, project officer 

for USAID In Nepal and with Bharat Prasad Upadhyay, the Chief Plant ProtectIOn Officer 

In Nepal 

D Are larger scale tnals '" arranted? Yes larger scale tnals are warranted prOVIded 

that resources are available Field demonstration plots could be established 10 the Theml 

area (major vegetable production tor Kathmandu) to show that with the use of pathogen

free seed plus appropnate croppIng practices, removal of dIseased debns, proper 

compostmg and crop rotations black rot disease can be elIm10ated from thiS area and 

cruCIfer production WIll be Improved 

For long-term Improvements, however, Nepal will need to produce Its own clean 

seed In cool, dry high elevatIOn valleys The seed production areas will need mspectlOn 

followed by seed testmg and certificatIOn Seed testIng methods already used by major 

InternatIOnal seed companIes could be employed by NepalI sCientists With adaptlon to the 

local SituatIon 

E Benefits to developmg country Nepah SCIentists now have the means and 

methodologIes to reduce dIsease inCIdence on cruCifer crops In the Kathmandu valley 

(Theml) as well as the Term regIOns where the bulk of cruCIfers are grown and rotated 

WIth nce The InformatIOn IS avatlable and the SCIentists are aware of the major problems 

the moculum sources, the survival of 100culum 10 debns, and the means to eradicate the 



l~ 

pathogen from soll The SCientists themselves will not be able to effect the necessary 

changes without support and cooperatIOn with the MInIstry of Agnculture and a well

defined extensIOn program An essential part of the program would be to estabhsh a 

crucIfer-free penod of at least three months m any region where crucifers are rotated With 

vegetable crops of other plant familIes The program should mclude the eradicatIOn of 

cruclferous weeds dunng the cruCifer-free penod 

A second Important benefit to Nepal was the IdentificatIOn of contammated seed 

sources The SCientists now are clearly aware of the need for establishmg productIOn areas 

for pathogen-free seed m Nepal If Isolated production areas are estabhshed, mspected, 

and certified, seed produced from such areas would have commerCial value not only In 

Nepal but also m IndIa, whIch because of climate, wIll have greater difficulty 10 

establIsh10g production areas for healthy cruCifer seed 

F How have SCientific capablhtles of country sCientists been Improved? 

Nepah SCIentists have gamed technIcal tra10mg necessary to Implement changes 10 Nepal 

They gamed expenence With serological detectIOn technIques (usmg ELISA and 

Immunofluorescence) They are now familiar With quantitative approaches to and analYSIS 

of research results They also have expenence In the use of bIOlumInescent reporter 

strams for research RestnctlOns on use of genetically engmeered bactena may prevent 

research With reporter strams 10 Nepal, but the Nepali SCientists Will be able to contmue 

thiS research 10 connectIOn With U S mstitutlOns where permits have already been granted 

Knowledge and awareness of the potential and applicatIOn of such methods are Important 

to further advances 

V PROJECT ACTIVITIES, OUTPUT 

A Meetmgs attended National meetmgs, Amencan Phytopathological Society (APS) 

1992,1993,1994,1996,1997 1998 

B Workshops presented May 15 - 28 1997 Tnbhuvan UnIversity, Kltlpur Nepal 

C Trammg programs for Nepali collaborator and students 



D D Shakya, the collaboratmg SCientist from Central Department of Botany, Tnbhuvan 
UmversIty, Kitipur, Nepal partIcipated m three trammg seSSiOns at the Umverslty 
of Hawan 1) the first was for four months, 1992-1993 2) the second was for 
one month 1996-1997 3) the third was for one month, 1998 She learned 
serological techmques WIth monoclonal antibodies and used them to charactenze 
strams of J{anthomollas e-ampe'l111s pv campesfl IS Isolated from Nepal 
(manuscrIpt m pI epa! alion) 
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Ganga Malia, a M Sc graduate from Tnbhuvan Umversity partICIpated 10 a three-month 
trammg seSSiOn at the Umverslty of Hawall She learned serologIcal techmques 
usmg monoclonal anttbodies and also learned to study epIphytIC populatIOns of J{ 

campestrls pv campe5tns usmg a bIOlummescent "reporter stram developed by 
R McElhaney In our laboratory 

Uttam Manandhar, aM Sc student from Tnbhuvan Umversity partICIpated In the project 
In Nepal, completmg field studIes under the superviSIon of 0 Shakya He also 
partICipated m field tnps and workshops when we VISIted Nepal In 1997 

Indu Bamya, aM Sc student from Tnbhuvan UmversIty partlClpatea lfr laborawty studies 
In Nepal and attended the workshop presented m 1997 

D Trammg and research by students and SCIentIsts from Hawall and other 

countries 

Rosemane McElhaney, a Ph 0 student from Hawan developed a bIOlummescent reporter 
stram and used It to study the effects of nutntlon on dIsease development 

Glenn MochIZUkI, a M Sc student from Hawau partIcIpated In epidemIOlogy and dIsease 
control studIes USIng ~erologv and the biOlummescent reporter stram 

Ryo FukUI, a post-doctoral researcher performed mitIaI studIes to determme whIch 
semlselectlve media were most adequate for detection of the pathogen 10 SOli 
survIVal studIes 

Toshlro ShlgakI, a Ph D student from Japan partICipated m epidemIOlogical and genetic 
studies usmg serologically marked strams to differentIate separate populatiOns of 
the pathogen 

Renee ArIaS, a Ph D student from Argentma participated In epidemIOlogIcal and sOll 
SUrvIval studies usmg both serological and genetIC markers for pathogen detection 

Robustlano Alvarez, Ph 0 directed the research on detection of the pathogen and survIval 
10 tropIcal solis 

VI PROJECT PRODUCTIVITY 

We accomphshed all of our speCific goals, but It took longer to accomplIsh them 

man orIgmally mtended A major problem was difficulty m communIcatmg effiCiently With 

the collaborator because of nower outages and faIlure of fax machmes We did not have 
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easy access to e-mall with our collaborator, because the only line for e-mail was far from 

her workmg site We Intended to do more work on field plots In Nepal to test the effects 

of SOlI type on the sUrYl'val of the pathogen However findings from our first expenments 

clearly mdicated that water content and compo sting were over-ndlng factors m eradlctlOn 

of the pathogen from SOil Thus we placed more effort on the epidemIOlogical aspects, 

such as symptomless spread of the pathogen In seed beds Our results showed that a few 

Infected seeds In the seed bed Will lead to a major disease outbreak m productton fields As 

a result, we turned our efforts to prepanng our collaborators In serological detectIon 

methods, so that a clean-seed program can be establIshed m Nepal for vegetable growers 

VII FUTURE WORK 

A Pohcy development and extenSIOn efforts 
Results of thIS project demonstrated that dIsease management practices can be 

Implemented to control black rot disease In Nepal (for summary please see 
extensIOn bulletin) In Nepal disease IS clearly spread by Infected seed readlly 
available m the major markets Disease management programs for Nepal should 
focus on two approaches 

1) Developing disease-tree seed-production areas m high-elevation, cool dry Isolated 
mountam valleys The purchase of certified hvbnd seed from mternatlOnal seed 
companIes IS also an option, but the hIgh cost of hybnd seed and lack of 
avallablhty to growers m Nepal IS a major concern 

2) Coordmatmg a three-month cruCifer-free penod In all major vegetable-producmg 
areas whereby growers rotate crucifer crops With non-cruclferous vegetables and 
preferably, nee Debns from cruCifer crops should be composted and used to 
grow the non-cruclferous crops Rotatlons With nce have the added advantage of 
rapid kill of X campestlls pv wmpesllls m the wet soil environment Stnct SIX
week to three month cruCifer-free penods would do much to reduce the high level 
of disease inCidence In both the Theml and Teral regions of Nepal 

Future research 
In Nepal applted research IS needed to adapt the newer serological methods of detectIOn of 

the pathogen In cruCifer seed and to use thiS technology to clearly demonstrate to 
Nepah growers that both the seed and cruclferous weed crops m Nepal are the 
major sources of Inoculum 

In Hawan future research has been directed toward biological control m the seedbed It 
was clearly demonstrated that bv applYing chemical sprays (fosetyl-Al) to the 
seedbed that spread of symptomless, latent infectIOns was slgmficantly reduced 
Similar results can now be obtained with a selected bIOlogical control agent (Anas 
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unpubhshed data) BIologIcal, rather than chemIcal control of dIsease In the 
seedbed has great potential for Improvmg crop productIon m tropIcal areas where 
crucifer crops are transplanted rather than seeded dIrectly m the fields 
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IX APPENDIX I FIGURES -\ND T -\BLES 



, 
FlgureA, Capnons Observatlons m farmers fields m Sanothuru and Monohara m 
Kathmandu valley, Nepal 

(FIgures are ordered left to nght, then down) 

1 Cabbage seedlmgs transplanted mto productIon field usmg the tradltlonallocal cultural 
practIces Transplants were heaVlly affected by black rot disease 

2 Cabbage seedhng shoWIng charactensnc V-shaped leslons at the leaf margm 

3 Older cabbage plants Wlth charactenstlc V-shaped necrotlc lesIons on lower wrapper 
leaves 

4 A small plot of cabbage m farmer's field severely damaged by black rot 

5 A sectIon of the plot showmg severe necrosIs and rot on center plants 

6 Harvested cabbage heads showmg systenuc effects of black rot Vascular tlssue 1S 
mvaded (VlSlble as darkened vascular strands) causmg eventual rot of the head as the 
pathogen and secondary pectolyttc bactena further mvade the stock 

7 Cabbage plants (left) and mustard plants (nght), both shOWIng symptoms of black rot 

8 CauIrllower leaves showmg V-shaped les10ns at leaf margtns 

9 A plot of healthy cabbage plants 

:4/ 
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Xanthomonas campestns P" campestns strams tested \\ nh monoclonal antIbodies 

Stram DesignatIOn Ollgm Ho!>t Scrot)pe 
No 

1 M91·1 Kathmandu Asan Market mustard 51 

-2 -l\II91·2 Kathmandu A S3n \'13 rket mustard 51 

3 M91·3 Kathmandu Asan Market mustard SI 

4 M91-4 Kathmandu Asan Market mustard SI 

5 M91·5A Kathm'mdu Asan Market mustard SI 

6 M91-5B Kathmandu AS'ln Market mustard 

7 C91·1 Kathmandu Asan Market cabbage 51 

8 C91·2 Kathmandu Asan Market cabbage 51 

9 C91-3 Kathmandu Asan Market cabbage SI 

10 C91·4 Kathmandu Asan Market cabbage 51 

II GBro-2 Them! broccol! SI 

12 GRC·1 Thenn red cabbage S4 

l3 GRC-3 Them! red cabbage SI 

14 ThC·l Them! cabbage 51 

15 GCa-l Them! cabbage SI 

16 GCa·2 Thenn cabbage SI 

17 KGBM·1 Kathmandu broad leaf mustard 

18 PSC·2 Palung cabbage seedltngs S1 

19 PCa-l Palung cabbage SI 

20 JCa-3 Jumla cabbage SI 

21 JCa2-2 Jumla cabbage 51 

22 JCF·1 Jumla cabbage 51 

23 BaBM Balumbo broad leaf mustard 53 

24 DhC-l Dhusatar cabbage Sl 

25 DhC-2 Dhusatar cabbage 51 



26 DhC-3 Dhusatar cabbage SI 

27 DhC-4 Dhusatar cabbage S1 

28 ChaC-l Charaudl cabbage b 

29 ChaC-2 Charaudl cabbage b 

30 ChIFC-l Chlt'\\an Fasera cabbage SI 

31 ChIFC-2 Chlh\an Fasera cabbage SI 

32 ChlKB-l Chlt"an Khmram broccoh SI 

33 ChIKB-2 Chlt\\an Khalfam broccoh SI 

34 ChlKK-l Chlt\\an Khatram kohlrabi SI 

35 ChlKK-2 Chlt\\an Khalfam kohlrabi SI 

36 NapC-l Na\\alparasl cabbage SI 

37 NapC-2 Na\\alparasl cabbage SI 

38 LuCau-1 Lumblnl caullflov.er SI 

39 LuCau-2 Lumblnl cauhfluwei S1--

~O LuCau-3 Lumblm cauhflo\\er Sl 

41 LuCau-4 Lumblfil cauhflo\\er SI 

42 LuCau-5 Lumbml cauhflower S2 

43 LuCau-6 Lumbml cauhflo\\er S2 

44- A249 Kula Ha\\all cabbage Sl 

45 Xc 114 North Carohna cabbage S2 

46 G2-17 Kula Ha"au cabbage S3 

47 G3-27 Kula Hav.au cabbage S4 

48 417 East ASia cabbage seed S4 

a) Reacted only WIth the genus-specific MAbs Xl and XII weaklv"lrulent 
b) Reacted wuh Xl XII X17 and B35 
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ABSTRACT 

Alvarez A M BenedIct A 1\ Mlzumoto e Y Hunter J E and 
Gabnel 0 W 1994 Serological pathological and genetlc dl\ersltv 
among strams of Xanthomonas ,ampestns Inlectlng crucifers 
Phvtopathology 84 1449 1457 

\tonoclonal antibodIes (MAbs) specIfic for strains of ¥anthomonas 
campeslrls pv campestrls (Xcc) and or Y wmpestrls pv armoraClae 
('<cal were evaluated to determme their rehablhtv for pathogen Identtfi 
catIon Reactivity patterns of I 023 bactertallsolates from Lruclfer leaves 
seeds weeds and alternate crops were compared WIth ongmal host svmp 
toms and reactivity patterns of 498 of these Isolates were compared with 
pathogemclty tests SIX MAbs were selected that distingUished ~trams 
of Xcc and Xca from nearly all other bacterta tested However Xcc 
and Xca strains were not serologically dlstmgulshed as groups from each 
other despIte numerous attempts to do so "I met" mne percent of the 
'(cc and Xca strams tested reacted with one or more of the Xcc Xca 

Black rot a senous disease of crucifers that occurs worldWide 
IS charactenzed by V -shaped leSIOns on leaf margms and blackened 
vems associated With svstemlc movement of the pathogen 10 the 
plant (41) The causal orgarusm IS ¥anthomonas campestr/s pv 
campestrls (strams deSignated Xcc) Yanthomonas campesms pv 
armoraClae (strams deSignated Xca) causes leaf spot and 
hydathode necrosIs on cruCifers and on other hosts (6) The genetic 
dlverstty of strams wlthm these pathovars has not been well
studied even though pathogemc vanatlon has been noted (21) 
Strams Ideally are placed m different pathovars on the basiS of 
their host range and dlstmctlve disease phenotype (7 10) but m 
practice strams are often aSSigned to a pathovar on the basiS 
of the host plant from which they were first Isolated (36) Smce 
some pathovars have a host range that m"olves different families 
(7) and overlappmg host ranges occurrence of a stram of \' 
campestrzs on a particular host should be only one crltenon used 
to classify the pathogen 

Several methods have been used With varvmg degrees of success 
to differentiate X campestrls pathovars or subgroups WIthout 
conductmg pathogemclty tests These mclude DNA - DNA hybnd 
IzatlOn (1932) serology (2,5111738) phage tvpmg (1626) 
electrophoretic analYSIS of membrane protems (sodIUm dodecyl 
sulfate polyacrylamide gel electrophoresIs [SDS-P AGE])(31) gas 
chromatographic analYSIS of fatty aCids (27) DNA dIgests (18 24) 
and restnctlOn fragment length polymorphism (RFLP) analYSIS 
(13-15 172425) Of these procedures SDS PA.GE and serology 
have been used III an effort to determme differences among strams 
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specific MAbs Three \tAbs separated all the Xcc (and some '(La) strains 
mto three serologIcal groups A subset of 12 Xcc and seven '(ca stram~ 
representtng the serologIcal and pathologIcal dlvemty found 10 these two 
pathovars was further evaluated by restnctlon fragment length polv 
morphism (RFLP) Strams of both pathovars were heterogeneous by 
RFLP and the RFLP patterns of the seven Xca strams o\erlapped with 
patterns of the '(cc strams However the 12 Xcc strams formed three 
Identtfiable groups (el e2 and e3) whIch corresponded to the three 
~erologlcal groups (S I S2 and S3) The type stram of the species ¥ 
campestrls (Xcc528 T

) and all members of group S3, e3 caused a dlstmctl\e 
blIght symptom that later developed mto black rot Strams m the other 
two Xcc groups caused typical black rot symptoms but not blIght The 
panel of antibodIes can be used for rapid IdentIfication of Xcc and '(ca 
pathogens m field and seed assays 

4ddlllonal kepwrds black vem dIagnOSIs leaf spot 

of Xcc that cause black rot of cruCifers and strams of Xca that 
cause leaf spot 

A high degree of similantv was found among Xcc strams tested 
by the SDS PAGE procedure (31 38) Serological differences 
among strams Xcc were detected With monoclonal antibodies 
(\-lAbs) which were used to dlVlde 200 strams mto SIX groups 
(2) Strams that reacted With different MAbs spread at different 
rates from disease fOCI 10 field plots (43) Some e\ldence of the 
relatedness of Xcc to Xca was obtamed when two strams of Xca 
reacted with two MAbs that preVIOusly had reacted only With 
Xcc and not With 192 strams of other species or pathovars of 
¥anthomonas (2) Although Xcc was serologically heterogeneous 
three Xcc Xca-speclfic MAbs (X9 X 13 and X 17) reacted With 
nearly all of 200 strams tested (2) These MAbs thus appeared 
to be useful for rapid Identtficatton of Xcc m seed and plant 
samples Ne"ertheless the faIlure of these three MAbs to detect 
all pathogemc strams caused concern m the seed mdustry because 
It reduces the reliability of the antIbody tests Furthermore the 
reactIOn of some Xca strams With these MAbs made them less 
than pathovar-speclflc 

The mltial purpose of thiS study was to evaluate a new and 
larger panel of MAbs for the ablhty to Identify and dlstmgUlsh 
strams of Xcc and Xca from each other and from all other bactena 
A total of 521 Xcc and Xca strams Isolated from I 023 plant 
samples and seed extracts of diverse ongms were compared bv 
serology and by svmptoms mduced on moculated cabbage plants 
Dunng the course of the study the serological and pathological 
diverSity observed among strams compnsmg the two pathovars 
prompted us to evaluate the genetic dlverstty of selected strams 
that represented dlstmct groups encountered through serological 
and pathogemclty assays 
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R FUKUI R ARIAS AND R ALVAREZ 1994 Four semI-selectIve medIa, CS20 ABN, 
aescuhn-trehalose (ET), FIeldhouse-Sasser (FS), and starch-methlOn1Oe (SM), were 
compared for efficac'v 10 recover1Og '!(anthomonas campestrlS pv campestrts from artIficially 
and naturally 10fested sOIls Recovenes of X c campestm from SOlis 10fested wIth relatively 
large populatIOns were SImIlar on the four medIa The FS and ET media exhibited higher 
select1V1ty agamst background saprophHes, whereas enumeration of X c campestrlS on CS20 
ABN or SM was often hampered by the overgrowth of background saprophytes Among 
three starch-conta101Og medIa (CS20 ABN, ET and FS media), the zones of starch 
hydrolysIs, charactenstlc of colomes of '!( c campestrts, were most dlst10ctIye for FS medIUm 
This allowed easIer IdentificatIOn of the target colomes among numerous non-target colomes 
10 tests wah SOil conta101Og smaller numbers of X c campestrts Although the starch zone 
was also dlst10ctlve on CS20 ABN, thIS medIUm was not as effective as FS because the starch 
zones were so large that nelghbourmg zones fused WIth each other and many saprophytes 
formed colomes ""\thm the zones O .. erall, FS \\as most sUItable for soIl studIes 10 terms of 
the consistent reco .. er} of the pathogen, the select1V1tv agamst saprophytes, and the 
differentiation from non-target orgamsms 

INTRODUCTION 

Black rot of crucIfers, caused by Xanthomonas campestrls 
pv campestrlS, IS a major dIsease of cabbage \\orldwlde and 
threatens cabbage productIon In '\Tepal and the Hawauan 
Islands, partlcularly In the Kula area on the Island of \bul 
HawaII DespIte the use of pathogen .. free certtfied seeds 
and other common dIsease control measures, severe recur
rence of disease appears to be perpetuated b., the pathogen 
perslstmg In sot! (Aharez and Cho 1978) In temperate 
zones the pathogen survIves for 2-6 week.s when free In 

sod, but may survive for 8 months or longer m mfected 
plant debrts m sod (Schaad and \\-hlte 1974a Graham et 
al 1989) Pathogen populations m SOIl can be reduced bv 
dlskm% or plowmg plant reSidues to faCIlitate decomposl
tton of mfected debm (Gilbertson et at 1900) and some 
disease control can be achieved bv crop rotauon and fal
lowmg The populauon denSity of soIl-borne 
phytopathogenIc bacteria mav also be reduced by low wm
ter temperatures (Schuster and Coyne 1974, Saettler et at 
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1986) In Hawall and '\Tepal, however, cabbage IS produced 
succeSSl\ eh and often simultaneously With other cruCifer 
crops and the mIld tropIcal climate supports the growth of 
cruclferous weeds (and hence the pathogen) withIn and 
around the fields all vear around Thus, the disease cvcle IS 
contmuous \loreover, some phvtopathogemc xanthomon
ads also are known to be capable of survlvmg m the rhl
zosphere of the host plant (Goto et at 1975) It IS Itkelv 
that the pathogen populauon perslstmg m SOIl and posslbh 
the cabbage rhlzosphere has a slgmficant Impact on 
occurrence of the disease 

Despite the demand for a practical control method to 
reduce and mamtam the pathogen populauon below the 
threshold for disease development, baSIC ecologIcal and epI
demIOlogical studies are constramed by the lack of suitable 
selective media for detection of the pathogen In SOl! 

Although some semi-selective medIa have been developed, 
they were IneffiCient In quantlfymg the pathogen because of 
over-growth of background saprophvtes (Schaad and White 
197 4b) or poor recovery effiCiency (Kado and Heskett 
1970) -\ starch-methIOnIne medIUm (Chun and -\lvarez 
1983) was useful m the Isolatlon of several pathovars of X" 
campestrlS from soil Other selectlve media, Fieldhouse-
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A BIOlumInescent Xanthomonas campestrzs pv campestrzs Used to MonItor 
Black Rot InfectIOns In Cabbage SeedlIngs Treated wIth Fosetyl-AI 

Glenn T MochIzukI and Anne M Alvarez, Department uf Plant Pathology Umverslty of Hawall Honolulu Ha
wau 96822 

ABSTRACT 
1Iv10chlzukI G T and Alvarez A \1 1996 -\ blolununeseent '<anthomonas wmpestrls pv 
campesms used to momtor black rot Inte~t1ons In Jbbage ,eedhngs treated II.lth tosetyl 6,1 

Plant DIS 80 758 762 

Autophotography of a blOlununescent trans~onJugant ot l(anthomona, LampeStris pv campestns 
provided a relIable means to quantify the extent 01 ba~tenal InvaSIOn Into cabbage (Brasslca 
campesms) A smgle prophylactic treatment at tosetyl -\1 at -+ 800 mg kg-I a I as a spray and 
drench reduced the InvaSiveness ot \anthomonas wmpestrls pv wmpestrls on Inoculated ~ab 
bage seedlIngs Multiple treatment~ did not redu~e InvaSI~eness turther The etfect ot foseWI Al 
was Immediate (WIthm 1 h) and persisted tor at least 21 davs The etflca"y of tosetyl Al treat 
men,~ .... a. more pronounced at 20 C and decreased J, temperature lnLreased however the data 
mdlcated a separate etteet of temperature on dlsC<be d<:;~elop~er ~nd no direct Interactmn he-
tween temperature and fosetyl Al treatment 

Black rot caused bv Xanthomonas cam 
pesms pv campestrzs IS tqe most Impor 
tant disease affecting cruCifers worldWide 
(33) Charactenstlc symptoms mclude V 
shaped yellow to tan necrotic marginal 
fohar leSIOns followed by vascular dark 
enIng stunting wlltmg and sometimes 
death of the enure plant Latent mtectlons 
can occur (l 33) 

Fohar mfectlOn typically occurs through 
stomates or hydathodes and mtested seeds 
are the major source of pnmary Inoculum 
Plants may become Infected at any growth 
stage but the wet crowded conditIOns m 
seedbeds are highly condUCive to pathogen 
transmiSSIOn The pathogen present m the 
guttatlon flUid of latently mfected but 
symptomless seedlmgs can spread to 
healthy seedhngs (21) 

Control measures Implemented at the 
seedhng stage may slgruficantly reduce the 
rate of transnusslOn and disease develop 
ment In the seedbed thereby rmnIrmzlng 
the potential for severe field epldermcs 
Very few chenucal treatments etfectivelv 
control bactenal dlseases In the seedbed or 
field Streptomycin oxytetracychne and 
copper compounds are avrulable but low 
efficacy pathogen reslstaPce phytotOXICity 
and VISIble reSidues hnut their practIcal 
use 

The systenuc fungtclde fosetyl Al 
(ChlpcO Ahette produced by Rhone 
Poulenc) reduced the mvasIVeness ot sev 
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eral bactenal diseases ot ornamentals when 
applied as a prophylactic spray (4-722 
23 32\ 'Weekly fosetyl AI treatments on 
4nthurlum andraeanum plants subse 
quently moculated with Xanthomonas 
wmpestrls pv dleffenbachlae resulted In a 
SignIficant reduction m disease seventy 
leslOn numbers and leSIOn areas (223) 
Reduction In symptom expressIOn of vas 
cular phytobactenal diseases by fosetyl AI 
~uggested the potential for controlling la 
tent bactenal mfectlons Fosetvl AI IS rap 
Idly aSSInulated mto the vascular system 
and IS both acropetally and baslpetally 
translocated resulttng tn rapid dlstnbutIon 
throughout plant tissues I 10 II) These 
properties suggest fosetyl A,.I as a good 
landldate lor controlltng X wmpestrls pv 
campestrls mfectlOns on I.ruclter seedlings 

Recentlv a genetlcallv transtormed blo 
lummescent X wmpeslrls p~ wmpestns 
strrun contatnlng the lux gene I.assette ~as 
used to mOnItor mtectlOns ot ~Jbbage un 
der dltferent nutntlOnal regimes (20) This 
transconJugant ~as phenot'rplcally Identt 
1.a1 to ItS Wild type parent and ~as ~onsl! 
tutlvelv bioluminescent alloll.mg the \ISU 
alizatlon of mtected tissues II.lth 

autophotography on X ray film This pro 
~edure detected the pathogen In presvmp 
tomatlc tissues suggesting that thiS method 
rmght be usetul for evaluating the use ot 
fosetyl A..I In redUCing latent 'J stemlc m 
tectlon and spread 

The obJecmes ot thiS study were (I) to 
deterrmne an accurate method of assessmg 
mtectlons with VISible and latent compo
nents and (11) to use that method to evalu
ate the efficacy of tosetyl AI tn redUCing 
disease tn cabbage seedlmgs mfected with 
a blOlurmnescent X campestns pv cam 
pestrls transconJugant 

MATERIALS A..ND \tETHODS 
The pathogen A blolununescent trans 

conjugant ot X campestns pv campestrls 
was developed by tnparental matIng ot a 
hIghly Virulent ~Ild type ,trrun Gl71 
(onglnallv Isolated trom diseased ~abbage 
In Hawrul) With Escherichia coil HBIOI 
"ontrunIng the lux gene ~assette In 

pUCD607 and E call HBIOI With the mo 
bIllZlng plasrmd pRK20 I j 120\ The latter 
two strruns were kIndly pro\lded by Shaw 
and Kado (30) The resultmg transconJu 
gaJ1.t ---{\esignated stram 17 I LIIH 7 con 
truned chromosomally mtegrated lux genes 
and expressed constltutJl, e blOlurmnes 
cence m culture and In planta (20) This 
strrun was Identical to Its wlid type parent 
In all aspects studied IncludIng patho 
genIclty Virulence growth rate nutntlOnal 
reqUIrements and serologIcal and phySlO
lOgical charactenstlcs (20) 

Seedhng preparation and fosetyl Al 
treatment Cabbage (Brasslca campestns 
L) seeds of cv Early Jersey Wakefield 
were assayed for xanthomonads Seeds 
were sown Into 9 0 cm square plastic pots 
containIng 650 cm) of a 2 I (voUvol) rmx 
ture of SupersOlUverrmcuhte medium 
amended wah 3 kg ot Osmocote 176 12 
(Grace Sierra Horticultural Products Co 
Milpitas CA) and 5 kg of dolormte per 
cubiC meter ot medium and allowed to 
gerrmnate on the greenhouse bench Plants 
were thInned to a smgle plant per pot and 
ferttltzed agrun wah I 3S g of Osmocote 
per pot 3 weeks atter emergence Plants 
were watered tWile J.ulv except for 24-h 
penods tolloWIng to,et,l -\1 treatment or 
moculatlOn l nttorm 2 to 3 week old 
seedhngs at the three to fi ve true leaf 
stage were selected lor all expenments 

Seedhngs lI.ere spra'red and drenched 
with a .+ 800 mg kg a I tosetyl Al sus 
penslOn In deiOnIZed water Foliage sur 
laces were spra~ed until runott (apprOXl 
mately 2 mI per plant) USIng a hand atom 
Izer then 25 mI ot the suspensIOn was 
drenched dlrectlv onto the medlum In each 
pot Watenng was Withheld for 24 h post
treatment Nontreated ~ontrol plants were 
sprayed and drenched ~llh delOruzed water 

Inoculum preparation and moculatIon 
method [no~ulum v. as prepared by sus 
pendIng lells from a 2.+ h lulture of X 
campesms pv campesirls strrun 171LIIH 7 
grown on peptone glucose agar medIUm 
(peptone I C7r glucose 05% agar 1 7%) 
mto stenle 001 \1 phosphate butfered sa 
lIne pH 7 2 and adjusted to a concentration 
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Nitrogen limits Xanthomonas campestfls pv campestns 
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H\dathud" arL the pIlm Ir p"rtal)1 entf' lor \anthomona; ampeslns P\ campestm m cruCIfer< u 
plant' OllLe ntr\ I ga ned thi> ,'tular pathol(ln qUllkh multlphes and ramlhes progre""I 1\ 
III thl ,d,m It \\", ,h[)\\n pre\lou,h that \ ampe)lm lo,es m monltt\ "hen It mteracts \\tth the 
plant h),t Ind I£> mU\tment 111 the "Iem" relamel\ pa>Sl\e nonethele>s the bactenaltell, .lIt 
able 01 untmue to pn ad 111 tht ,\lem The me! hamsm 01 bactenallmaslon m the "Iem ha 
reml1ned largel\ umdentthed In the present tud, \ tampeslns p' ,ampestns chromo,omalh 
tal(gld "lth a lumtttumt d\ reporter a"ette "as used for real t!me andhsls of the Ima,l\e 
characten tlL l>t th" x lem 1m adml( pathol(en as a luncnon of ho,t mtrogen nutnnon HI~h 

le\eb )t mtrngen "ere tound to ,10\\ do"n and e\en Impede the m\aSl\e aCt!\!t\ of \ lamp'm, 
p' amp, In, The r\ pe )1 nttrogen did not appear to affect the grO\\lh rate of \ ,ampe 1m p\ 
amp"ln lEal h nitrogen t\ pe had an apprcLlable effect on curbmg baLtenal m\ aSlOn 01 the, \ lem 

111 labbagt pi uH The e tudH' ,ul(ge't that ho,t detence lac tors other than the coment!onal 
h\ per,en It" e re pon," H, enh.lrll ed b\ mtrogen III the '{,lem 
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INTRODUCTION 

\anthomonaJ LampeJtrlJ P\ LampeJtm mfeers plams through h\dathodes naturalopemng, 
at the leaf margm, I m the d.b,ence of \\ oundmg a feature that IS common .1mong 
xamhomonads allO\\Ing the orgam,m to 1m ade and progre~Sl\ el\ multlph In the 
Xv lem elements throughout the fohar parts of cruclferou, ho"t, [2] F 0[\\ ard mo\ ement 
of \ wmpestrzs p\ wmpeJtns m the \. \ lem I, not due to monllt\ or chemota \'1' t, tht> 
bactenal cells are nonmotile and nomhemotactlc m the ho~t plant [101 In the tree 
11\ mg ,tate hOlhe\ er the\ com ert to mottle chemotacnc lorm, b\ an em lronmem.1lh 
mduced pha,e ~\\ltchmg mechamsm [!O] The degree of prog;re'>lOn m the \.\ltm 0\ 
'{ Lampestrzs p\ wmpeJtm I, dependent on m ablht\ to concomltanth mulnph mo\ e 
m thiS \ ascular element and e\ .1de rnggenng; the h \ per<;ens!tl\ e re-,pome ot the plant 
defence s\stem \lthoug;h the preCl~e mecham'm of ho,t detence e\ .1,lOn I, not knu\\ n 
for '{ Wmpf\tTl> p\ wmpe\tTll It 1;, kno',n that at lea'it the product of a chromo,omJ.1 
gene hrp \, pIa\'> an lmportdnt regulatun role m conternng thl::> propt>rt\ on \ 
campejtm P\ LampeJtm [9 11] The hrp \, gene 1, a member ot the ara( gene tatmh [15] 

* To "hom lnrre'pondenle ,houid be .lddre"ed 
\bbre\ lanon u,td tn te,l araL "ene ( 01 the .lrablrl",e 'peron l m hlor.lmphentloi HR 

h\perSelb!tl\e re'pon e h..m J...J.nJ.mHlrl lIn b.lLtenaiiuuttr.l'e 'lp peltlnnm\Un 

9 1'198 \t.ldt ntll Pn" Llll1lt< d 
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Abstract 

Vanatlon among strams of Xanthomonas campestns pv campestns, the causal orgamsm 

of black rot of crucIfers, was studIed The relatIOnshIp between symptoms assocIated wIth 

selected strams, their epidemIOlogical fitness m misted seedbeds, the presence of a gene 

associated with severe symptoms m these strams, and a pathovar-speclfic surface antIgen 

was exammed StraIns with blight InductIOn capac ltv spread more rapidly m misted 

seedbeds These blight straInS all hybndlzed with a 5 4-lb DNA fragment Isolated from 

the type stram of X c campestns (Xcc528 T) ThIS fragment In pJC41 ""as prevIOusly 

reported to confer blIght symptom InductIOn In cabbage when mobilIzed to a closely 

related leaf spot pathogen ¥ c arrnoraclae The relatIonshIp between thiS 54-kb DNA 

fragment and bhght symptom InductIOn was studIed by marker-exchange mutagenesIs of 

Xcc528T at the pJC41 regIon Loss of the fragment did not destroy the systemlclty and 

blIght InductIOn capability of the wild type However, m pathogemclty studies strams of 

X c campestns that hybndlzed with pJC41 generally caused strong bhght m cabbage 

Thus, It IS likely that other gene(s) with simIlar functions eXist on the genome A positive 

reactIOn to the monoclonal antibody (MAb) A 11 was associated with strams that 

produced blight The hypotheSIS that the antigen reactivIty wIth thiS MAb plays a role In 

bhght mductlOn was tested by mutagemzmg a blight stram of X c campestns (CAM19) at 

a gene locus that IS necessary for the productIon of thiS antigen Although the two A 11-

negative mutants (NTG90 1 and NTG2230) which were obtamed were aVirulent or had 

reduced VIrulence, the restoration of antlgeruclty by complementatlOn dId not result In 

SImultaneous restoratIon of VIrulence Thus, although the antIgen for MAb All IS a useful 

IV 



marker associated with bltght-causmg strams, It does not play a role m bltght symptom 

mductIOn or pathogenicIty In summary, bltght strams of X c campestns are distinct from 

the more typical black rot strams m symptom induction and epIdemIOlogIcal capabdltv 

They usually, but not always, hybndize with pJC41 and react wIth MAb A 11 It IS 

suspected that blight mductlOn IS controlled by multIple genes 
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A849 
IMMUNOf)I:Tr:c..1"JON or XANTIfOMONAS l.AMPEfjT1U~ I'V CAMPCSTRlS IN 
THr GUTTATJON rLUIJ) 011 LA, I:NTl.Y INm("'TPO CABBAGL \Ll:.DLlN(,~ Q.L 
MQchll,\JkJ and A M AlvaH .. 1 Depl (If Planl Pathology UllIvlJrslty of HawRIl Iionolillu HI 
9(,822 

Thl,. h~olhe';ls Ihal XanllumWllns cnmpcstns pv (ampcslns (Xcc) eould be rcrovcrcd from 
the gllU .. llOn Iluld of latently Infected cahbage seedhng~ waf; tested uSIng three inoculation 
method!> and assayed UI'III& It monuuonal antibody (mAb) based IInlnunonuorcsecnl colony 
~t31111nr. Ct chnlque (IrC) to recover Vl4bll,. cells of lhe pathogen prc~enl In low populations 
Ten day old c.abbag<. ~I,.c:dhngs were moculated Wllh/" by applymg 1 to 10 cCu directly InlO 
gutllliion dropleb on hydilihodt-s by mfillratlllg 10 du mto the root zone or hy vacuum 
Infiltrating Ihe r,eed and gro\l(lng OIlC the seedhngs Plants were iceI" In growth chambers III 

22C to retard ~ymrlom cxprCAAlon (.uttll.llon wa.~ Induced and the drupklS were colle('lw at 
48 hr mleN,I .. Rnd a" .. ay<...d uo;lIlg Irt.. and l\t1ndard dlluuoll plating Recovery of X(C wa.<; 
Inlermlilent lind vamd (rom 2 to over 21'(X) du p<...r l\cedhng The Ire.. ass,,), u~lns XC( 

!ip~cllic mAh X21 PIT\, wa. mon scn~ltlve and reproducIble lhan ,tllndlUd plallns 
te('hnlque~ Till' manlnlUm IlIlles for the 'ppearanCG of Xrr In guUatlon nmd Cor hydalhodl,. 
rool and seed Inocul.·ttlon method& W<...TC 2 9 1nd 20 daY" respeellvely 1 hese d"ta suggest 
the pm"hk role of undelc<...tt.d mfectlon and transmiSSion of X(( In the <:ecdbed 

A1088 

U'iE OF A BIOLUMINESCENT TRANSCONJUGANT OF XANTHOMONAS 
CAMPESTRIS PV CAMPESTRlS TO MONITOR DISEASE PROGRESS IN CABBAGE 
SEEDLINGS UNDER DIFFERENT NUTRITIONAL REGIMES R McElhaneJ AM 
Alvare7., and C I J....ado University of Hawall Honolulu HI 96822 and University of 

Calafornla DaVl\ CA 95616 

A bIOluminescent transconJuganl of Xafllhomonas campcstns p\ campcstns (Xcc), 171 
LIIH 7 was Isolated and compared to the WIld lype for growth In vitro and In p/anla The 
strdln remained stable WIth respect to bIOluminescence and VIrulence mer SlX senal passages 
through cabbage seedlings Host nutritIOn and Its relation to blac" rot of cabbage was 
sludled In Brasslca o/cracca cv capllala (C G cross) seedhngs uSing thiS transconJugant In 
seedlmgs grown ""1th different levels of NH4N03 (NH4hS04 !<.N03 K, and P for four 
weeks pnor to moculatlon, msufliclent amounts of nitrogen In all forms Increased disease 
whereas NH4N03 and (NH4hS04 at tVllce the bel required for optimum growth reduced 
the invaSiveness of the pathogen Movement of the bactena In the vascular system of the leaf 
WdS confirmed WIth X ray film Visual leSions wcre reduced "'1th high levels of KN03, but 
leaf blots revealed that bacteria had extensively Imaded the petiole H gher levels of K and 
P fertJilzatlon had no apparent effect, however, ""hen P ",as omltted, disease development 
""as greatly mhlblted The blOluIDmescent pathogen proved to be a \aluable tool m 
nutritional studies because Vlsual symptoms did not reOect the extent to which the pathogen 
had progressed In cabbage leaves 

r r' tJ.f]L[ COpy 



.. @ MPN-mlcrofluorplate tecbmque to study epiphytic popula 
bons of a bioluminescent Xanthomonas campestrn pv campestrn R 5 
Anas S C Nelson and A M Alvarez Department of Plant Pathology Un! 
verslty of Haw3J.1 Honolulu HI 96822 

Crops rotated with crucIfers In Haw3J.1 harbor epiphytic populations of Xan 
Uwmonas campestns pv campeslns (Xcc) that serve as Inoculum when cab 
bage IS planted The SUrvival of Xcc on leaf surfaces of alternate crops was 
studied uSing a blolununescent stram (171 LIIH 7) of Xcc Lettuce cabbage 
mustard and nee olants were spraY-inoculated WIth 171 LIlH 7 and leaves of 
each crop were sampled at mtervals from 25 to 40 days m separate expen 
ments Leaf extracts contalnlng bactena were placed m flat-bottom nucro 
fluorplates contalnmg lIquid mediUm, and wells reflecting hght erruned by 
baetena were recorded on x-ray film The MPNES computer program 

(Woomer el aL [990) was u~(!d to (!stlmale the mosl probable number (MPN) 
of epIphytic populallons of 171 L1IH 7 SUrYlval of 171 L1IH 7 was sImIlar on 
cabbage mustard and leltu,-e and delectable al 10 t..fu/cm 2 of leaf surface 
after 40 days On nce howl..~er Xtt was delectable for only 12 days Epl I 
phytlc spread of Xc.c was n_duced on t..abbage after spraying WIth bactenal 
antagontsts Isolated from t..Jbbagt.. s'-ldhngs MPN mlcronuorplate method IS 
accurate sensitIve and lne~fX.nslvt.. 
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GREATER EPIDEMIOLOOJCAL FITNESS OP XANI'HOMONAS CAMPESTRlS PV 
CAMPESTRIS SUGHT STRAINS IN THE SEEDBED I SWM, S c. Ne1soc, and A..M 
Alvarez.. Department of Plant Pathology Uruvemty of Hawa.u .. M~ 3190 Maile Way 
HODOtwu, m 96822. 

~ data SQg;geSted that XarWwI1WM1 Ci1mpe3l11s pv campalru tYPIcal black rot (BR) 
acd bhghr (BL) stn.uls dlffer u:J attnbutes of epuiemaologlcal. fitness (phytopathology 
83 1405) To usess tlus cooclUSlOQ, a.ddJ.bonal strams from BR and BL groups were 
comp&red for b.t=u spread from mtroduced chsease fOCI Ul two l"UruI of an expenmellt Ul 

1Ill£ted seedbeds Samples from le.af wash co1Iocted from each plant "'ere I.llQlbated on a 
sd«:bve mecbum ID separate wells of aucrouw plates and ~:u:ruaed by ELISA WIth 
tDOGOC1oDal 8IlfJ."bodIes that dJ.itmgwshed st:am.s of the !*hogen In run one (lVg temp 
29 3'C). l.DC~ of BL stnms 14 days aftu lDOCUlatloo was bJgher (19 1, 9 8, md g 7% 
fot 5trauII G2-17. A3263, and G2 12 respectively) tIwl for SR stram (6 0, 3 3, wi 1 1% 
for GAeI1, A249, and GACl37) In run two (avg temp 26 4'C), mcadence was 141, 
120, 109, 141, 7 6, aDd 8 7 r.. (Ill the same order as Ul run one) SpawJ analySI.S of the 
fica1 J.I:IIadeoce mdtcaf.ed that Bt stram.s spread farther than BR stmDs The data suggest 
greata' eplde!.molQilca.l fitness of BL strams 

A657 
DIFFERENTIAL EPIDEMIOLOGICAL FITNESS OBSERVED FOR TWO STRAINS 
OF XANTHOMONAS CAMPESTRIS PV CAMPESTRIS T Shlgakl and A M 
Alvarez Department of Plant Pathology University of HawaII at Manoa 
Honolulu HI 96822 

Latent spread of Xanthomonas campestns pv campestrls was confirmed In 

cabbage seedbeds by uSing pathovar specific monoclonal antibodies (MAbs) 
Bactena collected from guttatlon droplets of symptomless plants were grown 
on escuhn trehalose medium In mlcrotlter plates and Identified by ELISA by 
strain specific MAbs One stram (G2 '2) which causes bhght like symptoms 
and reacts with MAb A l' spread more rapidly than another strain (A249) 
which causes typical black rot symptoms and reacts with MAb X21 Four 
weeks after inoculation the mean InCidence was' 9 6% and 4 8% for G2 '2 
and A249 respectively Of seedlings Infected with G2 12 and A249 9' % 
and 22 2% respectively showed visual symptoms ThiS differential spread 
may be related to strain differences In epidemiological fitness or effiCiency of 
infection through hydathodes Rapid latent spread In the seedbed may be a 
Significant source of initial Inoculum for field epidemiCS 

/A849 
JMMtJNODLTJ:(.'1JON OJ XANTIlOMONA fj (.AMPCf)TP.I\ I'V CAMPl~S TR/\ IN 
nm GUITATrON fLUJIJ OJ" LA, CNTLY INrpCTpn CABUAGL \LLDLlN(,\ ~ 
~.L.\lk) Rnd AM Alvan.1 Depl ('If Planl Pathology Uluv"r\Lly of HaWlI1I llollolul\l HI 
96822 

Th" hypOlhC'!;IS ,hal X(lIltJllmWlltlS Ctl/llpeSlflS pv ('Qmpestns (Xcc) could be rcC'ovl-fcd from 
the gulldllnn iluld of latently anfet.t(..d cahb1ge seedling' Wd<; tested uSIng three 1Il0CUl1l1l011 
method~ and a~sdycd ut;.mg It monouonal antibody (mAb) based untnunofluorcsccnt colony 
<;tallllnr It (,hnaqut. (Ire) to recover VJdbk. cells or the pathogl..n I'fC'C:C'IU In low populations 
Tl..n day old C'~bbdg<.. 'i.t.cdhngs were InOculalrd Wlth!cc by dPplymg 1 1010 cfu dlteclly InlO 
~'utlatlOn drolll<.l\ on hydalhodl"s by IOfillrallllg 10 cfu mto the root zone or hy Vllcuum 
Infiltrallng the t.eed &nd growmg Oil! lhe secdhngs flanls wcrc kept In growth chambers lit 
22C to relclrd 'i.ymr1om t.xprc~lon <.ruU.tllon wa~ InduC(.d and the dropkt<; were collen"d .il 
48 hr Intc~al<; And l\v,ay<..d U<;lllg Jre. .. and l'itlndard ullulloll pll1tmg Rcc£wcry of Xrc Wd, 

miermlllcnt and vamd flOI11 2 to Ol/(.,f 2tXIO du pl.f ~eedlang The Ire. RSS1Y u<;lng Xrr 
sJ)C'calic mAb X/l nTC' was mor~ SCllt;ltiIiC and rerrodllclblc than ~tllndald plat tnt> 
ter"mquc<; Till' mInimum IUlles for the 'JlpearanCG of Xrr In gultalJon nuad Cor hydalhodt.. 
IOO! and sced l!locui<tllOn method/> wt.rc 2 9 and 20 day-; respectively 1 hese d ~la suggest 
the pO'i.<;lhlr rllic of undelc:..,,(t.d IIlfeclaon and transmiSSIon of X("c In tht. <;ccdbed 
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1 ExecutIve Summary 

In Nepal, crucifer crops (cabbage, cauliflower, mustard, broad leaf mustard, radish, rape, 
broccolI and turnip) are Important vegetables These crops are considered as wmter crops 
Black Rot of crucifers caused by the bactenum Xanthomonas campestrls pv campetrzs 
(Xcc) has been found 10 all areas of crucifer productIOn So far the black rot disease IS 
considered to be severe 10 the hot humId regions worldWide However 10 Nepal the 
disease has been surpnsmgly occumng 10 cool temperate and alpme chmate even at 
altItude of above 2000m Farmers of Nepal are very good 10 theIr tradItIOnal agncultural 
practIces but lack the knowledge of modem technology baSically due to lack of education 
Dunng the field mvestlgatIon made 10 thiS project farmers of most of the Important 
vegetable grOWIng areas had good opporturuty to get the knowledge and become almost 
aware of thIs particular problem Otherwise almost all farmers thInk black rot caused by 
Xcc IS due to weather condition rather than pathogeruc cause Just as In 1845 when potato 
growers m Europe atnbuted late blIght of potato to weather rather than to fungal 
pathogen, Phytophthora mfestans 

The causal bactenum Xcc Isolated from different hosts of crucifer seeds and Infected 
plant matenals were Identified on the baSIS of pathogeneclty, blochemtcal serologIcal tests 
The serologIcal slmtlanty ofXcc strams of Nepal and Hawalan strams tested by Enzyme
Lmked Immunosorbant Assay (ELISA) has open the door for the qUick and relIable 
Identification of Nepalese strams WIth antibodies generated m UH Future collaborative 
work could be done to do more extensive work m Nepal which has great seed production 
potentIal due to natural bounty and cheap labor cost The bactenum Xcc survIved on 
Infected seeds longer when stored at room temperature Infected crucIfer debns also Infect 
the next crops of crucifers Infested seeds are the potentIal Innoculum source to spread 
and perpetuate the dtssease 



2 Research Objective 

2 1 Importance of Black Rot Problem 

In Nepal, crucifer crops (cabbage, cauliflower, mustard, broad leaf mustard radIsh rape 
broccolI and turnIp) are most Important vegetables These crops are considered as wmter 
crops Black rot of crucifers caused by the bactenum Xanthomonas campestrls 
pv campestrls (Xcc) IS known to be destructive disease world wide 10 hUmId and warm 
chmate(wllhams, 1980) The pathogen survives on seeds (Schaad, 1989) and 10 sOIl 
(Schaad & Whtte, 1970, Chun & Alvareze, 1983, Seattler et al , 1989) as the pnmary 
source of 100culum The bactenum had been detected from seeds of mustard, cauhflower 
cabbage and turrup collected from warm temperate and sub-tropical parts of Nepal and ItS 
charactenzatlon had been reported (Shakya & Malia, 1988) However, 10 Nepal crucifers 
IS the Important crops also 10 cool temperate and Alpme chmate above 2000 m altItude 
Cabbage seeed production are undertaken mostly 10 these areas Very few studies studies 
had been done on thIS Important disease 10 Nepal 

2 2 Mam objectIves 

- to know the mCldence and seventy of black rot 10 the Important crucIfer growmg areas 

- to know the cultural practices followed by the farmers 

- to detect and assay crucifer seeds for Xcc collected from different sources 

- to IdentIfy and charactenze Nepalese strams of Xcc 

- to know whether the Nepalese strams of Xcc Will react With monoclonal antibodies 
(Mabs) already generated 10 Umverslty of Hawau (UH) eventually to know the 
serologIcal groups of Nepalese strams 

- to suggest control strategIes 

- to dissemInate the results nationally and mternatlOnally 



2 3 Innovative aspects of project 

- The study has clearly demonstrated that the black rot of crucifers IS not only 
the problem of warm hot humid clImate but also IS the potential problem of cool 
temperate and alpme chmatIc condition 

- It helped to make the Nepalese farmers aware of the cause of black rot due to bactena, 
otherwtse more than 95% offarmers on average thmk It IS not a disease but only as 
weather effect 

- For the first tIme, the occurrence of black rot of crucifers has been recorded from all 
14 development regions of Nepal, mdlcatmg the disease IS of great slgmficant m 
the country It IS the concern of all personeals workmg m agncultural fields 

- Brochures on Disease assessment prevention and crop managment m Nepal wIll be of 
great help to aware the agncultunsts and farmers of Nepal 

- It IS generally considered that mCldence of black rot dose not occur m the fields where 
crops are rotated With nce However, the perpetuation of the dIsease even m 
such crop rotated fields which IS the general practice m Nepal, mdlcates that seeds, wIld 
hosts and debnses play Important role as the pnmary source of mnoculum potentIal 
ofXcc 

- The seeds stored m room temperature m temperate chmate, Xcc servlVed for more than 
a year thus seeds can playas most potential carner 

- The study reports for the first tIme the serogroups of Nepalese strams ofXcc which are 
sundar to those found m Hawau and many other geographIcal reglOns worldWide 
suggestmg common strategic plans to control Xcc could apply for Nepal 

2 4 Support from other orgaDization 

- Seeds were prOVIded from vanous Government and Non-Government orgamzatlons hke 
Institute of Agnculture and Ammal sCience Pkhnbash Agnculture Farm, NatlOnal 
Agnculture Research council, FAG vegetable ProJect, Jumla Agnculture ExtenslOn 
StatIOn and Marpha Agnculture Extension StatIOn etc 

- USAID, Nepal orgaruzed and sponsored the semmar talk program for Dr Anne Alvarez 
and Dr R Alvarez and collaborator Dr D D Shakya dunng theIr VISit to Nepal m the 
year 1998 ( Itmerary see appendix) 

- Curtesy call to Her Excellency US Ambassador to Nepal Mrs Sandra Vogelsang, Dr R 
Wuster, Regional FAG Program officer 



3 Methods and Results 

3 1 Field survey 

FIeld surveys were undertaken m small farms and commercIal cruclfes fields of dIfferent 
parts of Nepal rang10g from TaraI, HIlls and Mountams, covenng all 14 developmental 
zones Evalutlon of disease seventy was recorded and collection of dIseased plant 
matenals were randomly collected from all 3 broad cltmatlc regIOns Seeds of cabbage, 
caubflower and mustard were collected from local markets and agncultural farms 

In taral and lulls these plants are generally rotated with nce Some of the places the grow 
crucIfers and nce SIde by Side (But 10 some of vegetable fields cultivatIOn of cruCIfers are 
found m all year round 

InCIdence of black rot disease had been observed 10 all three major chmatlc and 
topographically diverse regIOns of Nepal e g Taral m lowest elevatIon below 300 to 600 
m and sub-tropical cltmate, Hills elevatIon 600 to 1500 m temperate chmate and 
Mountams above 1500 with alpme and tundra clImate The disease was found more severe 
m sub-tropical and warm temperate regIOns However, the dIsease was also prevalent 10 
some fields at high altitude and cool temperate and alpme chmatlc condition such as 10 
Daman, lumia, Marpha and Muktmath The morn1Og and even10g dew and fog and strong 
w10d might have spread the disease 

DetaIled study m mCldence of black rot was done at Theml one of the Important vegetable 
farms sItuated at the mIddle of Kathmandu valley(Manandhar, 1994) The altItude of tlus 
area IS 1280 m and climate IS warm temperate Black rot symptoms were found on 
seedhngs to mature stages of growth 

Farmers of Nepal are very good 10 their tradItional agncultural practices They make very 
good compost manure and cropp1Og pattern and sequence But they lack the knowledge of 
modern technology Based on the response of the questIOnnaIreS they were found very 
much Innocent on apphcatlon of pesticides and even the chemIcal fertlhzers They were 
usmg different pestIcIdes wIthout knowmg the proper use of related pesticIdes or dose At 
the time of spray none of the farmers were us10g mask or gloves They even do not 
heSitate to over dose pesticIdes Accord1Og to the farmers of that locahty (Theml) they 
have been us10g chermcal fertlhzer only smce nearly 45 years The pest problems have 
been mcreasmg smce then Farmers were generally us10g pestIcIdes like Indophtl M-45 
Dlthane, Metaclde, Nuvan, Vepona, Fen Fen 20 and BHC Although BHC had been 
banned dunng our survey several farmers were still usmg It and they were adVIsed not to 
use It 



3 2 Detection, IsolatIOn and Identification 
The causal bactenum was Isolated (Table ) m the laboratones of Tnbhuvan Uruverslty 
(TU) and Uruversity of Hawau(UH) from mfected plants matenals and seeds collected 
from dIfferent zones of the country Bactena from crucifer seeds were extracted followmg 
Schadd 1989 utIhzmg both direct plattmg and seed extracts on dIfferent semlselectlVe 
medIa e g CS20ABN (Chang et al 1991), Fieldhouse Sasser medium FS (Yuen and 
Alvarez, 1987) The Isolates were Identified on the baSIS of blOchetnlcal, serologIcal and 
pathogeneclty tests(Shakya et al 1993, Shakya and Manandhar 1995) 

33 ELISA Test (Enzyme -Lmked Immmosorbant Assay) 
ELISA test WIth monoclonal Antibodies generated m the Uruversity of Hawall agamst Xcc 
were used to find the serologIcal groups of Nepalese's StraIns of Xcc (Yuen et al , 
1987) dunng my three VISits to UH m the years 1992/93, 1996/97 and 1998 Xcc strams 
Isolated from crucifer seeds and plant matenals from Nepal had POSItIve reactIons WIth 
several Monoclonal antlbobles (Mabs) generated m the laboratory ofUH These 
serologIcal reactions were tYPical of many Xcc strams Isolated from Hawall (Table ) The 
serologIcal slmtlanty of the Xcc strams to those of Haw all IS not unexpected smce these 
strams all fall mto serologIcally tYPical of Xcc strams from a worldwIde collectIon 
(Alvarez et al 1985) Selected pathovar speCific Mabs, such as Xl, X3, X4, X9, XII, 
X21, and B35 wIll thus be useful for rapid IdentIficatIOn of Xcc from crucIfer seeds and 
fields In Nepal These results provIde a foundatIon for field mspectlon and seed 
certIficatIon m N epa/ 

4 Travel and VlSlts 

4 1 International VISits 

42 Tnbhuvan Umverslty to Umverslty of HawaII 

The collaborator Dr D D Shakya, Professor of plant pathologIst from Central Department 
of Botany, Tnbhuvan UruversIty made three VISits to laboratory of Department of Plant 
Pathology, Uruverslty of Haw all on followmg dates and penods 
- FIrst VISit 1992/93 -4 months 
- Second VISIt 1996, Dec 12 to 1997 , Jan 7 
- ThIrd VISit 1998, June 25 to July 26 
Dunng these VISits Dr Shakya had good opperturuty to leaarn specIally all aspects of the 
serolOgIcal techruque which was used to Identify the Xcc strams Isolated from seeds and 
plant matenals from Nepal Further more, With thts techruque for the first time the sero
group ofXcc strams of Nepal and their companslon With other mternatlOnal strams had 
been made In collaboration With UH, thIS techmque can be used m Nepal on seed 
certIficatIOn and to deVise the strategIes for the control measures of black rot diseases 
usmg the Mabs already generated 10 UH 

~1 



Ms Ganga Malia, Lecturer of Tnbhuvan Uruverslty also had an opperturuty to work 
partially m the laboratory of UH m the year 1994 She was learnmg a new technology on 
usmg Lux-gene to trace Xcc on crucifer plants 

42 Hawall Umverslty to Trlbhuvan Umverslty 

Pnnctpal Investigator Dr Anne Alvarez, Professor of plant pathology, Uruverslty of 
Hawall and Dr R Alvarez, vIsIted Tnbhuvan Uruverslty Nepal m the 1997, May16 to 26 
The Programes, 
-VISit of Tnbhuvan Uruverslty and dISCUSSion with with the collaborator Dr DO Shakya 

- FIeld suveys to observ the black rot mCldence and to get acquamted wIth farmer's 
cultural practices 

- Workshop and DIscussIon with plant pathologists of Tnbhuvan Uruverslty, Ms G 
Malia, U Manandhar, I Barua and R MalIa 

- courtesy calIon and bnefing of the project 

Her Excellency Ambassador of USA to Nepal, Mrs Sandra vogelsang 

Resldentlal Reprensattve UNDP to Nepal, MS Caroll Long 

Resentla1 Program officer F AO, Dr RIchard Wuster 

4 3 Semmar and Workshop 

Sem·nar talk program of Dr A Alvarez Dr R Alvarez and Dr 0 D Shakya at conference 
room USAID/Nepal on May 23, 1997 

Workshop by Dr A Alvarez and R Alvarez at TU on May, 22, 1997 

Shde presentation by Dr Alvarez and diSCUSSIon on black problem at Blue Star Hotel 
on May 24, 1997 

5. Impact 

ThiS collaborative project between Umverslty of Haw all and Tnbhuvan Umverslty has 
prOVided a great opportumty to mvesttgate m detaIl on the situatton of Black Rot of 
cruCifers m Nepal The results showmg occurrence ofXcc through out the country and 
sero-typmg of Nepalese strams are the first reports of ItS kmd The recommendatIOns 
made on the baSIS of the mvestlgatIon playa great role to control control black rot and 



Improve crucifer productlOn m the country The study also shows that Nepal has a 
potenttahty for seed cenficatlOn program to export Xcc free seeds 

The project has a great Impact to tram a group of the plant pathologists ofTU Now we 
have the team who can work confidently One of the student has made hiS M Sc 
dissertation on mCldence of black rot With dlstmctlOn grade under thiS project Several 
farmers were made aware of the problem and about ItS control dunng the field surveys 



Reactions of Xanthomanas canlpestris pv. campestris (xcc) strains 
with monoclonal antibodies 

Xl X2 X3 X4 :\.9 XlI Xl3 XI6 \,17 \,21 All B35 \,1 X2 X3 X4 X9 Xli Xl3 X16 ..... 17 ..... 21 ~1l B35 

---_ ......... _-_-=:;:r= __ ---------
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MESSAGE 

transmiSSion 

Prof. Drill Devi Shakya, Executive Director 
RECAST, TU 

331-964 

T. David Johnston, ARD 

May 19, 1997 

Presentation on Plant Bacterial Disea~,E' Control 

4, including this cover sheet 

I am sendmg you a copy of memorandum for your mformatlon 
regarding the presentation on Plant BacterIal Disease Control which 
IS being held at 2 00 PM on Frrday, May 23, 1997 In the Conference 
Room, USAID/Nepal 

Thank you 
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MEMORANDUM 

TO 

FROM 

SUBJECT 

See Dlstnbutlon 

T. David Johnston, c~ 
PresentatIon on Plant Bactenal DlSease Control 

DATE & PLACE Fnday, May 23rd at 2:00 PM, In the nl£lin Conferena 
Room, USAIDlNepal, Rabl Bhawan 

Professor Anneal Alvarez, Plant PathologlSt of the 'Uruversltv of Hav.all and Professor D111 
Devl Shak')a .E:-xecuuve DIrector of the:: Research C"'nrer for ";'ppbed SCience and Technolo~ 
(RECAST). Tnbhuvan Unnerslt} h:n e C':;:"":;' ,l,.-orkmg on control of ba("tcmaJ dlseases In pIar 
wIth fundmg from USAID's Program fN S\..lentlfic and Technol()glcal Covperatlon (PSTC) 
They will make a presentatIon on cODtrol Of Plant Bactz"'lal Dl::,east~ wh.ch 1$ based upon 
thell" work m Nepal and HaWa11 wHh fundmg from thell" PSTC grant 

The meenng will last 1 hour mcluduLg questlons and answers "''''''l::=sbIIlen \\ III be serveti 
followmg the presenrauon 

We are lookmg forward to reCelVmg nOmma~l(' of mdIVldualS +or ,m your orgaru..z.anon to 
participate 10 thls presentatlon by Thursa.av, ~:a' .:: 1997 at f l\Y'o\m~ f1umbers 

Telephone No 270-144, 271-:71 :nd 271--r" - I?~ 223 
FaA No 272-357 

Thank. you 

.. ;1': -~ 



Dr Raghav DhoJ Pant, Member, NPC 
Mr Mohand Dev Pant, Secretary, MOA 
Mr. JagadlSh C Gautam, ExecutIve DlreCtor, NARC 
Dr TeJ ~dur K C , Dean, lAAS 
Dr Tlka Adlnkary, Plant ParhaloglSt, IAAS 
Ms Carroll Long. Resldent Representative, UNDP 
Mr RIchard T Wurster, RepresentatIve, FAO 
Mr Marshuk All Shah. ResIdent ChIef. ADB 
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Mr Joe Maruckavasagam, ResIdent Representative World- Bank 
Mr Leu Chnstensen. Mmlster Counsellor, DANIDA 
Mr MIchael Alcock, Flfst Secret:a.ry BTCO 
Mr John Abmgron, Dlrector. Hill Agnculture Re~.arcb Project 
Mr Masao Watanabe, ResIdent RepresentatIve, fleA 
Dr Rabl Dev Shakya. Acnng Managmg DIrector AEC 
Seed Entrepreneur Assoclanon, c/o AEC 
Charles Dnlling. AlDlI'ector 
Molly Gmgerlch, S02 
Jane Nandy S03 
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All ARD Staff 
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Bacterial diseases of vegetable crops and their <control 

Dr. Anne M. Alvarez, University or Ha,.raji 

Seed • borne bactenal dtseases of vegetable crops cause substa.ntLal crop 
losses world .. wtde and hmder the development of the vegetable seed 
mdu~try Studtes on transmisston and SUlVlVal of pathogt~Jlic ba.ctena were 
undertaken m a coIIahorattve prOject between Tnbhuvan UruVersIty and the 
Uwversrty of Hawan to proVlde the essentlal background mfonnatlOn 
needed for disease control. MethodologIes for detectmg speerlic stralnS of 
seed .. and son .. bome bacterIa were developed usmg spev"'lfic monoclonal
anubodtes and serolOgIcal assays for Identrlicatlon of pathogens In addttion, 
we produced genencally modrlied bioluminescent strams to use as ~edn 
bacteria Ul sUfVIVal studteS Uses of these methods Itt prodoonon of 
pathogen - free seed will be dtscussOO Apphcarions for future research and 
Improvement of dtsease control T!'~_'"'Ur~ for r;~ d.lld ve£ecable productlon 
also will be descnbed 
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