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Foreword 

Tomatoes and peppers are among the most widely grown and consumed 
vegetables worldwide. Not only are they nutritious and highly acceptable, they also 
provide good income to farmers who produce them. While research on the 
improvement of both crops have progressed so much in the temperate zone, research 
on their tropical counterparts have lagged in many aspects. 

The symposium on "Tomato and Pepper Production in the Tropics" is an attempt
to bring together scientists working on both vegetables, particularly those from 
developing countries to exchange current information on a broad spectrum of themes 
ranging from genetic resources conservation, varietal improvement, pests and disease 
management, and cultural management. It is hoped that the proceedings in this volume 
will prove to be a valuable reference to students of tropical tomatoes and peppers.
The country reports from Asia, Africa and America should provide additional information 
on the status of these crops under different agro-climatic and socio-economic 
conditions. 

Emil Q. Javier 
Director General 
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Genetic Resournes of Capsicum for Tropical Regions 
B. Pickersgill 
Department of Agricultural Botany, School of Plant Sciences, University of Reading, 
Whitelknights, Reading RG6 2AS, United Kingdom 

Abstract 

Chili peppers were domesticated at least five times by prehistoric peoples In 
different parts of South and Middle America. The major species on a world scale is 
undoubtedly Capsicum annuum, but other domesticates remain of local importance.
Genetic resources for the improvement of any given domesticated pepper include,
firstly, conspecific accessions (both wild and oomesticated); secondly, domesticated 
peppers belonging to other species and their conspecific wild relatives; and thirdly,
wild species which have never been domesticated. All species can probably be 
intercrossed through conventional sexual methods, though manipulations such as
bridging crosses, change in ploidy level and c nbryo rescue may be needed. Chromo
somal structural changes are common between and, to a lesser extent, within species.
Interspecific and some intrasnecific hybrids are usually at least partially sterile and 
interspecific transfer of genes on those chromosomes involved in structural changes 
may be hampered. Collection of genetic resources of Capsicum is proceeding actively,
but evaluation and ciassification of these resources are lagging behind our 
understanding of how to utilize them. As major collections are grown and evaluated 
for morphological and other characters, our present limited knowledge of the
geographical distribution of diversity, in general, and of useful characters, in particular,
should improve. Isoenzyme studies of these collections should show the extent to which 
domesticates are genetically depauperate compared to their wild relatives and should 
provide informatioi on breeding systems, organization of genetic variation, and markers 
useful in breeding programs. Analyses of these data will improve our understanding
of how the presently available genetic resources of Capsicum came into being and how 
they may best be maintained. 

Introduction 

C(apt.uumr and I..\clpel/rSio provide an interesting c0 iiipar is in tie unlder.standing and 
exploitation of genetic rcsources. 130th ,+.Cenera oricinatcd in the Anierican tropics. the na.jorit\
of' species are South Anierican. and the taXOronoic boundaries ol both genera are poorly defined. 
In C,1 )Wuut. tie dOnesticatCd lp their close \i.ldrelatives a cohcrenteplperS and forni turoup 
of Species recognizahle by their puineit blerries wWhich have shiny sirl"ces and bri.lit clear clorswhen ripe. Species \vliich do notl cotoril to this description have been trNsLerred between 
('upswion and othe"gclel'. such is,llr'Ii(1to and I"itIhringi'j. These species are not wvell known. 

o.st are not represented ii lixin- ctollCctions, and nonc has vet been crossed S.uccCssfully with 
the chili peppersI, lt pepper unilike tomato. Cenetic resoLrces Ior the iniprovenCnt of the crop1 
at present include only species in the genuis 0 rpiculn. 

In LycOperS. '00. oril\ single speciesa, was dornest icated. wherea.s in (U,,,.Vit-ur there have
been at least live indlcnClnt dmnestiCations, invOtlving three clearly distinct \vild species. There 
is much parallel variation within each of the do1risticated species infruit color. size. shape
arid pungent+C,. Noipungent IllU'aits have been established in Most if riot all ol the doniestiCates. 
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so that each domesticate is in efcted a dual-pturposc crop including both spice and vegetable 
types. 

The existence of several distinct donie:ticatcd species makes liscussion of the genetic 
resources 01 Cphrni11, tor tropical re'gions Mtore Comiplicated than comparable discussions for 
totnalo. [or ans' given domesticated pepper, the genetic resou rces available are, firstly, other 
dotresticated accessions otfthe same species: secondl'. wild ftorts belonging to tile same species: 
and thirdl .wild Or domesticated peppCrs behlging to other species. The International Board 
f0r Plant Genetic Resources (I BPGR) has been sponsoring collection of domnesticated and wild 
speciCS 01f(' 1i)' ill icrica anil SirCie. hut nil111V ;.acLtoo 1Atiii A else,, ssiOns are still held in national 
collections and hase not vet becn Iralnsflrred to the two 'lobal hase collections, at the Centro 
Agron6nlico de Investicaci6n v Ensefianza (CATIE), Costa Rica. and the Asian Vegetable 
Research and Ie\elopnlent Center (AVRI) . 

Evaluation (1 Material in both nationl and lohal collections of, Co)sicltln is still incomplete. 
IlLyiopelr.Niclo. oil the other hand. \., ,spCciCs has c been Cxploited as sources o t usel'ul 
characters I'r manm years (Rick. 1982). Ht-clvr. man\ ol tilebarriers to interspecific gene 
IranIIsfCr in ('11)Ai'toM e hel identil'id, iuch of tile forha lCathrad so groundwork required 
utilizin,, effectively cenetic re:ources roun difIereCl specics is alrdyh illplace. 

The Domesticated Species of Capsicum 

The dolleslicatcit species of' ('ill.N1t'mil Cotiprise tw, species (C. Notlartln L..arnd C. 
puttbImi'-n',ts R. and P.) which ar cIlearls distinct h\ a1\ tai 'nointlc criterion, plus a species ciiplex 
M5 tateiL as coltitining three iIIpeilenll v domesticated species (C.atttltlflthich is curretihtl 1111C 
I...C. JI'tat'sc'l.s I.. and C. /hitti'tt.t' .hc l.i 

Capsicum annuum 

This sPcciCs k&,dnlicticated in Me'xico (Pickersgill. 1971) and is the most important 
cultivatCl pcpper il Ne\ico atd adIjacent iottitrllics. It is also the imlost important species in 
Zassirld sCa.c, since it imcludes all the ctunnerciallh important sweet peppers andllman. spice 
t\pes. Soite puLrplC-Ieas\cd cuLi ars are grown as irnalientals. The center of morphological 
ilier,,its or01. Me\ico. are useLi dried. WhileC. a/it11t111111 is prohahl. Sonic .Mexican hlot lleppler 

1ther,arc uCd frCsh alnd ma \ he hart\CelCd green or Islh ripe. lPericarp thickness. aind hence 
case o\t1 il c, mr%illdillrent t\ pcs. lch naIMmedi t\ pe hia,its o\\ i untique chiarNcteristics o' 
ptll1l1Cnt.". I] 1i, illldOF (,.()lo. 

fter (AClItilhUi imitriiuilCC pcp.pcrs to Luol'e in 1493. C. it/1111t1111 spreatid ratpidly Itoll 
-uropc to .\sia and .\rica. The ramiUe (i1 ICrnipla,,mi initiallh intmliuti'ed to tIle Old World ,.S 

proil\l1 SMiall htllLurini tile ,,.Setlucit 4(1(1, ars o[ e posure to Old World pests and iliseaes 
some usetul resistances ba\e evolved (Hend\ et ai.1985). Some parts of tile Old World tropics 
1ita' pr,e to0 he immmpiialllt scondar\ cilerS tI diiersits tolthis species. 

C. ttt1tutUt is dlistii uishil triin (lie other iloiiieslicated species hy its solitary tlowers and 
truits. 1iid its clear si hitc Ciroillas. 

Capsicum frutescens 

Peplpers which are niirpIotoeicall. idlentical t \ilid C. /tiUMCn. are grow n or exploited 
throughout uiniuchll Latin Aiiiericai, These pcppcrs Ias C also beeni introduced tii the Old World 
and are crown M\here Cxtreci pungeilCn is reiriited, tlir CM1atitple tIr oleoeesitn extraction. In 
parts of" the Old World. such as P.apua Ne\ Gouintea. thev have escpld hr'nt1 cuhtiVaiti~ and 
established theiliseyes as wech cotitpinetits of' the tlu ir. 

larl'-fruitdt t.pes i"C. fi'tt,..scet Tahasci Th' gariivininclude tile pepper. tre in [lie 
lo\wlands oflMiddle Ancrica and other circuM-Caribbcan countries. aiid ha\v also been introduced 
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to the Old World. The' often have rather soft flesh and Ill:Iaor no,. ialIV havc thin pericarps
suitable Ibr drying. Mild or even nonptngcnt types are coninion in Costa Rica and Pa11111nl.. 

Domesticated types of C. fut ,scens usually' have Solitary flowers and fruits, whereas wild 
forms have two rthree flowers at each node. The flowvers are greenish white, unlike the pure
 
white flowers of C. mllujlni.
 

Capsicum chinense 

This is the most vatriable ol the do esticated species and the most widespread within Latin

America. Large- Iruttcd. thick-walled types which ire used fresh are counion in tIle
West Indies
 
and some otl er part,, ol the Caribbean. \kbile in colstal and montane parts of the Andean region

thin-walle,' typCs \khich 
a,. used dried also Occur. In Anmzonia. smll-lruitcL types repulted

to h14Ve gO,Id l]ii\,or in addilion to ptlngellC\ are sidesprcad. Sonmc A .ccessiols
onitzonaill of 
C. 'hi/ct. 'icc'llitte Itb)loste ,iollu2, tto putlngenlt peppers known.

C. Chincr.it' I:I achel West Al'rica. probably through PortutcuLese tralil contacts soon
 
alter the 1L'u.opea);.n dis'os\tl\ of Br,/il. but itdoeS lt
scent to be widlCl knwn intile
Asiall
tropics. It is ntlorphoiogicall 'ilihitr 1t C. tt w Mtaitd C. .ui't(.I'I.ns.The lo\wers arc tisnitllv
greenish W'leic. Usuailh tM\o Or Ittr. per node, alld When the 'ruitls are nltturv., there is ustrallv
 
a characteristic hairline constriction wIere 
 the ctl\'x joi l the fruit stalk. Ilndividual accessions
 
may deviate inartonle the,,e charactcrs but. With atlittle wactic, 
 cal be cOrrect[\ identified 
on their overall cha t eri,,ti,. 

Capsicum baccaturn 

This speci es is kp\-%n ort a garden and field scale in South America. Pi"ticularlv in Peru.
 
Boliv a and Brazil. Again. there is intraspccifiC \'la
ri atoll ilr I eattt rs such ispuii ,rincy 1ird pecriearp
thickness. The dried norri.e tlrtuits o1 escabche peppers are pe rhaps lieltnost c iiittiit Cond imeint
in Peru. while the rnild-hlavored, large, thick-walled fruits of cIp&It de Iride are sold fresh
 
inmarkets in southern Brazil.
 

C. hat (huntt reacalied FOtPrope b\ thc !7th ccitLtiir\ gro\wn inAlrical or Asia.but islot Wi tlIC 
possiblv becauii se C. 11tt111 a11nrindC. fi'/c.n.%\%Cele alreadv well eCslarlislld. There seel it)
be no ectlogicall contralints which \otld preent \\ider cultivttio l of, thi, species.

C. ac 'lt is ea ily distinutishcd fi'nni the other domesticatestC, becaulseC its tllwe'Sr have
 
yellow spots il at Corollt.
h\llilc 


Capsicum pubescens 

This is a highland pepper l'ond tlirughUt the Andean rCgion arid nok L'ron also il ',he

highlaids ol' NI iddle Antricat. It seem.s to ha 
 ci'm\r
a narro. ecoihgicaIl ariplitde titIllinthe other
domesticated Peppers. Itdoes not set fruit satistactoiril\in marty Iarts o tltohwland tropics,
nr in the f'iCllor gtreent sltellt tllirpholohhic;tl variati ln is alsoinim terrperate ciluritCS. Its 
mtre limited than that illthe other dnltlesticated Peppers. It has putngent frtfits \ ithhick ricarps
arid a arue iloistlre Content. 

C. ,'ubt'. ''I'ti IiatlCannot be coitinLsCl with I tilt tler dthCd,1nlitilatCd pePPe1 s. Its CollinhirratiOll 
ti"purple, unspotted Cil-rllasl tnd dalrk ,CIS is unique. 

Economic Potential of the Different Domesticates 

It seeinst.t have been I'gely histo1rical accident that has ld titileN,iddle Americait peppers
C. aiurttm and C../rttc,.'ci. beilrig grow i thIlruIglOlt tileWorld. while litSouth Ariericini 
donest icates C. ti,ttenSI iid C. bacct /mahavse remained little ktowin iutside tle ir riti ' 

continent. There is somelc anecdotoal evidence that the flavor o" the pungeint lypes ntay difTer in
the different species aind that this n,1alJrcclttdlC acccptlt1cc Ol' Soutlth American species in Mexico. 

http:t(.I'I.ns
http:Chincr.it
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or Mexican chiles in South America. However, it is not clear whether any such differences 
in flavor would he present in olcoresin, extracted rom the different species. 

Founder Effect in the Domestication and Dispersal of Capsicum 

Each of tilt domesticatcd species of Cap.ictim seen1s to have bC.ll derived f'roil , small 
sample off the total diversity present il its wild progenitor. The evidence is most conclhsive 
tor C. annimui and to some extent fo r C. baccatttnt. WVild accessions of C'. annitt f'tonri Middle 
America belong to two\t diflecrnil chrolosome races. ()ne race has a single pair of acrocentric 
chr'lmosoeles and o.cII rs f'lOlll Costa Rica tI tile til lehrn Uitllicd States. This ra.: is fMund 
also ill C'. (']hillOeA ait, C'. fittt. ,'Aici so is presund to be tihc basic chromosome race ill tile 
C. anulni collplex.. The second Cl liosomue .tt'c has !\wo pairs of lacrocentric chromosomes, 
is confincd to central Mexico. and is app-,arcltly dcrivCd froml the first race b\ fixation ol a 
single uneqlual rCciproCal chroinosoilial interchaine. Ivllhrids between tile t',w races are partiall\ 
sterile (pollen stainability is reduced to aboul 50(; 1. Virtuall\ ill domelsticatcd C. annviunm belones 
to tile second chronosonllc l'ce. 'his suggcsts that C. alul/nnumn Was dolestlicated ill celentral 
Mexico. 'i-oill local \.vild pelpers belongilne to tile derived ctll]IonioSOillC IaCC. Wild peppliers 
representilg tile hasic chronlos.mnC ra.c 1i1a\' not have c0iltrihutCd directly, to tIle gene pool of' 
domesticated C'. 1iao1u1. It . therefor- not surprisinLg that some potentially ttseful disease 
r'esistan.es are ilo\\ hiIn iunid il aeCSiilS d \ ild , almuin 'rom Central America (Jlocha'd. 
1982: Hendv. ci al. 1985). The tilllti\ ariate anal\,ses of Pickerseill. et al. (197')) suen.,cst illat 
domesticated C'. ,hi/w/I.o' and domesticated C'. /i' I.\N.cic like\\ is, derivcd tril different 
elelents of the Name %i,.lcspread %\ild complCx. 

In C. 'can aill taccessioros ., 11r tested helonye IlowevL'ali. ., to tie sallC el'oll'osole irace. 
soIllc accessions 01 O Ild C. o'' IW!i,,i. hel Crossed rcCiprocally ,i dl C. C'hil'l'.,.pIrOdIice
Fi h\brids which are mllorpllologicall\ nolmal, ,hile others produce morphologically abnormal 
Ivbrids \\hell used as pollen pirelts. lhese accessions are kno\\ rcspectiv,'\ as llolcalr le'rs 
and carriers of a \ irus-like sVlldrollc f ahlior Ilalitis...\ll a,.:ccssions otfdoiliesticated C. hccantu 
which lavc betn tested are carriers, and \'\ere jr1ulmtlliatI\ dCri\Cd fro eillarrier straills Of \ild 
C. baccatnt. lfimrtiniatel\ there is ,gcographic pattern il tile diStrbutiOl 1'carrier verIsuLs 
nollcarr'ier stl'aill' of C'. so las not to ofw.ild a 'hCCtnn. it heen possible locale tile celter 
dollesticlti,in ofI tilis species ver\ precisely IPickcrsgill. utnpubslished. 

IaCh 01' the lO nllcstica IledpCppers seem s.thlere r to I0a ve passed tIl r tighIi all evol ti a ry 
bottleneck associaltCd \,itil dotIlstication. 'he\ are pr'hahl. gellcticall\ dCpauperate ill their 
overall v\ariation comipalrCd to their' wild prognit.. b-,ut this is obscured h\ tileil' increiased 
variability ill fruit ChllactClS. devehIloped b\ Iitilln sClcCtion LIldCI domCstiCalion. The loss of 
varilahilit\ associated 'Aitit ''undel ecilts ill tile d)tleSlitlnil and SbSL ,I.lll inlltercontillentll 
dispersal of tile \arious spciCs o!' C'ap'ioMl could ibhe ialltified h\ e.iiiiinillg alleli, diversity
an ,i l-dinl ceie. SI) t eer.\ cill iso/\ iIens hae\'e beemnused in c ll'Inlosoille maping 

and linkage studics ill 'atp.iculi(lalkslc\. 1984). railhClr than in stutdiCs of CenCtic dv\ersitv. 

Characterization and Evaluation of Genetic Resources in Capsicum 

IBPGR 1983) pulishCd a rcIWOlllltlendCd list of"descriptors f'or C(tl'.shiCtnt but it is 1ot vet 
clear how widely these dCsCr iptor, havs hcen accepted ald ll)\\ Iar characteri/ition o' the va'it 1us 
naitinal and gh bal co llectilns hIa', proceeded. NI an\ ra\\ data pertincIlt to characterizaition have 
been gathered in tile course of studiCs SuLC1a thosc 01' L-sllbauill (1970. 1979). Pickerseill. 
et ll. (1979) and Laborde and Pozo (1982 hut these reilaill in h, lIltho's" arhcll'Vcs ald are 
not generally aivailable. 

VarioLIs species of (0'apxh 'lui IIl bee I reported it 1, SOLiices Olf est and disease resistnlnces. 
but evaluation of collections for these aittribltes li.:. bCilind elaracterization. Ill tost clses. 
resistance is probably Ii prlpert\ of' a partictLlir accessiol rather than of, tie species to which 
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it belongs. Resistance to various virls diseases has been reported C. baccal'uom (Dunias deill 

Vau lx and Pit rat. 1978). but observat ions on C. bhcctulnlln South America and in tilegreenhoruse 
inEngland (Pickersgill, unpublished) suggest that illina*.n\' accessions of this species are fact 
cxtreinely virus-sUsceptible. A promrising allele for resistance to tobacco rllosaic virus (TMV) 
has been reported from two accessions of C. (hOh'Hun.Z.-' 1 (Bioukenua. 1982: 1984a) but it 
is not clear how w\idespread this allele is in C. chacoense. 

interspecific Gene Transfer in Capsicum 

,\,ost interspecific hv'hrids in Cap.sicum are helterittrLls f"O1OIie o1 MOe clhrtmlosot nal 
interchanges (Tankslev. 1984: Ega,,a and Tanaka. 1+986: Pickerse ill. unpublished ).Interchanges 
Iive also occurredT \ithiln C. Ch. aC C. IMId.Rs(II. (Gtizvile deCmoor.,i'n.t rd probablV 
Ledn, 1986: Pickersgill. un1 pulishedb. I1 ,lC gec to be transferred is carried on one of the 
chrolosoles involved in an interchainge. then it \\ill be difficult to recover Ilrtile recomiinants 
for that cene in later seeregatinge Cencratiorns, especiall. if the gene islocated close to a breakpoint 
on an initerchangeed chromosomIre. (n tileother hand. if JIe desired 1enC is located On a 
chroimiosorme which is not ins tilsed illallircrchrane. theit io miajor difficulties 111a\ be 
experienced in it translfer ltroul ore Species to another. Tranrsfer of tile I., allele fir TMV 
resistance froill C. roclton illC. SCrerS toto Ilebe procCedirll sr01ooilhlv even th1oLgh tie 
F hybrid b)et\ ect C. ]t/rt',0'nt anid dtttcstic,tcd C('.tnon is heilrCzvettuS for three 
Chronmosonral iliterchallges ilvl\\ ii1g e pair>s ofchltorlOstlloes. tIe I. gelne is carriedfi\ PlICsutnabl\ 
oi olle of th.:oilier se\ erl chrolIiosolles illthe coilpfellerlt. 

At Readinr. vsc arc usirg iso\ rle-codirn cenes to idcrtif\ tile chrnrtlosoes ii\o\led ill 
iirteI'Clralees illdifiiCirl interspecCific h\ bridS. WC hope to disco, cr elretlier sonic chIrorIoSOIreS 
are invrlved ill irterchiarucs nt1e frcqurctil\ tharin \\ hat tile toi"others, arid if so. consequenlIces 
phlnt breederS ilia\ be. 

Nuclctc\toplasriric interactions treC..IClt\ actrr1ar1 v irntersllCciltic h\Ibridil'ation ill 
(aptsicum. h'lie , occurs ii ih\:1ivirus-like svndrolrC hich brids of C. Chilrt'n.r' X dorriesticated 
C. /actnn is one e\anilple. Other less \xxell uriderstotd iitera.ictioilS produceIal;.e sterility. 
either sporadical\ . as for eariliple iii tile first backcross gcencratior of crosses betx, cei \wild 
and doirresticated C. Wtnrunron i Fickcrsgill. unplublisled . or corsistentl\ . as \\hen C. tha,(1t ,enlc 
is used as the felliale palclit illcrosses \with rrerlibers tuf the C. toronnIm etmplex (IBoukerrra. 
1984b). Ifsuct1 nurlciOCVtoplasnric interctiors alffect only ale. not feilrale. fetility. they may 
serve isnew soureLs ti0f iale stcri iit\for the proidurctioi of, hvbrid seeds. 

Unilateral iricorruit. is freuCi l' ound in interspecific crosses ill tileSolarraceac. It has 
been Much studied ill .vCpwr.siortlhIlogerbtnurlr. I979). In(t/.SiCtmr. ullii.ltelal inCotngruities 
separate the species illto For c\arimplC. pollen of C. /)l1/)tt(i'a+cat flCrtili/C oxulesto grtoutpS. 
of tie C. anoirullni corrplC\ and of C. iltltt. hllut ill the reciptrocal crous.:s,. pollen 1tubes of+ 
tilewhite-flowered species slop grss ig ii1 tre tpper part tf tIe C. im/btA.xs.t\ le(Ktoonrpai. 
1970). Becauscof this, urnifairail iricorruits. transfter of alleles froi purple to \\hite-fitiwered 
species shnti0.ld Ibeasier if tire Irs brid dMVxaiivcs are consisiCtrnl\ i,, d 'Is iale prnCts . Ireras 
transfer of alleles Iton, w\hite to purple-flt\\Cred spccies shrtouldhIbe easier if tire hyl'id deriv'ativ'es 
arlle as ferrule parlenls. illour labuttr'\.used This preCicliOn1. will be tested 

Some inter'specific crosses fail tt pLrthLIidcC l\ \ihable seeds,.oISr explel, crtossCs between 
C. Chi+O'utto arid tie purl'ple-li, cled',pecies. ire.takdO\1i tlf these Weeds oll s a.pattern Which 
seents tri he Irttie Solalracae. , has been reported ill I.V('t (IBafbanult: pical since i 'l'ri'oll 

and "lopoleski. 19t84 and other geCira. tile stireC. then losesThe eillbro deC\clops it ghtbIrlar 
its intrtegrit . while tile c'rrbr\o sac bhcCorIes prCh.:f'cl\ filled With a truiss olcells. At tile satie 
ttle. cells iitllrediadlsc outside tile saccClfnree sac becolies dislortedCllbtvu'V mi2el\ . The elltrrbrx 
and evetuallv collapses ( Berriawie. unpLublished. SoIe of these effccls ra\ be attributable 
to hiortimoial iribalances. at1d \e irteiCid 0 irrvesigaie fellcts tf both in 'inarid iln vitro alplica
tionns of plant liriloes and chairges ill plhidy level ill pstl-lrili/atirtr events ill these crosses. 
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In Lyc0';wrsiCol undesirable linkages. for example between nematode resistance and wild
type characteristics, have posed problems in recovery of' commercially desirable types after 
interspecific gene transfer. These problems have been alleviated by the use of' isozyl le variation 
to facilitate both selection of desirable recombinants and rapid returnito the phenotype of' the 
recurrent parent ('Fanksley and Rick. IriX0h. 

In (ipiwU,,. WC ionot yet know What difficulties may be experienced because of undesirable 
linkages. and isozyie work is still in its infancy Comllpared to the accomplishmCnts in toniat,. 
However. the potential uses Of iso/\nes to accelerate breeding prOgraincs seem as great in 
CIasiculn as illLy'.onwisu-oil. 

Nomenclatural Considerations 

There has bcen considerable conltusioll oCr tile sciCntiic names of' the domesticated chili 
peppers and some of' their \ild rclati es. 1:*cessivc taxonounic splittin, ilthe 19th century led 
to the Publication of MIan binoniials. some of \which are still U.ied hy ,olne aathors although 
they should 11oire p rOpCrI be treated as llnrs. For example. C tt'grn Willd.s\it i\ is still 
sometimes used for a purple-leased ornamental pepper \which is simpl\ a mutant f'orm of 
dome1sticateCd C. onturortt. so should be ilcltuded illthat Species. 

Bailey' 1923j treated all the domesticated pepplr,, koto\x it to him as a single species. for 
which lie sed the iaie C'. f./i'c.'ll.s. 'his started a koIllusion \\hich persists lodIy. SOniC 
authorS use C. to ilncludc IpCIer hich other \%orkers \,oild ,elpIra.itt,,' n.1 \, as C. 01tnttttn1. 
While othei's use il1%. C . Ii'lh'.. ill'llaro\ sense. as a species di', incIlltroli C. I t ollllill. 
Many papers pullishc. in earl\ part (,"this cCntur . as \well as s(tile later ones. thus use 
"c../i'tc l',r for %\hat is .' \called ('. W11t1,Il. )oriCsticated 'C.ittt¢'SrcnSand domesticatdCt 

as this paper. 
Simples of tileancestrall !erCie pool. bClonlg to di'frct:' c 'OllnOsiln ICCSracls d offer different 
r'e!,otli'ces to Ile plant brccdcr. If research results arC to he e.'lltmni.t 2,a.'vllbi2uOtUsly. it 
is vital that authors CstabhSli as cleall\ ipossiblC the idcntll\ of th,', 

C. alntttuun. delined ill \\ere dhlu:,!i,:atCd illdcpcnintI. inco rporate diflIerent 

as experiieita; material.
'hile sonic wcks will uridtubledly disa.rec x\itli the taxonomriic treaitmen adtopted b\ IBipR 

(1983). these iames do niii secrrr rctsonabl\ stable and likely t help mutual Uderstandine 
of' results obtained b\ different 2roups of\xorkers. 

Conclusions 

Genetic resources for tile tropical regiois areimpro\ ellent of peppers ill far froiri exh.austed 
by C'alsiCt'r lcbreeders. CoIlletitis a ri rcasilnah de1qudte. thougl still distributed bhct\\cc 
nany differeinl research institute.,. Characteri/ation aid ev\aluation are still vely inconuplete. 
though work is illprogress to rectif'\ this. Gene transfer bet weent manm species inthe gerus 
is possible without use of special techniques. Where barriers to intCrspecific h\bridiZatitin ha \e 
not yet been hreaclicl. the\ ria\ sOntrilcs be ci reunlycri tcd by use t if'brid ti crosses. Althoullh 
COasiciun. like other Solanaccae. is likely to be suitable for genetic 1,arnipu latioin through 
techniques of' genetic enigineeriri. there is still !such di\Crsit\ which ca be exploited through 
coiventional plant bicedine. 
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Symposium Discussion 
C. Duranton: Concerning Cap.,i'icuu species. thc .;tnation is, for me, a little bit intricate and
 
I need more data for my bre,-ding work. Could you indicate the best means of improving my
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knowledge on this subject, ,n article or a book, which will allow me to recognize more easily 
the different species in the Calsicum group and tile best way to get some standards of each 
main species to work on directly. 
B. Pickersgill: Brief diagnostic descriptions and a key to help with identification of the five 
domesticated species of Capsicumn are given in the IBPGR booklet on Genetic Resources of 
Calasicum (AGPG/IBPGR/82/12:August 1983). This can be obtained from the IBPGR 
Secretariat. FAO. Roine, taly. I have suggested to IBPGR that kits of seeds containing one 
typical accession for each species be made available for distribution so that people can grow 
anthbent ically ideritified nraterial and observe for thenilselves tile species-diazoristic characters. 
I hope that IBPGR will take Lip this suggestion. 

C.H. Hung: In "aIi\wan wc often find dark seeds (ilrdic;itirig p10 r qualitv seeds) instead of norrnal 
golden seeds in materials for FI sweet pepper seed production originating niostly fro Europe 
or tile USA. Is it possible that those materials iav be the progenies of C. pibcsccns which 
YOtl merit ioncd is tnC rrMajor soirce of black seed. or that the\, resuIt fron infection with pathogenrs? 
B. Pickersgill: C. tlibscns is [lot grown corinlercially in the USA or Firurope. It does not 
hybridize easil w]ith C. annuum aind ill\ seed set on C. tW.1t1r1111 b\ C. Ihtr.escelS pollen is straw 
colored like the riiaternal parent. Frl'hrVo culture is usually necessar' to raise the F, hybrid. 
which is extreielv sterile. I am therefore certain that C. l tcsc'IIS is riot tile source of your 
dark seeds. 11 ,our seed parent hias reduced Ieiale fertility (which Ima be i conrsequierlce of 
Snome hrns ofihal Ie sterility) Or reacts adversely with pollen of thie pollinato r. fertilization. eriibryo 
and/or end Isperi dc cl lprl crit iiay fail. produIcing eipty seeds which iay beconte necrotic. 
I ',our dark scils conrain cimbryo and enlosperi of iorrial size. then I think ,ou should seek 
a pathholoical explanation. 

B.S. Kim: The eencti,: barrier hetscci Ca,si u'un species may be a problem in tile ltilizatiori 
of criiil:isl. Can biotechnology such as protoplast fusion techniques solve the probleii and 
replace to!,1inttion?' 
B. Plckersgill: Most species f (';M.sicin can be intercrossCd Via irltCrspCcific pollination. 
either directl, or h use of bridgir crosses. The hy'brids have sufficient fertility to produce 
F, or backcross Cllicra torns ald pairing aid crossillg-ter between chlroiosoniles fronii different 
species usual ly occurs. The rirajor probleri in interspecific gene transfer via the sexual route 
is obtaining fertile recoribiriants for the desired character. Thlis problCri \woulli occur also in 
sorliatic hybrids derived from protolilast luSiOri. The soriatic hibrids wsoilih also be tetraploid. 
which would corllplicate any Lurthler ha.kcross prOLgrallilne. I think plasmid-ruediated 
.ransf*Oririatioi. sslich ssould gClCratC diploid recollbillarits irim1ediatels. tia\ he tile ilost 
efficient ICieild if iIterSpci hegeie transfer, lohwescr. as Dr. 1li told us. this technrohogy 
will not be availablc iii Clsic'n until a technique iSavailable for regetriratig Cip.iclutt plants 
from single cells or catllts cultures. 

B. Villalon: What are tile iairi rcasons for tile oCLculrrene of' the greatest gell.tic diversity 
in C. anuntm and C. chiin.wc? 
B. Pickersgill: WC Io lot vet kno%%. The diversity in fruit characters il cultivated C. atiuunr 
in Mexico and cultivated C. (hin.t, inI Arnazonia is probably related to hiiriian selection. 
However. vegetatise characters of C'. 'li'un.ealso \ ar a great deal in Anlatonia. They are less 
likely to have been inllfuiericcd by hlu na i selection anrd ill\ pi ssihly relate to ctological adaptation. 
but this needs further iniestigation. Allelic variation ariong isOZyriiC-codiitg genes could provide 
a third measure of diversit\, and COuld pertlit quantitative interspecific coiparisons of genetic 
diversity. for which explanations Iight then be soight., out these isozriie data are not yet 
available. 
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Genetic Resources of Tomato and Pepper at AVRDC 
David C.S. Tay 
Asian Vegetable Research and Development Center, P. 0. Box 205, Taipei 10099 

Abstract 

The Asian Vegetable Research and Development Center (AVRDC) holds one of the 
largest collections of tomato genetic resources in the word. It presently contains 6,074
accessions from 84 countries/territories. Most accessions belong to the domesticated 
species, Lycopersicon esculentum. Other species include L. cheesmanil, L. hirsutum,
L. pennelili, L. peruvianum, L. peruvianum ("glandulosum" race), L. pimpinellifolium,
and some crosse, of L. esculentum x L. pimplnelllfolium and L. cheesmanll x L. 
minutum. 

The tctm&to collection is being characterized in detail and the International Board 
for Plant Genetic Reso irces (IBPGR) descriptor list is being modified for this purpose.
New lots of seeds are be'ng produced for the base collection in the newly constructed 
AVRDC genebank. A computerized information management system has been 
established using the soft !are package MINISIS on AVRDC's HP-3000 minicomputer.

From 1975 to 1987, a Total of 48,723 tomato seed samples (both accessions and 
breeding lines) were distributed to 153 countries/territories for testing.

Pepper was made a principal crop in 1986. AVRDC has been designated by the 
IBPGR to store the world base collection of peppers. The Capsicum collection presently
has 5,177 accessions from 81 countries/territories, including accessions from most 
of the world's major existing collections. Most of the diversity are variants of Capsicum 
annuum. Other species include C.baccatum, C.chacoense, C. chinense, C. cardenasil,
C. eximium, C. frutescens, C. galapagoense, C. mlcrocarpum, C. pubescens and C. 
praetermissum. 

AVRDC, In cooperation with IBPGR presently revises the pepper descriptor list. The 
pepper accessions are being characterized and evaluated using the modified list. Seed 
multiplication for base and active collections is done in insect-proof net-houses to 
prevent out-pollination by insects. Other genebank processes are carried out as in 
tomato. 

Introduction 

The Asian Vegetable Research and Developnit Center (AVRDC) maintains one of the 
world's largest collection, of tomato and pepper germplasm. The tomato collection, started in 
1973, presently contains 6,074 accessions from 84 countries/territories. In 1986, pepper was 
chosen as one of AVRDC's principal crops (McLean. 1986). AVRDC has been designated by
the International Board for Plant Genetic Resources (IBPGR) to keep the world base collection 
of peppers. The Capsicum collection presently comprises some 5,177 accessions from 81 
countries/territories, including accessions from most of the world's major collections. 

The general activities of the Genetic Resources and Seed Unit (GRSU) on tomato and pepper.
which include collection, inultipli:aition, conservation, characterization and evaluation,
documentation and distribution, have been described elsewhere (Tay. 1988). [he goal is to provide
tomato and pepper scientists worldwide with the appropriate germplasm and the accompanying
inlbrmation necessary to exploit the material. This can be achieved through systematic gerniplasm 
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conservation of both landraces and related wild species in base and active collections, a well 
documented germplasm information system providing passport, characterization and evaluation 
data. and a worldwide distribution system with adequate quarantine standards. 

This paper describes the different tomato and pepper germplasn activities and achievements 
to date. 

The Collections 

Tomato. The AVRDC tomato collection has been acquired mainly through donations and 
exchang,: with different institutions, see.d companies and individual scientists fron 84 
countries/territories (Table I ). It includes 4,433 plant introductions (Pis) from the United States 

Table I. Countries of origin for Lycopersicon germplasm introduced to AVRDC (as of 1988). 

No. of Cut rrNo. of
 
Country ,'Territory NCountry Territory N
 

entres entries 

I. Afghanistan 12 43. Korea, Rep. of 27
 
2 Argentina 59 44 Lebanon 2
 
3. Australia 47 45 Liberia 1 
4. Bangladesh 8 46. Malaysia 28 
5. Bolivia 77 47. Malawi 2 
6. Brazil 112 48. Mauritius 3
 
7 Bulgaria 29 49. Mexico 225
 
8. Canada 142 50. Morocco 16 
9. Chile 64 51 Nepal 2 

10. China 458 52. Netherlands 95 
I. Colombia 127 53 New Caledonia (France) 1 

12. Cook Islands 2 54 New Zealand 4 
13. Costa Rica 46 55 Nicaragua 31
 
14 Cuba 7 56 Nigeria 17
 
15, Czechoslovakia 68 57. Norway 1
 
16. Ecuador 163 58. Oman 0
 
17 Egypt 2 59 Pakistan 6
 
18 El Salvador 407 60. Panama 61
 
19. Ethiopia 17 61. Papua New Guinea 3
 
20 Fiji Islands I 62. Peru 495
 
21 France 34 63 Philippines 126
 
22. Gambia 2 64 Puerto Rico (USA) 19 
23. Germany, Federal Rep. 19 65 Poland 44 
24. Ghana 8 66. Romania 5 
25. Greece 5 67. Senegal 1 
26. Guadeloupe (France) 14 68. South Africa 21 
27. Guam (USA) 3 69. Sri Lanka 16 
28. Guatemala 227 70. Spain 49
 
2q Guihr'r (France) 13 71. Switzerland 1
 
30. Guyana 1 72 Sweden 7
 
31 Honduras 97 73. Syrian Arab Republic 25
 
32. Hong Kong (UK) 10 74. Taiwan, China 135
 
33 Hungary 145 75. Thailand 45
 
34. India 114 76. Trinidad and Tobago 2
 
35 Indonesia 22 77. Turkey 194
 
36. Iran 63 78. United Kingdom 44 
37. Iraq 2 79. Uruguay 1 
38. Israel 27 80. lISA 1,212 
39. Italy 69 81. USSR 90 
40. Japan 96 82. Venezuela 28 
41. Jordan 2 83 Yugoslavia 118 
42. Kenya 1 84. Zaire I 

Unknown 48 

Total 6,074 
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Departnvmt of Agriculture (USDA). Most accessions in the collection belong to the domesticated 
species, Lycopersicon esculenturn. Other species represented are listed in Table 2. To date, 86 
suspected duplicates have been identified by comparing passport information. These suspected 
duplicates will be confirmed by morphological characters and also by electrophoresis of isozymes 
and soluble proteins. The main weakness of the collection is the lack of proper passport 
information. 

The only major gap in the collection is the lack of variation of the wild related species (602 
accessions). However, at tilea large collection of wild types exists Tomato Genetics Center 
(TGC), Unicrsity of California. Davis, California (TGC. 1987) which is readily accessible 
to researchers. 

Table 2. Lycopersicon species in the AVRDC collection. 

Species No. of accessions 

L. escu!entum 5,365 
L. esculentum var. cerasiforme 31 
L. pimpinellifolium 253 
L. cheesmanii 5 
L. hirsutum 25 
L. hirsutum f. glabraturn 4 
L. esculentum x L. pimpinellifolium 180 
L. esculentum x L. hirsutum 2 
L. esculentum x L. peruwvanum 3 
L. peruvianum 80 
L. peruvionum race "glandulosum" II 
L. peruvianu;n var. humifusum 2 
L. pennellii 37 
Unknowl 76 

Total 6.074 

Pepper. The pepper collection, similarly to tomato has been acquired mainly through donation 
and excih:mge from 81 countries/ territories (Table 3). It includes germplasm from many of the 
major national programs and seed companies, with 2,860 accessions from USDA (P1): 877 from 
the ZAntralinstitut ffir Genetik und Ktlturpilanzenfol.,chung German Democratic Rep.: 395 from 
the Centro Agron6mico Tropical de Investigaci6n y Enseilanza (CATIE).Costa Rica: 136 from 
the Malaysian Agricultural Research and Development Institute. Malaysia: 97 from the Rural 
Development Administration, Korea; 5 1from the National Plant Genetic Resources Laboratory, 
the Philippines: 40 from the Institut National ielaRecherche Agronomique (INRA), France: 
and 248 from seed companies and universities. It is one of"tilemost comprehensive collections 
presently available in the world. Most of the diversity is contributed by variants of Capsicun 
anujntm. Other species included are C. baccatum. C. chacoense. C. Chin'nse. C. cardlenasii, 
C. (:Viniun., C. tiutescens, C. galapagoense, C. microcai-pum, C. pubescens, and C. 
praeteruissumn (Table 4). The collection has 199 suspected duplicates according to passport 
information. This needs to be confirmed b n orphology and chemical analysis as in tomato. 
Similarly, there i:; a lack of'proper passport information as in the tomato collection. 

In Capsicun, there are gaps in variation in the collection that necessitate further collecting. 
The Capsicum user group is not as active as tbc Tomato Genetic Cooperative for tomato. The 
working group on Capsicum genetic resources coordinated by the IBPGR, designated top priority 
to collect in Latin America, especially in Mexico, Central America and Panama, Ecuador and 
Peru (IBPGR. 1983). Presently. the large genetic diversity of the genus Capsicum, comprising 
some 20-30 species inLatin America is being actively collected by the Instituto Nacional de 
Investigaciones Forestales. Agricolas y Pccuarias (!NIFAP), Mexico: and the Centro Nacional 
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Table 3. Countries of origin Jar Capsicum germplasm introduced tc AVRDC (as of 1988).
 

Country/Territory 

I. Afghanistan 
2. Algeria 
3. Angola 
4. Argentina 
5. Austria 
6. Belgium 
7. Belize 
8. Bolivia 
9. Brazil 

10. British Indian Ocean Territory 
II. British Virgin Islands 
12. Bulgaria 
13. Canada 
14. Chile 
15. China 
16. Colombia 
17. Costa Rica 
18. Cuba 
19. Czechoslovakia 
20. Denmark 
21. Ecuador 
22. Egypt 
23. El Salvador 
24. Ethiopia 
25. Fiji Islands 
26. France 
27. Germany, Democratic Rep. 
28. Germany, Federal Rep. 
29. Greece 
30. Guatemala 
31. Guinea (French) 
32. Guyana 
33. Honduras 
34. Hungary 
35. India 
36. Indonesia 
37. Iran 
38. Israel 
39. Italy 
40. Jamaica 
41. Japan 

Total 

No. of entries 

19 

I 

I 


50 

22 

3 

7 


75 

208 


I 

2 


107 

25 

12 


115 

89 


235 

is 
32 

5 


55 

10 

88 

66 

3 


43 

28 

23 

5 


143 

I 


7 

87 


245 

217 


9 

52 

8 


116 

I 


30 


Country/Territory No. of entries 

42. Kenya 4
 
43. Korea, Rep. of 147
 
44. Lebanon 3
 
45. Libya 10
 
46. Malaysia 186
 
47. Marianas Islands 1
 
48. Mexico 270
 
49. Nepal 8
 
50. Netherlands 104
 
51. Nicaragua 9
 
52. Nigeria 13
 
53. Pakistan 10
 
54. Panama 13
 
55. Paraguay 2
 
56. Peru 290
 
57. Philippines 60
 
58. Portugal 10
 
59. Puerto Rico (USA) 20
 
6C. Romania 38
 
61. Singapore I
 
62, Solomon Islands 1
 
63. South Africa 1
 
64. Spain 58
 
65. Sri Lanka 1
 
66. Sudan 2
 
67. Surinam 10
 
68. Switzerland 9
 
69. Syrian Arab Republic 7
 
70. Taiwan, China 33
 
71. Thailand 70
 
72. Trinidad and Tobago 5
 
73. Tunisia 10
 
74. Turkey 395
 
75. United Kingdom 35
 
76. Uruguay 4
 
77. USA 320
 
78. USSR 56
 
79. Venezuela 27
 
80. Yugoslavia 493
 
81. Zambia 6
 
Unknown 174
 

r .177
 

de Recursos Gentticos (CENARGEN), Brazil (Dr. Miguel Holle. IBPGR Field Officer in Latin 
America. personal communication. 1987).

Hot pepper, after initial introduction to a new environment, tends to naturalize itself, i.e. 
establish in the new environment after a period of time. Existing collections of these naturalized 
populations from most countries are limited, especially the cultivated landraces in South, Southeast 
and Central Asia, China, Africa, and the Mediterranean (IBPGR. 1983). 
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Table 4. Capsicum species in the AVRDC collection. 

Species No. of accessions 

C. annuum 2 ,5 9 3z 
C. baccaturn 334 y 

C. chocoense 25 
C. chinense 341 
C. eximium 3 
C. frutescens 269 
C. galapagoense I 
C. microcarpum 6 
C. praetermissum 4 
C.pubescens 27
 
Unknown 1,574 

Total 5,177
 
Zlncludes eight C.annuum var. Iongum and four C.annuum var. grossum. 
 Ylncludes one 
C. baccatum var. baccotum and 206 C. baccatum var. pendulum. 

Conservation 

The collections are maintained under three different storage conditions: (I) in long-term 
permanent storage at -18'C in hermetically-sealed aluminum-polyethylene (AI-PE) pouches 
(base collection), (2) in medium-tern storage at 20 + 3°C and 40% + 5% relative humidity 
(RH) in plastic screw-top bottles for distribution (active collection), and (3) in short-term storage 
at 15*C and 40% RH in nylon net or paper bags for seeds which are waiting to be further processed 
(working collection). There are currently 1,213 tomato and 452 pepper accessions in the base 
collections and 6,074 tomato and 5, 177 pepper accessions in the active collections at AVRDC. 
Most of the tomato accessions have been duplicated in the National Plant Genetic P'sources 
Laboratory, Philippines through arrangement with the IBPGR. The pepper collection which is 
presently being multiplied will also be duplicated in tile genebank at CATIE. Costa Rica. the 
other IBPGR-dcesignated gencbank to- Capsicum. 

Before packaging in AI-PE pouches for long-term storage, secu s of both species are dried 
to 5%-6% moisture content using a slow dryer operating at 15'C and 15% RH. A minimum 
of 12,000 seeds per accession are kept in the base collection. The seed viability of each accession 
in long-term storage is assessed by determining the initial germination rate, followed by monitoring 
the viability every five years during the first ten years: the monitoring interval is adjusted according 
to the seed quality. Seeds are regenerated when the \ tability falls to 85% generation rate or 
when it drops by 15%. 

Seed Multiplication 

Seed multiplication is an important step in the conservation process. It is necessary to maintain 
the genetic integrity of the accessions during seed multiplication. Alteration of the genetic 
composition of an accession can be due to the following causes: genetic mishaps such as out
crossing, selection, genetic drift, mutation.and others: mechanical contamination with seeds of 
other accessions (luring harvesting or during seed cleaning, processing and packaging; and/or 
mistakes in labelling. The process, therefore, involves a series of steps and at any one of these 
steps an accession can be contaminated either through out-crossing or mechanical mixing. A 
proper seed production management system should, therefore, be followed. 

Tomato. Most Lvcopersicon accessions in the collection are self-pollinated except for a fe,\ r 

belonging to certain wild, relatLd species, namely L. hirstitum, L. penne/lii, L. peruwittnum and 
L. punpihellifrlitun. However. in hot weather in the tropics the out-pollination rate in the normally 
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self-pollinating species may be as high as 25 % (Esquinas-Alcazar. 1981). Seed multiplication 
at AVRDC is, therefore, conducted only in the winter season from November to February when 
the average day temperature is about 19'C. Isolation of accessions during seed multiplication 
is,however, implemented to prevent mechanical mixture. 

Each accession is planted to double row beds of 1.5 x 7.5 in. The planting distance is 
50 cm between rows and 50 cm within rows, resulting in 30 plants per plot per accession. The 
AVRDC recomnided field management practice-, for tomato are followed during seedling 
preparation and field management (Kuo and Lai. !979). Black plastic mulch is used to control 
weeds. Because of the vigorous vegetative grmvth of many of the landraces, special attention 
is taken to pru ne each plant into a single stem and t(:stake each up with bamboo poles to prevent
overgrowth into the neighbouring plots. Dcfinite off-types are rogued. However, many of the 
accessions are landraces and. therefore, have ,range of variation within an accession. These 
accessions arc maintained as bulk. In cases where definite different types arc present in an 
accession they are harvested sepiarately and maintained as different accession numbers but with 
the same passport data. 

Each accession is harvested two to foul times to obtain enough seed stock for storage. Seed 
is extracted by fermentation. Before drying, the freshly extracted seeds for the active collection 
are treated With trisodi tim phosphate solution ( 2.5-'. 20 minutes) to control seed,., i-borne 
viruses. At the end of the season, the seed lots from different harvests of each accession are 
colmbined together and dried before packaging. 

Pepper. Capsicum is a self-pollinating genus. However, an out-crossing rate of up to 46% 
is possible (Belletti and Quagliotti. in the proceedings). Seed multiplication is, theref,,,e done 
in insect-proof nvlo net-hiOLises which are partitioned into cages t accomodate 12 
accessions/cage. The plot size is 1.2 x 6.0 in with 40 cm between rows withinand 40 cill 

row resulting in 30 plants!plot. An extra 0.8 in spaice between tile
plots is kept inorder to provide 
sufficient space to separate tile a later growth stage.plots from each other at 

Seed oIeach harx est of each accession is extracied us ing a siall11mdiflcd minice-meat grinder.
This is followed by washing the seed with water to remove the pulp. Using this technique, 
extraction is fast and if careflully dhnc it is free froin mechanical contamination. Compared to 
the method of Manually splittinig and extracting the seeds from every fruit, the pungency of 
the hot pepper is far less bothersome to the workers. The clean seeds for the active collection 
are treated with 10 trisodium phosphate solution for 2 hours (Rast and Stijger. 1987). 

There is more geretic variation and/or rixture within an accession of pepper than in the 
tomato because O f the highcr ,t-crossing rate of the species. The variations are managed as 
described above for tomato. 

Characterization and Evaluation 

Characterization and evaluation of toniato and pepper germplasm are emphasized at AVRDC 
to identify the subgroups within each species, specific traits and the duplicates. The climatic 
conditions at AVRDC provide a unique natural site for these activities. Most of the characterization 
on tomato is done during seed Multiplication in tie winter season, and heat tolerarce and bacterial 
wilt resistance are evaluated in the hot wet season (suin iner). 

The IBPGR tomato descriptors (Esquinas-Alcazar. 1981) are being modifled to form 53 
characters. A sumnrary of the modified descriptors, according to the different plant parts, is 
given in Table 5. Since 1972. a series of accessions with desirable traits have been identified 
(Table 6). Some of these traits. sich itsheat tolerance, bacterial wi Itresistance. TMV resistance, 
nematode resistance, and agromnoic characteristics have been successflull y combined by the 
breeders at AVRIDC (Opefia et al. 1987: 1989 in the proceedings). 

Presently. AVRI)C in cooperation with IBPGR revises the G1)psicum descriptor list (IBPGR.
.)83) using 69 characters (Table 7). Using this list, characterization is an on-going activity in 
the suminier season in the open field. 
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Taile 5. Summary of tomato descriptors used at AVRDC. 

Numbers of characters 
Plant part Qualitative Quantitative 

Seedling 1 2 
Vegetative 7 1 
Flowers 2 4 
Fruit 24 12 

Total 34 19 

Table 6. Accessions with desirable traits from the AVRDC tomato collection. 

Character 

Bacterial spot resistance 
(Xanthomonas campestrns 
pv. vesicatoria) 

Bacterial wilt resistance 
(Pseudomonas 

solanacearum) 


Cold tolerance and 
disease resistance 

Flood tolerance 

Fusarium wilt resistance 
(Fusarium oxysporm 
f.sp. lycopersici) 

Gray leaf spot r,:sistance 
(Stemphylium solani) 

Heat tolerance 

Accession (L)' 

Hawaii 7998 (TL 263) 

1,8, 15, 21,29, 33, 34, 	 39, 80, 
82. 88, 95, 96, 203, 213, 232, 
233. 240, 246, 274, 283, 285, 

366, 712, 969, 1629. 1737, 1822. 

1937, 3690, 3705, 3880, 3972, 

3987, 4045, 4066. 4410, 4540, 

4670, 4679, 4681, 4712, 4841, 

5327, 5331, 5336. 5338, 5509, 

TL 241
 
274 

8. 39. 4045 
3841, 4004 

123,125, 973, 372, 3091, 4313, 
4360, 4422 
93, 94. 203, 272 

203, 224 

I. 18,33, 95, 96, 99, 125, 226, 
229, 232, 243, 245, 246, 283, 

285, 387, 492, 493, 1076. 	 1488. 
1834, 2972, 2973, 2991, 3040, 

3510, 3537, 3690. 3956, 3957, 
3958, 4043, 4511, 4719, 4841, 
4912, 4924. 4964, 4977, 5153, 
5331, 5336, 5337, 5338
 
I, 274 

High fresh market quality 	 21,34, 202 
High germination rates of 245, 283, 3692 

pollen at hign 
temperature (34°C) 

High yield 	 123, 124, 319, 3855, 3926, 3953, 
3978 
3841, 4004 

Late blight resistance 1197. 1497, 1501, 1517 
(Phytophthora 
inlestans) 718, 1717 

Origin Country/Inst.
reporting 

Referencey 

USA AVRDC 1987a 

Czechoslovakia, AVRDC 1974, 1975, 1976, 
Ecuador, ElSalvador, 1977, 1978, 1979, 
France, India, Japan, 1981a, 1981b, 
Malaysia, Netherlands, 1985, 1987b 
Panama, Peru. 
Philippines, Puerto 
Rico. Sri Lanka, 
Taiwan 

USA 
India, Philippines 
Japan, New Zealand 

Ecuador, Japan, 
Philippines, Poland, 
USA 

Canada, USA 

Canada, China, 
Ecuador, France, 
India, Malaysia, 
Philippines, South 
Africa, Taiwan, 
Thailand, USA, 
USSR 

Philippines, USA 
Philippines. USA 
Malaysia, Ecuador. 
USA 

Japan, USA 

Japan, New Zealand 
Argentina, USA 

Costa Rica, Peru 

Hawaii 1977 
Philippines 1977 
Korea 1976 

AVRDC 1981b 
USA 

A,IDC 1985, 1987a 

AVRDC 1975 

AVRDC 1975, 1976, 1977, 
1978, 1979, 1981a, 
1981b, 1984, 1985, 
1987a 

Honduras 1981b 
AVRDC 1976 
AVRDC 1979 

Taiwan 1977 

Korea 1976 
AVRDC 1977, 1985, 1987a, 

1987b 
Malaysia 1976 
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Table 6. Continued. 
Character Accession (L)' Origin Country/Inst. Referencey 

reporting 

Leaf mold resistance 95,96 USA AVRDC 1975 
(Fulvia fulva) 

Moisture tolerance 95, 96, 123, 166, 3972, 3987 Ecuador, France, AVRDC 1978, 1979 
Japan, Sri Lanka, USA 

Parthenocarpy 5471, TL 164 Netherlands AVRDC 1984 
Powdery mildew resistancel7, 30, 40 Philippines AVRDC 1977 

(Erysiphe polygoni) 
Processing type 80, 85, 124, 3857, 3874, 3907, Japan, Philippines, AVRDC 1976, 1985 

3975. 3976, 4012, 4093 USA 
PVY resistance 3683, 5815 Ecuador, Peru AVRDC 1987a, 1987b 
Rootknot nematode 97, 272. 274, 275. 313, 315. Chile, Taiwan, AVRDC 1976, 1977. 1979, 

resistance 345, 354, 373, 383, 640, 641. USA 1981a, 1981b, 1985 
671. 672, 673, 680, 688, 885, 
887, 889, 890, 892, 3889, 3890, 
3893, 3960, 4104, 4109, 4110, 
4124, 4126, 4129 

TMV resistance 127, 366, 5327, 5328, 5335, France, Netherlands, AVRDC 1975, 1982, 1984, 
5336, 5337, 5338, 5340, 5341, Uited K-ingdom. 1985, 1987a 
TL 16.TL 37, TL 38, TL 39 USA 

Tomato fruitworn 139, 177, 181.593, 632, 633. Colombia, Ecuador, AVRDC 1985 
resistance 667, 675, 677, 680, 690, 691, Peru, Philippines, 

697 USA 

Sources: AVRDC Annual/Progress Reports. 1974-87. ZL-seres: permanent AVRDC Lycopersicon collection; TL-series: 
temporary AVRDC Lycopersicon collection. YAVRDC Annual Progress Reports 

Table 7. Summary of Capsicum descriptors used at AVRDC. 

Numbers of characters 
Plant part Qualitative Quantitative 

Seedling 5 2 
Vegetative 12 5 
Flowers 9 4 
Fruit 20 8 
Seed 2 2 

Total 48 21 

Documentation 

A cmrputerizcd inflormation management system has been established using the MINISIS 
software package which was developed by the International Development Research Centre (IDRC) 
of Canada on the HP 3000 minicomputer (Tay. 1989). The passport data of both crops are in 
one common data base which includes all species stored at AVRDC. Their characterization and 
evaluation data are or)'.nized in separate data bases which can be linked together and utilized 
as one big integrated data base by the users. Simultaneous on-line retrieval on the data base 
can be performed tron any of the interactive terminals throughtLt headquarters. 

Distribution 

Since 1974, a total of 48,723 seed samples of tomato (both accessions and breeding lines) 
have been distributed to 163 countries/territories for testing, and 27,086 iamples of the accessions 
have been tested by AVRDC's scientists. Germplasin is available for exchange with both public 
and private research organizations. The major recipients of this germplasm are shown in Table 8, 
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and the distribttion by continent is summarized in Tables 9 and 10. The dissemination ol AVRDC
improved lines has resulted in the official releases of 66 cultivars in 26 countries/territories (Opefia 
et al. 1988). 

Table 8. Major recipients of AVRDC temato germplasm and breeding lines, 1974-87. 

Country No. of seed samples 
Philippines 10,132 
Taiwan, China 5,348 
Thailand 4,693
India 2,823
USA 2,192 
Japan 1,988 
Malaysia 1,597 
Indonesia 1,217 
Solomon Islands 1,049
 
Korea 949 
Mexico 771 
Nigeria 770 
Saudi Arabia 664 
Costa Rica 623 
Ghana 502 
Others' 13,405 

Total 48.723 
Zlncludes 148 countries and territories. 

Table 9. Distribution of AVRDC tomato germplasm accessions and breeding lines by continents, 
1974-87. 

Continent No. of seed samples 
Asia 31.919 
Africa 5.510 
Latin America 5,155 
Australia and the Pacific 2,777
North America 2,"394
 
Europe 
 1,058 

Total 48,723 

Table 10. AVRDC tomato releases, June 1989. 

Local name AVRDC ID no, Yeal Country/
tcmto.-Y 

RenirksZ 

CL 
CL 

1131-0 38-4-0 
1131-9-43-8-1 

1983 
1983 

Barbados 
Birbaoos 

BW, HT, TMV. 
BW. HT.TMV, 

FC 
FC 

-

Belem-70 
Xina 

Tropiva 3 
Xin 

CL 1131-0-43-8-1 
CL 5551(F 3) 
CL 143-0-13-3 UG + 
local line 
CLN BCIF2-26-3-3-15 
CL 143-0-13-3 

1983 
-

1989 

1989 
1982 

Barbados 
Brazil 
Cap( Verde Islands 

Cape Verde Islands 
Congo 

BW. HT. TMV, FC 
BW 
HT, BW. FW (0,1) 
ri1,F 
EM, CR, FM, HY, HPD 
HT, BW, FW, GLW 

- CL Iid-0-2-2-0-3-0 1983 Cook Island B'W, HT 
- CL 1104-0-0-29-1-0 1983 Cook Island BW. HT 
-
-

Alton 

CL 9-0-0-1-3-0 
CL 143-0-10-3-0.1-10 
CL 143-0-4-B-I 

1983 
1983 
1979 

Cook Island 
Cook Island 
Fiji 

BW,HT 
BW, HT 
BW,HT 
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Table 10. Continued. 

Local name AVRDC IDno. 

Sida Bah-r CL 8d-0-7-1 

Xin CL 143-0-13-3 

Tropiva I CL 949 

Lee's Plum CL 143-0-4-B-I 
Royai Plun CL 143-0-6- , 

Inan L 33 (VC 8-1-2-1) 
Ratna L 21 (VC I I-1) 
Berlian L 15 (VC 6-1-2-7) 
Mutiaa (Gondol x Intan) 

- L 21(VC I I-1) 
MST 20/13 CL 143-0-10-3 
MST 3211 -
MST ' 1123 -
MST 25/7 -
MST 23/11 
BPI-Tm P-I CL 2784-1-14 

("Mapula") 
CL 1145-5-0-0 

Chancellor CL 5.5(SSD) 

- CL 143-0-4-B-I + 
local line 

Bourbonna MST 21-23 
Xin CL 143-0-'3-
Xina CL 143-0-13-3 UG 

local line 
Carner CL 143-0-4-B-I 
Big Red CL 143-0-3-6 
Creeper CL 8d-0-7-1 
Little Cherry CL I Id-0-2-1 
Star L 21 (VC II-1) 

- CL 1164 F5-I 
- CL 1164 F5-4 
- CL 1164 F5-29 
- CL 1164 FS-37 
- CL 1094 F5-10 
- CL 1084 F5-48 
- L33(VC 8-1-2-1) 
- L-33 

T-146 C 32d-0-1-2-0 
Yeong-Mei #3 CL 1591-5-0-1-7-0 

Year 

1033 
I98 
1986 
1978 
1978 
1979 
1979 
1984 

-
1978 
1981 
1981 
1981 

1981 

1981 

1987 


1982 
1979 

1983 

1986 
1982 

1986 


1983 
1983 

1983 

1983 
1983 

1983 

1983 
1983 
1983 

1983 

1983 
1979 

1980 

1982 

1979 


TSSI T53 557 (AVRDC parent) 1981 
Tainan No. 2 CL 1561-1 
Tainan No. 3 P.T. 3027 

- CL 143-0-13-3 
SVRDC-3 L 22 (VC 11-3-1-8) 
SVRDC-4 CL 1131 

Seedathip I CL 1131-0-0-13-0-6 
Seedathip II CL 1131x Seeda 
CESNo. I CL 1131-0-0-43-4-12 

1982 
1986 


1982 

1980 
1980 


x Seeda !987 
11988 

1987 

Country/
territory 

Fiji 
Gabon 
Gabon 
Guam 
Guam 
Indonesia 
Indonesia 
Indonesia 
Indonesia 
Malaysia 
Mauntius 
Maumius 
Mauritius 

Mauntius 

Mauntius 

Philippines 


Panamra 
Papua New 
Guinea 
Reunion 

Reunior, 
Senegal 

Senegal 


Seychelles 

Seychelles 
Seychelles 

Seychelle 
Seychelles 

Seychelles 
Seychd.lles 
Seychelles 

Seychelles 

Seychelles 
Seychelles 
Singapore 
Singapore 
Sn Lanka 
Taiwan, China 
Taiwan, China 
Taiwan, China 
Taiwan, China 

Tanzania 
Thailand 
Thailand 

Thailand 
Thailand 
Trinidad & 
Tobago
 

RemarksZ 

BW, HT
 
HT, BW, FW,GLS
 
BW
 
HT, BW
 
BW. (HT)"
 
BW, HT
 
BW, (HT)
 
BW
 

BW, HT
 
HT, BW
 
HT, BW
 
HT, BW
 
HT, BW
 
HT, BW
 
HY. MT, P.FC, W 43
 

BW, HT 
BW,HT
 

BW, HT 

HT, BW, FW, GLS 
HF, BW, FW (0,1), 
GLS, F 
HI, BW 
HI, BW 
HT,BW 
I;T,BW 
BW, (HT) 

-

-

-

-

BW, (HT)
 
BW, (HI) 
HT, BW 
HY. F, P 
BW, HT 
HY. F, P 
HT, P,F(M), TMV, BW, 
N, W 65-75 
BW, HT, FW, GLS 
BW, HT 
BW,HT, possible TMV 
resistance 
HT,EM, W 25 
W 30l.CLM, HT 
HT,BVV,F,W 25-30, C 
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Table 10. Continued. 
Local name AVRDC IDno, Year Country/ Remarks' 

territory 

CES No. 2 CL 143-0-10-3-0-1-10 1987 Trinidad & HT, BW, F,W 25-30, C 

CL 143-0-10-3 1982 
Tobago 
USA (Virgin Islands)' HT, BW 

Alufua Early CL 2729-0-2-1-12-0 1988 Western Samoa BW(H), FC, EM, W 25, HY, 
NP 

Alafua Winner CL 5915-93D4-1-0 1988 Western Samoa BW(H), W 52, FC, NP 
Alafua Large CL 5915-206D4-2-2-0 1988 Western Samoa BW(H), W 76, HY, FC, NP 

CL 143-0-13-3 1982 Zaire BW, HT, FW, GLS 
'Unidentified, unofficial releasetofaners byWater IsleBotanical Garden.
 

Parenthesis indicates degree, (M) ni oderie; (H) higl,.
e.g = 
Adapted line bredfron AVRDC parental stock. 

aSymbols:
 
BW: Bactenal wilt re istance GLS:Gray leafspot resistance. 
C:Chery tomato. HPD: High planting density.
 
CLM: Cercospora leafmold resiscantstolerant. HT:Heat tolerant.
 
CR:Cracking resistance. HY: High yield.
 
EM:Earlymatunng N: Nematode resistant/ tolerant
 
F:Firm fruit. NP: No pruning required
 
FC:Good flavor andcolor P:Good piocessing qualities,
 
FM:ActptaNe sizefor freshniarket. TM'v:
TMV-resistance.
 
FW: Fusanum resistance indicaies strains. W Fruit weight (g).
wilt Parenthesis 

Future Prospects 

The germplasm activity on tomato a(AVRDC has significantly enhanced the production and 
utilization of Lvcopersicon species in the tropics. It is believed that the same trend will follow in 
peppers. Gemrplasm evaluation will be emphasized to identify new geniplasin vial specific traits. 
Crop catalo s will be developed. The distribution of diverse and well evaluated ,:netic materials 
to support research programs worldwide will. therefore. be strengthened. 
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Symposium Discussion 
R.T. Opefia: What is the status of L. escuennun as the valid scientific name fbr cultivated tomato'. 
This was supposed to have been discussed in the last International Botanical Congress. 
B. Plckersglll: The 14th International Botanical Congress (Berlin. 1987) agreed for the first time 
to the principle of conservation of specific names for species of tniaor ,','onomicimportance. Two 
such names were conserved: Lvcvwp icon esculentwm Mill. and Tritictn aestltu L. The correct 
scientific name for the cultivated tomato is. therefore. L*vcol~wricont esculentoni Mill. (Anotrnou,. 
1988 International Code of Botanical Nomenclature: Adopted by the Fourteenth International Botanical 
Congress. Berlin. July-August 1987, Koelh Scientific Books. Konigstein. Fed. Rep. of Germany. 
Pages 16. 288). 
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Abstract 

Tomato is one of the most popular and versatile vegetables in India and is cultlvted
in almost all parts of the country because of its wide adaptability. The National Bureau
of Plant Genetic Resources (NBPGR) of the Indian Council of Agricultural Researcl- is
the main center for germplasm maintenance of tomato, with duplicate centers at the
Indian Institute of Horticultural Research, Bangalore and at the Punjab Agricultural
University, Ludhiana. It has since 1946 systematically assembled a germplasm collec
tion of 2659 entries including wild species from over 40 countries. Almost the entire
germplasm collection has been evaluated for 39 different agrobotanical and economic
characters. A catalogue is under preparation for the benefit of user agencies. Accessions
showing high yield potential, good processing characteristics, heat tolerance, disease
resistance, and the ability to withstand long distance transportation were sorted outfor direct selection or exploitation as parental material in breeding programs. Improved
Meeruti, HS-101, HS-102, KS-1, KS-2, S-11, CO-1,CO-2, S-120, and Punjab Tropic have
been developed by selection from indigenous germplasm. Pusa Ruby and Pusa Early
Dwarf, the most popular varieties under cultivation for the last three decades, have 
been developed by the NBPGR. A number of disease-resistant lines have been identified 
at various centers. 

Introduction 

Tl'oniato (Lvci r. i(oln eAIIx/c]llnIl L.) .%,wS ifitrOdnCCi into Indi. i h I lXil cenltly.
Comlm tercial scIle culltitvaion hecal oinwards tlie cloise of last ccnltl\. It has nio\kecintIW eitpoipul ar
v'eetable and is iown widely Iii 2hotl thC Coun .i.It is cuiti\ ild on ca. 80.0(X) Iailldifferent
 
paris ofthe countr\ and is well adalpted to ll r r\
IV.i,ns. Onl the Cag,.a notml cr'o1Otonl)I attoyields 16.000 to 24.00) k perilhccture. Ixtensi c elforts are Under \%a\ to lhailtlainh old cullivars
lind the in a.lule \\ild ielatiVes (iOtiliticd f'lIll severl, ont rlIlieS)thMt has\ ,CIs\Cd isthe
progenitors tf the plcsnt dlatomItol. r'ot nitO I'i.llIndia and rntolfo1re,ei CounllltriCs 
is maintained by the Gernplasm Evaluation Division of the National Bureau of Plant GeneticResources illNewv Delhi and isavailable to scientists, reede's \orking on tomiato inprovement 
on reqLest. 

Collection, Evaluation and Documentation 

Although inttroduced over two centuries ago. tomiato in India has attained commercial 
importance only with the int'odLctionio of several pIrtomisinLg cultivars from the USA. Australiaanid Europe over the last fotMur decades. In I946 the erstwhile Plant Introduction Division of the 
Indian Agricultural Research Institute (the lesent NI3PG(R) ititiated the buildinl, u ,of tolmato
germplasni. oii a sVstemattic baitsis. fl-rm va0rious parts of the world. A total of 2.6"59 gel'ltlplasni 
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lines (Table I) has been assembled including wild species such as L. limpineIinehliun, L. hilwutfn. 
L. pertianumn, L. tndlositin. L. cheesnianii. L. chilense. L. esculentum var. c''asibrtine 
and L. pissisi. 

Tie collection was\evaluated systematically for 39 different agrobotanical and economic 
characters and found to Vill' in plant height (25-167 cm). number ol br',nches per plant (3-19), 
number of clusters per plant (4-201). numhcr of flowers per cluster (2-26). number of fruits 
per cluster (1-22). nmber of fruits per plant (8-790) and average weight of 10 marketable fruits 
(30-167 o (Table 2). The chracteriiation of tonmato gerniplasm has helped breeders in the 
identification of dolnor types carrying characteristics (Table 3) some of which have been used 
in the breeding prograins. A nu f1rdonor0S .rc vet to he utilized by tile breeders (Paroda 
et ill. 1987: "honia" and U'nCsb Chandra. 1987). 

Wild relati\ Cs hai[ bCenC a\atcd for high toleratncC to poor soils, tire abilit\ to \ ithstand 
drlughl or1exceCSi\C toistutre. atnd to reist diselse, and insects. 

The gcrnpI)lsi collection inclulC, lin' hihly resistant to Fusariuri will (Sel 673. EC 
371921, T1IV brcedirt, lines 13 2247 and HolirieS PI (ChoudhurV t ial. 1973) and leaf curl 
virus (L. ,'scut , n line, I'-13. XXXl-354-.\-Silvestra. 13 2247 and Sel 498). L. p eru v/nmn 
I.P-6 . I.P-L8 1 . cti/ciis and I..Lirttwtn. 

NCIatodc-rNsistant accessions are Anabu. Flrida. Hawaii Cross. Hawaii 55. NeneCred. 
Nenratex. Atkinson. VNF 8. 65 N-215-1. 65 N-255-I. and PlISa- 120. a highly tolerant accession 
to rootknot ieriLt de Sirigh arid ('hotidhurI. 1972). 

lines \%ith high icld pItctidl. hCat tolerance. suitalility flor irocesing aid tralNSportatiori. 
aid rcsistaircc to FItsarliutt wilt. Iruitrtt and f'iitoti'r erle ,ortCd out fir their utilization its 
direct selectiori or for exploitation :is parental mtrcial in h bridization prt)uraCtn. A catalogcu 

Table I . Tomato germplasm in India. 

Sources of collections Number of accessions 

(i) From abroad 
Argentina, Australia. Brazil, Bulgaria. Burma., Canada, Chile, China. 2,229 
Colombia. Cyprus. Czechoslovakia, Denmark, Germany. Ghana, Hong 
Kong. Hungary, Iraq, Israel, Italy, Japan, Mauritius. Nepal, 
Netherlands. New Zealand, Nigeria, Philippines. P.land. Portugal. South 
Africa. South America, Spain, Switzerland, Taiwan, Tanzania, Trinidad, 
Turkey, United Kingdom, United Arab Republic, USA, and Yugoslavia, 

(ii) From India 
West Bengal. Tamil Nadu. Madhya Pradesh, ilaharashtra, Uttar Pradesh. 430 
Himachal Pradesh. Karnataka, Bihar, Jammu and Kashmir, Andhra Pradesh, 
Haryana. Guiarat. Mizoram. Sikkim and Manipur. 

Total germplasm assembled 2,659 

Table 2. Preliminary evaluation and range of variability in quantitative characters in tomatr) (both 
cultivated and wild). 

Characters attributes 
Minimum 

Values 

Maximum 

Plant height (cm) 
Number of branches per plant 
Number of clusters per plant 
Number of flowers per cluster 
Number of fruits per cluster 
Number of fruits per plant (incl wild relatives) 
Average weight (gI of 10 marketable fruits 

25 
3 
4 
2 
1 

8 
30 

117 
19 

201 
26 
22 

790 
1.675 
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Table 3. Donor types identified for breeders use. 

Trait Donor germplasm 
High yield EC Numbers: 1127, 1153, 1069. 4708, 6049. 6053, 7291. 9016, 9149, 

11238, 10309, 274!12, 16920, 17960, 27918. 42662, 35395, 54645, 
66504, 101652, 110176. 125754. 126776, 128524, 128693, 128969, 
129600. 129600p .1,129081, 129353. 129354, 129081, 129353, 129354, 
129757, 129171-pi-2. 130035, 130163. 130163-p2-1,141854-1, 145515, 
161251 and DM83-12, DM83-21 and Bulgarian. 

Heat tolerance EC Numbers: 41824, 7764, 9149, 35211.54315-1, 122963. 12 9666-p-I, 
32611, 126955, 159979, 141832, 14073-p 2. 27936. 27929, 128964, 
2599, 35220. 27251, 37264, 43225, 54027. 61691, 103595, 111085, 
1139, 41025: PI Numbers. 126453, 126923. T30,'47, MH 81-3,78,'81-13, 
iC 23571 & many ;,iore. 

Processing type Bulgarian, EC942. 1193. 279C. 480. 1132. 1154, 8822, 4229 p . 54628, 
35461, 52062. 89258, 110578, 161252. 160187. 145623. 141814: Ont. 
787, IC 15212: M28 81-12 etc, 

Suitable for EC 4229 p2. 19 81-6, 7167. 7352, 8822. 100845, 110268, 99184; DM
 
transportation Sel-3-1 ; EC 130049, 168541, 171072, and many more.
 

Resistance to EC Numbers: 160195, 1149, 1184, 1151. 1136. 6589, 26108, 35401,
Fusarum wilt 1614'. !22527, 21626,103598, 116874,117008, 115947, 37192, 117671. 
and fruitrot 117103. 119116, 5962, 47a4. 54716, 455. 119187, 30366, 35488 p2-1. 

I10116, 109181.2, 54716. 5.1628A, 54628B, 50366-1-1-1, 104162 p -1.
 
106261. 66504, 11662, 1265? 129757, 129380 and EC 128769.
 

Resistance tD EC Numbers: 262, 2669. 490. 491. 6200. 7764, 59621, 129354. 6987,
 
fruit borer 16787-1. 23528. 110264, 101552, 1747, 57289, 65077, 11520-1.
 

124406, 129599. 129597.129698, 129599 p2 -1, 129469, 128016, 
119791, 43264, 66005, 65984, 2630. 121443. 86526. 20685. 121451, 
2792, 85622. 160191, 21318. 161254, 9227, 18223, 118266, 1149. 7, 
114937, 119114, 119121: IC59067: 51 81-3, 14 81-6, 78'8!-8. 100/
 
I-A. M 3 81-3 DM P3-14. DM-3, DM 83-7. 51 81-2, 28 81-3, 95/81-2, 
SI 81-3 and '4 31 6. 

EC numbers represent exotic collections ob:ained from other countries and maintained at the National Bureau of Plant 
Genetic Resources. New Delhi- 100 12, In:ia 

depicting all these characters i nder preparation (Paroda et a. 1987: Thomas and Unmesh 
Chandra. 1987). 

Utilization 

Tomato breeders in India over the past 30 years have mad. Irenedous cains in yield. Iruil
setin0 .,quality, and ability to withstand the pressures of handling and storage, vet many of the 
genes that I'a\or resistance 10 diseases and pests have not been 111lV exploited. 

Several Culi\vars introduced from abroad, particularly from USA, have perftormed well in 
different parts of India. These inClIIde: Sioux (Cx LISA). Best o All. Fireball (ex Canada). Rutgers. 
Early Lathbridgic. King Humbert, Ronia (ex USA). La Bonita (ex USA). l)warf Money Maker 
(ex Israel). Pan America. F.arlh Chatham. Niarglobe. Best of All. Italian Red Pear and Ronsa 
([holas et al. 1983). For erowth at lhe hich altitude ol"l.adakh. Farly' l.ethbride., Fileball 
and Early North (Canadian lilies) were nitnd suitable (Singh and Mital. 1966). 
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Selection has played an implrlant role in to1itato inmprovenent in India. Improved Meruti 
was evolved from an Indian cultisar ft'ot NMcrut in Uttar Pradesh (Singh and Sikka. 1955). 
Selections made from indigenous material are Mceruti. HS- 101 . IIS- 102 KS-2. S-ll, CO-I 

and CO-2. Selection-120. a large-fruited high yielding culhivar with neinatode resistance, was 

selected frot Cxotic hreeding material (Helani numers) received front )r. Gilbert of Hawaii. 

This cultiVar has beCn I'tind to hc p'roiisin fOrt enilltode resistaincC. heavyV ields and lar11ec 

round fruits. Hyridi/atiOn. utiliz.ing exotic culi\l , .as o1e of' the parents. resuilted in cultiVar, 

like Pusa Rubs (Sioux x Improved NIMeruti). Pusa larl\ )wvarf luIprvMed MCeruti X Red 

Clhmd). Pusa Red Plu1i (L South Anmerican L.impuinflilI Pu nj ab C hh uha raCSi ii 'n' x ium), hi 

(Israel Introduction IC 55055 ', uLtnjab 'rmpic) and Ss et 72 (PlSa Red Plum X Sioxl) which 

is rich in vitamin C and suar IPAP!and Sin,..h. 1943). Mltutationl rccdine waits utilized in dcveloping 

culti\ ars like S-12 and CO-3. [lCterosi i tomato resulted illan increased , iCld of 210 to 50"l, 

(Pal and Singh. 1943: Choudhury et al. 1965). Two very promising combinations are Red Jacket 

x Meeruti using a closed anther mutant (Nital et al. 1962) and Pusa Ruby x Best of All 

1965). The advantage of such hybrids resulted in earliness, better yield potential.(Choudhtiry et al. 
improved qualit\ . unitrtity and adaptation to ad\ers co1ditiiinS. The most important toIltato 

selections and their characteristics, are listed il lablc 4. 
Large resource, t1 ormplzisiii are available ald \t uncxploitcd opportunities ass ait 

il\ esticatiout. 

Table 4. Important tomato selections and their characteristics. 

Variety. source arid Suitable growing zones: Varietal characterstics 

year of dentification. 

Pusa Ruby, IARI/NBPGR I, IV. VI. VII ard VIII Plant height 80-85 cm. ideterniate growth habit, spreading, 

11975) less branched and hardy Fruits flat. round. small to miediute. 

uniform deep red. slightly lobed 4-5 locules). slightly acidic 
25-30 fruits per plant. maturity 60-65 days Suitable for 
autumn. winter and spring suntmer seasons in the plains 

Good for uice and .tciihup. It is an old variety deuved 

from the Cross Improved Me-erui Sioux 

HS-101. Hisar (19751 I, II, IV,VII. and VIII Plant height 50 cm, dw,rf multibraiched. sturdy and deter-
Minate iF1growth habit Fruits borne i clusters of 2-3, 

round, small to riedi,1r in size. 3-4 lociles Fruits ripen 
uniformly. 40-50 fruits per plant Suitable for winter season. 

HS-102. Hisar I, I, IV.VII, and VIII Early cultivar. deetriiae, fruits ,,it yellow stem end,
 
mrediun to small size, sntooth. attractve, round
 

MeCdCitiS-12, Ludhiana (1975) I,II,IV,VII, and VIII Plants are dwarf, bushy. vigorous: fruits are sized. 
compressed round Uniformly colored red at maturity, iv~cy. 

fighly acidic Average yield 175-230 tIra Suitable for fresh 

market 

Pusa 120, IARIINBPGR I. IV,VI. VII, and VIII Seni-de.ertmiate, spreaditg type. fol:age. dark green, good 
coverage. fruits and attracive round to flattish round.(1975) 
tnedium to large, smooth. uniform. red ii color, less acidic 

arid less seeded. Resistant to nematodes Suitable for 
sumtmirrerarid winter 

Plant heigh' 100-120 cm tall, erect and indeterminate inT-I. Pantnagar (1975) I, II, IV,VII, and VIII 
growth habit, foliage. green incolor cruit round, slightly, 
pointed at the stigmatic end, 4-5 locules, 4-5 fruits 

per trce. non-cracking, red on ripening, susceptible to TMV. 



26 Thomas and Chandra 

Table 4. Continued. 

Variety, source and 
year of identification Suitable growing zones Varietal characteristics 

Sweet-72, Gwalior (1975) I, IV and VII Plants determinate type, fruit flattish round green stem end, 

Pusa Early Dwarf, NBPGR I, IV and VIII 
slightly furrowed. Uniform maturity. Heavy yielder. 

Plant typical dwarf 50-55 cm in height with determinate 
growth (1975) habit. Fruit roundish slightly flattish, 
medium large, uniform red, ribbed, obscure furrow, 5-6 
locules; 30-40 fruits per plant. Maturity in 55-60 days after 
transplanting. 

Sioux, IARI (1977) I, IV, VI and VII Plants with indeterminate growth habit, fruits round, smooth, 
medium to large, attractive red on ripening, less seeded. 
idturL) 60-70 2. after traiul.);.;. Suitable for summer 

Pusa Gaurav 
IARI (1983) 

(Sel-152) 1,11,IV, VI, 
VIII 

VII and 
and spring in plains and hills. 

Determinate growth habit, cut leaves with light green foliage, 
yellow fiuits, smooth, oblong, two locules, uniform 
ripening, maturity 80-85 days after sowing. Excellent 
for processing and suitable for long transportation. 

Punjab Chhuhara, Ludhiana I, II, IV, VI, 
VIII 

VII and Plants dwarf, bushy and determinate growth habit with dense 
and luxuriant foliage. Fruits are medium sized, pear shaped, 
firm, fleshy, usually bilocular, not very seedy, not very sour, 
thick walled, uniformly colored, red at maturity, retain
marketable quality for a week after harvesting under 
ordinary conditions during summer. Most suitable for long 
transportation. Average yield 30-32 t/ha. 

KS-2, Kalianpur (1985) I, II, IV and VI Plants determinate, foliage light green, fruit flattish round, 
slightly furrowed with 4-5 locules moderate yield. 

Pant Bahar (AC-238), 
Pantnagar (1985) 

I, II. IV and V Plant height 90 cm, bushy indeterminate in growth habit and 
branched. Light green foliage, stem relatively thin, leaflets 
small in size. Seventy-eight days to first ripening. Fruits 
flattish round, medium in size, 5-6 locules, slightly ridged,
red on maturity. Resistant to Verticillium and Fusarium wilt 
under field conditions. Good storage and processing 
qualities. 

Zones: I Humid Western Himalayan Region. II Humid Bengal-Assam Basin. Ill Huind Eastern Himalayan Zone andBayIslands; IV SubhumidSatlui-Ganga Alluvial Plains; VSubhumid to Humid Eastern andSoutheastern Uplands. VIArid Western Plains. VIISeiand LavaPlateau andCentral Highlands; VIII Humid to semiarid Western Ghais and Karnataka Plateau 
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Problems of Seed Production and Storage of Pepper 
P. Belletti and L. Quagilotti 
Institute of Plant Breeding and Seed Production, University of Turin, via P. Giurla 15, 
10126 Tuin, Italy 

Abstract 

Results of pepper research conducted at the Institute of Plant Breeding and Seed 
Production (IPBSP), and information collected from literature, are presented. (1)Pollination: 
although pepper displays autogamous behavior, the percentage of natural cross-pollination 
can be high, an important fact that must be considered for maintaining purity of lines. 
Natural cross-pollination (NCP) was found to vary between 1%and 46% Intrials carried 
out by the IPBSP. Higher values were obtained under particularly favorable environmental 
conditions. (2) Morphology: variability in seed size, color and shape Is very high, both at 
the inter- and intra-specific level. (3)Plant and postharvest ripening: the best ripening stage
of the fruits for obtaining the highest seed yield per plant and the highest percentage
of seed germination Is that of the full colored (red or yellow) berries (market-ripeness In 
Italy). (4) Germination: parameters that can express the vigor of the seed lot better than 
the simple percentage of germination are the mean germination time and the uniformity
of germination. Aviability colorimetric test (2-3-5 TTC) proved useful to differentiate at 
the end of germination tests between ungerminated and dead seeds. (5) Embryoculture:
this technique can be very useful for shortening the reproductive cycle of plants. (6) Storage
and viability: the effects of different storage conditions on seed storability are described. 
(7) Presowing treatments: osmo-priming, particularly with KN0 3, appears to be a useful 
technique for reducing germination time and improving uniformity of germination. (8)
Genetic resources: the IBPGR has identified pepper as one of the vegetables to be gi'en
high priority in programs for genetic resources conservation. Since 1981 the IPBSP has 
collected over 200 accessions, both local and foreign. The most Important genebanks of 
pepper are listed and conditions for seed storage, aspects of evaluation, multip
lication and rejuvenation of collected material are discussed. (9) Seedborne diseases: the 
most important seedborne pepper diseases are reviewed and the effectiveness of some
seed treatments are discussed. (10) Characteristics of commercial seeds: In Europe the 
open-pollinated cultivars are decreasing both in number and in quantity in favor of F1 
hybrid seeds. 

Pollination 

Capsicum anniun is a prevalently autogamous species. However, cross-pollination by insects 
(mainly Apis sp., Bombus sp. and Tripetiihe) and to a lesser extent by wind, is not infrequent. 
Information on the rate of natural cross-pollination (NCP) is important for determining the genetic 
composition of the population, and for identifying the most approprate breeding methods (Lorenzetti
and Cirica 1974). Moreover this information is very useful for the maintenance of the purity of 
cultivars and lines and for the production of commercial seed, both of open-pollinated cultivars 
and of F1 hybrids. 

The frequencies of NCP in pepper reported in the literature, although hardly comparable because 
of the differences in environmental conditions, vary widely. In many cases there is almost 
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no cross-pollination, whereas values of'91 % have been reported (Tanksley. 1984). The most 
important causes of variability have been found to be: the genotypes of the male and the female 
parents- the presence of pollinatirg insects (quantity and species): the climatic conditions: the 
presence of other species iore attractive to the pollinators: the way the plants are set out: and 
possibly the interaction of two or niore of these tactors. 

Four cultivars and two experimental conditions, favorable and unfavorable to cross
pollination, were tested (Franceschetti. 1972) at the Institute of Plant Breeding and Seed 
Production (IPBSP) of the University of Turin: The NCP differed widely between the two 
treatments and an interaction genotype x condition is evident (Table I ). Similar results were 
obtained by other workers lCsillcry el al. 1986a. 1986b). 

Table I, Natura! cross-pollination in pepper in northern Italy (Franceschetti. 1972)'. 

A yCultivar Year (00) Bx (0o) 

Giallo di Nocera (1968) 46 9 
Corno di bue giallo (1968) 22 14 
Corno di bue giallo (1969) 17 4 
Braidese giallo (1969) 15 
Quadrato d'Asti giallo (1969) 18 10 

ZMarker character, color red vs yellow) and punency (pungent vs sweet) of the berry Tester cv Caloro (red and 
pungent), Plant to plant distance 0 6 x 0 6 in. A = optimal conditions for cross-pollination (each tested plant among 
24 tester plants) 'B = difficult conditions for cross-pollination (tester plants placed round the perinxter of the plots 
and the remaining area planted with 121 tested plants: only the three central plants of the central -ow taken into 
consideraton) 

It is known that the same experirients. repeated il the sae 'ay aind the same place for 
several years in a ros, . can soirretiries give verv different NCP frequencies, indicating the 
influence of enironnrcntal factors. Ji ffcrent NCP can also he obtained when di fferent marker 
characters are chosen. One of the most commonly used is the color of the berries, which, since 
it appears rather late. requires a great deal of space and time for the growing and assessment 
of the progeny. 

A more precocious feature, by which a greater number of seedlings can le assessed in a 
short tirie and restricted space. is hypocotyl color. This character is however relatedt to the purple 
color oI the st ima anrid of the filarents. which in\ iduce anomnalolus behavior i the pollinating 
bees, characteriz0:d b, their high flower constancy. Pollinating bees might give preference to 
flowers with purple stigma color. 

The fact that the ruarker character riay influence the behavior of the pollinators becories 
important ili cases where the presence or absence of this feature deterrmines morphological 
differences between the tester Inrils under exanination (for example the height of the plants or 
the level it which the flo,.ers are set). The sarie problem may arise when rnale-slcrilc lines 
are used (Csiller, et al. 1986a: ('orella et al. I986). 

At present. the most suitable characters fkOr pollillation studie, seeli to be the isozyies. 
They do not induce norphological differences in the tester lines and can be assessed on seeds 
immediately after the harvest . One of the most comrionntlv used isozyrie markers is phosphoglu
coiiutase - 2 Pgni-2. for which there is a high degrce of natural variability (Tankslcy. 1984). 

As far as the maintenance brecdine ol tile varieties and the practical aspects of seed production 
are concerned, pepper rirust be treated as a typically allogarnous species. 

Seed Morphology 

Pepper seeds are usually straw-colored. The exception are seeds of the C pubescen.s species. 
which are of a darker color. 
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The size of the seeds, although a genetically controlled feature, is fo0und to be very variable. 
The causes of variability are the environmental conditions in which the seed ripens, the general
condition of the mother plant, the position of' the berry on the mother plant. the number of' seeds 
per fruit, the tine of harvesting and the time of xtractrn o1' the sCCls fron the fiuit. The 1.000
seed weignt varies widely. In the IPBSP collection of gerniplasm the extremes wcre 2.49 g and 
10.55 g. However 80% of the I(XX) sced weights lie in a rangc between 5 and 8 g. 

Plant and Postharvest Ripening 

The highest seed yield por plant and the highest percentage of seed germination can be obtained 
trom fCull (red or yellow) colored fruit (market-ripeness in Italy) rather than fromi green berries. 
Illsummer time in the field, it takes bout one to twit weeks for each fruit to turnr from green 
to full color. 

The effects otf, posharvest ripening of' the seed within the fruit was studied (Quagl itti. 1969;
Qlagl iOtti Ctal. 198 11 and it \wz!s nutlibcr l' harvested from each berryfound that the avCia c sCed 

is very similar: 128 in iht-
berries harvested at grecii ripeness (A) and 121 in the berries harvested 
at market ripeness (B). There is. Inrever, a significant difference n the total weight of" the seeds 
remnloved from tilebelris (0.6 c in A and 1.0 ' inB) since the weight of l(XX) seeds in group
A was 4.8017 -, versus 7.9811 inIgrtoutp B. The \vKi 0it is noticeablyof the seeds improved
by postharvest ripening (Tabile 2). If the storagce of the A berries is at20'C instead of' I0'C. tilegrowth of' the seeds within the harvested frtit is definitel y fvored 

Postharvest ripening oItlthe berries before sced roinuwal seems ti0 be usefrI it' the frtuits have 
to be picked ariv. .rid sceds ha.vC to be saved for getietic improvement. 

Table 2. Effects of the ripening stage and postharvest ripening on the seed production and quality
in Yolo Wonder pepper (Quagliotti et al. 1981). 

AoZ AIZ A2z A3 By
 

Fruits with viable seeds (%) 12 a' 40 b 71 c 86 c 100 d 
Viable seeds per plant (no,) 6 a 40 ab 191 bc 266 c 243 c
 
Weight of 1,000 seeds Ig) 3.8 a 4 a 4.2 
a 4.5 a 8.7 b 
Germination (00) I a 7 a 32 b 56 c 81 d 

'A = Berries harvested at green ripness; Ao seeds removed from tile fruit immediately after harvest' Al seeds removed

from the fruit 10 aays after harvest. A2 seeds removed from 
thefruit 20 days after harvest: A3 seeds removed from the 
fruit 30 days after harvest YB = Berries harvested at market ripeness aiid seeds removed from tile fruit immediately
after harvest XMeans followed by different letters ,irows are significantly different by Duncan's multiple range test (P 
= 0.05). 

Germination 
The ISTA (1985) recoimenlcd iMeth dts for Ctasi'imt sp. seed gerruiralion are: permissible

substrata: top of paper or between paper: temperature: alternating 20% 30;( c'uritirig: first Counting
after 6 days and final counting after 14 arid breaking tI dormancy: light and KNOi. 

In some seed lots, particularly of less selected cultivars and local populations, a highlfrequency
(25-30) Iof' t-'dfresh Ungermin seeds (FUS) cali be fotud Oi tie 14th day. stoic of which later 
germinate while otthers cvI\'VC ti dead seeds (I)S). Tis it could be uscful to canduct gcerminattitn 
tests for mle than 14 days up to 45 days iIt Order tr ascertain exactlv the viability ol the lot (Table 3).

It is also UsClu I1to evadl[ate seed viability by the iopiographical terrazoliuIn method shortINy after 
the end of, the standard germinatitn test. '[he sroaked seeds are longitudinilly bisected and stained 
iii a I '/ water soluto'it f 2. 3. 5-triphienyl tetrazolirm chloride at 3)"C. itn the dark, for 24 hi. 
InI the viable sceo. at least tle entire citbryo is stained bright red. 
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Table 3. Germination tests of commercial pepper seeds, according to the method recommended 
by ISTA. 

PGz FUS DS ASx
Cultivar 

14Y 
 45 14 45 14 45 14 45 

........... .... ... ..
I.. .. .. ........ ......... .. 00 ...................................................
 
Trottola di Cuneo 71 76 21 7 7 16 I I 
Lungo rosso Rubens 87 89 8 3 5 7 0 1 
Quadrato d'Asti giallo 76 81 16 5 4 9 4 5 
Cajenna 	 75 79 24 16 0 4 I 1 
Yolo 	Wonder 91 92 8 6 0 I I 1 
Gildor 	 93 93 6 5 I 2 0 0 
Grecor 	 83 88 14 I 2 10 I I 
Heldor 	 92 94 7 I I 4 0 1 
Lamuyo 	 99 99 I 0 0 I 0 0 

ZPG 	 = percentage of germination: FUS = fresh ungerminated seeds; DS = dead seeds YDays after the beginning 
of the germination Lest. AS = Abnormal seedlings. 

Seed vigor can he tested through one or more of the filloxming procedures: 

(a) 	 Percentage of the germinated (PG) seeds at the first count (6th day): 
(b) 	 Mean germination time (MGT): 

12 ni x d 

Ni 

where ni = number of geriiminated Seeds oil each day. d = numher of days counted from the 
beginning of the test. an1d Ni = total number of germilnated seeds. 

(c) 	 Velocity of germination (VG): 

I 
- ni j x 100 

N,
 

where N 2 = total number of seeds set to germinate which is quite different from Ni (b) when 
PG is far from 100%. 

(d) 	 Precocity of germination (PrG): number of days in which 501 of the germinated seeds 
ge:rtinate: 

(e) 	Unitormity of germination (LUG): number of'days between the germination of 15 and 85'7 
of the germinated seeds (Figure It: 

(1) 	Percentage and mean emergence time (PE: NIET) in controlled environment with other 
than optimum temperature conditions, in order to evaluate the vigor and not onl, the viability 
of the seeds. 

(g) 	 Measurement of ionic release from each seed (the electrical current level of the solution 
indicates the amount of leakage through interior seed niembranes). 

It is possible to calculate (b). (c). (d). and (e) if the germination test is checked daily and 
the seeds ge:rrninated in the previou -4 hours are counted and removed. Examples are shown 
in Figure 1. 

Light and temperature affect germination. The effect of constant light or darkness on 
germination depends very much on the genotype and oil tile temperature of germination (Figure 2) 
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(Accossato and Quagliotti. 1983). In iany cases the mean germination time is found to be slightly 
longer in the light. 

The best temperature ir germination is usually an alternation of 200 ( 16 h) and 30'C (8 
h/day); or a constant temperature of 25 'C (night). On the other hand, high temperatures such 
as 30'C and 35°C discourage germination, reducing PG and significantly increasing the 
percentage both of FUS and ofabnormal seeds (AS): this happens particular!, in seed lots with 
low vigor. 

Knowledge of the germination capaci!y at low temperatures (< 20'C) may be of interest, 
in view of possible direct sowing in the field and complete mechanization of the crop. Results 
obtained from tests using a I 'e number of cultivars of C. antu. C. ,fu'lscens. C. ,ubescens, 
C. c'hinens, C. hacoe1se,. t bacctIm v. baccatul C1. baCCtum V. MicTo'u71117uM and C. 

baccatum v. fh'nd ltum indicat a considerable difference in time of emergcnce in the greenhouse 
at I0<'C and I3C and betweei, genotypes of the same or different species (Honma and Gerson. 
1977: Randle and Honina. 1980). The cv. 2033 of"Capsicum baccuaon v. pendulhm showed 
the mininmal time of emergence both at 13'C and 16'C (24.5 aild 16.9 days, respectively). 

Pepper seeds, like those of tonito and eggplant and unlike those of pea and bean, are very 
sensitive to salinity during germination ITable 4). It was shown that germination of pepper seeds 
is reduced practically to nil on a substrate soaked with a solution o'f 100 iIM of NaCl (Guerric r. 
1983). The fresh weight of pepper seedlings on the fi fth day from the emission of the rootlet 
was significantly lower on a substrate with 50 I IM of' NaCI than ott the salt-free controls. 

On the other hand, peas and beans are able to germinate (40,'; and 10";, . respectively) oil 
substrates containing is Much as 500 mM of NaCl 

The absorption of sodium by tile seedlings does riot seel]) to indicate the extent of their 
sensitivity or tolerance to salinity. Tolerance rather seems to be associated with the ion content 
of the seed (Table 4). It is a complex ticchanism involving the capacit, to absorb minerals and 
tile effect of osino-regulating substances such as sugar, electrolytes. etc. Species sensitive to 

salinity are those with a lower level of potassiunl Or calcium. 

Table 4. Chemical characteristics of some seeds sensitive (S) or tolerant (IT)towards NaCI. 

Water content Content of elements (jaql'gdnn) 
N K " Ca" 

Phoseolus vulgaris L. (T) 
cv. Bagnolet 10.7 1.15 495.60 3.79 

Solanum melongena L. (S) 
cv. Violetta &.Barbentane 9,5 42.55 132.12 32.11
 

Capsicun annuum L. (S)
 
cv. Piment doux d'Espagne 5.5 7.53 32.62 6.58 

Lycopersicon lycopersicum L. (S) 
cv. Monalbo 10.4 87.90 127.50 25.50 

Pisum sativum L. (T) 
cv. Dolc di Provenza 6.9 1.30 343.38 2.07 

Allium cepa L. (T) 
cv. Janne d'Espagne 9.7 1I 12 45.64 29.48 

Source: Guerrier. 1983. 

Embryoculture 

Embryoculture can be applied to overcome barriers of interspecific incompatibility and to 

study physiological characters in a controlled envionnient. It is widely used by seed irns to 

shorten the reproductive cycle of the plants from about five months required under normal field 

conditions to about three to four months. to grow a greater number of generations per year. 
and to obtair the final product of the breeding work earlier. 
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The most important ftctor for ensuring the development of viable p!ants from embryoculture
appears to be the time of embryo removal. For pepper, this can be from 20-40 days after
fertilization. During this period the embryo passes from its initial globular shape to take on
first the shape of a heart, then of a torpedo, then of a walking stick and, lastly, of a ring. The
length of the immature embryo varies from 50 to 800 I (Figure 3) (Fari et al. 1983).

The use of media containing auxin and cytokinin for early-removed pepper embryos (globular
and heart phases) is suggeste:', while for more developed embryos (torpedo, walking-stick and
ring phases) cytokinin alone would appear to be sufficient (Fari ct al. 1983). Once the autotrophic
phase has been reached, the embryo can be p!aced on a medium without hormones. The percentage
of flowering plants obtained from excised e',bryos was high and can certainly be increased by
refinement of the technique. 

Number of day I 1
from pollination I 20-22 1 22-25 I 25-30 30-35 35-40I !
I1 ISI I I 

I II 

Embryo shape I 

II IQ)
II II 

Length of embryo I I 
_ (50 __ _ I 100-200 500-20001 3000 I 8000 

_ _I I__ I I _ _ _ I_ _ _ 

I I j I Walking IEmbryo phase ij Globular I Heart f Torpedo stick I RingI _ _ _ I_ _ _ __ 

Source: Fari et al. 1983. 

Figure 3. Characteristics of the pepper embryos suitable for excision. 

Storage and Viability 

The length of seed storage depends on the initial germination percentage, the vigor of the 
sample, and the storage conditions. 

In temperate climates, storage of pepper seed under natural conditions (room temperature,
low relative humidity) for up to three years does not normally present any problems. However
conservation even for a few months in the tropics or for periods above three years in temperate
climates requires: initial lowering of :he seed moisture level to values not above 5% to 6%,
the artificial regulation of room temperature: and the use of waterproof containers (glass, metal 
or plastic) in order to prevent the seeds from readsorption of moisture during seed storage.

Pepper seed. which is of the orthodox type. can he dried with hot air at 300 to 32°C for seven to 10 days without any harnful effects. The hygroscopic nature of these seeds, which
have mostly lipid reserves, is such that samples with an initial moisture content of 6% will revert 
to a dangerous moisture level (> 8-10%) in 40-50 days if storage temperatures are between
250 or 35°C and if the relative humidity in the storage environment is above 55-60%. 
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Prolonged storage temperatures of above 20'C can reduce germination by 50% in about 
three months and caui total death in about six months if the samples are stored in an environment 
with high relative humidity (> 70%). 

Environmental humidity affects the moisture content in the seed and thus has a greater effect 
on the aging of these seeds than temperature. Only a very slight difference in the percentage 
of germination was observed after 24 months of storage at 20% relative humidity (RH) whether 
at 25'C or at 35'C (84% and 74%, respectively). 

With 20% environmental RH, which corresponds to a moisture content of about 5%in the 
seed and an average storage temperature not above 25°C. a PG above 80% was maintained 
for five years (Quagliotti and Tirucchi 1984: Quagliotti. 1986). 

Since in practice it is costl. and difficult to reduce the moi;ture in the environment and 
keep it constant at a low level, it is advisable to dry seed carefully to about 5'%Moisture content 
and store it in waterproof containers or wrappings. 

The most evident symptoms of aging in the pepper besides rapid reduction in PG are increase 
of the MGT and in the frequency of AS. 

After only one or a few months of storage in an unsuitable environment the MGT provides 
a considerable amount of information on the differences in the viability of the seeds induced 
by different levels of RH. After 20 days. MGT was found to be lengthened by at least one to 
three days, if samples were stored at 55,; or 76 !7 R. H. compared to samples kept at the same 
temperature but at an RH below 35%C. Although seeds are still kept alive, a great variation is 
observed in the MGT. 

Abnormal seedlings are malformed seedlings which are unable to develop into normal plants 
even under the most favorable conditions. They are usually not found in samples of vigorous 
seeds, but they appear increasingly as the seeds age. particularly when the aging process is slow. 
For example, more than I% of abnorml seedli ngs were found in a sample of seeds stored 
for two years at 35°C and 20,, RH. 

If the seed sample ages rapidly tIle seeds soon lose not only vigor but viability as well. 
Besides the loss of precious material and the reduc~on of the physiological value of the 

lot, seed storage in less than optimal conditions may cause a selection of genotypes on the bsis 
of longevity, and hence a reduction of genetic variability and an accumulation of non-lethal 
mutations. Rota's enquiry (1986) into the frequency of chromosome aberrations in late anaphase 
configurations of root tips of germinated C'apsicum seeds aged under various conditions, show 
that there is a growing tendency to produce more frequent aberrant cells as the PG becomes 
lower. In general, however, the slower the deterioration, the higher the frequency of aberrant 
cells. In many of the aging treatments, aberrati,!v were found most frequently where there was 
a PG between 401" and 50%. The aberrant formations most commonly found are single or double 
bridges and chromosome segments without a centromere. 

Presowing Treatments 

For satisfactory germination, pepper seed requires high temperatures (> 20)C), a 
considerable difference between the day and night temperatures (30'C light-20°C darkness) and 
a fairly long period (10-20 days). during which the individual seeds germinate rather unevenly 
(Accossato and Quagliotti 1983). 

Hence it can he very useful for growers to have seeds with a more rapid and concentrated 
germination, suitable fbr germination at lower temperatures or under stress conditions (salinity, 
shortage of water. etc). The loss of seed and variability in time of emergence could be reduced 
when sowing directly in the fie.d. It would also reduce energy costs of greenhouse production 
of plantlets. 

Several presowing treatments for the increase of seed vigor and for improvement of 
germination when conditions are not of the most favorable have given satisfactory results. 

The following osmo-priming technique was developed at the IPBSP (Hennarl. 1983. 1984): 
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" disinfection of the seed for five minutes in sodium hypoclorite (6% NaOCI in water)followed 
by washing in running water. This treatment, besides having an excellent effect in eliminating 
the micro-organisms (Dempsey and Walker 1973), exerts a stimulating effect, causing earlier 
and more concentrated germination (Fieldhouse and Sasser 1975);

* 	 treatment with KNO.; or with PEG (-6. -8 bars. II days. ;it 15'C. photoperiod of 8h/day) 
fo0llowCd by %\ashingin running water: 

* 	 dehydration at 30'C for one to two days, to bring the seeds back to their initial moisture 
level of 6-7%. 

These treatments reduce the NIGT considerably (from more than 6 days to 2-2.5 days) and 
give greater UG (from 3-6 days to 2-3 days). Best results can be obtained with KNO 3 , although
this does cause a reduction in the PG, especially if the sample did not have very good germination 
capability. These treated and dehvdrated seeds can be stored for at least four months without 
any 	decrease in the invigorating effect, 

Therefore it seems that in pepper seeds, the complex biological reactions that constitute 
the 	longest and nost delicate phase of the germination process before rootlet protrusion can 
be induced ;n an artificial environment. perfectly conditioned and repeatable, by a preliminary
and effective blocking of the emission of the root tip with osmotic agents (KNO 3) which prevent 
cell 	extension and division. 

Another procedure 16r inlvigoration of the pepper seed using a slow wetting pro.'ess to induce 
pre-germination acti\ities (TPGA) has been developed (Perl and Feder. 1981). The method 
consists of aeration of the seeds iai )5 ,' RI- and 20 C" f"r several days foIllo\\ ed by dehydration
at room temperature (220 to 250C) to the initial level of moisture. Seeds thus treated can be 
kept for at least two nonths before sowing. 

The greatest effect on gemination (measured in terms of rootlet emergence) was with a 
seven-day treatment, when the seeds had reached 30'%of moisture, in terms of seedling 
development, after 12 days. The effects of invigoration varies not so much from cultivar to 
cultivar as from seed lot to seed lot: it is very small in seeds with low viability and in those 
with already strong vigor. 

Genetic Resources 

Pepper is subject to a very high degree of loss of natural variability. In 1979, at a meeting
held in Wellesbourne. UK, pepper was proposed as a species to which absolute priority should 
be given in programs for the preservation of genetic resources (IBPGR. 1983), Consequently 
pepper has been added to the other species accoi-ded this kind of priorit\ such as Abelmoscltus 
esculentus, Allium spp.. ,lmuranithus spp., Brassica spp., CIcturbita spp.. L'c1-cpersicolt 
esculentum, Momordica spp.. Raiphunus spp.. So/lnuin nielongenti. 

In 1980. the CATIE (Centro Agron6nico Tropical de Investigaci6n N Ensefianza) at 
Turrialba. Costa Rica, presented a global plan encompassing guidelines for the preservation 
of the genetic variability of this species (IBPGR. 1983). 

A major difficulty connected with the preservation of the genetic resources of pepper is 
the taxonomic complexity of the genus Capsicum which consists of inany species, all originating
in Central and South America. The cultivated forms belong to five species: C. winnum. C. 
baccaturn. C. chiin'se, C../tct1scen. and C. pubesc ns. To these, however, a dozen wild species
should be added which are more or less closely related to these five. Their importance as a 
source of useful genes still has to be verified. It is certain, however, that some genetic sources 
of adaptability to unflavorable climatic conditions and of resistance to various diseases are present 
in the wild species which may be useful in breeding programs of the cultivated species hence 
the efforts for the collection and preservation of the genetic resources of wild species as well. 

There are institutions in almost all parts of the world that deal with the preservation of pepper
germplasm. The International Board for Plant Genetic Resources (IBPGR) listed 25 major 
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collections in 1983. In addition there are at least an equal number of small collections of local 
interest (IBPGR. 1983). 

The most important pepper germplasm collections are in Costa Rica (CATIE, Turrialba),
France (Institut National de la Recherche Agronomique. Montfavet), German Democratic 
Republic (Zentralinstitut fOr Genetik und Kulturpflanzenforschung, Gatersleben), Mexico 
(Instituto Nacional de Investigaciones Agricola, Celaya). the Netherlands (Institute for 
Horticultural Plant Breeding, Wageningen). USSR (Vavilov Institute of Plant Industry, 
Leningrad), United Kingdom (University of Reading, Reading) and USA (United States 
Department of Agriculture. Fort Collins: Experiment: Geneva: Davis; and Oxford). 

The IBPGR has assigned grade 2 priority to tie Mediterranean area, second only to that 
of 	Latin America. Germplasm collections arc found in Greece (North Greece Agricultural
Research Center. Thessaloniki), Spain (Instituto Nacional de Investigaciones Agraria, Zaragoza, 
Valencian Institute for Agricultural Research. Valencia: Genetics Department. Valencia; 
and Regional Agricultural Research Center. Mur:ia). Tunisia (Institut Nitional de la 
Recherche Agronoinique de Tunisie. Ariana), Turkey (Aegean Regional Agricultural
Research Institute, lIzxirt and Italy (Institute of Germplasm, Bari: Experimental Institute of 
Vegetable Crops. Salerno: ENEA. Rome: and Institute of Plant Breeding and Seed Production 
(IPBSP). Turin). 

The IPBSP -erm Iplasni bank was established in 1981 and nm holds over 200 accessions. 
Most of tile material collected belong to Capsicimn annum . There are. however, sonic accessions 
belonging to C. chinel.se. C. [fru'u CenCs and C. baccumm species. 

The accessions preserved at IPBSP fall into three large groups: (I) material of local origin,
often not widely grown and on tile decrease, obtained directly from the growers in the prin
cipal areas were they are cultivated (mainly Piedmont. northwest Italy): (2) commercial 
material obtained directl' from seed firms: and (3) foreign material obtained by exchange
of 	samples (Thailand. Japan, Korea. Morocco. Egypt. Tunisia. Puerto Rico, Brazil and 
Hungary). 

One major problem of accessions of local origin which belong to the C. amuum species 
is to identify the various populations known by the same name, and the cultivars known by 
different names, in various areas. Another problem is the great variabilitv within accessions. 
which is often comparable to that existing between different accessions. 

When the almount of seed is not sufficient (less than 30 g) to guarantee good preservation 
it is first multiplied. This is done by growing, where possible. 20 plants tinder a plastic net 
(isolator) which prevents free pollination. It is expe,-ted that ai analogous method will be used 
when the phase of regeneration the material is started. 

Before storage in freezers at a temperature of -20'C tie seeds are dried for several days 
at 30' to 32'C. reaching a moisture content ot 5, to 6.,%at the end of the treatment. Presently
the seeds are kept in polyethylene containers. However. since this material does not guarantee 
perfect w,'atcrproofing, it will be replaced by some other material (glass. metal. etc.) in the future. 

The management of pepper accessions is conducted as follows: 

I. 	 After reaching the Institute. the seed sample is given an inventory number consistingof'three
 
letters (the first indicating tlie genus. the second indicating the type of material and the
 
third the generation 0f multiplication) and of three figures (progressive).
 

2. 	 The sample is dried for about one week at 30 -32 C. 
3. 	 Selection by removing the broken seeds and those o1\ ioIisly incapable of producing a nomal 

plant. 
4. 	 Routine tests for mioisture content. percentace of gernination and 1000 seed weight. 
5. 	 Data collection on cards and in tile computer. 
6. 	 Weighing: if the sample is less than 30 g (approximately 5.000 seeds) steps are taken for 

its multiplication: the product of this process is then treated as a separate accession. 
7. 	 Storage of seeds in long-storage freezers. 
8. 	 Characterizatiot: the data are stored in the computer. 

http:chinel.se
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For characterization, 10 plants per accession arc grown and observed for the characters 
suggested by the IBPGR (1983). This is a rather critical phase, because of the high degree of 
variability which is often present in local accessions. Other assessments, particularly of resistance 
to diseases, are made in the laboratory. 

Seedborne Diseases 

Many pepper pathoge, , are seed-transmitted (Table 5) (Richardson. 1979, 1981. 1983: Park 
and Kim. 1986: Ibe and Ike. 1982) and cause serious damage to the crop, particularly when 
they are not detected on the seed and if sowing is done in unfavorable conditions of temperature 
and moisture. The pathogens are either carried on the seed surface, or in the inner tissues. 

Table 5. Seed-borne pathogens of Capsicum sp. 

Fungi 

Alternania alternata Fusarium semitectum
 
Alternaria capsici-annui Fusarium solani
 
Alternaria solani Gibberella fujikuroi
 
Botryodiplodia palmarum Helminthosporium spp.
 
Candida tropicalis Macrophomina phaseolina
 
Cercospora capsici Myrothecium roridum
 
Cladosporium herbarum Myrothecium verrucaria
 
Colletotrichum capsici Nigrospora oryzae
 
Colletotrichum piperatum Phaeoramularia capsicicola
 
Curvulari' spp. Phoma destructiva
 
Diaporthe :apsici Phytophthora capsici
 
Diaporthe phaseolorum Pichia membranaefaciens
 
Drechslera spp. Rhizoctonia solani
 
Fusarium equiseti Sclerotinia sclerotiorum
 
Fusarium oxysporum Verticillium albo-atrum
 

Bacteria Viruses 

Pseudomonas solcnacearum Alfalfa mosaic virus
 
Erwinia carotovora Cucumber mosaic virus
 
Xanthomonas campestris pv. vesicatoria Tobacco mosaic virus
 

The best control of seedborne diseases is prevention. by using seed produced from healthy 
mother plants. 

TMV, the most important seed-transmitted pathogen, causes enormous damage, particularly 
to greenhouse-grown peppers, following operations such as transplanting which cause small 
lacerations in the plants through which the virus can penetrate. Transmission of TMV can be 
kept under control to a satisfactory extent by treating the seed with various chemicals, such 
as Ca (OCI) 2, Nad3O 4, NaOCI, and HCI (Demski. 1981). 

Treatment of seeds with dry heat (85°C for 5 days) keeps Colletotrichum capsici comp!etely
ur.der control. but considerably reduces the germination of the seeds treated (Takano et al. 1985). 
Rhi:oc'tonia.olani con hoitimin atd frnm infected sced by hot water treatment for 30 Minutes 
at 52°C (Richardson. 1979). 

Many chemical products are utilized for the control of seedborne diseases of pepper. Thirain 
has been found to be active against many scedborne diseases such as Colletotrichulnpiperatitm. 
Helinintho orium spp. (Richardson. 1979, 1981) and Colitotrichum capsici. Good results have 
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also been obtained against the latter parasite by using captalol and carbendazirn (Kumar and 
Mahamod. 1986). Carbendazirn was also found to be very active against infection by Fusarium 
oxYS,orunw (Richardson. 1983) and Cercosporacapsici, especially if the seed treatment is followed 
by whole plant treatment in the field (Sharma and Sohi. 1984). 

Characteristics of Commercial Seeds 

The EC Catalogue of Vegetable Species (Anon. 1986) lists 299 varieties of Capsicumannuttm 
L. officially recognized for marketing in the 12 EC member countries: of these 119 are in Group
A (Group A seed can be certified as 'basic seed' or 'certified seed' or checked as 'standard
seed'), and 180 in Group B (seeds which can only be checked as 'standard seed'). Italy with 
107. Spain with 86, the Netherlands with 81. and France with 50 varieties are the countries 
most represented in the Catalogue. Forty-seven percent of all varieties allowed on the EC market 
are F, hybrids. It can be seen front the seed companies' catalogues that there are fewer and 
fewer open-pollinated cultivars and more FI hybrids. The seed firms do not consider it
worthwhile to produce seed from open pollinated cultivars, which cost as much to multiply as 
I., hybrid seed, but sell at a prices 50-100 times lower. This means that the great genetic
variability that should be present in the large number of varieties in the EC Catalogue is illusory; 
many of these varieties are not available any more on the market. 
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Symposium Discussion 
Y. Halle: Did you in.,estigate the life span of pepper seed at room temperature? 
L. Quagllotti: At room temperatures (20c to 25"C) good viability of pepper seed can be 
maintained for two or three \'cars provided that seed moisture is lo\N (5 1"to 0' ).The relative 
humidity of the stlorae rooim must be controlled or the dried seeds have to be stored in sealed 
and waterproof containers. 
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C.H. Huang: Materials for F, sweet pepper seed production are mostly from Europe or the 
USA. Seed is normally golden but we find many dark seeds (poor quality seed) in berries produced 
in Taiwan. Do you know what could cause this condition? 
P. Belletti: In species with tan-colored seed. dark seeds usually resu!t from irregular 
establishment of fertilization and/or embryo and endosperm development. In fact most of them 
are empty or contain nonviable embryos. Under our conditions, tileaMotnt of dark seeds is 
usually high when environmental conditions during flowering of plants are unfavorable (i.e. 
too humid or too warm and dry). A certain percentage of dark seed may also be present in normal 
seeds, but it is not very difficult to eliminate them, because of their lower weight and bulk. 
It is also possible that dark seed result from infection with certain pathogens. 

H.I. Wien: Parthenocarpic tomato lines show considerable promise for fruit-setting under cool 
greenhouse conditions. Are parthenocarpic pepper lines available to improve fruit set'? 
L. Quagliotti: In Italy. secd companies are working on parthenocarpic sweet pepper varieties 
ifor winter cropping under plastic for instance in Sicily). So far it seems that in these crops 
some problems can still arise in connection with the abnormal shape of bell pepper berries. 
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Abstract 

Two biotechnology tools, somaclonal variation and anther culture, have directly
impacted tomato and pepper breeding programs. Somaclonal variation can be used for 
incremental improvement of elite breeding lines without affecting overall agronomic
habit. Anther culture can be used to induce gametoclonal variation and generate pure
breeding lines via hybrid sorting. Specific improvements achieved through these 
technologies, and integration of biotechnology into a conventional breeding program, 
are discussed. 

Introduction 

Plant biotechnholoo\ is the alqplication oft rilecular bioILo\ and cellular Cenetics for the 
devehlpment oflnovel aini mIproCd crop \aidICs aild planlt protducls. Itshould lbe noted. os\,evcr.d 
that these ICw techniqueS o1' genetic Cllilnet'itLe anid tissue culture complement. rather than 
replace. plant breeding as a method of ctrop illrpro\ eireit. Novel uene conibinations and gernetlc 
variation produced thlroitUh cell andc tisse culure require plapnt breeding and field trialingo to 
select for ilrp-oVC.tl nts. sihlliarl\ . trallgellic plants cutold lt it hav bee pl'roduced \without prior 
estiiblisihirelt itt cell culture protocls for tissLe aid pMtItpla.St regeCreratitr. l,\ externsionr,11plant
hiolteclliolcv\ is ol\ anIeffective illetltiod oflrop irIipr,,elllellt ,herr irnte rated itO It iltelsie 
breeding, trialing protgrarr. 

The first applicatiir tt plant bioteclrlltlo h,las eerI in Ctops \hich are highlv anerlble 
to ill ill0 reCeneration. and \\lhich are of .iiaitr ectrItriic irrpotirMce. A critp Mhich fulfills 
both Criltelia is toillito (L..cp.'r.siiiolc.s,let'ulh Mill.. Mtre lirtrited succCss hs hCeen achieved 

ith pepper (C'psicum nnn i.. ). Ho\t eyer. tli gr2iwirig cotinerciat importance ol pepper
should stimulate increalsed research in this Ciitp inte rtear future. This riaper wvill I'tCIs Ott 
t\t hittechroltuies. ,soiraclhtal \ariationll1ir ainther culture. \Ihiclr are applicable li toirato 
arid pepper illiprlsellienrt. 

culture tlt has/it it ttissue been epititel iii iararre ol scientifihc disiplile. inCludirie 
basic bioclciristr\ aid phr siitdlg , pldtictiitillt't eitldar\ citinpiMtrids. geie e\piessitri aid 
tuIciiceIicit\. Tissucs frrn virtuallk all free-lis irll' tarlisrns can bIe irriaitairred it vtlro. loCever,
cultured pla.nt cellts arC distirngiished h\ their titipilericI\. Thai is. cells derived funLIdi\erse 
plill tiSSute Sitiurcs. sichis itOts. lea\es. steri, aild sit Oil. ctii be irlduced tt devl.,hip iilt ita.ict 
plaiis inr culture. 

While not all pl.li .pecies deinitrIs +ttilethis capabilit\ . 1t0iiat beCiiC a itOdelsLIN t,lelii
bec;Ise irf thC ease s ith\\ hich plillts Calt be i'eCeiieraled finliu i 6ialitissue sitllCe.S, alid because4 
it its ipitiarnce is in ecitrioriric crop. Regerlera.tiill alt011d \aritrus ti11tit CUltivils is LlbiqtiitUs
through the genust1i pcrsiorn (till aid varis. 1921. K iiirreef et at . I9t)87) reptrted that 
tire high reg nrtitui capacity cinITfried by interspecific hr\ bridi/altinl \sihlA. ;wruliauln is 
ctilrirlled b\ tw(i ditririlt gCiies \ith high hreritabilit\. 

http:pMtItpla.St
http:ilrp-oVC.tl
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It is generally thought that plants regenerated 1'roti tissue cultures originate froii single 
cells (Carlson and Polacco. 1975). A histological examination of tomato cotyledon explants 
cultured in vitro showed that several neocaibial cells contributed to the Formation of plantlets 
(Monacelli et al. 1988). Evans and Sharp (1983) reported. however, that the segregation ratios 
among progeny of regenerated tomlato plants con formed with simple Mendelian inheritance 
patterns. Thus the regenerated plants originated 'rotn inrdivid ua Intitannt cells rather than flronl 
a collection of cell types. 

In contrast, plant regeneration f[ioi somat ic tissues of pepper (0ypsicaun spp. )is not roiitine. 
although a number of workers have reported success IAgra\al e al . 1988: Diaz et al. 1988: 
Morrison et al. 1986a: Aurasal and Chandra. 1983). Critical variables for success in regeneration 
(t plants from .,omatic cells of peppler include genolype, explant source, and the particular 
hornione mnixtUl'e U.,ed illtle culture lliediUlli. 

Anther culture is a Method for ctltrili male ganctes to generate haploid plants. Following 
chri inioS0one doubling, ho /Vgot!Ls. true breeding lines arc produced without recurrent selling. 
Plant regeneration froii ltoi;a.t) 1986:gaicmetic cells of has beell reported (Varghese and Y idav. 
Sharp et al.1972). To avoid callus prliferation from somatic tissues in tileanther wall. isolated 
microspores were cultured instead. Ahh ugh \'alghese and Yadav (1986) reported ertibrvo 
development frormi isolated microspores, there have been no reports of regeneration of haploid 
toItlato plants. 

Far niore progress has bcen acliie\cd it rcc! ering hap)id pepper plants troll! anther culture 
(Morrison et al. I986a. A critical variable in tie culture procedtue is tiletfeatrrierit of anthers 
at elevated telperatures during he Carl, staes, of culure (Durnas )eVauhl el al.19821. 
Subsequent \\ork described tileimportance ofi"genotype, cold treatment of" flower buds prior 
10 ctuhure and the use actisated charcoal in a specialized culture sN ste et alI. 1986b).f1 i INIOirisot 
Ail added betiefit of pepper aitler ctilt, re is tile frequenc at which dilhaph ids occur. Chronlosonie 
doubling is otherwise difficult to induce and m1aV cause deleterious changes in doubled haploid 
plants.
 

Tomato and Pepper Tissue Culture 

Somatic Tissue 

'File protocols for Culturing explants oi tomato and pepper are similar in terms of aseptic 
technique. growtlh of donor plants, and culture mnedia (,Morrison et all. 1986b: Kut and Evans. 
1982). Differences between tile type of explant and plant growth regulatortwo methods include tile 
(PGR)supplements (Table I). 

Prior to culture. tiledonor tissue issterilized ill 20( bleach for 10 minutes and rinsed with 
sterile water. The surfaice sterilized explants are then placed on am autoclaved culture medium. 
Shoots begin to appear ii,pepper explants in about three weeks anrd OiltOlllato illfoir weeks. 
Ani additional two %%eeks is required lfOr the development of shoots into stiall plantlets. The 
plantlets are tien excised and placed onto hornione-firee ruedia to facilitate root frimation, Rooted 
plantlets are transferred to soil under hih huiidity to accliriate tileplants gradually to the 
greenhouse civiroarnent. Seeds are thcri collected froro Mature fruit for genIetic arnalysis. 

Table I . Somatic tissue culture of tomato and pepper. 

Tomato Pepper' 

Explant Leaf Embryo 
Medium MS MS 
PGR 5 1&1 6BA, 2 pM IAA 10 pM 6BA 

zMS = Murashige and Skoog 119621. 6BA = N.6 Benzyladenine. IAA = mdoleacetic acid. 
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Gametic Tissues 

No techniquie has been reptrted ior production it n iano haploids iroi anther CultureIi 
a rep rC.lduc ihlie hasis. In contrast, pepper haploiis hivc been ireadily regenerated I Niorrison e 
al. 19 86a). The critical I'actor for haploid prodIuctiOn iront pepper anthers is the physiological
con1dition of' [he donor plants from which anthers are explanted. The donor plants mu1t.st he 
maintained Under Optilun illutinaiion, Iertilization. ItmpCratlrC. ;IIILI hiuiiiditV. The optimal
le%el of each varies With the cultivar. The stage 1 il icrospore development is also iltlportlll 
for" haploid production. The highest IfrcetiLency of' haploid plant regeneration is achieved h\ 
cultuirn anthers in which the ia jorily oflthil liicrl-spor1s are uninlucleatc. it:tlpriolr to tile first 
pollen iltosis. 

Anthers are isolated l'roit flower htids pre--condiliorred ill the Cold (4 (') frIs.' raf laS 
(Culti\ar-de'pend'nl),I. and inlocUlited 1n the ritediuli a, dCscriheCd h\ Sihi el ll. 11979) \\ ith ';

1sucroe. NiS hasafl ilediutir with 10 NI 2.4-1) IhlS aso heelt used sLuccCssfulh The anther 
cullttires are1"incuhated at 35')C iln lie dark for eit days. The atillers remain on the orii-,ial 
muediui fir an ldditiOnal four days ill which tilnte they arC trantsflrred to hiortote-free tiedia 
\with 3'; sucrOsc. Haplhidoii and dihapl id elhrvol s and plants develop within 3-4 \eeks. 
Regeterated plants are handied idelnilc:li to recirlanlts i11 somatic tisstLs. 

Somaclonal Variation 

Plants recenerated fr-iuim sonltatic tissue shotuld, itl thery, he identical (clones) to tile lnote 
of, the explant tissue. i practice. ,enet. variants have k'n l[)co\ ered lr+ 111any crops lullowin,_, 
tisstLc culture (larkin and Scowcroh. I9 i)l. Souachit;.i \;atiatiti descriles the occurreII tof 
hoth Nlendcliaiiand ntt-Mendeliati get'tic chitics ill plants recos ered rlortlli Cell culture. The 
Cneticall. ,tahlt challe's derive from111two soLIeCs: I I) tri'.ISlti,,Siolt of* pre-Cxistine so)lnttic
I1ttti;ltiolis in tile e\plattt Isute, and (2) illictiti of eIIssImutatillns duri.i thc cell culture: pIlant
Iel-Ialltitl I process. SOlatic irtuttlliOts OCcur il C\atI 'Ctl\ hJl hIiglfUqt.'rcies il the plant 1+oe111C. 
lo\ses cr. unless he le line Cell,,l-e ni.'tited, such m11Utatlions ate1noittsultittud to0succeedilttl 

ceUittions. S1Nilatic mutatllons are prtOpal.ated and resLCud shei ctirp 11ee clelIltatcd.plants are 

Ill additlon tolreserving and amplil\'ing pre-e\istine variatioln. chrttoit.tsotn,i alitorialties ate
 
induced in tissuC cultured c'ells and regeIne.iated plants,,. These include gene aplnllicatiott.
 
anlCuplhoid\ . po p)lod. Minld itilotiC CrOssile ovCh tra.llhocalio ( i'Vll,, and Sharp.ir )86).Other 
cLaieS iln gcne Cepr,.esston i ma\ resuilt IFoI+ thi iltillti. late repliction oF liel itchrn.iatin 
arnd iclialioi ofl tran.lsposahle elements (Peschke et al. 1987). 

iitotic Crossl,( over itcludine hM),ItInt,'tri. aitd it'' ru.COtihillatiOls.oth s\ lltriC 
ailso accountslItr ortle o th ie .riatiodetected InrecenCieMatud plairt>. The occirl.'icelo NIC() 
e plain, thclect\ el\ of lotIlttz OtlS 'cessive single gelC tttIll;llOtis lltotrg tecite0at2d plalt.
Piatits reeneraiteLI rti0a1 1toato gen.ote he+liter\w cous. atfCi' marked loci Ott 11rronurostlne 
o detoistrated a hitigi frCquenuc1, oi ll+iiotic rec1inhittllr ll+tll tire tarkr loci (llh cut al. 
1987). the NJ(:() frequenc\ is Cnha .Id ill t'C ions adjaceInt to the celitr-ornice. 
Tihus stclrial variatioti offers the potential for hrcakiit, up deLehtcrious gene linkages near 
tie Centroretrle. wietc rtlllolic tcC,1hilliltiol Is supprCs,,sed. 

Sollacloral \ariatiotll ofers siluific1altl adkit;i.'es ove.ur tniltliol hnctditc 110011d 
Ilttl;.eillesis. Whneln sCds or plait parts are tieated \s itii chenrmical aMid or Ith .'ical nutaeti,,.
tOrdy those .tiltitOlS ill the gCerill line arc tr;tinllitted to the le\I geceration. As tIost ilitta.tiotns 
a.re deleterius,. rimuitatiori hreeding 0ften produces plants s ith reduced felrilit\ anid lo\ \iel.
 
Fven ifthe clihatge is beneficial. the tltliotil \\ ill trot he ltratiittod to tite tre\t "Clratiotluliess
 
ItoCcurs itt tire 20111 lfie. Itt .ontist. Siln.c pilaltIs trii\ lrise lroii ,in le cell, ill c lture.tll llulatiorts
 
rrduced h stia'cional variatioti in tie original cll are li'tpa,,td thrnouhot thit,planfti('hieiraS.
. 
.viiich arc Cot1t110tt to lr;.titiOll hrCCdil. ipleir to occlr all ta0os frilLnc1. tiioll'.g palltS
elura~;ted~ in+ ri//'o 
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Botih be nefici anl deleterious mutations arc cenc rated hy sormaclonal \'ariation. However. 
the nuI uber of genetic chan._es is lo%% with stllaclonal \ariation iscompared plant hi'ccding.w iih 
Most of tie genome of the sollaclonal variant remins unchanCed. Thus. ifelite hreCding lines 
' utilized as the starling point. Os erall agron ollic perfnrmance is selhon aflected. When 

Combined \\ith atscreening prograinl. soiai.clonal] valritliotn Cin he eniploN'ed to cenerate Sma1,.ll. 
incremental inpros enlents ill \.ithtout disrupting respolsibleelite lines the gene colbinltions 
f good a.grouo'01iiiiC pICrnl'I'llclICe. 

Since it is Ilo Iprotess,sonlilchlil \ariation also acts asiasie\e to screen olt Ina,or 
deleterious utilltion " Colltnunlh foUdll] illa IUtLtiOn hreediLng program. As c,;s ill culture 
reg'enerate to gI\ C riseit) intaCt plant,,. those cell, \\hicli camsr dCletiolls illmajor gelle functioins 
\\ould nIevel Ie r r Sollomal analdiOn miia\ be ComilillmCd \,ih ILIIIcII treItllleIIt to 
in:reaCse the frteqe 'ot.iiiuI.llOll. RegCne.rtled plaits,. termCd nmutaclmmes. \\ill still 0 ihirougil, 
the sic\ iig 'oc , (it pla t rM,.mrati d isSO,, eICI)l'ha\e iiac S. 

)ne illtrlestilne IMItLIt s\iti 5 clh11s -fruitcd piroge .'5its selected froun somiliCllles of red
fruited prgen, dOior pllits,. Ile inheritnc Of \ello\ fruit c' utaLtlliollolor indicated that the 
is reces,,ivc to0 red truit color (thle 2). Kn in,,cllo\\-IruitedILamuts \.crc crosse,d \%ith tle 
sotll'.tclonil mtlant to fIlrther charalacterize tile viu'-iiducd Procen, from the crossill utaItioI1. 
lo it line holmo. ,ois t ul.neriiic-cfoloc.I I tiiit I \ \ Clc red-fruited. ildicatie of 
,.oiiplci.lt.thio. (Cross',s bctslcc. te soiiClonalliit aiiLd Aine hu lOuoLzs o iW elioss 
fruit ir-2 r-2I ga u\l .Clhos-truit'd . inttuttiomi deCrid h\ ,oimuaclonalfIpIrogmnIhts. time 
5.li;.lioll resided tile \CllO\s tlc', (UllOMOSO ..At -,illliC -fruit o iC 

Both qttalitatis C And Ludntitnttis e nclntic imliji m n tOiito has heen gCnetedIL thotglCHrlolt, il 
,omlmachoaul stamatiomi. )N.-\ Plant Tc.chnohog.0 ('mptOtiOmi has. pNuridceUtL a )r[ocessiic tolmiato 
.iriet\ \ ith a 2);; increase ill"olblC olids, froii ('823. I)NAI1 9. so aclonalderi\ed lroml 

a uiation. maintains the ,icld of (82 H. and rciumbles the dontor miterial ii 1e r\5,,aescept 

ft' hicier solulC solids. Sonllclomile "istanllt to toaCco Ilosi.'\ilIl"(IIV)ha.\llso been 
recoC\CrCd (lHartden et l l. 1 ) 6). Both hiigh Solid, amld INIV rcsi,tllle has heem sho\\l to be 
tahlC ill subsciuCLt elleCllotllis. ()thor impt\cnucnts idcnitidic,. h\ the )NA Platt lechnologs

Colporltion's tollmalo so iclotal ariailn pro0riitii include icreised .icld. fruit pigumentation 
anod disCas resistMce. 

Table 2. Genetic analysis of yellow-fruited somnaclonal variant. 

Progeny Red Yellow 
Ro 
R1 

15 
15 

0 
4 

R, from Yellow R 0 99 
R, from Homo17ygous Red R 132 0 
R2 from Hetcrozygous Red R 227 68 
Yellow R., x r-2 r-2 0 24 
Yellow R2 x t t 15 0 

Anther Culture 

VriltiOn induced in plaint, rCgCnCrated fiont cLltLre Of amlletic tissue is termed ganletoclonal 
ariatlio. Since plants regelleriClted fron nth cu1ltue ,LsLIll ~re hlapfloid. gaultetocloles ould be 

C,,)Cepcted to hve liff'erCntl\ frolllsoilla lOneS. A ulique feIature of g.linetclohll.l \ariiition 
is tilecpression of recCssis e IlLltalioli induced b\ the culture Il'rCCSS direct in the regeneal',lted 
I)lint (R,.). When anthCrs tOf F h hrids arC culurCd, the popF,ulatioofh regenerated pIlints 
represents s',greguttiti ,M iidepemudent ahssortlieiit e\sllemI't1 ite precCCinic lciosis. IIshrid 
sor'ti.c decCrihe illither Culture of hCet\ro.s o-'uells 1:1t\ lids, to producC ima ofpllllts Or ill rra 
stible. hmom.Cg 1. l)OublCd-hplrmid pepers hs iCen recoverCd in farcie niunbers10111c0o2 
throlgh lllthr Cturll'e (Morrison. I8t)57. (,.ImtCIOILI vrt'iation s a,detecICted 1.1l012lmgd.oubled 
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haploids (DHs) of the bell pepper (C. annuum) inbred Emerald Giant. The majority of the DHs 
were significantly shorter than the donor material, although several plants were significantly 
taller (Figure I). Variation was also observed for yield (Figure 2). While deleterious variants 
were also recovered, several DH lines outperformed Emerald Giant for yield and quality. In 
contrast, no segregation was seen in the selfed progeny of Emerald Giant. 

In a separate study. DH lines of bell peppers were generated firo anther culture of an Fj 
hybrid between parents that were light green and dark green. Out of 85 DH lines. 44 lines had 
dark green fruit, while 41 had light green fruit. Since inheritance of this trait is conferred by 
two loci. four phenotypic classes would be expected. The DH lines had Ispectrum of fruit colors. 
from dark to intermediate to light. indicating the occu~rrencC of these classes. The spectrum of' 
fruit color from light or dark deionstrates a ganletic aryra for this trait. Several lines exhibiting 
the desired fruit color have been incorporated into the breeding program. while others were 
selected for large-scale field trials prior to release. 

~DHL~
12 Control !i!ii 

- IIU)10 idh 

8 
 7 
6 

o I .. , ,il 

24 28 32 36 40 44 48 52 56 60 64 
Centimeters 

Figure I. Distribution of plant height among DH and control lines of Emerald Giant. 
Numbers above bars represent the number of DH lines with individual means 
significantly different than the grand mean of the control lines (p < 0.05) 
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Conclusion 

Two technologies derived from cellul:'r genetics directly impact tomato and pepper 
improvement. Somaclonal variation has been successfullv applied to make small, incremental 
improvements in elite breeding material without disrupting the gene combinations which control 
overall agronomic habit. Anther culture has been used to induce gametoclonal variation and 
to generate a gametic array of pure breeding lines through hybrid sorting. Each discipline presents 
additional tools to the plant breeder. While these tools are not essential to plant breeding, they 
can provide novel genes and gene combinations and significantly reduce the time to variety 
development. 
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Symposium Discussion 
L.C. Chang: There are some reports that the autodiploids derived by haploid chromosome
doubling from anther culture are not stable and of low fertility after several generations. What 
are your experiences in the practical use Of' such lalOids?
W.H.T. Loh: Genetic unstabil ity may occur if chimeras arc regenerated from a cell mixture.Regeneration from single microspores is I'avored by protocols which reduce culture time.Dihaploids produced under these conditions do not exhibit segregationi in subscqucnl generations.
DNA Plant Technology Corporation has ()btained a patent under he Plant Variety ProtectionAct on a nearly seedless variety of swcet pepper developed th"ough anther culture-derivcd
gamctoclonal variation. This is tlie first patent to be issued Ibr a vai ietN deyeloped through anther 
culture. 

S.Green: Considering the fact that resistance genes fOr CMV are not available in cultivated 
or wild tonates, do you envisage that a biotechnolog approach might be possible. or is one 
already underway to solve that pr(blen? 
W.H.T. Loh: Viral resistance may be engineered by inserting the gene with the appropriateregulatory sequences for the viral coal protein. Expression of' the coat protein confers viralresistance akin to cross-protection. Synthesis of 'viral co-t protein ma\ lead to yield reductions.
but may be the on l soiution where mtural rcst stance does not exist. 
J. Hallard: Did you observe any spontaneous chromosome doubling in the regenerated pepper

plants'?

W.H.T. Loh: Spontaneous chromosome dou!,ling in haploid peppers regenerated from antherculture occurs at very high frequencics. Thus. colchicine treatment, which often produces
deleteriou changels to the plants, is often not necessar\. 

R.T. Opefia: One of the serious :riticisins that have been leveled at the technology ofl'sonlaclonal
variation is the low frequency of' novel variation derived through :is method. Is this true?W.H.T. Loh: The level of soaclonial variation varies from crop to crop. In tomato, sonmaclonal
variation occurs at a high frequency, such thai some sOniaclones accutiiulatc too many mutations 
and have lost utrity. We try to reduce the incidence of' somiaclonal ariatioii in tomiiato by
minimizing culture time. 

R.L. Villareal: Can you give one example of a commerci-d tomato/ pepper hybrid ,rvariety
which has been developed using inbred line(s) derived t,. ugh hybrid sorting?
W.H.T. Loh: Tomato cannot be regenerated froIm anther :Ulture. DNA Plant Technology Corp.has produced several pepper lines from anther culture (hybrid sorting). both processing and
fresh-market types, which arc in advanced grower trals. 
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Pepper Breeding and Genetics at New Mexico State 
University 
P.W. Bosland 
Agronomy and Horticulture Department, New Mexico State University, Las Cruces, 
New Mexico 88003-0003, USA 

Abstract 

Capsicum annuum Is the most important horticultural crop In New Mexico. The 
majority of New Mexico's pepper acreage, 86%, is planted to the long green (Anaheim) 
type commonly called chile pepper. Most of the chile pepper produced is used as a 
processed product and can be separated into three major commodities: green chile, 
red chile, and paprika. Single plant selection with pedigree breeding has been used 
successfully to obtain lines that are unique and uniform in horticulturai traits needed 
by the chile industry. Most important to the chile pepper industry in New Mexico is 
disease resistance. The diseases of immediate concern are Phytophthora capsici (root 
rot), Verticillium dahliae, pepper mottle virus, tobacco etch virus, and Meloidogyne 
incognita. In breeding for disease resistance, our research has focused on identifying 
sources of resistance and the development of a multiple disease resistance seedling 
screen. Pungency level has become very important in chile peppers, because of the 
increased consumption of southwestern ethnic food products in the United States. 
Currently, the most accurate measurement of pungency is with high performance liquid 
chromatography (HPLC). We are investigating the capsaicinoids within Capsicum 
species, varieties, and cultivars. In the hope of expediting the research on pepper
genetics, a Capsicum Genetics Cooperative (CaGC) was established in the Department 
of Agronomy and Horticulture at New Mexico State University (NMSU). Unique genetic 
stock material is requested from Capsicum researchers and is kept in a repository. 

Introduction 

Pepper. Capsic'um antutim. is the most important horticultural crop in New Mexico which 
produces more chile pepper than all other states in the United States combined (Cotter. 1980). 
It is New Mexico's largest cash tood crop and has been grown in the Rio Grande Valley of 
New Mexico for at least 400 years. Chile pepper is not ati\ e to Nc Nexicico. but \ as probably 
introduced during the Spanish conquest by Don Juan de Ornate in 1598. By 1600, colonists 
were raising chile peppers with irrigation from the Rio Grande River. 

Studies on peppers. including breeding, began witi the founding in 1888 of Newk Mexico 
State University. Fabian Garcia. the first chile pepper researcher, began in 1907 to investigate 
ways in which to improve chile pepper production methods and cult ivars Iur New Mexico (Garcia. 
1908). Two of his Most significant accomplishments \\crc the 'raised bed" method ol growiig 
peppers to reduce the incidence of Phytophthora root rot. and tile selectioni and propagation 
of less pungent chile peppers. This allowed fOr greater production and w%ider acceptance of chile 
peppers, especially die long green iAnaheim) types. Today. the niajority of the 56,790 chile 
pepper hectares planted in New Mexico are used to produce chile for processing and can be 
separated into three major commodities: grecen chile. red chile. and paprika. Research on 
improving these pepper t'pes has continued at New Mexico State University in the Agronomy and 
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Horticulture Department (Bosland et al. 1988: Harper. 1950: Matta and Nakayama. 1984; 
Nakayama. 1975; Nakayama and Matta 1985). Table I lists the pepper cultivais developed 
at New Mexico State University. with their originators and year of development. 

Table I. Important pepper cultivars developed at New Mexico State University. 

Originator Year Cultivar 

Garcia 1921 'New Mexico No. 9' 
Harper 1950 'New Mexico No. 6-4' 
Harper and Nakayama 1967 'Rio Grande' 
Harder 1956 'Sandia' 
Nakayama 1975 'NuMex Big Jim' 
Nakayama 1984 'NuMex Espanola Improved' 
Nakayama 1985 'NuMex R Naky'
Bosland et al. 1988 'NuMex Sunset' 
Bosland et al. 1988 'NuMex Sunrise'
 
Bosland et al. 1988 'NuMex Eclipse'
 

Methods 
Breeding for disease resistance is foremost in our breeding program. In breeding for disease 

resistance, our research has focused on identifying sources of resistance and the development
of a rnultiple-d isease-resistance seedling screen. We are designing inoculation techniques which 
allow For the multiple inoculation ,l several pepper pathogens onto a pepper seedling. The diseases 
of immediate concern in New Mexico are Ph.'vtoph)1 ra camp.ici (root rot). Verficillium dahliae. 
pepper mottle virus, tobacco etch virus. and the rootknot nenitode. AMe/oidngoyn,/m'o,,nila. 

Pepper is thought to be a sell-pollinating species, but in Nex\ Mexico outcrossing rates as 
high as 70% have been recorded. ThereliOre. breeding strategies to develop improved cultivars 
have taken this phenomenon into account. Since both pest resistance and horticultural traits can 
have varying genetic action (e.g. dominant, recessive. quantitative, or qualitative) different 
breeding methods are employed depending on the gene action. The most successful breeding 
methods have been the backcross, a modified single seed descent method, and the pedigree 
method. 

Results 

Improvement of horticultural traits for green chile. red chile, and paprika is being conducted 
at the same time as disease resistance is being introgressed. An ideotype oit green chile has 
been developed (Bosland. 1988). Figure I is a stylized drawing of the green chile ideotype. The 
major features of the green chile ideotype are uniformity of pod length. pungency, fruit width, 
and wall thickness. Since green chile plants are also used to produce the red chile, the fruits 
must have high extractable red color aid high dry matter. In the United States, paprika is defined 
as a nonpungent red pepper powder. Therelore. very mild or nonpungent chile peppers are also 
used to produce paprika. In New Mexico. all peppers are still hand-picked. but machine harvesting
of red chile would be desirable. Preliminary steps toward the development of a plant type suitable 
for machine harvesting have been accomplished. Pungency is another horticultural trait towards 
which considerable effort is being directed. Pungency level has become very important in chile 
peppers, due to the increased consunIption of southwestern ethnic lood products in the United 
States. The genetic control of pungency is through a single recessive gene. However, once 
pungency is present, the range of pungency levels is controlled by a quantitative gene system. 
Currently, the most accurate measurement of pLgency i:, with high performance liLuid 
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A stylized drawing of the green
 
chile fruit ideotype for
 
processing needs.
 

chromatography. HPLC. The HPLC system is capable of detecting the seven capsaicinoids which 
differ by species. variety. and cultivar. 

Conclusions 

The New Mexico State University pepper program has been, and will continue to be, involved 
internationally in Capsicum research. Cooperation with other researchers in the world is 
welcomed. In the hope of expediting research on pepper genetics. itC(ipsicutn Genetics 
Cooperative (CaGC) has been established inthe Department of Agrononiy and Horticulture at 
New Mexico State Universit\,. Unique genetic stock material is requested from Catpsicuin 
researchers and is deposited into a repository. All persons providing genes and stocks to the 
CaGC will he recognized as the source of those traits in the Eucarpia Capsicum Newsletter. 
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Symposium Discussion 
B.H-. Chews: 1), rrifindI thiilii h I rAI 111C1InrI~I- ,'lI ll dii 11i t. l for11te pepper l ant '([

Ne IIiCIe.IsC at tc ta'll 
P.W. Bosland: Iliecoli does 110 seemI [0 Iudne.J11 1)it tihe \4hriditLIICit. CatrsC01 tile pepper-S
10i -111M rIrOre' \ Iti rOl\I I firs sm1Lst fjitjjCipL'!\\ 11Ill NOnrttenr Nc\k Nle\ico is inl a \tiesed 

Yv.H-aile: IIMi 11I \M1 dLArirr& O CIifLe'i lirt ) CIretetd ilid' 
P.W Bosland: Iffe fl:i~t ,dW .ii. I, a liii1o dIdCIt.Itret t.. for red Chile 
liniLICtrtitr (I01 11 111,.\L'J Use1! Oh \rneIt1i Sr L. I.'tktessrnt I ASI Ar Ilelhios.
11IS~C ttlr l ll111ftii \ I 1 ;1 11 srlll11C HIr hi 1.'d kllii' 211M i iN "c\ Niesici. 

R.L. VillarealI: . unli pclpcIix ii IC- il /r; l/n tri Ii seept I*c/ -cll-l111O
P.Wv. Bos'and: I a/c 'i, oi e;i ii ~rsrct'[.'d t' ht, I d/1/i/icl Ilie \'etticilrnnrt 
ieiltcrrt/ttl pepper)C 11,1"irrreroI',. err.I. 1IerbI'tf1c 11 cld"r'srtef.rs a/I/Ir'I.cOljt'I' ~ 
llostkl ith onutlierit anid Iii,[.SA\ prlirce s~ irpliris .tit lrrr~peraltire apptcc)rehing 30 -C. 
1. (11ollb-curuu J)OLLCrC1re,[It c.c rpctcsbIhe 2s 

http:cld"r'srtef.rs


7 
(
 

The Use of Capsicum chinense as Sweet Pepper
 
Cultivars and Sources for Gene Transfer
 
S.S. Cheng
 
UEPAE de Bel6m/EMBRAPA, P.O. Box 130, Beldm-Par,, 66000-Brazil
 

Abstract 

The common Capsicum annuum sweet pepper cultivars do not thrive under humid 
tropical conditions in the Amazon Basin because of disease problems such as bacterial 
wilt, anthracnose leafspot, bacterial spot, Erwinia rot and viral diseases. Most sweet 
peppers of the Amazon are imported from thousands of kilometers away because of 
the very high cost of local production. However, because of the need for transport over 
long distances under hot and humid conditions, the peppers imported from northeast 
and southern Brazil are always of poor quality, and are expensive. The Amazon Basin 
is the center of origin for C. chinense species. Many cultivars were domesticated by
the Amazon natives for flavor and/or pungency. Some of the cultivars have sweet pepper
properties and can be used as such. These cultivars are naturally adapted and disease
free under humid tropical conditions. This paper reports the collection, evaluation and 
development of C.chinense materials in the Amazon region as substitute for C.annuum 
sweet pepper for humid tropical regions. The advantages of C. chinense cultivation are 
the longer harvest periods, no pesticide application requirement, and low production 
cost. A breeding program is under way to transfer fruit quality traits from C. annuum 
to C. chinense. 

Introduction 

ide! uhi\ 

where toniato is dilficult to proiduee. ('urrentl' .; Of toiliato and iiiore than 501)of0I 


Sweet pepper is the SolanacCous fruit 1t10t L' tCd in the Cast ,\ria,,h/ recion 
eeet 

pepper (. nnumni are iiported frominorthcat and souhlliern Bra/il ei2.0() to 3.(l kin 
awa . tloillaloe iallv\ produccdl inl the s\est .\lli/ol reioln.Neither s k c:t peppeis nor ie ct)illilic 
There is no pasd hiiai .\'ii to) conllc t iinin0 citi illand \.ueclahles arc trinsrtldCL 

,
without rc'riecratioln on dirt ri'd ,lR Ors. The triptak',,4 1t 12 dli\"sFi in Ile dr; scasoll. 
and ecen thei ,,oiccities can otll\ !',suppflieCd h\ air. )urimiii ite s I,tasolli. %IhLeit1roUnld 
transport is cut h\ s at.r. irltransport is ait i Inedd. 1 igh priVCC,, ,i1d lo(\k qualit\ of [he 
ilmported prodIuce isresponsiblc for the uc'tionLI t these %euetlbles il,harp redl) ofI consUliiplioll 
Pi6 State. and especiall\ in other inlier ,tates iid territories of tlhe .\ilmlil Blasil icheng. 1987. 

Vecet.thies ilBraiil are iiostkl h\ JnileleilC, "ra .ho l 'icA\lamticprWdu .d . \i0iii rris ed at1 
coa,, and curretllv hi\e settled upito the rlilllc Amlmil i se\er cit\ of Sa;ntireill I|iLirc I). 
Sweet pepper croppiing 10es imiiiiiiri0n. bul C\pciIiS e to prodltidce. Noithilane remuiaini, 
tonmnercial sseet pepper i,prodticCd ltohthle \% II)rfl.est of S1miarcimi. R. R. I.iia. I9.. personal 
o.olnuniulieatitiil) 

The Amiaon Basin is icenter of om ('.of'.ChneIIS. aInid hu hot1a1i arlt\ o 11 piprs. 
flvoring peppers and ornamental peppers of tili, spcC occur there Casaili and Coto1. 1J84: 
Souza and Casali. 1984 . Man\ ha\e a s ect aindark-1r en pericarp simiilar to ciniton Swcet 
pepper. although sma.ller in siue (If) to 3ff )Miatidifferitillip. Tlilmv a1r ro0 ii Under hunmid 
coriditions, urider hialf-,hiade in hack ardl ispereniials, fOr tM 0t I orll\ Cilr,.\%itioul diseise 
or pest c(ntroil. 
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t fi es 

Figure I 	 Humid tropics of Brazil with tEl-c types of climaite and Capsicum chinense 
collecting sites 

"lhcrc are cr dac'cad , Ienuinn C. 'hiowne as , ect peppcr in the humid tropics.
C. Iicl('o IS1, lectcd .\ fc.', pISs And disCacs a d Sllplra inv of chcmicals is not requirCo

It pro0duceS fruit 0% ra i 1m 
 prhid, Lnder Ihal f-Shadc or' lig,,hI Shading. C. 'hinensti can produec
frnit emtllil ml ,e1m cral \cr,,. It I'Llits are crisp\ ald sk\eet . ilhout the hilterness which 
is a characterisltic common to man C. annuul, CLIfti;ars. However. the domesticated flls
 
arc Still at Ild little ISk iolabout their heha\ jil tidc opi ficld comttllc'iall
alhaL'k \ard St2C. nm1 

scalc production. .\lS Lnknii\ ii i te e .onsUllmlUS acpra;ic, of thcsc SIIall 
 plpr, insteatd
 
of th,.e traditlilnlll Commnli l ,\\el pepper.
 

l'iw lpprtoache, tO illljtiO\ c 11,it Si/c an. slpem i C (. 'hinll.ws pIPPierS hac\' 
 h.ccnl aflpted"

\k iduc CollccIiill of1 (k111ICst.tcd li ll S aind sccctil I /C and Sh c as, n, loo I Se oll l
lear olltltln 
S\ et pepprI NS,, iS,,,hlC: ;IId Ir'll11 " f i/c. ;lld Slhapc II tHII ( *, iiiIIIm ti " /I I i peppers. 

Materials and Methods 

A collection of' C. /,.inemi, geriplas \%ith S\\ecl pepper characteristies \%as made under 
the leadership of Professor R1uIis R. Lima, of' the C'olh. ef' Agricultural Sciences of Pari. 
through the 1\1ma,1/on1 lF'e-COlthian Useful Plant COllcetionl Project. The major collecting site 
was alone the Sillimc, Riser to the 1Holi,1an h'LrI thc , M1ature samtples ', ere\cst. fruit 
sent to the l.ahorator fIr \'egetahle Research and l)cs hiplnct. HNl:L,,I-RIIRAPA (lfira/ilian
Institute of A..ericttltural Rcsearch) in Iclmm. for C\allliatil and mnltiplicatioi. 

The collection \. a, plantcd under full shade under passiin frLil vines: under Ialf-shade again'..l 
a wall: and in the otpCn uLishalded field. fbr t,., seasolns: .]I'\Seasmn, froit July to Nio'clr 
199X7. and rain\ season. fromt l)ecember tol April 19X. The ohiectie %%;isto ohtain in rn ation 
ahout fruiting potential under difflerCnt CIA iritlents. particularly for the open field cmditio ls 
ofl commercial g iss ers. IEruit inmher. weiglt of the filrst fruiting. ald fruit quality in terms 
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of eri'arp thickness and co lo 	 lract)tometer readins were reenhr.%%ere recorded. Rf taken frol 
,111d red fruit. 

Potato virus Y PVY) is the most ser.iolls diseasC oI S\\eet ,ppper in llralil. SevCral mild 
strains helongin, to the Y" glrop+ ILd seW\rall strtiin oi the V" etrottup recorded intlent at,,+e 

B+razil (Nagai. IZ)84). To test the reaction of+IVY. eiefit selected linles o1 C. hiltc'<.tu \\,.'C ,crnt 

to AVRI)C for testimne h\ aitihicial nechattil itculation tlIlh1 h\ ait HI.IS.\ test..'ted l e PVY 

used for the inoculati+on, had heCIt pr,...C\iouSl\+ io,latl fron pIper ,inTai\anr and \kas.classifiCd 

itspathot\ pe (). Nlarketahilit\ \\t, C\,alnatd in r'liatit to0the price o1 ilp)t'tedl ctttitol s eet 

peppers. 
The breedinlu priteritit starte'd \,Itthcros, of Califortih Vonder .Af.\-3 to ilprto\C 

fruit s',i/c and pertu', thickns. Ie I \.a,, hackrosed to ANIA-3 atnd secotcd for high 

truitinw c0pit\. lotg productiott c\ ic.and dieaC tsislattce. l'\ promitiine line, \\crc then 

Crossed to the C. W11noon h\ hrid N1I\ Itll to 1treas,, \iclld and to ittlpro\ C fruit shlape and si/c 

Results and Discussion 

Ahout 20 lites ha:\C. heCIt ,lTiip lrotit ,itusau. t.AMA 10). A\AcollecteI. ", \ilt'\ "onic 

3)ito long squae tANIA 0. 1'tnderolen fiheld cottditin s \\itout ,Uple.tItnt irli1.1tttt11. iorial 
\ield waits obtained ill the tain\ -'easonl. lrom .lnultar\ to Apll. l)urilt tt1', period. sloers 
k)oCC.urrCd L \ a ternotn al Ilt nthl,, raiill I ,,as 542. 442 tit for I:Chrtr\.IIt1..,)5.7, laitMar\ . 

March. and April r ,spec.tiel\k It.lt titotl .liug. l.ls. ,r.(),ctoIherILuring dir of J.\U SeCpt, 
and Noetthcr. itontlil\ rainfall 5,,' 145. I82. th. 8ii aItd 55 ittir',pcti\sl\. 

In the dt\ ,,,,nSO. hilth fruit \ .lI ttld fruit v,ciht eIe ',hIrl\ redIucM,,ld t lahh I).d,,pite 
SUippllmtiental itiratiott. Ill the IailI\e..1.-\ MA 3..t\. 7 line, lrOLLuCC aittitANIA and \N. 

I,()4f picked the i 
fitittll In the dr s lstt. .otitlll- 1op r ditiotns as 
1(0(0 ltuits per plkmit (.l1i112 tlte firt futtititm. kit otnl\ to fruits \\.et in st 

Flo\\ er d:op, and fll dllrIlt.id \.atcr ,lies-, Ct \% 

ohscr', Cl ilall '. ii 's the dr\ "eastil. '/IIII('II('Is c'\ itt ltuittidu u Ih"-, lulrittl (. spe old tlt, 

tld htalf-lshd Conditihilof,thC A1111,l1 ItCst. l.ack of \\.ltr stress \\a,as a illportait Cotnditioit 
uttder which this spcIes \\it, C. doe , not hi Cthe 1itcliattIst,\CelopLd. ('onSellutl.\ /tit0'1' 
It rxstst 	 \'+ter stress. 

Table I.	Fruit weight distribution () of three pure lines of Capsicum chinense sweet pepper 
during the dry season (August to November 1987) and rainy season (January to April 
1988), and a breeding line selected from three-way cross Miyoshi x (California Wonder 
x AMA-3) x AMA 3. 

Frit weight class 1g)" 	 Average'
Line" 

ig)
6-10 11-15 16-20 21-25 26-30 31-35 

AMA 3 
Dry season i50 63 4 20 3 1 I - - 269
 
Rainy season 6 0 37 0 57 0 26 37
 

AMA 6 
Dry season 37 4 57 8 4 6 - I079
 
Rainy season 80 - 71 0 21 0 1872
 

AMA 7 
Dry season 39 4 60 5 - - 10 92 

'Rainy season 9 0 30 0 46 0 IS 0 20 99 

Tri cross-G 
Ltry season - 6 3 8 2 25 0 34 6 25 " 2381 

"Sam, tiesize vaned from 13 to 143 futsper hr, 'For ,eferencc tire fruit Negliht of Caifo n Wonder rnthe rainy 

W,1'O,I gener'all ranges from 4 16 to 50 5 y thatof MKfoh fon 34 to 89 F, 

http:hiltc'<.tu
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C. Ihiniiu'i, plii" rmk. 1 unider l~ill-sha~dc .i':insl a %allp~roved to he tIle hest br y'earrounld bru-Iit [prOduLCtiOnl. Since the atetilloonl suushliiic i aS blocked~ by tile \%all. no0 w~atei. StressConditionii occit'ied and ninlAl \iCjed \%a', rIluILcctd ill hoth seasolns. Full shladine \\as too
dlalk I'r1 I*ruLit-set Of C. il~i'ltiAE'. Aloneb.21 tile plans thi\C \Cii\ \%el h~~irilt-sCIttie levere\"Ceded IlWpei plait ill bulbi tr\ anld r-iill scitill. Ti lrliii-1611111-1 isMC arn'II, d~epentdent 

t 'illat Ihancc . Iha l i'011 ( .11ci iu'ilne til/ihtpat er i tbinlallce 
I 

atra 
PI.OhIt ht'ui/ttmt [Mll lttli lesista/: CC. C..plailNp erelLtnot 101111d di*lalil IalterialCspill 

tI Wl/)t'I/h[r I t'it lt'1'ltlml 11 ant I ll I', hlenII LINSCLIh\ NoItila I 1 1)X Ill M )IariN \\l,', i '\llla.ol a S
d sour1Ce 10 IlnsItl l', .hCSiSlIlet.' W ( 11111111101~iN\t.CC( pepper. 1 i tefiil ra.ilt\, wasoill [lie 

diliad Mill 4'(1110 frI Inlto \%itree lCr\ ll a llllclltl ~ il i/tt nd C 
H 

l \ I liio :ittitliiju/it 

on ( '. amlnolo ' t pekle.'I~o pI r Ill filt. Aiiilili ill I lIM', C.\ Cr . I\ 111k,i N\slt ili Of these l\\iti,1\ IRS 

die ans \'.- ll)(~t lihe aur illC 1i/iuli4,1ic Illclc\-1 (M1i t~l(LIN li~ ~ll 14,11110 j11 A'c \ it 

i' ) iiii\ t. ~IINli ICllilICul .111. i p~lllii C lilI hN CuIll t thes 111 Citleii 1111 1. 4' aie.' 411 

and.tle~I \ t, r NMICN tIHL1A 11 c t.~ i l %11is lO 11 ri i\olic n ii Iil l pl t.LI1Niit'ilcN1n 

AIiil I3t peppllIN. a Ohe"ui hlle 1 hai. itt t till,, pIttiI Ut "Ciii II l leli fei)li b\ the i.!rti\\ r 

3Cl cil. a i N\\ice CI.Idis IslO llII H 

IlThe.\ l reu lts3hm Nb 1(1 .'ic iH imsced tl'ill tiid t'II ft'lcilhl 'llI i it l rit t'lin;1,c 

hC1ILI[it'HCIlos l tllt il he il\ CA10i i N lchi . iNll d Neillatil L . wlti.i ll the11lii' it.2 

[urtlleili the1Olcstl Itt lam t. liNl Nell Ap1 .\RAlm Sllit, su.(plemntal~pers..laio 

http:Aloneb.21
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Figure 2. A C. chinense sweet pepper Cultivat AMA 3, 80 days ifrer planting in Belem, 

Para, Brazil, (dry season). 

lc hck pi cmp iijLir~ ti! I(illiiiia \iilL' iii Il lii'Z 

Figure 3 A C chinense swcd(pepper cnltiv:ir. AMA 6. 80 dais *dfter plan'trt inBeldnt, 

.iiiicd.it(i~n~l~iiiH 

P~am Brazil. (dry scasoro 

' I HII . l i x~, I \ \ \ .3 ., I i i n l, ic,I i I' .. ,i i i,.'.,l i i..i cci:i,. i,i , Hn I, II ,,.'\ 
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California\Wonder. AMA 3 and the 1I1 hybrid ssere 46 u. 15 u. and 27 e respectively. Sedset 
was normal either using A,-MA 3 as male or lemale parent. IIo\vCr. a higher number of seed 
(200 per fruit) \sas obtained usine California Won1der as leiale parent. The Flihybrid -onm
California \Vonder x AMA 3 cross \a;s hi, hl', sterile. ith 93(/ emply pollen grains. Although
both of tie parents have Sss\,e fruit, peppers of the F, h,,brid er.e ver j'uLCnt . sueeestin,, 
that dil'felCent ss,.rcn Id%enreht in each Species t0 block capsaiciin sylithesis. Each parent carries
 
a different recessive 
 ele pair. The Ifplat s\xnthesiCs eapsaicin, throughl' gCne
 
Comiplemientalt]on.
 

About I0 .2eds, per l'ruit ssC-c ,htained in the backcross s ithAMA 3 pollen to the F
1hybrid. From the backcross population, pLaiits prt duii ,SwCCtfinuit. Ilahil hi.eh lruiting capacity.
lonl lil'cC\clC and absCnce, of disease. sscrC sCleCLd fo.r four UcnCralions. To increase ield. 
tMO prontllisil lines \%ser croesed to10 thefile . io IIbid liskoshi (Fi.ures 4. 5). Ill ,illtisne
lines were ohuiCd afteu'r this cr,oss. he \,,,Ciehthese lines Is nioss t [hatl of, A-\'ruil of ice 
3 pepper, i.e. appro\inatcl. 23 Q illthe di", sCason aind 36 g in the raim season. The fritshave normal (. onnowo shape. Other characters are thse of'lNIA 3: high yie(l lonil'OvCic. 
sellsiti\it\ to vater strcss. iio s\ illoltltist ainthrilse or viral diseases. hir final Cantp
eaIchCd 2 x 2 metCrs. SCd muhliplicatio and Irecionl|l tests \%ill be carriCd OUt blol their 

release to tle roIss irs ,.fAiot/oni;!. 
Ill u thneLsol ('. cultis ars such asWClsioll. su/ctw A.-\ 3. call .,uplx the lo\ss land tl'opics

\ith loss -Cost. pesticide-free. hig h-qualit, ss cit ppper sCar-rotnd. slen in hig_'hh altiLtlde trop0ical
relIons. as in iost of,South Almerica. c7heap11 cantp)Cppers be plrttduced duLrlline the htot ld Fil\ 
season hs utiliinc \.\lA 31.It is hIled tlt a,a result of the pi)sCent hrCCding prourain (]:iiiie
0)the nes ueclleratt lotll"(.clhilcl.\ sss cet pepper ss.oulid he perennial trees bealine flts \vith 
characteristics similar to the cotlllon ',\cet pepper. 
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Figure 4. Fruit from the original C. chinense Ciihtis'ar and selected breeding tines. 
From right to left: AMA 6. AMA 3, Miyoshi x ICaifornia Wonder x 
AMA 3 x AMA 31, Miyoshi x JCalifornia Wonder x AMA 3 x AMA 
3I and (California Wonder x AMA 3) x AMA 3. 
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~ .~. A breeding line from Miyoshi x {California
Wonder x AMA 3 x AMA 31. 

California Wonder AMA 3
 

1111II BCJ
 

iBC2 

I BC3
 

Miyoshi IIiii BC4 

Group A
 

HHIIIIITri-2
 

Tri-3
 

rTei4
Figure 6. 

Breeding program to create perennial sweet
 
pepper cultivars involving C.chinense and C. Group B
 
annuum.
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Symposium Discussion 
L. Black: You stated that tie Chapsicum chinins, lines with which you are working possess
virus disease resistance. Do y1,u know specilicaly some of the viruses to which these lines are 
resistant'. 
S.S. Cheng: Rating fOr \irus resistance wis Cerierally done visually in the field only.
inientioneul. typical virus s\nIptlins \were 

As 
never observed under field conditions. Screening of,

AMA lines b\ artilcial inIoculaition wi:! !IPVY viruS isohte from Taiwan showed that AMA
3 possesses resistMcC to this viru,. Since none of the C. chinense lines Lrown in the Amlazon
region ever exhibited an\ virus-I Ike symptoms e\ en \when grown in proximity to severely virus
infected plants. they Ina\ be tolerant to or perhaps resistant to the isolates of1WY occurring there. 

A. Hibberd: Do \1our breeding progenies involving C. altnuum isparents suffer increased 
disease susceptibilities'?
S.S. Cheng: In the backcross population of 1-1x cv. California Wonder. severePseudomonas wilt occurred, although good fruit shape and size were observed. This fact made 
us approach from F, X C. chincse to increase fruit size at a slower pace but with higher
resistance. 

R.L. Villareal: Ho%% ',)ng can a perennial C. chim'nse be productive unde: a nornal growing
environment? Under cutivated conutition? What spacing do you use under the latter condition!,
S.S. Cheng: The oldest population we have no\ is three years Old and the productivity is
still the sane. under shade conditions. Under cuti\'ated conditions, high yields were obtained
during the first 18 months. Nutritional deficiencN began to sho\ up at later stage. Undercommercial production, with an 18-nionth cycle. a spacing of' 1.0 ii x 1.5 in is recommended. 
Shading always prolongs the lifecvcle of' C. chin(nst, sweet pepper. 
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Evaluation of Tomato Materials for Use in the 
Processing Tomato Breeding Program in Martinique 
B. Denoyes' and G. Anais 2 

'IRAT/CIRAD, BP427, 97204, Fort de France Cedex, Martinique, French West 
Indies (current address: INRA, Centre de recherches de Bordeaux, B.P. 131-33140, 
Point de la Maye, France); 2 INRA-CRAAG, BP 1232, 97184. Pointe A Pitre, 
Cedex, Martinique, French West Indies 

Abstract 

A breeding program was initiated in 1985 at IRAT/CIRAD in Martinique (French West 
Indies) to improve processing tomato for the lowland humid tropical dreas. The most 
important required characters are resistance to Pseudomonas solanacearum. heat 
tolerance and firm fruit wth high soluble solids contents, and a pH of 4.5. As the first 
step. this program evaluated, under Martinique conditions, two groups of accessions: 
those with reported bacterial-wilt resistance: and those susceptible to bacterial wilt 
but with good agronomic characteristics during the cool season, or with good fruit-set 
during the hot and wet season. Vanguard, King Kong, Dynamo and Caraibo were selected 
from bacterial wilt-resistant accessions because of large fruit size: Nema 1200, Rio 
Grande, Petomech, Europeel and F, Count II for good marketable yield and high soluble 
solids contents; All Star and PSX 1994 for best yield: King Kong and entries from AVRDC 
for heat tolerance and good bacterial wilt resistance. From bacterial wilt-susceptible 
accessions ,Tulena and PSX 1994 were chosen for their high fruit-set. The best varieties 
in each category will be intercrossed to pool those characters in each parent. 

introduction 

Nost processing, tolmtato %aricftic arc tINstt,..d to ]'vland htlltid Ct11dition1, ilthCtI t'Otoics 
hccasut..c of t0 ititc lators: bactcrial \\ lit ',wi'~lo, ioli, ,41I.tor lin ( \,ohu iand adaptation 
to ciVil'tn n lt.l con1ditions', prc ,YailihIlni l,tC1ot s,+ct t0lcn wl,,hccaIuSC ofstOll. Frnil-st is 
high dal and niliht ,,i\C Villarcl N80). hln.cidcItcc ol' pests.:itMp+C'atlr,.s and C. c niotnoC I. 
diseases and ,.,,Ld, is alsO 1h.h 

'hc tal l ('1t1\X Cln i ll hl nil arc',as. hcca sC ithsuCltl\ar :1iiM he ] land tro1pic o 
l,eI', II C [0 hto lial v% I I(M I.\ dillili! h10t \vct sa,tsO its 10V l'tlnCss.act ill. 1!',cr I'Lll-,,CI Il" . f, 

and its suscpSlCtihillt ' mn,,.c .. Thller.firu a grtal',crackine. it msuilalc 1, proc ,Sin I',re.ding p 
\%., initiated inl 1-, at to iroc:,,in liar cou.ntries oi" 

, 
IIRA], CIRAI) illpros. IM 1tonato tropiCal 

\lri,.a. in.lIuditfi liuirkinuI Faso and lic ('mine. and r Rtmion (Indian Oceam) ,nd the French 
\West Indies. 

Ihc I itiporant r,,uirCd are+ resistance 1o and l %kill. ,.NIOlo,ost haralctc'rlsti.s h1'al acriaI 
lruit'lSet du 'inte1t utiat,-ro\tl bruit si/..th. ht v1 se1s11.ilete' . hIt , ill.ted itllll ,good color. 
firtllicss crack r,,an+.. hi,_h slull solids, cOticut. and a p1lI of 4.5. ThIlc Ircnch \\Vcst Indics 
wcrc clhoscn w, atlIcationl to C,'eI\ ont this i 1't10tLr lelsonS. Filtl . . /..' h t llor CllU 
is cInCi and ,Widcls distribntcd. Sce0dl, thc act,,rial ,,. nC('araihoilt-tcsit_: (tlcsclolpcd 
in 1hC French V'ct Indies) l lltills \% I ill the arcas listcd abolv w\0hcrc haCtcrialrciSiStnt lten 'rmI'\\ 


Iti, ,altaitL! I'Ar mdcl. comuicalion:11. IRATI RcnI,niOn. 1980: IRAT ''olvncsic
Vr',)ItlaC ll 
l:rmiicaiis. 1 8)YX lhirdl,.. t,.,o of,''," present. \Crtisols inl hich bactcrial '\ilItornmll,. t\pe ils ar ", 



64 Denoyes and Anais 

does not occur (this permits Iincl atl" bacterial vilt-susceptileC varieties) and oxisols. ill which 
resistance to bacterial wili "an be screened b either natural infectlion alore or additional artiticial 
inoculation. Fourt hl. climatic Conrditiois reprielsent those oftlwland tropical humid areas. 

-Tlmeratures are 26' 27 C nigIl 32 °C day and 18' -20'C night! 30"C day during the hot wet 
season and cool season, respectively, and rainhi'all is 2-3 in/year at 0-100 in above sea level 
oil the CoiIast which is exIposed to wind. 

Materials and Methods 

Accessions Resistant to Bacterial Wilt 

Thi 'ty-thice vatieties rcportedlN resistant to bacterial wilt were collected worldwide and 
,LaLIt t'lbr bac terial wilt risi.s iliCC in Martiniquc on oxisols which are highly conducive to 

P.. old culrm. all e i. rouInd. Seeds wei-c p alitCd ill a creC nhouse ill r'aised beds of heat
stCrilizCl soil. Alter I0 days. seedlin s were transplanted into 10 ciii pots or into beches. When 
plant, were f'ivC ,ecks old. they wCr'C IransplantCd to the fiCld, at a spacing ot 1.60 in X 0.50 
Ill betweei and w itlhill s. Plants Ccrc trellised hctMcCn strin',s at 50 cilihcilt. Plots consisted 
one 1ro\ ol 10 plants per line and .e' iiot reIplicatCd. Three local strains of P..sao/wtmmaC('1r111. 
PS6. PS8. and PSIII. isol.tcd friom ditfereit areas in Martinique. were used for artilIcial 
illoculatioln at five-Ik-tld-plants. InoCulm cotisisted of a lliXture ol suspeslliots of each of 
lie three bacteria strails, erosln oil tciraoliitlu chloride mCdiunm (IZC) (Kelhnian. 1954) and 
adjusted 4I') CITS 11l. Rootls \crc s,aundcd \kith a knilc and 2 milliliters of the bacterial 
.LISpensill were ' oured ontl the soil suirfacc t the basc of tie plant. Caraiblto and Floradel were 
uscL as resistant and suscCptile chccks respectivclk . Several plants with typical bacterial \' ill 
s'Vllptoilnm Were ranldOllh takCn aid ihdi\ iduallk tested to coifirin the presence of P. 
S'ojeIhiI('C('tlf.', ill thC ascular tissue. ,\It plaints \v illmOUt characteristic syiipt( Ins were tested by 
streak in. on Kchlmlan,, u1cdiuLi, )iCaSc sert, v,as ass,.S -d. based it tile percentage ol'dead 
plants: R (rcsistaitlt: to ded plants: NIR nnodcratcl, resistant): I ( to 1I'/, dead plants: S 
Isusceptile): I I Ifo 10 dead plants.t u 

A selected number of varieties \wrelC ak,) evaluated tor rlUit-sCt during the hot wet season 
b\ recordilnc fruit-set 0,1 tle tirst three in'i oresce nces. 

Accessions Susceptible to P. solanacearum 

Bacterial %ilt-suscCptihlc lines,. consistig otl' conmercial processing cultivats or detcriinate 
f'resh-imarket ctilti\ a rs \ itll ciid tc [rOlOlIie clalraCleristics ir with IooLid ruit-set, were taintained 
on natUrally SuptieCssixC Crtisols w\hCC they are usuall\ not afTectCd by bacterial wilt (Beicalt 
et al. 1975: Messiaen et al. 1972: Prior et ill. 1987). 

ityv-iircte ,a rictics \were subjected to i sre liininarN 'arala ilon for a roltomic characteristics 
ill the cool Season (DeL iihClr 19806. Plots consisted of I0 plants per variety using a completely 
randomized block LCSil i aid t irCplicatioii. 

Fruit \ cigll -tiarktcable ited. pHl antid solulC solids cCnitCnt were recorded. Individual 
lruit wCicllt \\as calculated troin the total sum Of the marketable Iruts. The twenty-seven best 
varieties selected ftom tile first scIrccnill %cere F:irlnness wasCvalcatCd IjOr the saimie characters. 
also cvaluated in 1987. The liies \%erer ro\\n ias describsI abxve, but usilng three Or live replications. 

Fruit-sCt wkas CvalltIad diu rinc tile hiot wet season in 1986 and 1987. F'ruit size and marketable 
iCld were obCrvCd onl durinc 1987 randalhuized block desigi with five replicatiolns and teii 

plants per plot. Firniess was asCsscd ianually. Lisiii a scale frmi I (.o!t) to 3 (very firm).
Ior e\alating procCssilg charactCrs. flfteCn tilato Iluit!. with UllifOrll rlpeness were obtained 
lti each variet\ at the third harvest: nail'o tihe fruits were blended to give a 'puree' which 

w'as tested Itar pH and suduble solids content (h\ rel'ractoiletry) (Taillebois. 1979). Harvesting 
\\is ai wCCk l\ iintCivals and ustiall startCd abaout iwo oillths alter traisp lanitiig. The percentage 
of truit-set (number fruil set/ tolal niitnbcr of' flo\ ers) was determined in the first three trusses. 
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Results 

Evaluation of Bacterial Wilt-Resistant Lines 

Twenty-three varieties were fund to be as i,:,;istant as Caraibo. These were the large-fruited 
Vanguard IF;). King Kong (FI). and Dynamo (FI). and the small-fruited IRAT L3, CRA66, 
Hawaii 7996 and sixteen AVRDC lines (Table 1). Five lines were classified as moderately resistant 

Table I. Evaluation of selected tomato genotypes for bacterial wilt resistance in the cool season 
on oxisols in lowland Martirique. 

% of dead plantsFruit 
Genotype Origin Plant weight Firmnessi 1985 1986 - Bac,-ral wil 

habit' - --- rating' 

(g) trial I trial 2 

L 366 AVRDC D 50 S 0 NT* NT R 
L285 AVRDC D I5 F 0 NT NT R 
CL 8d-0-7-1 AVRDC D 50 S 0 NT NT R 
CL 9-0-0-1-3 AVRDC D 50 S 0 0 0 R 
CL 143-0-10-3-0-1-10 AVRDC D 35 S 0 NT NT R 
CL 1104-0-0-71-4-0-IA AVRDC D 45 MF NT NT 0 R 
CL 1131-0-0-38-4-0-IA AVRDC D 35 -w NT NT 0 R 
CL 1131-0-0-43-8-1 AVRDC D 30 S 0 NT NT R 
CL 1131-43-8-1 AVRDC D 30 S NT NT 0 R 
CL 1219-0-8-0 AVRDC D 45 F 0 0 0 R 
CL 1351-1-9-10-0 AVRDC D 30 MF 0 NT NT R 
CL 5915- 39D,-1-2-0 AVRDC I 45 S NT NT 0 R 
CL 5915-93D4-I-0 AVRDC D 55 MF NT NT 0 R 
CL 5915-553D.i-3-0 AVRDC D 35 S NT NT 0 R 
CL 5915-206D 4-2-4-0 AVRDC I 70 S NT NT 0 R 
CL N 65-349Ds-2-0 AVRDC D 50 MF NT NT 0 R 
Fl Vanguard Known I 115 F NT 0 0 R 

You 
Fl K7g Kong Known SD ISO MF NT 0 0 R 

You
 
Fl Dynamo Sakata I 85 F NT 0 0 R 
CRA 66 INPA D 30 F NT 0 NT R 
IRAT L3 IRA' I 45 MF NT 0 NT R 
Hawaii 7996 U. FI'jrida D 30 MF NT 0 NT R 
CL 949-0-8-0 AVRDC D 45 F 8 NT NT MR 
CL 1131-0-0-7-2-0-9 AVRDC D 35 MF 5 10 5 MR 
CL 5915-206D4-2-3 AVRDC I 90 F 5 0 NT MR 
CL 5915-206D4-2-5 AVRDC I 95 F 5 NT NT MR 
Hawaii 7997 U Florida 55 0 MF NT 50 MR 
CL 5915-136D 4-I-0 AVRDC D 30 S NT 60 NT S 
CL 5915-206D4-2-2 AVRDC I 95 S NT is 0 S 
(H7996 x C.28)F2 INRA (I) 50 MF NT is NT S 
Rodade Inst. Res D 110 MF NT 25 10 S 

Hort. (South 
Africal 

8SCR15-14-42 IRAT D 55 S 90 NT NT S 
8SCR-15-6-40 IRAT D 60 S 85 NT NT S 
Floradel Petoseed I - 100 100 100 S 
(susceptible checkf 

Caraibo INRA D 115 MF 0 0 0 R 
(resistant check) 

D = determinate, I indeterminate, SD = semi-determinate. Y S soft fruits. MF moderately firm fruits; F firm fruits. 

S z susceptible. MR moderately resistant: R = resistant. 'no data. 'NT = Not tested. 
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to the stne degree isHawaii 7997. mid five lines were as susceptible as Floradel. Several entries 
Irom AVRDC. and King Kong (Fj). ,cCii&tge frhad a hih PC o uit-sCt durig tle ho season: 
Rodtlde, a vr;ty previous I'Mnd to peror well duri ng the Cool seamSOn, had a.low fruit-set. 

Evaluation of Agronomic Characters of Bacterial Wilt Susceptible Lines 

Cool season trials. The good perflornatcc (defhued as hieh solubhle solids content lld a 
Inirketable y'ield superior to or equal to CM'arb)of var+ieties All Star. Nenina 1200. FlrOpeel
and Florida in the cool season 1980 trial as conf'irmed ill1987. The lines PSX 1994. Tulena 
aMd CoutM 11\\Cerc ,,elected flohigh .vield anM;itisfaclorv soIluble solids content ('able 2). 

Hot wet'season trials. In the hot ,\et ,casOn. Hem] 822 idSalaLette had the best averCe 
fruit-set (mor'e )00,i hacte+,rial \\ilt-suscepItihle lines, Compared to an1averacg ofthain ) amMn 
4060)( for 1.3957. This ciitr\ from .A\VRI). had ,ooI results in Taiwm inl 1983 (AVRI)C.
1985) (lable 3. Accessitos fronI lraI/il (IPA . 2 and 3)which ire heat-tolerant in their country
of origin (l)aI Costa et atl.1978) I,crc e Iss fruit-set 


luleM an1d PSX !')94 had the best fruit-set (Table 4). The cultivars 


fond to llii\ under NaMrtiliquLe conlitions. 
Chico Ill anlld-ICi

822 showed gootd fritl-set, hut the marketable iCld \\ s lo 1becaue a+C]iare nUrtiber of fruits 
were alfected b\ blOssom end l-ot. The tM Ppt1httios N inland Ilion. which had been 
impro\'ed 1"0"hIlgh lruit-sCt inl SCenCeagl and in ('INa (C)M. 1986: (lone and l.aterrot. 1988).
shUo'C,ed a high v.riation 16r frtuil-set: plats \%ith hich fruit-set \\crC selected. Fruit-set of' the 
local check cultik ar ('aibo v\i \el,, Io\\ ill[lte th\\(trials. 

Discussion and Conclusion 
results indicatC that resistance 

t'o liles frm IBUrkina Faso. (S CR 15 14 42 . 8SCR 15 6 40.) a1d the cultivar Rodade froti 
South Africa arc all reported to be resistant in their couttries of origin (Bosh et all. 1985: 
D'Aritudel. perstml cimmlenunl it n hbut \rC l Itnldt 

()Our to bacteriazl wilt dilers locally. Several AVRDC lines. 

be susceptible whel plan ted in the French
West Inldies. This iscrcpallc miht bCexplailed in tes oftdifferent en ironinctital conditiols. 
such Ias air or soil temlpetutes ( Mlc\\ et al. 1977): different inoculation techniques: or hv the 
presence of diffelCrent strailts of'. .olanactu'rnm tRao et al. 1975).

Four il-ulencc g',roupls oh' P. ,%o/wlta cton(11,1'm aricties\ith different Cffecls oll thre.ce tolllto \' 
(resistalt. moderately susceptilCle and susceptible) Prior et all. 1988) \%ere show\n to be present
illthe French West Indies. This eCllnhaisi1es tileIleCd to caref'ul sce+C0ninle of' resistant lines 
aeaillst local isolates of the \',it palhOlcn unlCr Iocal cliumtic coMditions. It I\ be ian itas 
to choose resistanmt parcntal mlaterils Ironi diflfernt countries to pt0l diff're.Vnl p111tenS of bacterial 
wilt re-istancc \\here these exist. oi.r-IoCe\\er. hies chttsC,+ the Ibrccdin proerami illthe French
 
West Indies should still be 
 assessed ilother cou'ntriCs because of the variabilit, ofl P. 
,so/HI "¢lall1
ll .
 

Sc\eral linies ha\C been chosenl for IctCrial \%ilt resistao. Irlit characteristics or heat 
be astolerancee. The best \,ill selected parents and intercrossed to create a ptpiuiltioln with 

improved perfbrtiance for thse chtaracters. After se veral cycles tf inte rcrtOsses, this popuIltaion 
will be introduced into each coutIr\ t0 obtain varieties well adapted tt local conditiols. 
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Table 2. Evaluation of selected tomato lines for processing characteristics, cool season, 1987.
 

Trial I 

Cultivar Fruit size Marketable yield Soluble solids) content pH Firmnessz((kg plant)(g) 
y


Florida 115 dy 2.36 bc (w) 4.8 4.4 2
 
Campbell 137 c 2.55 a,b,c 5.1 4.5 2
 
Caraibo 173 a 2.66 a,b.c 4.7 4.3 2
 
Duke 163 a,b 2.10 c 4.6 4.4 2
 
VF 10 103 d 2.50 a.b,c 4.8 4.4 2
 
Floradade 133 c 2.94 bc 4.2 4.3 3
 
AVX 5715 57 e 2.42 a,b,c 4.1 4.3 3
 
Tulena 106 d 3.10 a,b,c 4.7 4.2 2
 

3..,z a,b,c 4.2 4.3 -Pacesetter 616 66 e 

Count II 155 b 3.56 a,b 4.2 4.3 3
 
All Star 139 c 3.64 a 4.7 4.3 2
 
PSX 1994 104 d 3.26 a,b,c 4.3 4.3 2
 
Luxor 159 a.b 2.84 a,b,c 4.9 4.4 1
 
Caraibo 108 d 2.97 a,b,c 4.3 4.3 2
 

Trial 2 

Roma 43 e (w) 1.04 4.7 4.4 1
 
Florida 109 b 1.72 5.3 4.3 3
 
Campbell 146 a 1.60 4.8 4.5 2
 
Rio Grande 76 c,d 2.23 5 4.4 3
 

2Castle More 79 cd 2.81 4.4 4.8 

UC 82 B 58 d,e 2.6 4.2 4.3 3
 
AVX 5131 57 d,e 2.55 4.3 4.3 -_
 

VF 145B 83 c 2.47 4.6 4.3 2
 
M82.18 58 d,e 2.68 4.3 4.3 3
 
Hofit 63 c,d 2.31 4.4 4.7 3
 
Cannery Row 66 c,d 1.83 4.6 4.4 3
 
Petomech 67 c,d 4.8
2.II 4.3 3
 
Europeel 39 e 2.66 5 4.4 2
 
Count II 154 a 1.69 5 4.3 2
 
Luxor 156 a 1.96 5.1 4.4 2
 
Nema 1200 65 c,d 2.64 5.1 4.4 3
 

4.3 2Caraibo III b 2.61 4.6 

zI = soft fruit; 2 = moderately firm fruit; 3 = firm fruit. YMeans in column nut followed by the same letter are 

significantly different at the 5°o level by Newman-Keuls test (Keuls 1952; Newman. 1939) = no data. 
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Table 3. Fruit set of bacterial wilt-susceptible and bacterial wilt-resistant tomato lines during the
 
hot wet season (I 986). 

Accessions Fruit-set 
-600o 600o to 400o 400o to 0% 

Heinz 822 Chico III Ontario 823 
Saladette Tipton PM 91446
 

Susceptible to 
 Sunny Caraibo
bacterial wilt L 3957 VX 5715 

IPA 3 
IPA I 
Vista 
UC 82 BIPA 2 

CL 1131-0-0-38-4-0-1A CL N65-3495 -2-0 Vanguard
CL 5915-206D 4-2-2 CL 5915-206D 4-2-4-0 CL 1104-0-0-71-4-0 IAResistant to CL 1131-43-8-1 Hawai 7997 Dynamo

bacterial wilt CL 5915-553D 4-3-0 CL 5915-93D 4-1-0 Caraibo 
King Kong CL 5915-39D 4-1-2-0 Rodade 
CL 9-0-0-1-3 
CL 1131-0-0-7-2-0-9
 
CL 1219-0-8-0
 

Table 4. Evaluation of bacterial wilt-susceptible tomato during the hot wet season, (1987). 
Trial I Trial 2 

Marketable Fruit Fruit Marketable Fruit FruitLine or yield size set Line or yield size set'cultivar ikg planti (g) (00) cultivar (kg plant) Ig) (10) 
Nema 1200 3 14 a' 47 cd 22 PSX 1994 3 14 a 73 c,d.e 63Xina 2.68 ab 25 f 33 Walter 3 05 cd 92 a.b 43Miexin 2 53 a,b 36 e 39 Tulena 2.91 a.b 74 c.de 61Lignon 2.46 ab 58 b 20 Caraibo 257 ab.c 67 de 17Caraibo 2 3 bc 68 a 8 Sunny 2.1 b,c,d 87 a.b.c 46Chico I11 1.74 c,d 42 d.e 60 Luxor I 76 c.d 99 a 10VF 145-B I 73 c.d 52 b.c 42 All Star 1 61 c.d 91 a.b 38

M 82 1 8 I154 d 40 d.e 7 Chico I1 153 c.d 38 d 75
Heinz 822 I 4 d.e 27 f 89 Floradade 1 31 d 75 c.d,e 50Indiana 812 137 d.e 28 f 47 Vista I 27 d 84 b.c 54Liliana 1.35 d.e 45 c.de 7 Count II I 14 d 81 b.c.d 35
AVX 5131 I 27 d.e 40 de 6 
Heinz 722 I 14 d.e 27 f 42 
Castle More 0.74 e 44 c.d.e 33 
ZAverage of fruit-set on the first three trusses Means within columns followed by different letters are significantly
different by Newman-Keuls test, 5% level 
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Genetic Improvement of Tomato Adaptability to the 
Tropics: Progress and Future Prospects 
R.T. Operia, S.K. Green, N.S. Talekar and J.T. Chen 
Asian Vegetable Research and Development Center, P.O. Box 205, Taipei 10099 

Abstract 

The f,rst stage (1973-80) of the AVRDC tropical tomato breeoing program 
emphasized the development of heat tolerant and bacterial wilt-resistant breeding lines. 
In the second stage the most promising of these "pioneering" lines were further 
improved, mainly through backcross breeding. The most important attributes that were 
added are: resistance to diseases such as tomato mosaic virus (ToMV) and common 
rootknot nematode: improved fruit size and yield: improved fruit firmness; and, 
resistance to fi .it cracking. For ToMV resistance, we used mainly the gene Tm2 2 which 
gives a high level of resistance to strains ToMV-0 and ToMV-1, the two most common 
strains found in Taiwan and throughout tropical Asia based on a survey by AVRDC 
virologists. Breeding for resistance to rootknot nematode made wide use of firm-fruited 
parent stocks to simultaneously improve the fruit firmness of the progenies. Contrary 
to previous reports, heat tolerance appears to be conditioneJ by a few but undefined 
number of quasi-quantitative genes which can be easily recovered in the early backcross 
generations. Further studies also revealed that additive and nonadditively acting genes 
are both important in regulating heat tolerance and resistance to bacterial wilt. Using 
near-isogenic lines varying in growth habit, our studies show that indeterminate tropical 
lines have consistently better fruit quality than their determinate counterparts; 
therefore, our attempt to oret:d an indeterminate tropical cultivar is justified from the 
standpoint of developing tropical lines with imoroved quality. Future prospects for 
improving tropical tomato for additional traits -,uchas disease resistance, stress 
tolerance and quality are discussed. 
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tropics. The first stage of the progran 1973-80) emphasized the development of breeding lines 
carrying heat tolerance' and bacterial wilt resistance, tile two most fundamental traits required
for tropical adaptation (Villareal and Lai. 1979). The most promising oft these *'pioneering"
tropical lines were released later by a number of national vegetable programs (Opefia et al. 1987a; 
Opefia et al. 1988). 

Since 1980. the tropical tomato has undergone further inipro\ etnents in the following traits 
- additional resistance to disease,,. impro\ ed fruit size and yield. and better external fruit quality
such as firmness and resistance it cracking. 

This paper reviews the breeding and brecdinL-related activities that characterized the second
stage genetic adiUsttnenis of the tropical toimato. 

digh Temperature Tolerance 

Tile tonlato ilniprov.-inent research at AVRIX' has been sharply f'ocused froni the outset 
oin heat tolerance becaue this trait. alolt with resistance to bacterial will, iscrucial for tropical 
adaptation. 

Genetic Resources for Heat Tolerance 

\ review of p)r' \IOlIs e\alualion studies for heiat tolerance reveals that ol 39 tonato 
accesions, or about I < of' the 4,0 10 screened. ire heat tolerant (Villareal and Lai. 1978).
Although this t vpe of screeninc c0ontlinluCd through the Nears. no significant addition to the heat 
tolerant gene pool has been 10tind silce. 'Tie itost \ Ideh used heat tolerant stocks in the AVRDC 
toaillto breeding program ,re gi'eit itt Table I. 

Table I . Genetic resources for heat tolerance in tomato and frequency of their utilization in 
the AVRDC breeding program 

Accession Varietal nameusdncrse No. of times Percent Source 
used in crosses 

L 4841 L22 (VC I .3.1-gR 80 12 9 Philippines
L 3958 P1289309 69 I I.1 USA (Texas)
L 125 Divisoria.2 56 8.9 Philippines
L 283 Tamu Chico III 47 7.5 USA (Texasl
L 232 Nagcarlan 45 7.2 Philippines
L 2972 PI 289296 47 7.5 Hungary
L 1488 PI 203232' 36 5.8 South Africa 
L 18 VC 11-2-5 34 5.4 Philippines 

ZAIso reporter, as 'rost toleranz 

Genetic Basis of Heat Tolerance 
In the process of incorporating itonovenic disease resistances, such as toitato mosaic virus 

and roolknot nentatode, to the tropical toliato via the backcross Imethod, cursory observations 
indicated that a sizeable proportion of the BCiF progenies already possessed heat tolerance 
levels cotiparable to. if not better than. ,'ecurrenl heat tttlerant parents (AVRDC. 1988a).
Thus. gcnetical INthis circun iania e vidence indicates tiat heat tlderance may not be as complex 
as had been preikusl% reported I illaeal and [ai. 1979). 

litat iierallce In linlto itiit, i'deiined to n under night iemiperatures ini hli er than 2! +(ehl ri, s (' Iillareal 
and lIai l'!78 
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To substantiate the above hypothesis, enetic analysis ot high temperature fruit-set in one 
cross, CL 5915-223-2-1-0/1. 345. was analyzed during the 1986 hot summer season. A 
pronounced biniodality of distribution in the F, and BCiIF2 generations was observed (Figure 
1). A similar discreteness tendency was evident in the F, and BCF families. Constructing a 
95'7 confidence interval about tie nican of the heat tIolerant parent enabled the scoring of' the 
segregants into discrele fruil-sel categor\ iFigure 2). As nas be noted, there is a preponderance 
of heat sensiti\ e and interm,:diate t\vpes vs. heat tolerant ypes in tile F2 generation. However. 
their relative proportions \%ere reversed in the B3CIF. generation. Based on the relative 
proportion of selectable (hear tolerant) and noriselCctableiheat sensitive and intermediate) 
progenies in the F' and BC' F: generatims. a single backcross appeared adequate Ivto obtain iany 
individuals S ith fruit-setting ahilit\ at least eLual to or better than tie recurrent heat tolerant 
parent IFigure 31. 

Genetic anal\sis of another cross. ('. 5915-153-3-3-(0 B. 267, en,, inl the 1987 summer 
season, did not readilh show tile characterislii: hiiodalit\ of distribution that \s.as e\ident in 
the 1986 materials. The urle\pecled helero/, gostv of tile "heat sensitive'* parent. BI. 267. blurred 
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C E 0 E5 C Fi' -e 2. Distribution of fruit-set categories

,) a _among parents, Fj, F2 and backcrossFruit set (orcsnelf6o ) families of CL 5915-223-2-1-0 L 345. 

Figure I . Distribution of fruit-set at high (HT' = fruit set better than HT parent; 
temperatures among parents, F, F2 and HT = fruit set equal to HT parent, HS = 
backcross families of CL 5915-223-2-1-0 L 345. heat sensitive: I = intermediate.) 
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N %(HT + and HT) 

[ %(HS 
and 

1)r 
4 

71% 55% 

F2 BC1F2 

Figure 3.Relative proportion of selectable (HT and HT) arid nonselectable (HS 
and I) classes in the F2 and BCiF 2 generations of the cross CL 5915-223
2-1-0 L 345. Iote: HT = fruit set better than HT parent HT = fruit 
set equal tJ HT parent; HS = heat sensitive; I = intermediate. 

the segregation flr high tc;ipleraturc frutli-set in this cross. Nonetheless. ilicic %%erecomiipelling 
reasons to aSSumll . lllcrac in this crioss arC as hadtht the numllllher of hellto ic,llcn llSO as, few 
been previously ci.llCltideI ill th l80 sLid (AVRI)C. 1988b). 

It aplvars thit the ititnber of hleat tolerant cn , differentiating hc parents in the crosses 
It'\. comprised of a liniitcd Ilinhir of' gctneic 

on thle trait, dild llctli iUmnih, r of ninor gene modifiers. 

stuidied lil. ,po)sSibll fIactors with nmaior effecls 
an C l undelinallleC 

Mode of Gene Action ior Heat Tolerance 

Heat tolerance in tomlato reportedly gave strong indications of ginctical complexity 
variation was continuOus and helritabilit\ values were lo,. with a range of1only 5' to 19,7 

(Villareal and Lai. 197X. 
Further sludie,,of i.7c'nCticailll\ diversc seven-p+,rent dialllel set showCd that both additive 

and nnnaddiive genes are important illreglating Iril-st t alhigh teiperature lAVRDC. 198t8ai. 
A similar enctic heha\ ior \%its intheridil cote.noted for the splitiitg of the icommon reaction 
of toliato flo\er, to high enperalltrL. 

BlSed onll .iho\e s',tud\, il breeding iethods. hichthe it wis colcludei that hth t.'Icii'l, 
take advantage of alditi\ CIN actin. , \which relies primarily oti-,cenes. and h\ hrid oreeCClinli genetic 
interactions. shOuld be eflecli\C in hre'CdillL for hcal tolerancc. In support of' the latter, about 
one-third of the diallcl lix torid pr ocnies from the foregoing ,tLud\ had betlCr fruil-sLelt than tile 

better heal tolerant pareiwit, iAVRI)C'. 198i) 
In itrelated stud\, ccn heat tlcranlt Stoc ere hti\e better fruit-setting:rosws hets S %% noted ito 

ahilit\ and ie ld thian s %% sensitive paltnls rc'4). 14owe\ cr. it watheir c.rwls ithheat IFi apparent 
fromii the range of'F liieans Ilable 2) that sin i livhhrids hemten hcati Itlerant and hiat sensitive 
sltic t4 he perhornance o Itih\ locks. furtherks co.u id eqtaI1. i I [il [rpasi. brids aiilliOlIg hleat toleranti 
supporting thc restilts tlihe (()pefia c all. 1997a).fro diallll c\perinient 

Resistance to Major Tropfcal Diseases 
A uLiliher of' naor diseases limit the productivitx of0tomnatoes in thec tropics. AVRDC's 

resca.rch oil these diseases has bee.it ifditon1ally l e .it Ile identiicatioin of resistance sources 
aid their titiliiation in the breeding of resistant ctuli',ars. 
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40 U HTxHT 
El HT x HS11 
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Fruit set (%) Total yield (t/ha) Marketable yield (t/ha) 

Figure 4. 	 Comparative fruit-set and yield of Fi hybrid progenies derivcd from 
crosses among parents with varying levels of heat tolerance (abbrevia
tions in the legend footnoted in Table 2). 

Table 2. Range of values for different characters among tomato hybrids with differing levels of 
heat tolerance. 

Type of No. of Fruit-set Yield It ha) Fruit size 
cross' crosses (%0 Total Marketable (g) 

HT ,HT 8 26-52 15 4-37 5 12.3-29.0 41-63

HT HSI II 5-30 15.9-28 8' 9 8-13.2 57-83
 
HT HS2 10 2-32 6 3-33.2 5.9-27.6 59-92
 

ZHT = heat tolerant parent. 
 HSI heat sensitive parent less than 10% fruit-set).HS2 = heat sensitive narent (no 

fruit-set) YEVceptIonaIl upper range values are underscoied 

Bacterial Wilt 
Bacterial 	 ,,,ill. possihl' the im.ost important discase of' ttniato it; the tropics, has received 

the highest priority in the breeding progratn (Opena. 1985: Opfia et al. 198 7a). Several resistance 
screening methods were tested h pathologists and the lea' clipping of Voung seedlings with 
a pair of scissors dipped in i, bacterial suspension became the standard screening method liar 
nany years I()pefia et all. 19 87a . Since 1986 field screening has completely replaced leaf cliipping
hecause of' its relat ie accurac\ (AVRI)C. I 985: ()pcfia and l'schan,. 1987).

The most %% used baclerial- %ill stocks ill the brCCding programl ;,re: V!1us I(U!A). Stllrnidel, 
(LISA). 1.360 Iunknivn isriin). VC" 11-3-1-8 (Philippines). VC 48-1 Phili,,pines). P1 4(16994
(Panama) and a If'emore. mnostl coming Iront the tropical Southeast Asian countries (Tahle 3).

Although there are cintrastint, theories onl the genetics of BW resistance (.Akcosta et al. 1964: 
Bosch ct al. 1985: S.K. Tiko. persoMI cl tnicatisnI. AVRl)(" hreeders have proceeded 
through the years %%ith the encompassing assulpt ion0that BW "-si,tlance is pok., genic. ,Materials
from Hamaii and North Carolina Ior %khich polvgcnic Inheritance was implicated. hake hcen 
used in the AVRI)C program. circumstantiall. justifying this assumption.

Bacterial ,kilt-resistant stocks var\ in their ability to transmit resistance to their progenies
IAVRDC. 1985). In a ,scscn-Jircnt diallel e\periment. resistant stocks such a I. t96 1c. SItllll 
from North Carolina)l lnd I. 285. a liocal collection from "'a. Man. produced h\brid prigenies
with better average resistance than iithers. Sonic stock,. such as, C[. 1351-I -9- 1(0. tended to 
sllo,, high resistanle in sole crosses but ilt , them l;at 
may also he an important illature of the bacteria %il gltenenc s\ slei. The reactions of :1 
h brids among parent stocks ssith differing resist nIce levels prOVidC furlher proof of this 
hypothesis AVRI)C. I1988h: AVRI)C. 1989). Anong these materials. hvhrids hct\%cen resistanl 
parents generally tended to have higher levels of resis ance. ls, 

ill others. 	 IIIt th ll Iddilive"cenC action 

ever. there s crc li~hrids betwcen 
resistant and susceptible parents that %%ere cquall'. rCsistanl though the freqeCncy was low 
(Figure 5). 
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Table 3. Genetic resources for bacterial wilt resistance in tomato and frequency of utilization 
in the AVRDC breeding program. 

Accession Varietal name No. of times
used in crosses 

Percent Source 

L 96 Saturn 135 21.8 USA (North Carolina) 
L 95 
L 366 

Venus 
Unknown 

109 
85 

17.6 
13.7 

USA (North Carolina) 
Uiknown 

L 4841 
L I 
L 15 

L 22 
VC 48-1 
VC 8-1-2-7 

80 
34 
34 

12.9 
5.5 
5.5 

Philippines 
Philippines 
Philippines 

70 
70 
60 M Resx Res 50 
50 M SusxRes 
40
300, 25 2
 - 525
 

20 10 
10 

0. 
BWR+ BWR= BWR-

Figure 5. Comparative frequency ()0 of resistant Fj's derived from crosses 
among resistant stocks vs. crosses among susceptible with resistant 
parents (Note: BVVR + resistance is higher than the better resistant 
parent; BWR = resistance is equal to the better parent: BWR
resistance is lower than the better parent.) 

Viruses 

In surveys conducted fro1 1981 to 1985 in Ta an. it was found that cUtcunher mosaic 
virus CMV). lolato lloslic %'irusl (ToMV) MI;d potat( virus 'Y PVY) ae the viruses with te 
highest incidence on tomoato IAVIR)C. 1984: A VRI)C. 1985: AVRI)C. 1987h: Green. 19861. 
Recently. aiine% aphid-transmiitted pit.virus \ls also detected \which is scroloeicaly unrelated 
to PVY. TI.V and other IPot\ viruses cimiioilv occurring oLnt hMto(AVRI)C. 1987a: AVRDC. 
!987b: Green and lKu. 19851 and has aIhost rallgc Mhich is confined to the SlanlaceILe huill 
,,parentlV CXC/l)iiiinoi ('nl. and ( Op.Si('um ,6"11Ct I1A . '1hC \ifns is not seed-
Ira ,llit..tted onI ' to hlilth. .,*.0Ciiini-tv\pC \irts'Cafusine leIfCand prodt ces illild Ilptoill" url 
disease has aM,, heen isolatCd in) Taiv an .\VI,,)C. 1984: Green ct all. 1985: Green et ill. 1987) 
hut is nCitht'Iendemic nor \\idesp')rcal. The ,irus has lso hCen Iund oi toniato in Indoncsia 
and the Philippinc , (AVRI)(i. It85 ).In Thailand. ilis cotnidercd the most important virtIs On 
tomnat) and cit,.,,es alld Pi,'akiis 1986: Atttlliorit aiidconsidCralec icl loss, ( 'liandrasikul l. 
Sutabutra. 1985). 

All of the abtove-iet.ioned %irn,s. \ ith the e'Cpllion of the ne0 piit. \ 1ru,. sett It hte 
\widcspread and important in Siitheast .\iafn CeotntriCS. such as IndonsCia. Mala.sii. the 
Philippine, tild Thailatnd IAVRIC. 1985): (Ahu Kassim. 1986: ('handrasikUl ,ILd PatlrakoIsol. 
1986: Giatvonu. 198)b. The toinati ,polttld \willvitus IISWV) 1has hCn rCporLd in Malay iat 
and Japatn IlEnjisa\sa ct ill. 19W: Kohtlak. and Inon C.1984). A'IRI)C has ,gi\Cnpriorit to 
further character ' and inclILC Itie, viruSCs in the r'CsistanC 'crellillg IprOgl.tll. 
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Tomato Mosaic Virus (ToMV) 

Strains 0, 1and 2 are the only naturally occurring ToMV strains detecteo on tonato during 
surveys conducted between 1980 and 1982 in the major tomato-producing areas of Taiwan. Strains 
0 and I were most frequently found. ToMV 2 was only present in 1.4% ol tihsamples tested 
positively for tomato mosaic virus whereas strain 0 and strain 2 were detected w 501% of tile 
ToMV-positive samples (AVRDC. 1984: Green. 1986: Green et al. 1986). Contrarv to 
observations in many ternperate countries, "'oM V did not appear to survive long in the soil in 
Taiwan. TONIV wa: s intlccted fIeld s only up to five motiths afterdetected in iisamples t'ronit 
tiletoiato harvest, even when tOlllto \\ats fldlowed h\ a rice crop (AVRDC. 198-: AVRDC. 
1987b: Green et al. 1986). 2Three enes for resistance. Tin-/. )n2 a d1 "IT . originaliy fo Ile greei-Iruited spies, 
Lycopetsicon peruvianil ;aind L. hirSutur. bt( also 1..,landuloum anrd .. iWnIClIii (l)CI haiI. 
1966) have alreadv been transferred to L. I'Sculunt and are avtvilable in Irrarrv conrmmrercial 
coltixars bred f'orthe temperate areas. (ee ")2 gives a high level of resistance to 'lie two 
llost coririloil\ occurring strains 0 and 1:therefore, it was chosen bw tileAVRDC tonato 
breeders for further brecding. The mode ot action of ecne i)n22 is not clear' understood. but 
it is thought to either limit ToMIV nrutiplication within cells or to prevent viral movement frotir 
cell to cell. 

AVRI)C virologists have idCrtifid several sto cks carrxi iu resistant, to tomriato irosa ic viru s 
(Opefia el ai. 1988). Some of tire 7) 12--dOrror stocks thlt har. c beent, tilized in the AVRDC 
tomnato breeding prograri are I. 127 an-ht12a) (USA), ()hio NIR-12 (USA). Ohio NI R-13 ( USA). 
and a number o!'recently released corrirlrercial cultivars with superior characters (Opefia et al. 
1988). 

Segregatiig pOpulatiOrs are regularly screened at the seedling stage b\ inoculation vWith 
'
ToMV-1 using d P::ascli airbrush at 3.5 kL!ni at 10 ciii distance and (1.5 nilinoctIuni (I : 50 

diluition of 'oM V-ii acted piant tissue in phosphate buffer pH 7. 2%,Celite added) per plant. 

Cucumber Mosaic Virus (CMV) 

A search for possible sources of resistance in the AVRDC geriplasi ,:ollection was initiated 
in 1984 (AVRDC. 1987h: Green. 1986). More than 200 wild relatives of torirato, such as L. 
pinrirelliilium.L. peruvianum, L. hirsutru, and L. pewrllii, were screened by two subsequeint 
mechanical inoculations with an isolate that produces severe shoestring symtp )toimson toiato 
(isolate CMV-Peei. 

Since iio accessions were IOulnd with resistance, six hairy toiato lines were evaluated as 
a possible source of riorprefererce or deterrence to aphids, tilevectors ol CNIV. Depending 
on the 1c;4 ptsition. these lines had froti 6 to 10 linies mrore hair than tie nornal hairy tomiiatoes. 
In ai laboratory study, it was found that tlie total probe tislIe and tile total probe niurtrber, although 
iiot tile were significantly educLed oil tie hairy tomato lines CFablu 4)average probe duration, 
(AVRDC. 1985: AVRI)C. 1987a). This led to the assutmption that utilizing these hairy toimato 
lines might slow down CMV deveiCepient in tilefield. In the 1984 spring season. they were 
planted iii tile field and exposed to conditions of inatural inf'ction. By the end of the growing 
season (90 days). incidence had reached almost 0V, inltilenormal hairy check, whereas it 
ranged frori only 34';, to 76(' for the hairy lines. A cross betweern hairy and normal hairy 
line had 7954 CMV incidence. The infection rate. i.e. tire rate of disease increase per unit tiie 
sensit varr dcr Plank. of the hairy tomato lines were also siginificantlx lower than those of tile 
nonhairy lines (Table 5)(AVRDC'.1987a). However, iit saie linesa second field test using tile 
in the 1985 spring season, these findings coould not he confiirled although significantly lower 
levels o 'aphid populations were detected on tie hairy iliatoes throughout the growing period. 
The disease incidence on the hairy lines at the end of the rokiinr period ((,,6 afterdays 
t"',isplanting to tie field) ranged front 81 "(to 91(I which\was not si t,.nicantlyIlvrwertIa those 
(Pi LI:c 1tnhairy lines which ranged f'roni 89,'( to 100((' (AVRDC.1987b). lnitiall,, however. 
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Table 4. Hair density of hairy and nonhairy tomato and its relation to the feeding behavior of aphids.
 

Leaf 
position 

Hair no. 
(per 44.18 mm2) 

Total probe time 
(min.) 

Probe no. Average probe duration z 

(min.) 

Leaf I 
Hairy 523 1.85 0.97 1.97 
Nonhairy 56 4.16 2.04 1.90 
Leaf 4 
Hairy 545 1.03 1.61 1.60 
Nonhairy 89 2.60 3.74 1.50 
Leaf 6 
Hairy 378 047 1.03 1.-3 
Nonhairy 32 1.67 2.53 1.50 

Factor Tot, ivalue of difference between hairy and nonhairy leaves 
significance for each parameter y 

Leaf I 12.91" 3.92"'" 3.99 0.41 NS 
Leaf 4 12.60"' 3.61 ... 5.82"* 0.22 NS 
Leaf 6 9.54' 2.53 4.46' 0.03 NS 
df. 59 179 179 17 

Z'V:ues are weighced average for each of the three grouj, of 10 aphids. YNS = P _>0.10. = P < 0.05; 

=P < 1.001. 

Table r. Prc" -'ssof disease by days and infection rate of CMV. 

Disease progress (logit) Infection rate 
Nonhairy check -9.18318 +0.14643 days 0.1463 
Hairy I Y nonhairy 5.77563+0.093519 days 0.093519 
Hairy I (22-2)-I-2-1 -3.1155 + 0.030715 days 0.030715 
Hairy 2 (30-8)-I-I-I -4.48224 +0.0664766 days 0.0664766 
Hairy 3 (30-8)-3-4- I -5.17444 + 0.0816049 days 0.0816049 
Hairy 4 (30-8)-2-5-1 -3.45798+0.0548405 days 0.0548405 

at 41 days after transplanting, the percentage of CMV-infected plants was significantly lower 
on the hairy tomatoes. It is evident, therefore, that the CMV incidence cannot be effectively 
reduced under natural epiphytotic condition despite the reduction in number of aphid vectors. 

It isunlikely that CMV resistance genes which can protect against the many different strains 
of CMV known to occur in nature will be found in tonato or its id relatives. The only possible 
solution for CM V resistance thus remains the production oi transgenic plants. such as for example 
by inserting into tomato plants a gene that expresses CMV coat protein, :r one that expresses 
CMV satellite RNA. Both methods have shown to protect plants from viral infection in other 
systems (Baulcombe et al. 1986; Tien et al. 1987) and will be pursued by AVRDC. 

Potato Virus Y (PVY) 

This virus was generally not considered of importance on tomato in the past because of 
its generally mild symptomns. Ftowever. considerable yield losses have been associated with its 
presence (Cox. 1965 ).Sill ultacous infections by other viruses such as TMV can result in severe 
necrotic symptoms that cai lead to the death of the entire plant (Clark et al. 1980). 

In Taiwan, PVY was first isolated and purified friom tomato in 1979 (Yeh. 1979). The 
incidence of PVY on tomato in Taiwan was found to be as hiph i, that of CMV (AVRDC. 
1985). The virus was recovered from each of the five major tomato production areas and in 
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34% of a total of 1,608 leaf samples. Grouping of tie PVY isolates on different Cap)sict anttt11 
cultivars (Gebre Selassie et ii. 1982) indicated that pathotvpe PVY-0 was the most prominent 
in Taiwan (AVRDC. 1988a). 

A search for sources of resistance to PVY illthe AVRDC gerinplasm collection was initiated 
in 1984. Because of the mild symptoms on towi.:ao, a screening method which enhances symptom
expression, thus facilitating tile was developed. This method consists ofevaluation and rating, 
two inoculations, the first on the newly expanded primary leaves and the second on newly
emerging side branches, after cutting the stem at the three-leaf stage. Symptomless plants or 
those with mild symptoms are usually tested by the enzyme-linked imnmunosorbent assay (ELISA) 
method (AVRDC. 1987a).

None out of' 72 raLdoml Iv chosCn accessions, comprising L\vopersitcon e'scu/letutu. L. 
pinlpinellifoj1 L.LhirsI. tuln. L. ghlndtidostunm. L.ClUT.'S/iuhii, and L. pertvianu. was resistant.,

Out of 22 other ,,ccessions selected for their reported resistance to PVY.only ne, L. hirtuitun 
P1247084. was found to be resist-it (AVRDC. 1987b). This 'ine was Also found resistant
by others (Thomas. 1981). Resistance from this accession \\as found to be recess.vc 
(AVRDC. 1988a). The incorporation of this resistance into AVRDC brcedinj lines has already 
been initiated. 

Tomato Leafcurl Virus (TLCV) 

This virus is not endemic in Taiwkan and o.;clUrs only sporadically. Screening is done in 
the greenhouse 1y te d1 lIc graftin, by v,'hicli the material to he screened is firsto method, 

grafted onto TLCV-infected tomato, e'cised after f- tr weeks and grafted onto heilthy NiAcotiana
 
benthaniana (AVRDC. 1988). In the ahsence of antiserum and serological dctection lethods.
 
graftiag onto iV. tntharmiu-a allows 'or the detection of the virus which p)rodlces prominent

leal'url synptolis after 7 to 0 day.. Using this imethod, nineteen resistant lines with reported

resistance hive been screened. in.
luIling I. pipinm,.'/ihfium L.A 121 which has been used] in
 
resistance breedin lor toniato yellow ICafcLirl virus (TYLCV). a serious problem inthe Near
 
East (Cz, snek. 1988. personia! commnication) and which appear's to Ie related io the virus
 
causino Ieafcurl on tomato in Taiwan (AVRDC 1989). None ws lound resistant (AVRDC. 1988).

However. one line (!', 215) lroduct.d only 50() infected plants. Seeds of resistant plants were
 
saved for conlrination screening at AVRDC- Iv the method described above and at AVRDC's
 
Thailand Outreach Program.
 

It seenis appropiiate that both field screening Under natural cpiphtotic conditions and 
screening bv grafting nethod should be conducted, lirstly, to detect tolerant plants (slow, mild 
or no syniptom developetint) and secondly, to dterniine pos;ihlc immlunit\'. If resistance is 
riot found. the use of oenetic engineering will be considered. 

Rootknot Nematode 

The niost important species causing rootknot in tomato isAilhidoxuy i 'nein.a.The stocks 
th.it % re -.i cd initially in the AVRDC toniato breeding program are Healani. Kewah.,, Cal-
Mart and 72T6. obtained front various breeding programs in the United States. I - :eccnt years,
several newly released nematode-resistant cultivars ha e found greater use in the AVRDC 
program because of their improved fcatures such as large fruit size and better fruit firiess 
(Opefia et al. 1988).

Resi.tance to common rootknot nematode iscontrolled by a sing!e dominant gone.Mi. This 
gene istightly linked to the gent ,ps./,an isozyrii ic locus for acid phosphatase (Rick and Fobes. 
1974) whose unique clectrophoretic banding pattern can be used as a marker to screen totnato 
seedlings for netiatode resistance. Unfortunately. the tight linkage appears to have been broken 
in sorme stocks, notably those front Hawaii (Medina-Filho and Stevens. 1980): therefor c,the 
niematode egg inoculation method isalso used at AVRDC as an alternative screening techniique
(Opefia ct al. 1987b). 

http:recess.vc
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Resistance to Fruitworm 

Tomato fruitworm (TFW), Heliothis arimigera HUbner (Lepidoptera: Noctuidae), causes 
considerable damage to tomatoes in Asia (Srinivasan. 1959: Singh and Singh. 1975; Esguerra
and Gabriel. 1969: Vattanatungul and Ruchtapakornchai. 1978: Talckar et al. 1983). The insect 
lays eggs on the foliage L-ld the newl hatched larvae, after initial feeding on the filiage, bore 
into the fruits and feed inside. 

A tomato germplasm screening program was initiated at AVRI)C in 1981 to identify sources 
of resistance to TFW. In the first test. 800 tomato accessions, including several wild species, 
were screened in the tiCL \'here the natural TFW population was augmented by occasional releases 
of laboratorx,-reared larvae. Resistance Wvus evaluated based on the percentage of damaged fruits. 

Ten wild tomato ac:cessions were free ofTFW damage. 'hese accessions included 76W-PI 
134417-A and 77W-PI 134417- I. tmo L.\o wrsicol/ hirlsttn f. ,alratnem accessions fron North 
Carolina State Universit\ which show\ed high levels of resistance to tobacco hornvorni, Manthica 
.M1,x.which also attacks the tomato foliage and fruits in North America (Kennedy and Henderson. 

1978). Studies on the mechanism of resistance indicated that the glandular trichomes on the 
filiage of these wild accessions contain a toxic chemical which kills the votung larvae feeding 
on the foliage (Kennedy and Yamamoto. 1979: Williams et al. 1980). A similar mechanism 
of resi:.aii.ce was observed with TFW at AVRI)C.

Since PI 134417 Showed a hich level of resistance and the fact that the resistance mi.'hanism 
is already know\n, this accession is heing actively used at AVR[)C to breed TFW-resistant
tonatoes. The segregating progenies are screened in the field Ior TFW damage to the fruit whereIs 
the foliage is exposed to larvae in the laboratory to judge the level of antibicsis. Resistant plants
thus selected arc then evaluated by the plant breeder for horticultural characters, especially fruit 
size and yield, and backcrosses to the L. c.,uhcntm parents arc then mad , to further improve
the horticultural characters. AS of the end of 1987. four 13C., lamilies have been screened and 
selected in this manner. At each screening. plants with bigger fruit size and at least a moderate 
level of TFW resistance are retained. 

Sone BC4F, selections ha\e already shown acceptable horticultural features. Therefore. 
t preliminary trial of TFW resistaitt BCjE:, lines is being planned for autunin 1988. They will 

be comparcd with conimeicial cultivars for horticultural attributes and fruitworni resistance. 

Quality of Tropical Tomatoes 

The AVRI)C tomato breeders ained mai inl at de\ eloping determinate tropical lines at the 
outset. Economic factors clciarl.v provided the ratiomale for this choice: bush tomatoes are cheaper 
to grow as the\ do not need staking. H-owever. there have also been persistent requests frot 
other countries for tropical lines \which have better quality such as sweeter, better Ilavor. larger
size. firmer and \with ,tractive external appearanc, . to supply their quality-conscious tourist 
sector. 

AVRDC breeders started, therefOr, the selectionj of indeterminate tropical lines in 1981. 
It is ,enerallv known that fruit size can be improved by pruning the lateral shoots and regulating 
the number Of fruits per truss. The indCtermninate cultivars arc more amenable to pruning than 
the bushy. detcrtinate toilato. Morcover. there ha\e been studies in temperate countries which 
showed that cctain COnlpOncnls oh fruit quality. such ts s-'' hie solids, do attain better levels 
in the indeterminate than in the bush tot, ..toes (Fmer anti Munger. 1970).

To determine w\hether the above observations apply equally well to the tropical lines. we 
extracted two near-isogenic lines varying in gro\th habit (s vs.sp+ ) from one BCF: 
population of' the cross CI. 6040 (CL 1131 'Mop c roU) with CL 1131. a tropical line, as the 
recurrent parent and studied their luality attributes. Theoretically. the isolines share only 941.1( 
ctninmon genetic background and mav t ot be tile most ideal genetic material flr the study: 
however, a good prelimtinary indication Ibr various quality parameters was necessary. 

http:resi:.aii.ce
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The quality attributes of the isolines were compared in a split plot experiment, replicated 
thrice, with isolines as main plot and pruning as subplot. Pruning involved maintaining only 
two branches per plant, each allowed to develop only 5 fruit clusters, or a total of 10 trusses 
per plant. This treatment was included to determine if quality can also be regulated by constraining 
the fruit load per plant. Quality attributes such as /3-carotene, vitamin C, pH, Brix, titratable 
acidity, Hunter color, total solids, and sugar-acid ratio (SAR) were m,asured. 

Figure 6 	 shows the quality attributes of determinate vs. indeterminate isolines. The 
indeterminate isoline showed superiority in all important quality parameters such as soluble solids 
(Brix), color, total solids, and sugar-acid ratio. High sugar-acid ratio, in particular, is known 
to impart good overall tomato flavor (Stevens et al. 1979). In addition, the indeterminate line 
also showed significantly higher vitamiin C content than the determinate line. 

The effect of regulating the number of fruits per plant on fruit quality is depicted in Figure 7. 
Pruning resulted in higher contents of vitamins C and A (0-carotene), more acidic fruits, and 
higher sugar-acid ratio (for better flavor) than when all fruits were allowed to develop. 

From the above results, it can be safely assumed that the development or indeterminate 
tropical lines should likely lead to new genotypes with better quality than could possibly he 
obtained with determinate tropical tomatoes. The use of indeterminate varieties may also be 
combined with traditional pruning practices to obtain further quality improvement. 

General Breeding Strategies 

The enormity of factors affecting the production of tomatoes in the humid tropics called 
for a stepwise approach to gcnetic improvement (Opeifa. 1985). In the early years. the bringing 
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Figure 6. 	Comparative fruit quality parameters of indeterminate vs. determinate 
isolines. 
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Figure 7. Comparative fruit quality parameters between pruned vs. no pruning 
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together of heat tolerance and BW resistance among tile advwiced breeding lines was emphasized 
because these features are fundamental to grov a successful tomato crop in the tropics (AVRDC. 
1974, Opefia et al. 1987a). 

In recent years, further improvements of the tropical tonlato have been obtained by 
sequentially incorporating additional resistance to diseases and by eiihancing fruit quality. The 
new traits that have been added are: resistance to tomato mosaic virus (mainly gene Tr-2 2 ): 

resistance to rootknot nematode: resistance to fruit cracking: and improved fruit firmness and 
size (AVRDC. 1987a: AVRDC. 19S9). The step",ise improvement of tropical tomato, especially 
for disease resistance is depicted it Figure 8. 

As more desirable genes are added to the tropical tomato through further genetic
manipulations, tie valuable traits that they already possess ma\ decrease in intensity. Complex 

characters like BW resistance and heat tolerance are especially vulnerable. Thus, i'!creasing 
use of the backcross (BC) method to recover adequate levels of the previous breeding gains, 
while at the samie titme adding new traits, has been practiced in recent years at AVRDC. This 
method is finally combined with either tile bulk, pedigree or single-seed descent .ichemes to 
handle the selfed BC populat ions (OpCfia c al. 1987a). 

Selection for complex traits is also del aVed now until selections have reached the family 
or line stage. lFarly' generation selections are still made but they are lim itcd to simple. highly 
heritable traits like mlnogcnic disease resistances. In so doing, the hybrid progenies are screened 
for desirable horticultural types belor the , are selected for complex tr'Ats, Such as heat tolerance 
and BW resistance. 

Enhanced Germplasm for the Humid Tropics 

Genetic tmanipulations to combine the requisite traits for tropical adaptation led to the 
development of many breeding lines that were widely tested in Taiwan and in many tropical 

Series/Year Representative Lines Major"Features 

CL 8d, CL li1d,W 
1st serles CIL 32d, CL 143 *HT Wil 

1975-80) 

2nd series CIL 1131 series 
CL 5915 series 4- HTBWR,ToMVR 

3rd sres1986 CLN 337, CLNCLN 229 series236 4[ BNR,Tok.VR, NF] 

HT = heat tolerant; BW = baclerial wilt-resistant;
 
ToMVR = tomato mosaic virus-resistant;
 
NR = rootknrt nematode-resistant.
 

Figure 8. Stepwise improvement of tropical tomato for heat tolerance 
and disease resistance 
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countries. A significant portion of the screening and utilization of AVRDC's improved breedinglines was inadC possible through informal scientist-to-scientist collaborations. AVRDC has alsoentered into flfit bilateral agreements withially several countries, notably' the Philippines.
Thailand, Indonesia, Malay sia, and [the Republic of Korea. thus. providin, a seaIN' conduit
for the transfer of AVRDC's enhanced technoloex'.


National programs worldwide have officiallY' released 
a number of AVR )C's improved
vegetable germplasm in the past (Opefia et al. 1t 87a: ()pefia et al. 1988: Tay. 1989 in these
proceedings). For tomito. 65 distinct breeding lines and accessions have been released to \eLctable 
farmers in 26 countries, territories. 

The Most ad \';aiced f't liet. top icall aidaptCd Ilines aread\v possess tlie ctmb ined featuires
Such as heat ltle.ranc. IiUllipl. resistances to bacterial wilt, tomato mosaic \irus. and rootknoti
nenliatode (see Figure 8), and inipro\cd (ruil altributCs such as firiness,. c rack resistance, and
attractive sinooth shape. In addition, ne\ er line, (teiCd Since I184 tended to ha\C betier yieldand improved fruit size over older tropical lines. Whereas older lines generlllv yielded front
5 to 15 t/ha, the inore recent lines tended 1t yield above 201t hI and is high as 35 t 'ha in (onc 
year (Figure 9). 
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Figure 9. Comparative yearly means ( 1981-87) for various characters of tropical
lines grown during the hot humid season. 

Future Prospects for Improving Tropical Tomatoes 

AVRDC research has successfully brought its horti,:ullural crops to adapt reasonably well 
to the humid lowland tropics. Advanced breeding lines of AVRDC's principal vegetables resistantto one or more major diseases, are tolerant to hot wet conditions, and possess acceptable quality.
Given these features, what may be expected of AVRDC's breeding lines in the future?With an increasing pressure on environievts brought about by tilebOrgeoning population,
global 	changes in cliniaic. and marked eduction off'armoiputs, the AVRI)C future breeding
lines will have to carry tolerances to more stresse,, than ever before. 

In tlmato, marked advances in the levels of disease resistance and inthe range oldiseases
that the future breeding lines would be resistant to are e:pected. Progress in resistance breeding
1 ,potato virus Y. leal'curl 'irus. bacterial spot (.at/romonas cafllf.sti.v pv. vesi'cwoia), adt
certain fungal diseases such as Cercospora leaf iold i(l'en.oora/ldi.it,t)is flrtlhcoming. Evenresistances to the unwieldy viruses, such as CMV, and equally niportant insects like fr.iitworn
and aphids, may be unravelled as tie 	potential 0)' hilierto unexphilcd wild Lcopcrsicon and 
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Sounwi gerniplasin is widely e\phtred. The tiew fotls of hitteChn logy mally prove uiseful to 
better exploit this k ild material. 

Heat tolerance (specific Ior a hot dr\ C ouditin), drought tlerai'Ce, t oe\cess soil:, tlerICe 
it1oiStUre Or llooditte. ald e'elt to0lrllce of' poor soil Iterltility tila\ havL. to h added into the 
ph\ siological arsenal of the lutirc tropical tonratoes. 

There will also le a need to upgrade the quait.s of future tropical tonatoes. especially inl 
th visible paratieter of acccptabilits suL aS abSetce of' cracks, rcduced blotch\ ripening. 
ili rp't)iemd cot . and iticreasLed Iht gesi t\ ill ttan+sit atd sitraLC th irughibetter (lhlit Ii1111ess anid or 
ilierentl\ long h lfl+ prope'rties,. 
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IItrincc 13(4): 47t' 451 

I.aSi, I 197)) t t It'iat, \,al ictis in thL s 
Iagcs I88 20) iI: Pirk. I sI intcrnationial S i pos,1n ltn I att, R bcri (I,,,>.,tl. 

\ilhareal. R.I.. anrod I I)cchliCIcnt (if hea slari;.a trIt 
,,ilt.,il, , 


cd. .A\"ia11 Vc 'Cc R c.ar 1 .r1d I)c,.clu ( Sh, nh. ialii
ailhlc III c IIturlrii,r 
\W illiams,. \V.(;. Kcinik.k . 6 .G . Yan,m ioo, R I . Ihact, . .1 1) ,anl kItd . . 1. 19811), 

a \trally IFIMTrItIIttr IlC li liI tie s\ rId hILIntA 1. I2 IIt .LCaltotiC: I I itil l I P,,'j,\ I ,,r /iritoI11 

1. Ql rI,1r1ttmII. Sc ticc¢ 2t :8-SX )' 
'Yam1 . ( . 7I9). BaCaetCtial ItITtn dilli ,,I It lh I I l 123I IiiPIPi I"I,rtnd hOfI. Lce' . 

Itt ti l S"\n1r itnl oii I ro lI iiat i'ho rt (s, i. s \ . .,tiIat i osq I Ci rCItd ct't ,!'." 
and D,,"optIrC tICnt('entcr. Sit.giitua. Iaian 

IdCniitiatt ar ot httilh Itu ,ls MSYch. SI). 1)79. ndi pUitLrtiti., t I 5 t.US,'- iiil,:tiiti iii . 

I)i, National (hunitc I,.ini eIsits, liiirhuh. Imv, an 4S 1). 

Symposium Discussion 
I.D. Erinle: Icat disease, ini paIti.ular. trl\ ti.cht. lealtoWd and Scptria l,,pt arw 

Ilml)ortant iil tlelh I, land topic. , \on has c at brlccttt resaile t anl l tItdes.e.; 
R.T. Opefa: There . no doub t that thsc . ,e S on mantioted arc initprtatit in lossiand 

tropics ltollato po-Oduction. Wc do nt)[ urrnti+1\ hat\C ill]\ tcsista c brcedi. protalll ot these. 
hto\%c\c, hcca"L thcrc arc twr Ilore l'.,l tar discasc p~rblcIs ekhacteal caspn id 
hlack Icaintod, in othcr ords. Icllhold and SCptoriaer our prioriti/atron N,.hcntc puts carl\ blichi. 
Icaiplot at a Ilotcr hes\CI than) othc1 Liseascs. Inlittll . k.sC\Nill h;I\s i pr1't1112 o il tO e. too. 

1.C. Girard: "lat aotnn late blight ,i,,anC.'? iltl, diCa.sC rlll he dalatitlll In flc troict", 
durink cool )t :1 Islaid R Utotln.i anid pcriOdN Or In ailtitudcI ot 
R.T. Opefa: Latc Nlight is a Ne tllsm prbleIi It ltc cool. toit Ilhlatnd lir dulll tareas 

in tile Iopics. It has ILcs" CI liiitatio til ltc hot lt ltitldllos illl aeas. sit. e.etlie tlll asisIccit 
ot thc AVRI)(" pl_"il Is adapatio At tollttabo t( h0t. hiutII.d .. h,1\ c rot ci' cll ns 
attcltion to late Nlight in No tl as declopwnclit ofl -c,:stant licn', i, conce'rned. Wc lasc a snall 

pr-gr.il for ltc bliaht rsistlarwc hrccdin..itl tle I)rOCttsng t p- hut tlls pricc'l I1.i',heen of 
h t.%, piirit\. 

. oI litnes. 
Is there arts r.lcrtcc, to hih tigch lpc u . "oultl bche ,1 .rctcshtot) that "Ntti t 
ES. Uim: Vhai twliidtatmlc It i is uselI te sCel1.tiltl tat tiletatIIcI \t)ill 

w'ittcii 

\mr ( 1.4515 and (L 1131 iriawtrial ha, icldcd ,s cll Uitdcr nt\itlunt ldas tcnlrp ralturcs t ah\ 

4( C. 
R.T. Opefa: ()ur tropical hrccdine lines arc NlcICd rgCut, larl. rrilt plitiingS during (he hot. 
s, et s.illrl er seaNIlt ill lais ilrl. )urr- ill hi,, period. da\ ltl telipIC irC tlltia\illUnItI ,'()ld 20 
ats high irs 34 C or so v hile light tempcratlrc %\0mid be rti losscr than 21 C. 
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Pepper Improvement for the Tropics: Problems and 
the AVRDC Approach 
J.Y. Yoon , S.K. Green, A.T. Tschanz, S.C.S. Tsou and L.C. Chang 1 
1Associate Plant Breeder, Virologist, Plant Pathologist, Biochinist and Director of Produc
tion Systems Program, and Associate Specialist in Plant Breeding, respectively, Asian
Vegetable Research nd Development Center (AVRDC), P.O. Box 205, Taipei 10099 

Abstract 
Results of literature and questionnaire surveys, and observations of AVRDC

scientists indicate that viruses are the most important constraints in pepper production
in the tropics. Chili veinal mottle (CVMV). cucumber mosaic (CMV), potato Y (PVY) and
tobacco mosaic (TMV) viruses are the most prevalent viruses infecting peppers intropical Asia. Bacterial spc,. and Phytophthora rot are other important diseases in bothhot and sweet peppers, while anthracnose is more serious in I'ot pepper. Flooding stress
and insect damage were also perceived as highly important for both hot and sweet 
peppers among the questionnaire respondents. Sunsc.ald of sweet pepper and genetic
impurity of the presently grown hot pepper cultivars are also problems which need
attention. An increased level of pungency is desired for most of the commonly grown
local varieties of hot pepper. The main strategy for sweet pepper varietal improvement
at AVRDC will be concurrent backcross programs for the critical traits, followed by apyramiding process. The effect uf heat and other environmental stresses on plant
growth, fruit development and yield also will be researched. For hot pepper. AVRDC's
major activity will be to identify and distribute breeding materials, both in raw andenhanced forms. In order to best utilize the long-adapted landraces, an AVRDC
coordinated international hot pepper trial network (INTHOPENET) 
 is proposed. 

Introduction 

-lItc I' l.tt~c",. lhe ' plirtcd iti'u is ",tilliat'd .it 1.9 11lli li . IHlltp jp'l , are
lrcqIicntl N 11IC,,Ii'. h It.',S 0I cl c lI i. in, t ltropic. ;tid coirtrihtic t hc ilei c ol tropicall
la'lilcr',. (;lM i' III thet lt; c St OINIlI' ic li,,ICti L'0IItriiiI cfplpcr.. ltipl+cU1C)l n il oI+c,\ai .
',\%CC't ict,'l ,r il " c -cc t all \ adapted t,1 Ilie tlopical (L hindii d 1iilit,' p Lr-duc'ti1 IScoiIlrctl 
to Iicirkind irc', Rccach on Ipdlt.IolCo'll 1 nLi'M1i. Of pJC .p s hls been porl]\ onr'lli/ d
.ld hit',, t)t rc.ci', cd lull 111t12r[ialtioiialaticiiti I likl cih icrlllipmrl tI cli iin) IIoditiC',. i:.)l this
 
l ui-C.ll, ',iricc I ilic -\'.i~in \'cct, ll
1)11C 1c'c;ircli atid I ),. ciopiiicit ( ciltcr -\V Il)(j ha'r. scIcctcd 
peppers a,a dditi ,l il ,lIic rla ta l C101) i tc.i\,c r,.'.,c.rcNh illid dc coh , IricI.
 

'I lie pir','l.ltc\iflliNic, oll'r coIi',trallilts Itothe production of111'th1 htt and '-..
p pcr the Cc 
pepp' rs th ,tlic irilc(i,.. i p rti.cimil+r fl ,,I1 .\sia. aid di'.u,,,,c, thc 'atndtc, ;,lmlapproach(if AVRI)( t&',.,arld,, 11othr o'.c+il', ,Iaiiii' iiiipiorthiou,,il %i:ictal ciriclt. Ilickgrolril
inforua tion [m thi,, lp,,i'r . a 'ulncrL',+ fro ii tile li 11i11.iai*i Lt.Ics[ ,,i iI t[ C\ . ct r lllli itI 

Methodology for Identification of Constraints 
lo a.sssc thc pr 'tltliri on',,ra iitts and tlher factors af1fec.ting l)pcrs. queti onnlaires %\,lw

senI h) 204 Cc rI)CIr'S ill 55 c.t ic., Ioic111,tc,, hcr to l)cccnhcr, I '). l'arcr leebe,,96 respo icnnts 
c 
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tlla*lor i 
Newslcttcrs. (2) participants t' prc'ititl'iow ..\1,IIA (il ropcal .\Aociatito 1t, Rcc'arh on 
Plhnt irceding) pepper \tkorkihlg croIlp IIctItItn . 3) lPers.ons \orkirig on pepers acc rd ii 
to the 1980 Internaitionl kit I"IlS) l)ircctor,. ,and .41 AVRID)(", 

%%ereidentified tromt four 1tlrccoutribttor, to and subscribes of tile 'C' ,iStClu 

si',c t1 hrticultural Science 

Iltlilli list (.)u stlin i l c.il '.crc alo 'CIt ollitI ' IsttNtI+0"lt', anti+cottpllda2nc \\f1rs.
ti'allc 5 it 

li3 Jul\ 1 )87. 58 ('oiiilic1td .tILtS11iitMIt tc 220"'1 \%crI rc,:i..ed fromii 21) cttt'l. 
IlClItIill cii~liht tropi.al \sIall. t\.%o tctiipcratc .\,ian. sc\.ln .\lllcricai1. tlicc Allcall. scscn 
LUltl'iall aid tM it)'Ccllil k0, litIcs HI c i +tnsc talce 'solii\ hailicr thall \\at Could 

bc c\pcctcd l lnuSual C\ 5,. po,,,,hlq oi tlhl c ttattrc o itlotls ilnhlJdCds',I bc\ asCtiU'C l'. tilt 

i li fr . , Ill+ m kttll I~uCdut. ~ 1 .1lfl t~il c ll , +'I. lIl~t 1111C L-Ml0 l 1dl,' i .ld,1O I0 1 (11ptppt' Ithe ttot axict\tis \ itc platt h cticu s 4r 1 at1 lhhti1iitult '.t ,1,Out 

0Ii tilLUCStiois ''.0criic %J5ari 0I (Ipt WIt't ccrit~ iIusttI'11 Ic sollses tol1k,1' 0! IS Mid otti\i 
1c "t1lrW tCt', itttilch a,,ndl rCJl\i ,iiiddilis It Ii(h c I, IIJ. a'. id and ,ci,. lllclcii oth itol c hotll.lal ps 

A V RI)C L-0 1ll k.Wld ,I ,. ' If lit Cl1111n'u.\ lsl, fllo ll 198. h lo 1 J85 it, C\ Ilutl l thie 
[h.' I lll;.Ul,,.C III the hflo allld hu+Iillt ',,'Isoll', kil < Illu ,h II\ ; a;lh hlc hiol Anld ",v.%C,.l i+eppel 

cUllli\d'a , crlcctcd Io11 .2 ditcitnt c.itilric, kC',',crh plic.t, iiittiatdii b \ ;tiiii 1i,,cijl iIICS 
at A\VRI)('. 'Iltcc tIh ci atloil 0I pJ)Cpc' to+ l[iUIi ipalro statu,, il I )X. hatc, a1NO itcicLd 

,colitll l c\lll cotlltlailt,, add IdlIIil\ fc Olic", 
Tihc crop sttlLI tl 01 pcpc rs, atid tile arlca',, .hIh ItLLtti r.ccalM'.. ,.., ci s,illI\ Stlilllitl i d 

h\ tle IIP( R Secrctatiat and hiitill il hlhric ;uI,,i othcr Sol.ri.s11983. \ ct 1 197,t) mc 

tit. uc.cral [iImittf.athlOll (('huttdll\ I"fu' ([L tuhi..'il l)77. Kintt and I)caio1t. 1907:
 
Mututlkrsinan cl ii. l980 Idiall 983. ) lamcuit'. I , .,>. All thesc \\cr used i,, rclcrncs
 
II Identil'k ing tile lprthdcl" I ihble I Mid 21 

Major Production Constraints 

I)isIcSCS \%crc .tolsICcd tlhc !Its ,chills, )IotlitIthti cll'ltI'IiIIS (1' 5Oll hot i11d ,xcct 
Ippcrs 1Figurc, I. 2). iiiscc,,. Iloodinu atnd ilack of sUaicahl. \arkctisc, \\'crc nldicated as, the 

llc\t most ilportantt tot hotil t\Ic,, il pcppet. In tic .e\siatropics. llootditi \k.'.as costnidcrctd 
nlor; imlptrtatt thlal the tincc iti. l \ hr.cc is iI tilc rest On tilte \Wril. il-,Ccts aild 'iilt+-Ltiht 
%.%crc rca[rdcd as illtor1c tltiottilt thitl [bth0dimg Il lack kit suithl'c \arllic,, ',as sho\\nii to 

Table ! Importance: of pepper diseases based on different information sources 

Field observation in Tawari Questionnaire SurvCy" 

1983-85' i 986-87 Topical Asia Other Regions 

Virus complex VH VH vH 99 90 
Phytoplithora rot VH VH 49 52 
Anthracnose HiO) VH 38 19 
Bacterial wilt VH Hi'u VH 34 20 
Damping off H H 29 34 
Bacterial leafspot H H 22 42 
Nematode - M II 17 
Southern blight VH ' L-M S 13 
Cercospora leafspot - L VH 4 5 
Powdery mildew H LH 2 10 
Fusariurn wilt - L H t0 2 
Others' - L I0 10I. 1c 

EH - extrCnely high. VH vcery high. H high. M - mediuin L low Based on AVRDC Progress Reports 
for 1983-1985 1 Score, based on frequency and .mportance i 100 - all respondent, rated as the most important 
disease. 0 z 'o respondents listed the particular diseasei Black leafmold mycoplasma. soft rot. Verticillium wilt. 
Choanep:iora blossom blight. etc 
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Table 2. Prevalenceiimportance' of viruses based on different information sources. 

Field observation in Taiwan Questionnaire . .. .......- - - - Literature----------- .... ...... .. .......
 
1983-85 1986-87 Tropical Atia Other regions 

TEV L L H L H 
TMV H VH VH EH EH 
CMV H VH VH EH VH 
PVY H VH VH H VH 
PVMV - - M L M 
PMMV - - L L M 
TRSV - - L L L 
TSWV - Y L L M 
TLCV - - M M M 
PeMV - - L L L 
CVMV - VH - 

'EH z etreniely high VH very high. H = high. M = medium. L low Y' - Elisa was not confirmed by viru., 
soltion 

Othe M = : . .........
r 1 Ot ZegiIohrsOthers 0 ..e . .... e . . .. . . .. . .
 
Hl h IIput r] ")thereonSn

Cuihvor i [ s r t ph5 ( -,tiva]r -7-71 

Nutrition jn Nutrtio 


Drought Crught
 
Flooding F',,din , L. 

Insects 
Diseases L'se es ______________
 

Typhoon TiI phoon
 
M iar r. n'A .. . .. .
keting 

. ' . " 25 30 3 5 , ? C 5C 3 ,3 45 
Frequency irequen:, 

Figure I Relative importance of hot pepper Figure 2. Relative importance of sweet pepper 
production constraints (questionnaire survey) production constraints (questionnaire survey). 

he illorc importantlrt st,r eelc lpppcrs. especiall\ in tropical ..\,i. than l - hot pepper . Il, 
rellect [the fact that ,\%ecl pepper is \it to he idapted to tiopical enmirrnuenhs. Ii the ,tas. ol 

,hot pcpp*cr. inarketinl prloulc'i , appearCd Ii he alnirst niecliihic. lli ila' he iIilainlix dtie 
to the fact that hot pepper is largel\ a honlei garden clrip, ind Ihat the Iruit can he i,0u0d blr 
a holie tie. in dried tormll 'lll the iarket sIllutiitin Iliries 

Diseases 
-,A iong numerou diseasIe., the \irus cilple\ s,as ratlLd as the paramiount problem h, ti 

survey respoldent-, rcgardless iif rogion (Tlahle I). In the AVRI)( lItIlds. viruses st-r- a;so 
ohsr\'ed to he far more serious than all\ other dik,'as S\vIlpllls include lolle. nllosli:. leat 
de(lrnation. leaf hlistring. \e) handing. sItunlting. \\ llllll. s stelir. necrosis, and are dependent 
oil the kind 01 \irLs. ho,st elntlPl)C alid ens\ II'i'iet. Virus inlet-iin reuLllts nlot ill\ ill Niedd 
loss hut alc ill qulalhlit .li i i068: et 1973: . 1975).deterioration acl a et al. Kan al. Villali 
In sonllic areas, viruses halve-rrendered pepper cultis a.ion ICConllllC. CaIsinll 55 IllIields, 1t 
he abandoned. Viruses inhibi: the grim;ing otfthe crop wkithout freluent insecticide use. \\hich 
in turn nlakcs it difficult to nmoitior li+e insect population (AVRI)C. 1989). 

Viruses ar-, also frequeiitl ci ted in the ikieratlir' as prdlUCrtloll cO!IstIa its onl pepper (Table II 
About 35 diflerent 'irusesha%c been reported to intect peppers (Green and Kiln. 1988: NMartclli 
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and [tiacquarelli. 11)83). 'hFe nlo,,t Irentl. \iltl ti er.tinoendllt,llentionted LIb' \ ,,, 

tobacco ItuOnlic ViILIS (1NI1\'). I,)ii,\Cd th\ cucuitibet iiti1a \ iu, ('NI\ Mnd Ipotalto i-11 Y
 
PVY). [le importance o" these \ IrIls, also \\ell rc.2i/Cd iII tlelluI'tetue ['ille 2. In
 
t,,IliVe\ of I.(37 diseats.,ed NapIeI+ In 'I'il, anld hr
leaf collec.'tCd all Ih;ailalnd and e\aininlcd 

the preseln.C o'l 12 dillrjcit \ItUse. htlr u", ser'+e detcted bCh\o0It\ \ e'+\ inc-linked
 
tilllli1solbe"il a I.LI ISA' the \-Ine,.iineLd thre'C. e'ial nottle ('VNI\IV
. a asnd chili iru 

\AVRl)C. 1).t1j alllotlhcr of I .ISA te'Iof eatlaIi le. collct'd ltii ,.icn cnnti\eIli sleu 

,It VNIV eittre prea\dll'nt
 

titanu Y i NI il'" th •rtr cii+','lc s, IBoukenta.
 
mtiil platilltine• illA'I)('. aid (NIV apei.d e'rlle+r ald v\s'ls 

Id 1 (o1 1NI% l h' bee'n ell ebhllhLed 
lt980: (;el+,r I Q2 ft . til1k iittN;iL 1U• timtI\1 C limtildsclli•'+ l tI. So itIM(t ' 

' 
ha beeii 

Ill Tam a+\;n. •tfl,+ \)11LL tlM I(1stl.' +l PV\ '(}IN 1110+11 I)L-1,.1l1nilll\ + i A'SI Il11111 l'l U d +' '' thill 

picilleill [+ali an AV RI')(-\it I89 
Ph.\ tophitlorl rot i l)]u.,t/u/hil' i I it)IC \i%,N IaCd it+C.c tld l110't llIttti la dieal e Ill 

,tile Nur\es. It \it-, lollitmhed h\ ;ItitractioCI C1ltiu i hunt lpp. 1. lacltel[,,illIlt ldomilhIii 

'411-10111. and ,ll l ll it 11\ .I) tI('Sh IllWhl/onlto lltIpItI2- ofll hilat l ,poltI .\OII'it ll l\ tol(t01ui\ l{ollil). 

ordel t t ta.ice. IIII icllIro i e \ ill tropic', Ilntelr'l tlllt . the I;ltl tlliiIlttip .1 the I.poltitid 111 

d'NeaeNC \eie raitd illthe r'\.t,,e Older a. -I't cptltii•lldt•N trolt olhi rl'etoii (ble, I I. IIt 

1 .1alln.lh.\ ltolllot ro t. ial spot. 111 ti l% ,iulrit (1), t, c llithllios+ and pim'.l' l e.'v, 'd/i, 

'.ee toulld to be pi'. le'+tt aIttC tteit ti .AiiiiiracnoI• liorinlaii\ ipeat • at| I IreCd lipHii
the.: 


hiac i t l and \%a'" of eiti llII t lk e iNe .' it ii\ epel rfut lItd li't atpOl the c1p tt. lhi lot 

ittalllt llelu of v,++a', to i0ic'red t1ti predoit ' i .;IIIlKoieia. ",tami( ( ' i./tii', toniid 

both Lerelt and red tiit. '.,. hie' rallitlli, Iltl dpecUie."ttaiia' totil e ilid .. iiiallnl\ led ripe
 

t1,it IKimtt et a t I ' . , .eCi+l' ult 1 ll,0 \.' htitid i0 bC (u1,11
198I . LreenI iiite1 ioii,1 ,I', 0iiit1hI
 

iII a p, IIp+Cit Ill I i'.'.alm ii po lt i '.',tuleli\' irtttlli t. hactril
' are ceillll I)elklpeiidi 1 
" be W I l ti IIto..'.'I 1",.'ir1e,,'.rl k'l co l il llt It t tIpica"lCI 111a'. ti.l 'a.,titn .,'!:R ' . tol t i 

I both i'. a~l;te..d fnot [tiiiltoe'. \. '.t'lkplpe,.r ee'ltttt e,'. '.. Id ind p ',ihch t', te'v.i ','.' til here +ltati+'e 

ISrar0'. tud1 ( M.NI Nle'iaci. pltitl c+.'iiii1tt111a'ittitt It a' iil.o o"'et' e,.thlt i1,i1t\ tlopical
 
ltidlaC' o t lmpt aII11 11 ',+ I Ill
lttpO10 I,,eIII +teeIMillA\RI)(". 111a,11bactIiil itllIItII'e'. tie 

Mttit id r etal lijti0\'.lICit It '.' ill lll tip t ,IIi t. e.'lecill+\ tit '\'ct P lUIl'cIlN.,+'llofl' 11 ] Ito te 
thaIt ti''. tlat lr i II,i l".8. Mt te l,+ '.'.III 11 pit0''. a '.'.allt ' b 111111n1d. I l'.inld'.+'\. 

Ill [ill\\1l1 .;,ISH 1M L UIIlddCv, k,+Ira I\ plillit 11 1LI l'ihkl- ICI\,.r\ hC+k*061r01ld apl k,+licu'lik.+,l 

% ' pil irlt\thuc
IG 11),; li.."Mid P lI HC-+\ 198'1 . ,tl u C.t 11t 197'; 1. It \,%Il Illl ,.i\'+C Ill \V'R [)( 

Tlh-+ llLguC+'n1 [ i i-llth1:n.i + . h llt lit UlC -u11\,.\,d C ,ithll ",,+'I.. IU-'n+'~
. dilld C Ill \%l,+'+ 
,


mrll l .Id t l, .+l. l il ,lilt! ,. .\ l+,u t lk d l .CIC,.IMtll I )\ ',+ l'i.'Ill IlC+'
v,lth l +,l q l~ l N.tl ;iIlt 


Table 3 The incidence seveity of pepper diseases i A\VRDC. Taiwan 1i19871 

Disease occUlrreiceu 
Disease 

Mat ch Aprit May Ju1e July Aug Sept Oct Nov 

Virus complex + + + +++ + . + + + + + *. , +
 

Bacterial leafspot f- .+ ++ + .+ . + + + f
 

PoWdL ry fmtiev + + + + +- + , ++ + +
 

Phytophtthor-a bight fs + - -+ -t -+.-+ i + - + -

Artht acnose + 4 +- + + + + + .++ + + 

Southeri bhgh, + + + 

Softrot + + + + + t 

Cercospora leafspot + + + 4 + + 

Sunscald + + + + - + + + + - + + 

Blossom end rot + + 

" . Intdenct_ t''t r oimro n,severty low, . Common inodtnce with tolo* se erty ait ,pot ad - OCCIrcttC .vic ,th 
1gh scveLjt y. ItId . + 4 = Comjtito, Jictdkre wjt ht1h ,.,eLtty 
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were found in southe111 blight (S'lrotium roI/iii). Fusariurl wilt (Fusariuan spp.) and Cercospora
lealspot (C'ercospora ca)sici). Fusaritm wilt and Cercospora leafspot are frequently mentioned
in the literature, but they were not Iund to bc important either in the field or in the questionnaire
survey. High incidence and severity of southern inlihht (Sci'rotitum ml'//ii) during the summermonths had previously been observed in Taiwan (AWI'DC. 1987a). However, in an extensive
field survey in 1'987 it w;Is fou.nd only in August and September and its severity was not great.
Because of their obvious sporadic occurrence, these diseases will not he given high priority
in the AVRDC varietal iiprove ment program. Other lIbngal, bacterial, and nematoide diseases
which have not gcencrally been problematic will not haive high priorily in the AVRDC breeding 
program. 

Insects and Mites 

Almost three hundred di ffe rent insect and mile species attacking pepper plants and fruits
at pre and postharvest stages have been reported fron dif!'crent paris of the world (AVRDC.
1989). At AVRDC. the incidence of thrips and ites was higliest in tie fields which received
regular chemical sprays, while in fields without chemical sprayvs thrips and aphids were most
prevalent. Aphids. whiteflies and thrips are also kno %snto be ilportant virus cors, although
the Occurrence of whiteflies does not seen, to he ver\ commion oin this crop ill Taiwai. In the 
survey. ci w orius annl flruit\,,o ns wCrC alIso rafted inp)rtnt. Soiime insect-tolcranlit genoty peshave bceti reported (NItlhkriSh111,mi et al. 1986 but cxtc-wivye screening needs to be conldictedto identif'y reliable "c:netic resistance sources befokire these can be incorporated into) the breedirngprogram. In the future, thcrefore, insect control umay have to rely on integrated control measures. 

Abiotic Stresses 

Pepper has a deep or ioderately ieep-roo s stei (ILor1rizand May'nard. 1980: Weaver
and Brauner. 1927). however. wsater stress problemis oCCul'. Fhotling is an inportant production
constraint (Figures I and 2). -1rought stress, retards Pl:t and fruit grOwth. triggers blossoniend rit and abortion iiof f'ruit ard fl )Wer. and thle reby reduces yield and quality (Greenleaf. 1986:
Cochran. 1936). Although irrigation is coriiniorll practiced in Iua o r prodlnthion areas (Table4), studies should be conducted to better understand how the root systen responds to adverse
soil nMoisture coniditions, and to identify tolerant genotypes. Genotypes with dilging-tolerant
root and shoot architctfur re w Ld be of (-reat vale il developing n nstaking varieties. 

Table 4. Irrigation practices in major production areas of hot and sweet pepper. 

Region Yes Little No Total
 
Hot pepper Tropi:al Asia 22' I 
 7 30

Other regions 28  5 33Sub total 50 I 12 63 
Sweet pepper Tropical Asia 32 0 32Other regions 60 0 I 61

Sub total 92 0 I 93 
1Source: questionnaire survey. No. of production area . 

High temperature has an adverse effee' on IrUit-set (Cochran. 1936: Dorland and Went.
1947; Rylski and Spigehnan. 1982). Poor fruit-set wa.z believ,,d to be one of the major barriersto the tropical adaptation of sweet popper. Usuall' only 5'1( to 15,"' of the total flowers whichbloom develop to Mature fruits, even in hot pepper grown ider Ia' orahle temperatures. The 
rate lor sweet peppers grown under high or Optirirurn tetiperature lies in a sitmilar range (Kuo.1988. personal cororiitrnicatisin: Lee and Yoon. 1975). Flowering shows cyclic increase and 
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decrease, and the cycle is largely determined in relation to the number of fruits loaded at a 
particular lime (Kato and Tanata. 1971 ). In successive monthly plantings at AVRDC, regardless 
ci the transplanting date, flowers on the lower branches were usually observed to develop into 
fruits. As the plant ages, fruit-set tends to decrease more rapidly during the hot SeaSOIs. One 
clear,,observed phenomenon was reduced fruit size illthe hot season compared to that in the 
cool season (Table 5). CxpoSure of fruits to strotg sunlight,Sunscald. \\hich is cllsed 11W tile 
oi'ten becomes a serious problem in sweet pepper production (Greenlcal. 1986: Rabinowitch 
et al. 1986). Sweet pepper is generally i,.1icved to be thcl most vulnerable among solanaceous 
vegetables !o variom s kinds OhlMaicemeitt and envirotmental shock. As a prcrequisite to sweet 
pCpper production i inthe topics. the e(feets of ihiat and other adversec nvironmental factors 
on pha ut growt11th ad Iriuit developimtent need to be better understodtl. 

Ill tropics. hot pepler sceds are cotonlV saved t'-arliiers own fields for the nexttile trol 
crop. whereas sweet pepper seeds are almost exclusivel\ puLrchased roii sccd shops (Figure 3). 
Since pepper exhibits i'varying decree cross-pdlinattoil, extreme cases as high ias 60'/'(f' ill 
(Csillery et all. I986). geetiC ilpuri ty of thlie sced inc iatei tls has to be lddrhessed inbd id ig 
and sced production Pr," ats. The c I istoga1ions line dIiscovered by SUbrailma and Ozaki 

1984) may be tkey to secure lotal sell-pollination. if this trait can be successfully incorporated 
into the culti\aled varieties. 

Preference Traits 

Ill the questionnaire survey, color. ihape in fresh state and size were considered as impor
taut fruit quality characters in both hot and sweet peppers regardless of geographical region 

Tropical Asia Other Regions 

Hot Pepper Hot Pepper 

Sweet Pepper Sweet Pepper
 

Figure 3. Farmers' seed source (questionnaire survey).
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Table 5. Comparison of performance of sweet and hot pepper cultivars' in the cool and hot 
fruiting seasons)y 

Hot pepper Swaet pepper 
Cool Hot Cool Hot 
season season H,'C season season H/C

(C) (H) (00) (C) (H) ('0)
 
Total yield (t/ha) 30.6 17.4 57 61.7 19.8 
 32 
Early yield (t/hn-.x 7 2 12.2 - 18.3 14.3 -
TEY/TY (ao) 18.6 73.2 - 30.0 74.0 -

Mean fruit wt. (g) 18.4 10.6 58 
 92.0 52.7 57
 

ZMeans of five hot and six swee' 
 pepper cultivars included in both plantings. YTransplanting date for cool and hot 
season was 28 November, 1986 md 28 April. 1987, respectively. XYield withir, two and thr, e months from first 
flowering in sweet and hot peppers, respectively. 

(Figures 4 and 5). For hot pepper, pungency I vcl and dry fruit shape arc also important, while 
fruit wall thickness is an additional important trait for sweet pepper. The majority of respondents
froni the Asian tropics and soIc from other regions favored an increased pungency level of
the present hot pepper varieties (Figure 6). The recovery rate after grinding or drying is also 
an important concern depending upon the usagce of hot pepper (in and Pyo. 1981' Saharan 
Haji Anang. personal communication). Flavor has been an important preference trait for canned 
peppers and certain unique aromas are considered essential to peppers for fresh use Incer'aia 
areas. A high sugar content is mLuch preferred inKoirea (Gi and Pyo. 1981 ). In sweet pepper.
the bell type fruit of about 100 o weight with dark !'reen skin was favored by the majority ofthe respondents. Although the elongated fruit, weighing around 20 g and with shiny, strong 
red color and smooth skin, was widely preferred in hot pepper, its highly diversified utilization 
pattern makes it difficult or even useless to attempt to determine a single ideal fruit type that 
is acceptable in many different regions. 

Approaches and Progress 

Horticulturally, sweet and hot peppers are two different crops. However. they have a great
deal in common in terms of nature and problems, mainly because of their close and often 
overlapping botanical relationship. The hot pepper has been adapted to diverse tropical farnin,,
environments for several centuries antd has evolved into different plant and fruit types to adapt 

Others 
Thickness 

Olhers 
Thickness 

0 Olher regions
* Tropical Asia 

Texture 
Pungen-' 

601Otherregions
Tropical Asia 

Texture 
Pungency 7. 

Color Color 
Shape, dry 
Shope, fresh-..::... 

Shape, dr. 
Shape;,fresh 1 

Size Size 
0 5 10 15 20 25 

Frequency 
30 35 40 0 5 10 i5 20 

Frequency 
25 30 35 

Figure A.Relative importance of fruit charac- Figure 5. Relative importance of fruit charac
ter of sweet pepper (questionnaire survey). ters of hot pepper (questionnaire survey). 
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Figure 6. 
0 177, :_7 Preferred pungency level of hot 

The hotter, Mildly Slightly No pepper (n3. of respondents in 
the better hot hot preference questionnaire survey). 

to area-speciic cropping systems and utilization patterns. Consequentl\. some inpoirtant Iprkiblems 

crop in the tropics in general, inanyatre also arca-specilfic. Since hot pepper is an iponprtant 

national prograiis in Asia include this crop itsitpriority research coniodity. alLhough the 

coverilge and capabilitv o1" these progranis liiaV va r\ froll One conuntrV to another. It does not 
to decelop finished viarieties for differCt countries. (in the othersccm justifiahle for AVRI)C 

hand. sweet tpeppcr is 1it an1estahlished crop any wherc in tile trpical Iowlands aid it needs 

to go through a \wholc procesS of tropicalization. 
As a first steip ol (lie crop imiprw\eiiiell prograli.ili -sC'CCliingi letlhoLs have to be 

develoed inll Cr to identil\' the dCsiCL go t'1,ypes for the ahiove important traits amllolng 
germ plasll iaswell ats aiong seregan. MUltiple-resistance screening methods also will be 

needed to incorporate tilemultiple resistance into a genotype. 
Heterotic effect for important traits is well known in both hot and sweet pepp,:r. (Gill et 

al. 1973, Lipperl. 1975: Oi and Pvo. 198 1).Sweet pepper Fi hybrids, which are it.w widely 

used in temperatc countnries, also havC a higher uniforinlity than open-pollinated variices. Hot 

pepper FI Ilhrid s are also he ing prodeCCd in Ko rea and Taiw\'an. Some of' these have been 

developed by employing cytoplasmic or genie iale sterility (Yoo. 1985). The AVRDC breeding 

piog r:un, howveer will l'(CLS intle e \'elopilenr oI Iopen-pllinatCd \airiCtiCs, to allow la rnliers 

to save their own seeds for snbsequent cultiValion. Breeding of FI hybrids may be considered 

ili the future as the socioecono iic environnent in the tropics changes. MeanwmhiIc. AVRDC 

,lould prepare to respi nd to the requests from national prograims lor iliale-sterile stocks. 

Specific AVRDC strategies for [ie hot lind sweet pepper are described belOw. followed'. 

by the progress made so flir. 

Approach for Hot Pepper 

Hot pepper has a long history of cult ivat ioi in mallny different ecological environments, 

hut his not attracted mlLICh ittention for gcrnplasm exchange and breeding. With such a crop. 

there is a good chance of identifying hiigl-perftOrning genotypes by simple trials with landraces 

collected elsewhere. T facilitaic tie exchange of material and multilocational trials. an 
AVRDC as theinternational hot pepper trial network (INTHOPEN E) is proposed with 

coordinating body 0Figure 7). SeeLs of the most popular hldraces would be provided by the 

national programs. AVRDC Would nmultiply. purify at least partially. group into different plant 

and fruit types, aid distribute thSC latldraccs among participants. Genotypes which out perform 

the 10Lal varieties or possess the desired traits can then be selected. Trial results will be compiled 
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Iigure 7. Flow of genetic materials and inform:rion in the proposed international hot pepper
trial network (INTHOPENET). 

by AVRDC and distributed to interested parties. Information generated from the proposed networkwill also serve to help dctine AVRDC's role and to establish the most effective scheme ofinteraction with the national progams. As the breeding programs of AVRDC and national insti
tutes advance, the products of these programs will also become new entries in the network test set.The major goal of AVRDC's varietal improvement program will be the identilicationi and
genetic erhancemcnt of breceding stocks for high yield. high pungency and resistance to importantdiseases. Viruses, Phytop',thora rot. anthracnose and bacterial Icalspot are given the highest
priorities among diseases. The genetic materials at various stages of enhancement will be providedto the national programs to help tackle their specific problms. Since high pungency and total self
pollination iswidely needed in the tropics, AVRDC plans to develop backcross progruns to incorporate
these traits from less domesticated accessions into horticulturally acceptable plant and fruit types. 

Approach for Sweet Pepper 

In order to become acc;::nated to the lowland humid tropics. sweet pepper will have to gaintolerance to heat and other environmental stresses typical of the tropics as well as resistance 
to major viruses (CVMV, TMV, CMV and PIY), Phytophthora rot, bacterial spot and bacterialwilt. Early maturity and high yield also will be taken into consideration. As discussed above,
the effects of heat, moisture, and other environmental stresses on plaat growth and fruit
development are yet to be studi,.d and defined. Since sweet peppers have been selected anddeveloped mainly for the temperate countries, it is not likely that sweet pepper accessions willbe found possessing high stress tolerance or resistance which iscritical for adaptation to the tropics.

Pased on the above considerations, sever;l concurrent backcrosses tor single traits, orwhenever possible, for a few important traits, will be the initial thrust. These will be followed
by a pyramiding process (Figure 8). Resistances t,viruses, bacterial spot, Phytophilora rotand bacterial wilt will be emphasized in the early years. Although not yet fully definied, heat
tolerance should be the highest priority. Bell type cultivars selected for high yield and quality
under summer conditions will be used as hackcross recipients. Since most of the donor parentsare expected to be the small-fruited pungent type, removal of pungency and recovery of the
size and shape will have to be achieved in the course of the backcrosses. 

Progress Made 

In 1987, a new field screening method of bacterial wilt (Psoudomonas solanacearun) wasdeveloped for tomato which later was found applicable also for peppers. A susceptible variety 
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Figure 8.Scheme of sweet pepper varietal improvement.
 

is sown, mulched with rice hull, and irrigated overhead twice a day until the seeds emerge. 

o are cut with 
f0 CFU/m issprayed on the plants with a high pre,surc sprayer (> 25 kg/cng). When te 
seedlings wilt, Usually 3-4 days after inoculation, allthe pts are ploughed into the soil and 
the beds are reformed exactly where the),were befre plowing. Lines to be screened are planted 
in both outer rows on the three-row beds, thile resistant and susceptible checkss ar planted 
alternately inthe middle row ofevery bed. Plant mortality rating iscarried Oth once aiweek 

At the 5-6 le eaves sharp knife and ibacterial suspension of I x 

for a two-mionth period starting at tle third week froil transplanting. 
Mass screening for Phytophithorti ctipsici is done by drenching pepper plants at tile early 

flowering stage with 100 nil of' inoculuni with suspension of' 10 3at sporangia/ill. Tile test plants 
are grown in clay pots (17.5 cm diameter) together with resistant and susceptible checks. 

In Taiwan, C gloeowrioidleswas und to totccur much frequently than C. caipsiciI'M more 

(AVRDC. 1989). Species or strain distribution in the tropics and the varietal reactions with 
respect to these two species need to be studied. 'Fhe method (,,f Park et al. (1986) was found 
effective to differentiate anthracnose-resistant fruits from susceptible ones. In this method, fruits 
are washed with sterile distilled water and a ctntral area ef skin (5 mm in diameter) is punctured

'
with short fine needles. A suspension of 2.2-3.1 x lOf conidia/ml is sprayed or carefully 
dropped on the punctured area. The fruits are then arranged on a prop in a sealed moisture 
box containing a small amount of water to provide enough humidity for spore germination and 
fungal development. The box is kept at room temperatur. (22"-28°C) Cor several days to two 
weeks before the lesion diameter is measured. Fruits at uniform maturing stage have to be used 
to improve reliability of the data obtained by this method. The method also has been used to 
test a range of temperatures and the effect of fruit maturity on disease development. Studies 
now are being conducted to investigate the disease reaction on attached and detached fruit. 

Pungency of pepper is caused by a group of chemical compounds called capsaicinoids of 
which the two most important components are capsaicin and dihydrocapsaicin. In order to develop 
simple massive assessment methods of these principles, the near infrared reflectance (NIR) 
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technique (Iwamoto et al. 1984) was tested at AVRDC on two different batches of samples each 
consisting of 30 genotypes, whose capsaicin content ranged from 0.95 to 10. 14 rg/100 g dry
powder. A coloririetric method (On and Pyo. 1981) was adopted to calibrate the NIR (Technican 
400). The results show that a correlation coellicient ol' R = .955 can be obtained for calibration 
(AVRDC. 1989). Tile standard error of prediction was estimated as 0.67 and the regression
of actual observation on the prediction was 1.02 (Williams. 19/5). Although such results strongly 
indicate that NIR. in which sample preparation needs only drvi r ;,nd grinding, can be an ideal 
tool for mass screening, more studies are needed to reduce the number of filters used, and to 
understand the factors affecting pungency data. 

Many reported sources for disease resistance have been collected, iniLluding those for 
resistance t.nematode:: and different strains of TMV and PVY (AVRDC. 1989). They are now 
in the process of confirmation. Table 6 lists tile w,ere confirmedaccessions or varieties which 
at AVRDC as possessing genes for resistance to niaoor diseases or for other important traits. 
Mnost all those listed are hot peppers with various fruit and plant types. Since tle AVRDC 
pepper germplasni collection already includes about 4500 accessions, more sources are expected 
to be identified or confirmed as studies progress. 

Commercial varictics with superior general perlormance under laiwan sunilirer conditions 
had been identified in previous trials (AVRDC. 1987al. Hot pepper cultivars likL Farmers 
Newcormer. Passion. and Hone Shar Ho. and a mild pepper. 672 Hungarian Wax. belorg to 
this group. Sweet pepper cultivars such as Gypsy. f)albon. Green Boy and Blue Star were found 
superior in general perlorlnance to Iany others tested (AVRDC. 19,;7a: 1987b: 1989). The 
cultivar. All Big was reported to he heat tolerant (IBPGR Secretariat. 1983). bul itsperformance 
is yet to be confiirmed under various tropical h"'l ,d conditions. Evaluations are ongoing to 
search for genotypes with desirable horticultural traits such as high yield and early maturilv. 
Gerriplasn selected in this category will backcross programsserve as recurrent parents in tile 

mentioned above.
 

Table 6. Accessions, cultivars or lines confirmed as possessing genes for resistance to major diseases 

and for other important traits. 

Traits Line or cultivar Source
 

Resistance to
 
PVMV HDA 832 INRA, France
 
Phytophthora rot C 113, C 2227, C 2230, USDA
 

C 2284. C 2289, C 1176A, TC 3191
 
Anthracnose HDA 295 INRA, France 

Szechuan (OP), New Mexico (OP), 
Big Jim (OP) 
Hong Shan Ho (FI),New Comer (F I), 
Hot Long (Fl)

Bacterial wilt MC 4. MC 5. Hong Shan Hot MARDI, Malaysia; FI 
High pungency Habanero (C. chinense) Peto Seed Co., USA 
Cleistogamy PBC 80 Subramanya, USA 

ZFound to be resistant in a field observation under natural infection in Malaysia in 1986. 
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Symposium Discussion 
L. Black: You stated that anthracnose was a greater problem in hot pepper than in sweet pepper.
Is that due to the stage of fruit maturity at harvest or do sweet peppers possess genetic resistance 
not found in the hot pepper?
J.Y. Yoon: Maturity appears to be related. With atgiven genotype. the more mature the fruits 
are, the more susceptible they generally become to anthracnose. Since sweet peppers are more
commonly harvested while they are green, selection for resistance to this particular disease may
be le,:s advanced than for hot peppers which are mos:iy harvested at a later maturity stage. The 
thicker fruit wall of sweet peppers may also contribute to the susceptibility. 

J.F. Hadden: What method does AVRDC use to screen for anthracnose or riperot resistance 
in pepper'?
T.C. Wang: 'fhe method we have used to screen for resistance is inoculating detached fruit 
tinder laboratory conditions. This method may have limitations, because disease reaction of
detached fruit may not be the same as disease reaction in the field. We need to investigate this 
relationship further. 

C.M. Messlaen: I suggest that attention be directed also to the leaf-distorting mite (Polyphago
tarsonentus latus). which attacks peppers in many tropical countries. The symptoms may be
mistaken for those caused by viruses. Resistance is available.
J.Y. Yoon: Thank yfu for this suggestion. We also have found that mites and the virus-like 
symptoms they catuse are an important problem. especially in the field regularly sprayed with insecticide.
If the genetic resistance is confined, we shall try to incorim~rate it into the cultivated varieties. 
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Breeding for Combined Resistance to Bacterial Wilt 
and Rootknot Nematodes in Tomato 
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Abstract 

Tomato cultivation inthe tropics and subtropics is severely limited by two important 
soilborne pathogens, Pseudomonas solanacearum, the causal agent of bacterial wilt 
(BW), and the rootknot nematode Meloidogyne incognita. BWR-1, a pure line BW
resistant selection from AVRDC accession L 33 (VC 8-1-2-1), and nematode-resistant 
varieties Patriot, Pelican, VFN 8 and 864-1-SB, were used as parents In a breeding 
program to develop fresh-market tomatoes with combined resistance to BW and 
nematode (N). 

All the Fjs between BW- and nematode-resistant crosses were observed to be 
resistant to both diseases in pot and field tests. The hybrids VFN 8 x BWR-1, l!HR 
864-1-SB x BWR-1 and Patriot x BWR-1 exhibited heterotic yields (20-30%) over 
BWR-1 in wilt-infested fields, indicating that scope exists for exploiting heterosis. 

The segregating populations and their respective parents were sown in 
nematode-infested seed pans. On the 30th day after sowing, the seedlings were 
evaluated for galling. Only the nematode-resistant progenies were planted in the 
BW nursery. Segregation ratios in the F2 of Patriot x BWR-1 for BW and N 
revealed the absence of independent assortment. Pedigree selection, under 
challenge inoculation of BW and N, resulted into high-yielding, large-fruited F7 
selections (above 1.5 kg/plant and 80 g average fruit weight) resistant to both 
diseases. 

Introduction 
Tropical and subtropical tomato cultivation is severely limited by two important sailborne 

pathogens: Pseudomonas solanaearum, the causal agent of bacterial wilt, and the rootknot 
nematode, Meloidogyne incognita. Both pathogens are also important in India, especially in the 
state of Karnataka, which is a major tomato growing area in the country. Varieties/ lines bred 
for resistance to rootknot nematode (N) have proven resistant in our tests (Rao and Tikoo. 1975: 
Reddy et al. 1987). However, this has not been the case with the introductions resistant to bacterial 
wilt (BW) (Rao et al. 1975). This necessitated a breeding program to develop varieties resistant 
to the local BW isolate,. A pure line selection with a dominant gene For BW resistance (Tikoo 
et al. 1983) was developed from the AVRDC accession L 33 (VC 8-1-2-1) (Tikoo et al. 1986). 
There are several reports of BW and N intera:ctions affecting BW resistance in tomato (Temiz. 
1968 Jenkins. 1972; Wishnuwardhana. 1979: Napiere. 1980: Goth et al. 1983). Hence, combined 
resistance to BW and N is important for longer stability and success of a cultivar. The present 
study details our efforts in this direction. 

Materials and Methods 

The experimental material consisted of the bacterial wilt-resistant line BWR- 1, four nematode
resistant (NR) lines Patriot (PAT), Pelican (PEL). VFN-8 and 864-5B (Table 1). BWR-l was 
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Table I. Characteristics of the parental lines used in this study. 

IHR no. Name Source 	 Remarks 
663-12-3 BWR-I IIHR Pure line developed from AVRDC Acc. L 33 

(VC 8-1-2-1); determinate; bacterial wilt
resistant. 

915 Patriot 	 E.V. Wann, Green shoulder; semideterminate; medium large; 
South Carolina, round, deep red, firm fruits: nematode-resistant. 
USA 

550 Pelican 	 USAID, Green shoulder; indeterminate; very large, round 
New Delhi, fruits; big blossom-end scar and radial cracks; 
India nematode-resistant. 

86,4-5B FAR 82 R M.A. Stevens, F8 derivative from the original line; nematode-
F2 UC Davis, resistant. 

USA 

593 VFN-8 	 C.M. Rick, Determinate; large fruits; medium firm; variable 
UC Davis, fruit shape; nematode-resistant. 
USA 

911 	 T-3615- E.V. Wann, Determinate; oblong, firm small fruits; early blight
36-81 - South Carolina, tolerant. 
Mass USA 

crossed with the Iour NR lines and the I-Is wcre tested in 13W- and N-infested soils. Pedi ree 
selcction was l'Ollowed in the secgreclinu tcinerations from F to10'7 to select for high yield. 
average fruit size of' above 5(0 g. an1d Co1hillcd resistance to BW and N. 

A double cross 3WR- I × PAT) x IBWR- I x Ii] R-9 II) was obtained in 1985 aind ad, nced 
to the F1. ard evalueild during the rain season lien etrlv hli I.hernria .soh ni) is lost 
prevalent, in a soil kmnown to car rv B\W and N. Harly hlight tolerance in IttR-91 1was defilned 
as Ioliac day'sits ability to retain its beond I(f10. 'aftertranspaltinge with only a few Icalspots 
on its top leavcs. B3\comparison. the susceptible parents suffer severe defoliation with ovcr 
75',' o1 IcavCs hcir,, infested. 

The above cpcrilcnts scrc carried out inl I W ntirser . At tile beginningi f theSC studies 
a susceptible variCt% . Pulsa Rub\. \sas gro\tr in this plot. T\vell\ -day-old seedlings were 
inoculated with a torliato iso!ate of/1'. s.ohioe'ar'rbio\,ar I11.suspended ill sterile water (10
Cnl /1il)iltfer Culturin for 48 hours erowtli on TOi aT iredn (Kchian. 1954). tsi ig theIVIICun 
stem puncture mcthodl. When over 95%,' o lthc plants had w\iltCd. tile plats were plowed under. 
SnbseutlrcIIv. all breedi ni rateriaIs werc planted irr this nur.scry, keeping every sixth ro\ planted
with the susceptible check. Ir order to assure Ihlit CscapCs sClccted, stei pLCLureno 	 were 
illIctllltion of ll plants was carried oit inevery sclection ccle at tie 201 tla\'after transplnrting.
Plants surviving he orrtl (1da\ s were selected as BV-rcsistarrt. Our lirliCr stRIdies hid i rd icItCd 
this to be the best stage for selection for true ti\V ICsistarec (llikOo Lt il. 1986). 1-2 and Fi 
progenies were first sown ir seed Ipans where iaIlCllilOtl poputli n 01"one lar.a per grarin
of, soiil was rmaintained. On the 3(thi ll\ilfter'"ss ig. tie sCCLlins \%crc scrccnCd for gallin . 
scoring all galled seedlingsIs sisceplihil the onels as resislanl. The resistantaiLI or11\ ldl- ll'ce 
seedlings were ther plarited inthe 13W rii rt-scIv. )uIri ig tire F.1 stage. 1(00 g of irclatode infested 
soil I10 larvae/g ofls'il) \sW pplied per plart in tire 13W nturscrv to ersine atlrif ilr spread 
if nematlodcs in thre sTil, this helped illtire selection Ior hboth IB3W aind N illthis plot at the 

end 01' the croppirre season. This irctIrod Was LsCd ir illtile tIllowirrg evaluatioirs. 
The Ers and the parents wcrc grownwi in ai raiudoirizCd block design with three replications 

ard 10 plants per entry per replication tor obtain CoimparirtivC yield iallt.The fertilizer applied 
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throughout the field evaluation was 60 kg N. 35.2 kg P, 14.5 kg K as basal and 60 kg N as 
atop-dressing 30 days after planting. The spacing was 0) cm between rows and 30 cim between 
plants. Plant populations used in the segregating progenies from !F.1onwards numbered 40 per 
progeny. 

Results and Discussion 

Heterotic Fis Resistant to BW and N 

All four F1 , using BWR-I crosses wkith neniatode-resislant lines were resistant to both 
rootknot nematode and bacterial wilt (Table 2). These results confirm the dominance of resistance 
to bacterial wilt in13WR- I (Tikoo ,tal. 1987: A nand ct al. 1987). Over 80c of the plants of 
th2 nematode-resistant parents did not survive beyond 80 days after planting in the disease nursery
plot No mortality was observed in the case of BWR- I and the four Fis even ipto 120 days. 
Peaking 0l' survival rates in the wilt nurser\ by tle 80th day has been repeatedly observed in 
previous experiments on several wilt resistant lines (Tikoo el al. 1986) as well as on Fis and 
parents in an 8 x 8 diallel involving w ilt-resistant lines with varying levels of resistance (Anand 
et al. 1987). ConsCquCntlv. selection lOr true resistance to bacterial wilt in a segregating Ppopulation 
has been carried Out 0nlV when+the plants selected for yield and other attributes did not show 
wilting symptoils olrotline until the end of the cr'op. R :sistance to nenlatodes has been reported 
to be 1nonoenic dominant (Gilbert and McGuire. 1955: Singh et al. 1974 1. incomplete donlinant 
(Winstead aiid Ba1rhainl. 1)57: at tlnlaanIL SaIn. 19771 or linomge nic recessive ISidhu and Webster
 
1973), depending upl the ceiiotCS lUsed. The lellnmtode-resistant sources used in this stud'
 
have shown iluonocelliC Loiaillit rCsistaince (Table 3).
 

Differences in yield per plant ind .Ver'ie Iruilsizc am1ongSt the entries were sioliificalit 
(ifble 2). BWR- I x VFN8, IR- I x 864SB and BWR- I x PAT exhibiteid heerotic yields 
of 57. 36 and 34 , . respectivel' over BWR- I. Fruit weight for the three hybrids was sionilcantly 
higher than that of'I3WR- I (Tahle 2). These results indicate that it is possible to develop helerotic 
1:1Itv brid, iCsistianlt d bill %\ill.to both nenmatoles hacterial JudiCeiOus choice of niciiatode-resistant 
parents for better fruit quality and yield. ind transf'er of the resistance of B\VI- I into better 
lialit.y cultivars. could substantially in pro11cthe quality of FI hybrids that were obtained in 
the cI'r renl stltid'. "Iranslrof the bacterial wilt aid t nilaltode resistance into di' erse genotypic
bIcke roinds would also elisure hi her levels o1 heterosis 1r comimercial exploilation. 

Table 2. Yield and other observations on BW and N-resistant parents and their Fi's. 

Yield/plant 
Entry Ye/a fruit wt. against BW Gli id yield 

(kg) (g) (100th day) Pot Field (t/ha) 

nty Average 00 Survival Galling index y Estimated 

BWR-I 1.10 63.1 100.0 4.2 4.6 34.9
 
BWR-I x PAT 1.43 89.4 100.0 1.0 1.0 46.9
 
BWR-I x PEL 1.25 86.5 100.0 I 0 1.0 39.7
 
BWR-I x VFN-8 1.73 119.9 100.0 1.0 1.0 54.9
 
BWR-I x 864-SB 1.50 55.0 100.0 1.0 1.0 47.6 
PAT' 0.20 80.5 0.0 1.0 - -
PELy 0.10 120.5 0.0 1.0 - -
VFN-8 y 0.18 110.6 0.0 1.0 - 
864-SB y 0.10 50.0 0.0 1.0 - -

F value 22.7' 5.64' - - -
CD 50o 0.3) 19.4 .... 

'I= no galling. 5 = severe galling. lNematode resistant lines did not survive beyond 60 days after planting, hence, 
no estimated yield data is available. 
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Table 3. 	Response of F2 populations to nematodes in pot tests and the resultant resistant 
progenies to bacterial wilt in wilt-infested soils. 

Fequency'

Entry No. of plants R S Chi square P 

Reaction to nematodes
 
BWR-I x PAT 150 114 
 36 0.08 0.7-0.8
BWR-I x 	PEL 161 124 37 0.20 0.5-0.7 
BWR-I x 	 VFN-8 147 112 35 0.15 0.5-0.7 
BWR-I x 	 864-SB 160 123 37 0.36 0.5-0.7 
Pooled data 618 473 145 0.77 0.6-0.7 

Reaction to BW
 
BWR-I x PAT 
 94 64 30 2.3 0.1-0.2 
BWR-I x 	PEL 71 55 16 0.32 0.5-0.7 
BWR-I x 	VFN-8 90 62 31 4.09 0.05-0.1 
BWR- I x 	 864-SB 94 63 31 4.09 0.05-0.1 
Pooled data 349 244 105 4.8 0.05-0.1 

'R = No. 	of plants resistant to BW; S = No. of plants susceptible to BW. 

Segregation for Nematode and Bacterial Wilt Resistance 
The response of' the parental, F, and F2 populations to nematode ol tile 30th day after 

sowing is described helow: 
The NR 	 line, and the lour F is had a galling index of I indicating their resistance (Table

2). BWR- I lad a galliIng index C1 4.2, indicating its high susccptibilitv. For nematodes. tile 
pooled data of F: populations sho wed t segregation ratio of"473 resistant: 145 susceptihle plants
(Tabl 3). The individual F' populations as well as tIle pooled data had a good fit into a 3R 

IS ratio, con firmin tlie well known inheritance pattern for rionogenic dominant genetic control 
of nenlatiode resistance in tolalo. 

The re.,ultant nematode-rc:,istant seedlings. x\hen planted in the bacterial \ilt-infested soil. 
segregated into 64 resistant (R): 30 susceptible (S) in the case of IWR- I x PAT: 55 R : 16 
S in BWR-I x P1I: 62 R : 28 S in BWR-I x VFN-8: and 63 R : 31 S in BWR-I x 864-SB 
(Table 3). Except in the case of BWR- I x PEL. none of' these ratios fit the 3 R : I S ratio 
for bacterial wilt resistance. BWR- I is known to po!.sCss a single dlmLinMt cene for hactcrial 
wilt resistance (Tikoo et al. 1983) in the absence of neniattdes. The deviation frtoi the expected 
ratio was a consequlence Ofi an excess of SlscCptiblC plants. Since the F_,s were grown ill 
nematode-intested seed pans before planting in the field. nemaloidcs could possibly have 
predisposed to B\V some of tle plants whic', otherwise, should have heen resislant. 

In a sequential inoculation study of this interaction in these crosses, Nirmala Devi (1987) 
observed tha tile digenic ratio for resistance to bacterial wilt and niernatodes fit islet a 9:3:4 
ratio. Ilhis was attributed ti parasitic epistasis similar to that reported by Sidlu (1984) in the 
case of Fusarium wilt alld ruema tode resistance in t niato. 

Development of Lines Resistant to Both BW and N 

F2 populations of" 3WR I x PAT and BWR- j PE. were evaluated for yield. fruit sizc. 
color, firmness ind general vigor. None (f the plants in BWR- I x PEI. merited further advancing
because 01t poor Irt it quality . evidenced by severe radial cracks. soft fruits, and poor 	col"o. 
From tile F, of B3WR- I x PAT. five individual plant selectiois were Made (Table 4). Two of 
these plants exceeded tie parents l'jr average fruit weight. iidicating transgressive segregation.
Tile reaction of F 3 progenies from these plants to rootknot nemnatodes, and that of tie resultant 
resistant seedlings to bacterial wilt. is prcscriled ilr Table 5. This indicates that while plants 4 
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Table 4. Yield and other observations on F2 selections in the cross BWR-I x PAT having BW 
and N resistance. 

Fi plant Yield/plant Fruits/ Average fruit Remarks 

no, (kg) plant wt. (g) 
4 
5 

1.21 
2.30 

II 
23 

110.0 
100.0 

Green shoulder, semideterminate, good color 
Determinate, excellent external and internal 
color, fewer leafspots, medium firm, large 

6 1.80 30 60.0 
fruits 

Green shoulder, good color, medium firm, 

40 1.95 30 65.0 
semideterminate 

Green shoulder, medium firm, semideter
minate 

51 
55 

68 
0.81 

21 
18 

80.0 
45.0 

Green shoulder, medium firm, large fruits 
Excellent color, large 

Parents 
BWR-I 
PAT 

I. 10 
0.95 

17 
12 

63. I 
80.0 

When grown in BW and N-infested plot 
When grown in nematode-infested plot 

Table 5. Re.4ction to rootknot nematodes and bacterial wilt in F3 of BWR-I x PAT. 

Code no. Pedigree Reaction to Nematodes Reaction to BWR 	 S (total/healthy) 

84 BWR 59 BWR-I x PAT F, BK-4 35 15 30/30 
84 BWR 60 BWR-I x PAT Fl BK-5 28 12 28/26 
84 BWR 61 BWR-I x PAT Fl BK-6 34 0 30/20 
84 BWR 62 BWR-I x PAT Fl BK-40 26 0 26/26 
84 BWR 64 BWR-I x PAT F, BK-55 40 0 21/18 

ZAt 	 120 days after transplanting 

and 5 were hctterozygous for nematode resistance, the rest were homozygous. The resultant 
progenies, except plant 6. showed vcry high leels of resistance to bacterial wilt. Pedigree
selection in these populations was continued tip to F7 laying emphasis on yield, fruit size and 
other physical attributes besides the combined BW and N resistance. The best progenies were 
developed from the F plants 4 and 5 (Table 6). FrUit size increase over the larger-fruited parent
Patriot was from 21 to I I I%. These results prove tin t transgression flor fruit size can be stabilized. 

Three plants were selected from the F, population of the double cross (BWR-I x PAT) 
x (BWR-I x IHR 911) for BW + N resistance, ;i high level of tolerance to early blight, and 
high yield. From the progeny of these plants, six plants with resistance to bacterial wilt and 
nematodes and tolerance to early blight were selected, data on which are presented in Table 
7. Once again transgression for both yield and frui: size is evident. Most of these plants were 
observed to be very vigorous. Solnc of these were very firm, with uniformly deep red and oblong 
fruit like the early blight tolerant parent IHR-91 1. Their progenies could also be used for the 
development of cultivars suitable for processing. 

Conclusion 

The present study has thus led to the l'ollowing observations: 

1. 	 Heterotic F, hybrids resistant to both bacteri.al wilt and rootknot nematodes were 
developed. By transferring the wilt resistanc2 of BWR-I to better genotypes/cultivars, 
fruit quality could be improved. 

http:bacteri.al
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Table 6. 	 Yield and other attributes of a few promising bacterial wilt and nematode-resistant F7 
families and individual plant selections from the cross BWR-I x PAT during 1987 as 
compared to BWR-I. 

Original F2 Plants Fruits/ Average 
Line no. plants planted plant Yield/plant fruit Characters 

(no.) (no.) (no.) size 

Progeny averages 
84 BWR 59-8-5-I-BK 4 40 13.8 0.94 76.4 Round, semideterminate,
 

medium firm, good color
 
very much less rotting
 

84 BWR 59-8-SB-SB-SB 4 40 18.8 1.96 104.3 Round, semideterminate,
 
medium firm, good color,
 
very much less rotting
 

84 BWR 59-13-11-12-SB 4 40 16.0 1.99 121.0 Round, medium firm, deep
 
red, no green shoulder
 

84 BWR 59-13-11-1-SB 4 40 13.8 0.94 76.4 Late, no green shoulder, reini
determinate, Sq.Rd. 

84 BWR 60-4-7-BK-BK 5 40 4.9 0.68 143.6 Round, no green shoulder,
 
semideterminate, deep red,
 
few cat face fruits
 

Individual plant selections from above 

84 BWR 59-8-5-1-3 4 - 7.0 1.0 142.9 No green shoulder, SqRd.,
 
deep red, medium firm
 

84 BWR 59-8-SB-SB-16 4 - 24.0 2.9 120.8 No green shoulder, round,
 
medium f;rm, deep red
 

84 BWR 60-4-7-BK-14 5 - 17.0 2.5 144.1 Round, no green shoulder,
 
semideterminate
 

84 BWR 60-8-8-2-11 5 - 8.0 1.2 180.0 Round, determinate, no green
 
shoulder, soft
 

Table 7. Yield and other attributes in BW- and N-resistant F3 selections from the double cross 
(BW-I x PAT) x BWR-I x IHR-91 1. 

Line/p~rents Fruit/plant Yield/plant Av. fruit EBT' Characters(no.) 	 (kg) wt. (g) 

Selected F3 plants 
BWR 57-BK-I-5 36.0 3.20 88.9 Good No green shoulder, semideterminate, deep red, firm 
BWR 57-BK-I-Il 23.0 2.30 100.0 Good No green shoulder, semideterminate, firm, deep red, 

vigo-ous branches 
BWR 57-BK-2-4 37.0 2.08 56.2 Good Green shoulder, determinate, no rot, early, dark green 

leaves 
BWR 57-BK-2-8 21.0 1.90 90.4 Good Green shoulder, determiate, vigorous branches, firm 
BWR 57-BK-2-12 30.0 2.20 73.3 Good Green shoulder, semideterminate, vigorous branches, 

deep red, firm 
BWR 57-BK-2-15 23.0 1.98 85.9 Good Green shoulder, semideterminate, vigorous branches, deep 

red, firm 
Parents 
BWR-l 14.4 1.10 76.3 Poor Round, determinate, soft fruits 
Patriot 12.0 1.02 85.0 Poor Round, grcen shoulder, semrleterminate. firm 
IHR 911 25.0 0.88 35.0 Good Oblong, no green shoulder, firm, determinate, deep red, 

BW susceptible 

'Early blight tolerance. YYield inwilt-free field.recorded 
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2. 	 Preselection for nernatode resistance in nematode-infested seedling beds proved effective. 
This helps in handling a larger number of crosscs and reduces the area required per cross 
for field evalu,.tion. 

3. 	 Pedigree selection was effectivc in selection for resistance to both diseases. 
4. 	 With the development of advanced lines which are resistant to both bacterial wilt and 

nematodes, it should become possible to develop tomato hybrids in India with multiple disease 
resistance. For example, resistance to Fusarium wilt and Scptoria leaf spot, which is 
dominantly controlled in both cases, could be added to the Ft hybrids. 
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Breeding of Processing Tomatoes with Genetic 
Resistance to Roctknot Nematodes (Meloidogyne 
incognita) 
G.S. Gallardo 
La Consulta Experiment Station, INTA, Casilla de Correo 8, 5567-La Consulta, 
Mendoza, Argentina 

Abstract 

Three new cultivars - Uco 2 INTA, Uco 3 INTA, and Uco 4 INTA with genetic 
resistance to rootknot nematodes (Meloidogyne incognita Kofold et Chitwood) have been 
obtained at La Consulta Experiment Station after eight years of selection by pedigree 
method. The material used in the breeding program originated from the two-way cross 
between Rossol and UC 82 B.Uco 2 INTA has pear-shaped fruits which are suitable 
for canning as whole peeled tomatoes. Uco 3 INTA yields elongated and pointed fruits 
which may be canned as whole peeled tomatoes after size screening. Uco 4 INTA has 
square-round fruits which are also suitable for canning as whole peeled tomatoes after 
size screening, provided the plants are grown at a high density. Although the firmness 
and the resistance to over-ripening of the fruits of the new varieties are lower than 
for those of UC 82 B, they are better than those of Rossol, a fact that has been noted 
since the early stages of selection. Moreover, when cropped in nematode-infectod areas 
the new cultivars have shown that they are better choices for growers than those derived 
from either susceptible, firm-fruited cultivars or resistant, soft-fruited cultivars. These 
new materials are currently being distributed among farmers in the various tomato 
production areas in the country. 

Introduction 

Resistance to rootknot neinatodes was first observed in 1941 in Lycvcprsicon peruvianum 
(Bailey. 1941). The barrier that prevented the introduction of resistan'., into the cultivated L. 
esch'Intuin was overcome when Smith (1944) obtained the interspecific hybrid through embryo 
culture. A single dominant cene was later named Mi (Gilbert and McGuire. 1955, 1956): however, 
it has been demonstrated that the dominance is incomplete (Barham and Winstead. 1957). By 
using the backcross nethod of breeding, the rootknot nematode-resistant cultivars VFN 8 and 
Anahu were developed (Medina Filho and Stevens. 1980). Almost all current resistant cultivars 
originate fromn either one of these two sources. 

Argentina produces about 350,(XX) t of prc.essing tomatoes annually. The leading producing 
areas are the provinces of' Mendoza, Rio Negro and Santiago dcl Estero. Mendoza has about 
10,000 ha of the crop and the following climatic and agronomic conditions: 270 mm of rain 
annually. particularly concentrated in the growing season, and temperature extremes of 36.7°C 
and -11. I C. The frost-free period laists five to six months. from October to April. The crop
is established almost completely by transplanting. The harvest begins early in February. The 
dominant pest is roolknot nematode. As a consequence. Ronita and Rossol (Pecaut and Laterrot. 
1969, 1970) were the most popular cultivars for many years. More recently. Uco I INTA (Crnko 
and Gallardo. 1978. unpublished) were planted. During the last few years, varieties with firm 
fruit and thick pericarp (which are, however, not resistant to rootknot neniatodes), have become 
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increasingly popular with toe processing industry. As a consequence, several crops established 
in infested soils were lost and the growers suffered not only from the loss of the crop but also 
from the high cost of the chemicals used to control the pest (Gallardo et al. 1982). The climatic 
conditions of Rio Negro province are similar to those of Mendoz-.. Spotted wilt is the major 
disease 'n this area. The crop is established by direct seeding. The most popular variety is UC 
82. Santiago del Estero is a warmer province which has the following climatic conditions: 552 
mm of rain per year. concentrated during the last period of the crop (November and December). 
and temperature extremes of 45.1 'C and -7.2°C. The frost-free period is about nine months, 
front September to May. Direct seeding is the predominant technique for establishing the crop. 
Rootnot nematode is the major pest in this area. 

Average yields of tomatoes are similar in all the producing areas of the country at about 
18 t per hectare. Nevertheless, some good growers are able to produce more than 50 t per hectare. 

Materials and Methods 

The material used in the breeding program originated from the two-way cross between Rossol 
and UC 82 B (Figure I). The hybrid population was subsequently handled by the pedigree method. 
Rossol was chosen as a parent because it carries the Mi gene for resistance and because of its 
suitability for the management conditions in Argentina. Moreover, Rossol is well adapted to 
the requirements of the processing industry in the country, particularly because it is harvested 
sequentially. The other parent, LJC 82B, was chosen because of its outstanding yield in nematode
free areas, its firm and well colored fruits, and its good plant coverage. The main selection 
objective was to obtain rootknot nematodc-resistant plants with fruits firmer than those of Rossol. 
The selection was oriemeted towards a plant with good cover, pear-shaped or square-round fruits, 
with thick pericarp, good internal and external color, and with good vine retention at maturity. 
Character.:;tics such its carliness, vigor, health, yield, and processing pr6pertic, were also 
considered. 

For nematode resistance screening, an adaptation of the method described by Laterrot (1969) 
was used. Lines selected for their good horticultural attributes were sown in plastic flats, seven 
rows each and twelve seeds per line. The soil was steam-sterilized before sowing. One nematode 
gall. including eggs, was placed at I cii depth beside each emerging seedling. Plants were kept 
in a chamber where temperatures were between 16 and 27°C. Four to five weeks after the 
inoculation, the seedlings were pulled out. After rinsing the roots, the root damage caused by 
nematodes was evaluated in each plant according to th lb llowing classification: 0 = no galls: 
I = rare and minute galls: 2 = several galls and 3 = galls in clusters. Plants classified as resistant 
(nematode damage 0 and eventually I) were then transplanted to the field in summer or to the 
greenhouse in winter. 

Results and Discussion 

Three nematode resistant cultivars, Uco 2 INTA (Figure 2), Uco 3 INTA (Figure 3) and 
Uco 4 INTA (Figure 4) were obtained after eight years of breeding. The main characteristics 
of these cultivars arc shown in Table I. Their processing characters arc :,hown in Table 2. A 
final confirmatory riematode test was performed on the plants coming from foundation seeds 
of each of the three cultivars (Table 3). 

Although the firmness and resistance to over-ripening of the fruits of the new varieties are 
less than those of UC 82 B. they are better than those of Rossol. a fact that was observed sin:ce 
the early stages of selection. Moreover, %hen grown in nematode-infested areas, the new cultivars 
have shown that they are better alternative, for growers than nonresistant, firm-fruited cultivars. 
or resistant. soft-friited ones. 
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Fig. I.Root systems of an ez,'ly resistant line and its parents (left: UC 82B; middle: 
Rossol: right: resistan, line). 

Fig 2. Uco 2 INTA. 
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Fig. 3. Uco 3 INTA. 

Fig. 4. Uco 4 INTA. 
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Table I. Main characteristics of the fruits and plants of the new cultivars and their parents. 

Characteristics Uco 2 INTA Uco 3 INTA 	 Uco 4 INTA Rossol UC 82 B 

Parents UC 82 B x Rossol x UC Rossol x UC
 
Rossol 82 B 82 B
 

Plant 
Habit spI sp 	 sp sp sp 
Size medium medium 	 medium large small 
Growth erect erect 	 prostrate erect prostrate 
Vine cover moderate moderate 	 good moderate very good 

Stem 
Branching moderate moderate 	 moderate to moderate profuse
 

profuse
 
Fruit 

Fruits per truss 5 or more 5 or more 	 5 or more 4 or more 5 or more 
Length/width 1.40 1.70 	 1.23 1.48 1.0 
Number/kg 16 is 	 14 17 14 
Shape oblate-pear elongated, pointed 	 square-round oblate-pear square-round 
Color (Agtron E-5) 34 31 	 30 31 30 
Shoulder color uniform uniform 	 uniform uniform uniform 
Pericarp thick thick 	 medium medium thick 
Firmness' 3 4 	 3 2 5 

Pedicel 

Joint yes yes 	 yes yes yes
 
Length (mm) 15 12 	 12 8 13 
Stem retentio, (%) 25 23 	 23 50 17 

fther
 

Disease resistance' V, Fl,N V,Fl,N 	 V,Fl,N V. Fl, N V, Fl,F2 
Processing use whole peeling whole peeling 	 whole peeling whole peeling whole peeling 

or puree or puree or puree or puree or puree

Ripeiing extended extended concentrated extended concentrated
 
A ,i age yl!d (t/ha) 40 45 40 40 50w
 

2Determinate. 'Subjective assessment of fruit resistance to pressure exerted by fingers, scale from I (least consistent) 
to 5 (nitst consistent). XVerticillium wilt; FI = Fusarium wilt. race I; F2 = Fusarium wilt, race 2; N = 
nematode. WIn nematode-free soils. 

Table 2. Processing characters of the new cultivars and their parents. 

New cultivars 	 Parents 
Uco 2 INTA Uco 3 INTA Uco 4 INTA UC 82 B Rossol
 

Juice yield (%) 88 86 89 77 88
 
pH 4.45 4.03 4.10 4.05 4.30
 
Acidity (%) (citric acid) 0.36 0.48 0.48 0.37 0.45
 
'Brix 5.1 5.0 5.1 4.8 5.0
 
Total solids (TS) 5.8 5.7 6.0 5.1 5.5
 
Soluble solids 5.1 5.1 5.3 4.7 5.0
 
Water insoluble solids (WIS) 0.74 0.58 0.64 0.49 0.53
 
(WIS/TS) x 100 12.7 10.2 10.7 9.5 9.7
 
Agcron value (E-5)
 

Peeled fruit 25 26 25 24 22
 
Juice 27 33 28 21 26
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Table 3. Rootknot nematode resistance of the new cultivars and their parents. 

Cultivar Disease ratingz 

0 I 2 3 
-- -- ...-------------------------- ----------------------------------------- Number of plantsy 

Uco 2 INTA 9.75 0.5 0 0
 
Uco 3 INTA 9.5 0 0 0
 
Uco 4 INTA 8 0 0 0
 
UC 82 B 0 0 0.25 8.5
 
Rossol 10.5 0 0 0
 

z0 = no galls; I = rare ,iid minute galls; 2 = sev2aat ,.. rl 3 = galls incluters. YMean of 4 replications. 
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Symposium Discussion 
J.C. Girard: Are your varieties also resistant to bacterial wilt'? 
G.S. Gallardo: No. 
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Breeding for Resistance to Scrobipalpula absoluta 
(Meyrick) among LycopersiconAccessions in Brazil 
F.H. Franga, W.R. Maluf, P.E. Ferreira-Rossi, J.E.C. de Miranda, M.C.F. 
Coelho, M. Castelo Branco and A.M. Resende 
EMBRAPA, Centro Naclonal de Pesquisa de Hortalicas, Caixa Postal 07-0218, 70359 
- Brasilia, DF, Brazil 

Abstract 

Scrobipalpula absoluta (Meyrick) (Lepidoptera: Gelechlldae) is the main pest 
endangering the tomato industry in Brazil and is posing a serious threat because very 
few insecticides are efficient in its control. Investigations were conducted leading to 
the identification of resistance to S. absoluta among Lycopersicon accessions in our 

breeding program. Free-choice tests in greenhouse and field using commercial cultivars, 
Lycopersicon esculenturn accessions and wild species demonstrated that L. hirsutum 
f. typicum (PI 126445, PI 127826, PI 127827), L. hirsutum f. glabratum (PI 126449, 
PI 134417, PI 134418) and L. pennellii (LA 716) were highly resistant independent of 

the insect population pressure. Commercial cultivars Angela Gigante, Rio Fuego, 
Floradade, Olho Roxo, Europeel, Calypso, Petomech, Rossol and the L. esculentum 
accessions (P1 124036, PI 140412), L. esculentum var. cerasiforrne (P 129154) and 
L. pimpinellifolium (P 126436, PI 126925, PI 126931) were completely destroyed even 

when exposed to moderate populations of S. absoluta. Selected wild Lycopersicon 
accessions crossed and back-crossed to commercial varieties produced progenies that 

had a degree of damage that differed from both parents, indicating genetic progress 
in the levels of resistance In relation to the susceptible L. esculentum. Physical barrier 

due to the presence of trichomes, changes in normal larval behavior, adult avoidance 
to oviposition, larval intoxication and high pupal mortality appeared to be associated 

with the resistant wild accessions identified here. 

Introduction 

Scrobiplalillaaib.%duita (Mevrick) is the major pest in Brazilian tomato production (Sou/a 

et al. 1983). Few insecticides are efficient in its control and even under regular spraying damage 
may vary from 14(, to O8V . Losses and complaints are frequent aillong tonato growers (Barbosa 
et al. 1985: HaJ i et al. 1986). S. absoluta feeds in tile fliar parenchyilit, stems and fruits and 

may reach three to five generations during the growing season (Coelho and Franca. 1987). It 
is a very recent tomato pest in Brazil. It was first recorded in October 1980 near Jaboticahal, 
SI (Moreira et alt. 1981). a.nd in tile next year it was I'0lnd destroying processing and fresh
market tomatoes in tile semiarid region 2,000 km away (Moraes et ill. 1982). In alttllln 1982 

it was reported its the most serious threat to the tomato industry in all inaior production areas 

in the country. Such a fst spread was inostly possible due to the characteristics of tolllto 

commercialization in Brazil, in which the produce is transported by trucks over long distances. 
Glandular trichones and alkaloids present in many wild Lycoplrsicon accessions and 

cultivated tomlatoes are known to defend plants against spider mites (Stoner et al . 1968: Snyder 
and Carter. 1984). aphids and their relatives (Gentile et l. 1968: Williams et al. 1980). 
coleopterans (Kennedy and Dimock. 1983), a1nd lepidopterous larvae (Williams et al. 1980: 
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Dimock and Kennedy. 1983). Resistance in the genus Lycopersicon has been associated with 
increased pest mortality (Juvik and Stevens. 1982c; Kennedy and Dimock. 1983), longer
developmental time (Juvik and Stevens. 1982c), decreased food acceptance (Kennedy and
Dirnock. 1983), host evasion (Gentile et i. 1968; Stoner ct ill. 1972: Sn),der1968; Aina et al. 
and Carter. 1984). change in behavior (Stoner et al. 1968), reduction in oviposition (Atia et 
al. 1972; Gentile et al. 1969) due mainly to entrapment (Stoner et al. 1968: Gentile ct al. 1969).
ingestion of toxic compounds (Duffiy and Isman. 1981 iKcnurcdy and Yanamoto. 1979), fun icant 
action (Dimock and Kennedy. 1983) or sim ple pr, serice of a physical barrier. Lycopersic'on
pennellii and L. peruvianum have been identified as promising sources of resistance to S.absolutu 
(Castelo Branco et al. 1987: Lourencao et ill. have been1984) and L. penne/1ii and L. hirsutUm 
found to be rc istant to other very closely related gelechiiids (Schuster. 1977: Schuster e al. 
19'19; Juvik et al. 1982a). 

We report here the results of experiments designed 0o idenlif' sources of' resistance to S. 
absoluta among I.yc(persicon accessions, some of the factors which might be involved in the 
resistance, and evidence that genetic progress in the levels of resistance in relation to the 
commonly cultivated tonato in Brazil can be attained. 

Materials and Methods 

General Procedures 

Twenty-two sources of germplasm were used in the preliminary screening and other studies.
They are the conmer,:ial varieties: Angela Gigante, Rio Fuego, Floradade. Olho Roxo, Europeel,
Calypso, Petomech and Rossol: Lvcolrsic.on escdentunt accessions: PI 124036 and PI 140412: 
L. esculentum var. cerasif'rmne: P 129154: L. pimfpinef'Iftllium: PI 124436, PI 126925. and 
PI 126931: L. hirsttun I'. t.picutm: P1 126445. PI 127826 and P1 127827: L. hirsutnt 1'. 
glabratumn: PI 126449. Pl 143417 and P1 134418: L. penmlilii: LA 716: and a hybrid L.e's'ul'ntulm 
(Calypso) X L. pennelii. Two BCjS2 L.es'ttlentun x L. penimelii selections (264-6-A and 
264-11-A) and 10 hybrids (FI. F2BC, 1 of' L. escu.3) 
 'ntum x L. pimpinel/ifrdiunt (P

732293-V), L. esculentunt X L. hirstum f'. 127826) and L.iwruvianum (PI 128650)
tpicn (PI 
from the breeding program for virus resistance at the Centro Nacional de Pcsquisa de 1-ortalicas
 
(CNPH) 
were field evaluated for resistance to S. ahsolhtta. The accessions with PI code 'ere 
obtained from Richard L. Wilson. USDA-Plant Introduction Station. Almes. Iowa. 1,y'oiwrsi.on
pennelli, LA 716 seeds were provided by )r. Charles NI. Rick, Univcrsity of California, Davis.
 
These plant materials were solicit'd based on 
 their relative success as source of resistance to
 
many arthropods under greenhouse or field evaluations conducted mostly in the United States.
 
Commercial cultivars used here were purchased from Brazilian seed dealers.
 

Seedlings were obtained from seeds sown in seedbeds established in peat-sand soil mixture 
supplemented with NPK 4-14-8 formula and grown under field conditions. Diurnal temperature
in greenhouse and field fluctuated from 18-22°C to 22-26°C, and 50 to 807,relative humidity
with II to 13 hours photophase during winter and summer montis. respectively. Few L.hirstuml 
accessions needed a pregerminative stage prior to sowing. Inthis case, seeds were left overnight 
on paper filter saturated with water in petri dishes. Plants were transplanted either to pots (4
kg peat-sand soil 2 mix) or field fertilized with NPK formula (4-14-8 + 0.05 , Zn: 2 Iha)
22 to 25 days after sowing (d.a.s.) when they were 15-18 cm tall with f'our to six leaves. Wild 
Lvcopersicon accessions generally were sowed one week to 10 days in advance to commercial 
cultivars in order to have compatible development. Potted plants in the greenhouse were stalked 
and pruned to one main stem when nceded for ease of handling. Field plants were not stalked 
and were f'urrow irrigated. There was no nced for fungicide treatment and no insecticides or 
acaricides were used during these investigations. 

Eggs, larvae, pupae and adults "vcrc obtained from natural populations collected mainly 
as larvae and pupae from commercial production areas in Brasilia. I)F. They were maintained 

http:1,y'oiwrsi.on
http:Lvcolrsic.on
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on tomato plants culth e'ate, all year round in the field or greenhouse. Insects for each experiment 
were assured through use of spreader plants heavily infested with S. absoluta. Plants were either 
cut or kept alive and disposed h,'tween rowk+s or plants in the greenhouse or field three to five 
days after transplanting. Field infestation was assured also by planting susceptible tonato nearby 
the experiment area. 

Screening Tests in Greenhouse 

I. Twenty-one accessions and cultivars 'ere evaluated and only LA 716 from those listed 
above was not used here. E'ach genotype was replicated nine times and each plant was measured 
and the number of leaves determined. Larvae and nines per plant were Counted 35, 55 and 
70 d.a.s. Eggs \w+'ere counted in tile top threC leaves in plants 70 da.s. 

2. Only the cultivar Rossol was not tested in this screening when seven replications were 
used. The evaluations made anteriorly were repeated with 55 d.a.s. plants. In addition, each 
plant was graded v isually,. by rating leaf and plant damage using a scale frotm one (no damage) 
to five (complete destruction). F ur peoplC graded 35 d.a.s. plants (Illtoderate insect pLopulation) 
and three people graded 55 d.a.s. plants (high insect population) independently. 

Assessment of Host Resistance 

Preference test. l'\v.Cvc randOneizd plants each of' Angela Gigante. Calypso, Floadade 
and Olho Roxo. L. em(uIhntul var. ccra.sii/hrlOt (P1 129154). L. piminc'/Iifhdio (P1 I 126436). 
.. hirsuturn f'. 1ypi'umn (Pl 127826. P1127827). L hirsulutm 1. /abratun(P 134417. P1 134418), 

L. rennellii (I.A 716) and the hybrid Calypso x LA 716 were exposed to 'cr\ high insect 
population, over f(l days. Plants were at the samW age and they hIad no prior contact with the 
insect beforc being placed in the reenhouse. Fegs were coutnted on several leaves of" similar 
maturit, andl401m equivalent plant p sitihm. These leaves were removed and measured on L.I-3(XX, 
leaf' meter. 'TIe nlllnhCl- 0f' e4-1s %.a, recorded f'or If)0) cu. 

Antibiosis test. Plants were maintained under heavy insect intfestation for 15 days. After 
that period, all pupae 'Ibund ollnleaves in each plant were collected, measured, weighed and 
placed in petri dishes with moist filter paper. Percent adult emergence was recorded. 

Breeding and Further Screening 

Greenhouse. Lv'copetr'i-on esctdentum Calypso x L. hirsulun f. typicuiu (P1 127826) hybrids 
were back-crossed to Calypso. Four hundred plants F,BCi [fCalypso x P1 127826) x 
Calypso)l were obtaincd and evaluated for resistance to S. tismoua 85 id.a.s. Three hundred 
heavily inf'sted Rio Fucgo plants placed ationg test plants 35 days prior tO evaluation insured 
enough insect pressure. Fourteen plants were selected visual ly and hail the number of mines 
and larvae recordeid. For comparative purposes a sample of 10 plants from each Rio Fuego and 
F2BCI population were also evaluated using the same criteria. Nine of those selected plants 
failed to produce fruits and or secds. Five produced sceds and plants were obtained as described 
earlier. These progenies. named MNIX 19-4-13. MNIMX 196-6-B. MMX 196-9-B. MMX 196-11-13 
and MMX 1915- 4-B. \Ncrc then compared to their parents. Calypso and I1127826. The criterion 
for evaluatior was based on a rating scale oi' scores varyingilfront orie to five. fOr lCaves anld 
plants separately. Each plant was scored individuallh' by three people. 

Field. Ten plants of each coririercial cultivar and an advanced hybrid selected previously 
as virus tolerant were planted 0.5 rn spaced within ro vs each I() in apart. Seven replications 
were used. The number of mines in the first fully expanded leaf at tile top was recorded in each 
plant. 
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Statistical Analysis 

First screening data was processed by analysis of variance and by decomposing the degrees 
of freedom of the dependent variables number ot mines, larvae and eggs. corrected by the variables 
plant length and number of leaves. All the remaining data were analyzed by analysis of variance, 
Duncan's multiple range test, or the LSD test (P = 0.05) alter transformation, as necessary. 
to -, x + 0.5. 

Results and Discussion 

Screening Tests in Greenhouse 

i.The number of mines, larvae and eggs was a uscftu l parameter to discriminate between 
susceptible and resitant germplasn (Table I).There wNere measurable differences amiong wild 
Lvcoprwrsicon species (group I X group 2). Any of these accessions included in group 2 (Table
I) Would he useful sources of resistance to S. absoluta and could be used as parents in a breeding 
program. However, we found that countings alone could he misleading in some circumstances. 
Number of nines /leafiplan depend on cultivar, plant age. insect population and size of lesion 
caused bv larvae. Resistant accessions insome cas.s presented a very high number of small 
lesions, whereas leions in stusccptible cttltiva s generall. coalesced. naking it dificult to record 
the exact number of' mines. Extensive damnage inay also imply earl\ pupation bN S. absolta 
lar'ic and iii addition naN make the plant less attractive to adults for oviposition. Crude countingS 
of live speci meniis Or daniIage to tlie m do not rIepresent the dlilIe re nces that cxpe ri e nCed eves cal l 
distingu ish quite easily (Table 2). AIthough the quantitative approach to nteasU ti e ditfferences 
alllong accessions was uLseful in this case. there was a real need for another way to evaluate 
plants. toIfaci I tate and improve accuracy in luture screenings, when probably dilTcrnccs aliong 
pl nts in more advanced generations might not be easily percceVCd. 

Table I . Partial sum of squares and F values from analysis of variance of the number of mines, 
larvae and eggs of S. absoluta on plants of Lycopersicon accessions, Brasilia, DF, 1983. 

Depcdent variables
 
Source of variation Mines' Larvae' Eggsz
 

df SSY F value' SS Fvalue' SSY F value' 
I. Cultivars vs accessions I 12151.1 ns 937,9 5.2' 240350.1 21.9" 
2. Between cultivars 7 82164.1 2.7" 3540.5 28"' 204094.4 2.6' 
3. Between wild accessions 12 4139325 8.1" 15652.4 7.3" 594524.1 451 
4. Group I vs group 2 I 413932.5 ns 937.9 5.2' 2403501 21.9'" 
5. Within group I 5 12151.1 80" 8932.2 10.0' 157861.7 2.8' 
6. Within group 2 6 169524.7 ns 640.2 ns 386536.1 5.8' 
7. L. hirsutum vs hyb. L.
 

pennellii I 24218.7 ns 19.3 ns 207865.4 18.9''
 
8. Between L.hirsutur, 5 7736.1 ns 640.1 is 198914.5 3.6'' 
9. L. typicum vs L.A
 

glabratum I 19715.9 ns 492.7 ns 143409.8 13.0'"
 
10. Between L. typicum 2 12253.7 ns 437 ns 61952.3 ns 
II. Between L.
 

glabraturn 2 15400.5 ns 56.2 ns 3267.8 ns
 
7Mean no. of mines, larvae and eggs recorded on plants 70 d.a s. YPartial xns.'." 'Nonsum of squares. significant 
ins) or significant at 50o (')or *)'levels WGroup I L pimpinellifolium (PI 126925, PI 12643t. PI 126931);I% I0 

L esculentum (PI124036. PI 140412). L e var cerasiforrne (PI 124036i Group 2: L. hirsufum f. typ;cm (PI126445 
PI 127826. PI 1278271; L hirsutum f glabratum (PI126449, PI 134417. 134418): L pennellii (LA 716). 
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Table 2. Number of larvae, mines and degree of damage caused by S. absoluta on Lycopersicon 
accessions, processing and fresh-market tomato cultivars, Brasilia, DF, 1983. 

Accessions and cultivars 

L. pennellii LA 716 

L. hirsutum f. glabratum 
PI 126449 

PI 134417 

PI 134418 


L. hirsutum f. typicum 
PI 126445 

PI 127826 

PI 127827 


Calypso x LA 716 

L. esculentum 
PI 124036 
PI 140412 

var. cerasiforme 
PI 124436 

L. pimpinellifolium 
PI 129154 

PI 126925 

PI 126931 


Europeel 

Floradade 
Petomech 
Olho Roxo 
Angela Gigante 
Rio Fuego 
Calypso 

Degree of Degree of 

damage" 
35 d.a.s. 55 d.a.s, 

Leaf Plant Leaf Plant 

damage' 

1.1 ay 1.0 a 2.1 b 2.1 b 

1.4 ab 1.0 a 1.9 ab 1.9 ab 
1.8 abcd 1.6 abcd I,.- a 1.4 a 
1.8 abcd 1.5 abc 1.8 ab 1.8 ab 

1.7 abc 1.3 ab 1.4 a 1.4 a 
2.2 bcde 1.7 abcd 1.7 ab 1.7 ab 
1.8 abcd 1.3 ab 1.3 a 1.3 a 

3.0 e 2.6 def 3.3 c 3.3 c 

2.3 cde 2.0 bcde 4.4 d 4.4 d 
2.4 cde 2.4 bcdef 4.8 d 4.8 d 

3.1 e 2.9 ef 4.9 d 4.9 d 

2.3 cde 2.0 bcde 4.9 d 4.9 d 
2.4 cde 2.0 bcde 4.8 d 4.8 d 
2.6 de 2.5 cdef 4.9 d 4.9 d 

2.3 cde 2.1 bcde 4.8 d 4.8 d 
2.6 de 2.5 def 4.9 d 4.9 d 
2.7 e 2.8 ef 4.9 d 4.9 d 


2.7 e 2.6 ef 4.9 d 4.9 d 
2.8 e 2.7 ef 4.9 d 4.9 d 
2.9 e 2.5 cdef 4.8 d 4.8 d 
3.0 e 3.1 f 4.9 d 4.9 d 

No. of No. of 
minesx larvaex 

55 d.a.s. 
Plant 

1.9 a 1.1 abcd 

3.1 ab 0.7 a 
4.0 abcd 1.5 abcdefg 
4.1 abcd 1.1 abcde 

3.3 abc 0.9 ab 
5.1 bcde 1.4 abcdef
 
4.1 abcd 1.1 abcd 

6.3 de 1.0 abc 

5.7 bcde 1.4 abcdefg 
5.7 bcde 1.6 abcdefg 

5.8 bcde 1.2 abcdef 

4.7 abcdel.9 cdefg
 

4.8 bcde 1.8 cdefg
 
5.3 bcde 1.1abcde
 

5.5 bcde 1.4 abcdefg
 

6.9 de 2.0 defg 
6.0 cde 1.7 bcdcfg
 
6.1 cde 2.3 g 
7.3 e 2.1 fg 
5.7 bcde 2.1 efg 

6.3 de 2.1 efg 

ZGrades ranged from I (no damage) to 5 (heavy damage) on leaves and plants. YMean within columns followed by 

the same letter are not significantly different at P = 0.05 by Duncan's multiple range test. XData transformed to 
x + 0.5 for ,taiitical analyi, 

2. The adoption ol a grading scale to evaluate the germplasm improved the discrimination 
among susceptibles and resistants independent of plant age or insect infestation (Table 2). 1.. 
penne'lii,L. hir-sutin f. itv7icum and L. hirsutu f. glabratum were distinctively more resistant 

than all other varieties or accessions examined. The hybrid Calypso x LA 716 was placed 

intermediarily between its parents, and well separated 'rom all susceptibles. All L. hisiwtum 
accessions and L. pennellii maintained resistance even with increasingly higher insect populations 
(Table 2). Lvcope'rsicon pimpil/olium accessions did not differ froni commercial varieties 
even under moderate S. absohuta population levels and all of them wer, practically destroyed 
25 days after initial exposure to the pest. Cultivar Angela Gigante lasted !onser to show danage 
when exposed to the insects, recovering faster than other susceptibles in the absence of the pest. 
Examining the low number of mines found on LA 716 versus the rating it received suggests 

that the plant is avoided by S. absoluta for oviposition, whereas the Few larvae hatched did not 

reject the plant as food. A similar relationship was observed in the hybrid Calypso x LA 716. 
LVcopersicon hitsutuin 1'. typicum and L. hirstuttm f. glabm'tiltm had low number of mines and 

larvae, and the damage on leaves and plants was among the lowest, independent of accession 
and insect exposure levels (Table 2). 
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Assessment of Host Resistance 

Preference test. The number of eggs laid on L. pimpiellijlium. Olho Roxo and Floradade was two- to fivefold higher than on L. penne/lii. Oviposition was also low on L. hirvIuittm f.glktbratunt and L. hirsuuint f. typictum (Table 3). Calypso had almost 300% more eggs than L.pennellii. Oviposition on Calypso x I. N 716 was intermediate to that found lbr its parents.Low oviposition in both L. hiirsuiulm lbrms agree with results reported earlier fOr lepidopterou.s
pests (Kennedy and Dimock. 1983) in which fueICs of i..ic coMnpOund , i the air surrounding
the plants caused larva to die. 

Antibiosis test. The number of pupae collected on leaves of commercial varieties was 5 to18 times higher than the number Oji pupae collected on leaves of wild Lxv'ope-wsicot species (Table4). LYcoipersicon hirstaun . gIaht-atiwz PI 134417 apparently had" a strong effect on larvaldevelopment and mortality. No pupae were ocollected from those plants. Pupal mortality asmeasured by adult emergence was very high on I hirsututm f. tv, ictan P1 127826 and Pl 127827.suggesting that a toxic tctotr to tile larvae was iiinvol ve,!. A 'txic conrpound. 2-tridecanone.i)und in trichorne exudate of L. ]iirwsunm f. g1lb. run, has reportedly increased larval niortalityof several insects, especially lepidoptera (Williams et al. 1980: Dimock and Kennedy. 1983:Kennedy and Dlimock. 1983). Wc observed that second and third instars of S. absolhlt wererestless on both L. hirsutumn varieties and tlended o leave the f'eding spot. In the case of L.]iurvumuI f. t.plum" nlost ot the larvae became unable to walk over the heavy leaf and stempilosity a few min, es after leavine the leaf tissue. Dead larv, e were frequently found on the 
trichomes of PI 127826 and PI 127827. 

Breeding and Further Screenitng 

Greenhouse. Regarding the damage to leaves or plants. 80% to 100% ol'the selected plantsamong 400 plants of the I-BCi [(Calypso x PI 127826) x Calypsol population were gradedless than two, whereas 90% to 100% of thc other plants were rated three or above (Figure 1).Progenies of FBCI presented levels of' re,:is:ance intermediate between both parents (Table 5)and it should be noted that Calypso plants had to be replenished because they died belre 

Table 3. S. absoluta preference for oviposition on wild Lycopersicon accessions and commercial 
varieties of tomato, Brasilia, DF, 1984. 

Accessions and cultivars 
L. pcnnellii 
L. hirsutum f. glabratun

PI 134417 
PI 134418 

Mean no. eggs' 
6.0 ay 

9.6 ab 
11.7 ab 

L. hirsutum f. typicum
PI 128827 
PI 127826 

Calypso x LA 716 
Angela Gigante 
Calypso 
L. esculentum var. cerasiforme 

11.8 ab 
13.2 abc 
16.1 abc 
16.4 abc 
22.9 c 

PI 124036 
Floradade 
Olho Roxo 
L. pimpirnellifolium

PI 129154 

25.6 
29.6 
29.8 

c 
c 
c 

33.8 cd 
ZMean no. eggs on 100 cm2 foliar area. 'Means followed by the same letter are not significantly different at P = 0.05 by Duncan's multiple range test. 
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Table 4. Mean number of pupae and percent adult emergence of S. obsoluto reared on wild and 
domesticated Lycopersicon species, Brasilia. DF, 1984. 

Pupae

Accessions 
 Oo adult LengthNumber of 

pupaez emergence (mm) Diameter Weight
and cultivars (min) (mg) 

L. pennellii LA 716 1.0 aby 100.0 a 4.30 ± 0.84x 1.15 ± 0.07 3.48 ± 1.14 
L. hirsutom f. glabratum 
PI 126449 2.6 abc 50.0 bcd 4.00 ± 0.30 1.17 ± 0.07 2.09 ± 0.69 
PI 134417 0.0 a -... 

PI 134418 1.3 ab 66.6 abc 4.00 = 0.04 1.13 ± 0.05 2.29 ± 1.01 
L. hirsutum f. typicum 
PI 126445 2.3 abc 100.0 a 4.53 ± 0.31 1.25 ± 0.05 3.51 ± 0.56
 
PI 127826 2.0 abc 12.5 d 4.06 ± 0.31 1.18 ± 0.09 1.75 ± 0.82
 
PI 127827 1.6 abc 33.3 cd 4.31 ± 0.35 1.23 ± 0.05 13 ± 0.22
 
Calypso x LA 716 6.7 bcdef 74.7 abc 4.33 ± 0.24 1.20 ± 0.06 2 4 ± 0 78
 
L.esculentum PI 124036 5.2 abcde 62.0 abc 4.26 ± 0.12 1.20 ± 0.06 2.82 ± 0.5i 
L. esculentum PI 140412 7.8 cdef 88.8 ab 4.41 ± 0.39 1.25 ± O.F 2.99 ± 0.57 
var. cerasiforme
 

PI 126436 4.4 abcd 42.8 bcd 4.19 ± 0.27 1.18 ± 5.08 2.38 ± 0.71
 
L. pimpinellifolium 
PI 126154 6.7 bcdef 60.2 abc 4.27 ± 0.12 :,24 ± 0.10 2.65 ± 0.90 
PI 126925 5.5 abcde 87.7 ab 4.31 0.18 1.23 ± 0.06 2.78 ± 0.50 
PI 126931 7.6 bcdcf 80.0 ab 4.10 ± 0.30 1.15 ± 0.11 2.55 ± 0.43 

Europeel 5.3 abcde 6.6 d 4.27 ± 0.55 1.23 ± 0.07 2.72 ± I.0 

Petomech 11.1 cdef 81.1 ab 4.51 ± 0.22 1.33 ± 0.12 3.39 ± 0.81 
Olho Roxo 15.3 def 76.2 abc 4.37 ± 0.16 1.21 ± 0.06 3.02 ± 0.38 

Floradade 16.0 ef 83.5 ab 4 32 ± 0.13 1.22 ± 0.04 3.03 t 0.39 
Rio Fuego 17.0 ef 87.8 ,b 4.18 ± 0.22 1.18 ± 0.12 1.61 ± 0.31 
Angela Gigante 17.5 ef 82.5 ab 4.37 ± 0.17 1.25 ± 0.03 2.96 ± 0.40 

Calypso 18.3 f 87.3 ab 4.31 ± 0.12 1.23 ± 0.02 2.82 ± 0.40 

z'lean no. pupan plant. YMeans within columns followed by the same letter are not significantly different at P 

0.05 by Duncan's multiple range test. 'Mean ± SD. 

Table 5. Degree of damage recorded on F2BCi progenies and susceptible and resistant parents, 

Brasilia, DF, 1985. 

Degree of damage z 

Germplasm Leaf Plant 

L. hirsutum f. typicum
 
PI 127827 1.0 ay 1.0 a
 

MMX 196-4-B 2.8 b 2.8 b
 
MMX 196-4-B 3.2 c 3.5 c
 
MMX 196-11 -B 3.5 d 3.7 cd
 
Calypso 3.8 e 3.8 d
 

'Grades ranged from I (no damage) to 5 (heavy damage) on leaves and plants. YMeans within columns followed by 
the same letter are not significantly different at P = 0.05 by Duncan's multiple range test. 

plants of MMX 196-4-B. MMX 196-6-B and MMX 196-1 1-B had shown symptoms of insect 
damage. 

Field. Lvcopersicon hitsutlun f. tvpicmn, L. hirsuttnt f. glbratittn and L. pennellii confirmed 
in the field the high resistance identified in previous experiments. Three of the hybrids screened 
for virus tolcrance-CNPH 364 [Angela Gigante x L. pimpinellifium (PI 732293-2-V)]. CNPH 
362 [Angela Gigante x L. pimpinellfbliun (IVT)] and VC 329 [Calypso x L. hirstutun f. t.picum 
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90 Selected plants F2BCI population Rio Fuego 
80 Mean no. mines 87,78, 185,6 125,3 
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Figure 1. Degree of damage and percent distribution of selected plants from Ir2B3Ci {(CalypsO x PI 
127826)11 x Calypso compared to tile susceptible cultivar Rio Fuego. Brasilia. DF. 1985. 
'Grades ranged from I t(no damage) to 51heavy damiage) on leaves and plants. Mlean 
number of' mines and larvae /plant. 

Table 6. Field resistance of Lyciopersicon genotypes to Scrobipalpula absoluta, Brasilia, DF, 1986. 
Genotypes Mean no. of mines, to leaves Std.error 

L. hirsutumn f. typicumn 
PI '27827 7.2 0.1 
L. pennelii LA 716 8.1 0 S~ 
L. hirsutumn f. glabratumn
PI 134418 8.6 0.3
CNPH 364 10.3 0.7
 
CNPH 264-6-A 
 10.4 0.6

VC 329 10.6 1.2

CNPH 362 11.3 0.7
 
CNPH 365 
 12.5 0.7

CNPH 264-11 -A 
 12.6 1.3
VC 363 13.1 1.7 
Rey 310 13.9 1.1

CNPH 356 
 14.8 1.2Rio Grande 15.1 1.6
Rey 310 16.2 1.5 
Angela Gigante 16.5 1.5 
Floradade 18.3 1.6 
Rio Fuego 18.7 2.6 
Calypso 19.5 2.2 
CNPH 367 20.1 2.3
Tropic 2G.5 2.1 
CNPH 368 20.7 2.8 
LSD (P = 0.05) 4.3 
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(P 127826)] - and CNPH 264-6-A, the BCIS 2 L. esculentum x L. pennellii selected according 
to the methodology developed by Castelo Branco et al. (1987), presented levels of resistance 
comparable to those of the wild L'copetsicon accessions mentioned above (Table 6). All 
commercial cultivars had the highest levels of mine: among the genotypes tested. CNPH 367 
and CNPH 368, both hybridized to L. pertuvianum (Pi 128650), were among the most susceptible 
genotypes. 

In summary, the results reported here present evidence that breeding tomato for resistance 
to S. absoluta is viable. Sources of resistance were identified and L. hirututi f. typicum (PI 
127826 and PI 127827), L. histut f. glabratum (PI 134417 and PI 134418) and L. pennellii 
(LA 716) are particularly recommended. Fortunately these species intercross quite well with 
improved L. esculentutm varieties. Alkaloid content (Juvik and Stevens. 1982a) and glandular 
trichomes, both responsible for resistance to insects in L. hir-suttm and L. penneleli, are readily 
transferrcd and usually segregate in the F2 generation (Snyder and Carter. 1985; Lemke and 
Mutschler. 1984) and hybrids can be efficiently selected by visual and/or tactile means (Castelo 
Branco et al. 1987). However, we sometimes found problems in fruit set and in producing viable 
seeds mainly on plants derived from these acccssions which appeared to be highly resistant to 
S. absoluta. In other instances, wc found in advanced generations known resistant plants 
segregating to very poor agronomical characters such as plant architecture, fruit size, fruit color 
and fruit shape. There is a prcssing need for direct studies to determine the mechanistic basis 
of resistance found in these accessions, which is well advanced in relation to other arthropods 
(Kennedy and Dimmock. 1983 and references therein). Apparently several factors might be 
involved here. Physical barriers due to the presence of trichomes, changes in normal larval 
behavior, adult avoidance and larval intoxication appeared to be associated with L. hiruttttn 
f. typicum, L. hirsutuon f. glabratumn and L. pennellii. 
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Abstract 
Four single gene mutants (Never ripe (Nr), Green ripe (Gr), ripening inhibitor (rin) 

and nonripening (nor) which dramatically alter tomato fruit ripening have been identified 
and described. These ripering mutants are distinguished from the carotene mutants 
by their multiple effects on the changes normally associated with tomato fruit ripening.
The recessive mutants rin and nor have been extensively examined for their effects 
as heterozygotes on ripening and 'ruit shelf life. The nor mutant has proven of particular
interest for practical breeding purposes because of its dramatic effect as an 
heterozygote on ripening rate and subsequent shelf life. Furthermore, there appear to 
be more than two al!eles at this locus (nor and norA) which differ in degree of ripening
inhibition. The extent to which ripening is affected by these alleles is also dependent 
upon genetic background su.,i tiat a wide array of distinct ripening types are possible
using this unique germplasm. We have developed several adapted nor F1 hybrids and 
norA inbreds for commercial scale sheif life, taste panel and consumer acceptance 
studies to explore the feasibility of utilizing this vovel germplasm for fresh market 
tomato hybrids and/or Inbred cultivars. This presentation will summarize the genetic,
breeding, postharvest, taste panel and consumer acceptance studies with variants of 
nor and will speculate nn the market place situations where this novel germplasm 
may prove useful. 

Introduction 
Several genes with major efl'C'tS 11 tomato 'ruit ripelling have been identiticd. des rihed 

and characteri/ed (Hobs in. 1907: Nu ct al. 1977: PIalnicri ct al. 1975: Robinson etat. 1968: 
l'iechelaar ct al. 1973: 1978). 'hcse ri vre ingCitLIt .Iitsare distinct friothe ma\ carotene i141utants 
of tomato b\ vir tC of their multiple eflects on ,he ripening process. Fruit softening. carotenoid 
biosynti sis, respirator\ behavior and ethylene prIdIttlctiIIti are all substantially altered and flruit 
shelf life mvabe dramltically' extended. 

Varietal differences in Iipening behavior and subsCqItCLti shelf life have been reported for 
ttnanv perishable lii ticnItarat coim od itics. Mcloln. apple and pear Variclies with widely differing 
ripening anl she6f lifeChai actCristics are accepteI coinoitlitics in the US marketplace. This 
report will review. recent research to caracterizC enetic 'ariants affecting timato ripeninattil 
to asscss the potcntial for Use of' thi, \triatio In t plicU brciCting programs to enhance fresh 
totnato qutalitv and sheCtI life. 

Materials and Methods 

Genetic and Breeding Studies 

In recent \,ears, several tonmato fruit ripening variants have been reported and described 
0Table I). Tests of1allelism o f these new variants were performedt by intercrossing each lie\\' 
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variant with known standard stocks of the ripening inhibitor (rin) and nonripening (n,')mutants. 
Allelisni was corlirnied by the absence of normial ripening segregates in F and F2 . 

Tihese tests ol allClis in and e'alation o1 IF,popuhlaions revealed a wide range of vari atio 
in the inhibition of ripening in lines allelic with fler As a result. our ripening breeding program 
was expanded to explore this wide variation and develop adapted inbred nMw Iines with inproved 
fruit quality, shell life and acceptable horticultural characteristics. The best inbred lines and 
F hybrids with normal ripening inbreds Were subsequrently selected for shelf' life, raw product 
quality and taste panel acceptarce evaluraiions following various times in transit or storage. 

Table I. Tomato fruit ripening variants used in tests of allelism. 

Variety name Origin Reference 

Alcobaca Portugal (Leal and Mizubuti. 1971) 
Long Keeper Burpee Seed Co. 
Garden Peach Puerto Rico 
Spanish Winter Burpee Seed Co. 
Italian W inter (nor) Italy (Canada) (Tigchelaar et al. 1973)
nor2 Italy (Sressi. 1975)nor Italy (Soressi. 1975) 

rin US (spontaneous mutant) (Robinson and Tomes. 1968) 

Harvest Maturity, Taste Panel and Raw Product Quality Studies 

Two experiments wereCoridtctd to assess the shilppi l i and ,heli life advantages and IaSte
 
panel acceptabiliit of' three contrasting genotypes with distincti\ c ripening characteristics. The
 
normal ripening hvbrid Surnr . a lleteuttzguOIi I1 "1::1 brid. (VFN8 x ti" FlhI/h') and a ,01'
 
inbred (LK 7432). developed in a joint proIect etweCn iPurdue ard CIFAIP. were ,rowi in 
Cluliacan. Mexico. and fruit \\;as shipped as part of a cotiiercial Cornsignlen it Lalavelle. 
Indiana. Attcnpts were made to sirilulatC as clOsch as poSSihle the corrirriercial handling and 
shipping practices usCd for fresh tonuat2o expors I'rol ,\exico. ShiplnInS of Sulnn\' \crc limited 
to mature grecen (USI)A color stalc12 I and hreaker (Stage 2 fruit \. hCreaS other gentotypes 
were shipp,,d at breaker Istagc 21and iiore ad\ arelCd maturities (stages 3 aind 4) (USDA. 1973). 
Follow\ in,, arrival in lafa. cteC. fruits crc stored at 20 -t- I 'C"and evaluated at three to tour 
day intervals for percenrt usabilit nVr productnrid Ctrra, Cora rid sLihctd to lasIC paneIl and raw 
quality evaluations Icolor. percent solublC Solids aind titratahle acidity). 

This study was rcpCatCd dLrrinri ot prtIducCd fruit. BCCaIuSCthe Sn1.1llllcr11987 using locall 
there was no nccd for hll'-distarrcc shippil, More ad\ arcCd Iinaturitr sltgCs %erew used iin shelf 
life and taste panel studies. S1rrM\ . harvested Mature .Urecn (stage I1. at breaker (stage 2-3) and 
approximately fully ripe (stage 4-6) toriiatoes were coripared with . nor F1 hybrid (XPH 5597)
aid a nor' inbred (LK 74321 harvested at three iaturity stages (USI)A color stages 2. 3 and 
4-5). Us. of !nature grlti-c frnit of the latter two gcrnotv pes was oriiiCtte because they do riot 
ripenicceptably in storacC. Shelf lite. color de' ehfpIieilt and taste panel scores \\'ere t[ ll \ved 
at four to five day intervals for up to 43 days at storage temperatures of 12 + I 'C and 20 + 
I 'C. ()i each taste panel datle. locally available fruit Were purchased for use as the standard 

IUSt)A color stage,
 
I) iatur rer I i It ihtoi s.uriace c mplctel. .fr.l
siage 'o is l I 
21 tIricaker IsraLe 2: lreak incoloi rom een it elli ilk m red oe 1to 1tre lthall U (iol thie tt ace I erallcrl'k 
at tlte slylar end). 
3) Turning ( Iage 3): More than 10'I hill not Illlet han 3.t tit litiltll'se l.t-c slie s color chalne, front crich t) red. 
4) Pink (stage 41: Ntoire than 30'; hut less [hall 00 It 11l surlace sIt.. .olr clrallrge to pink or ret] clor. 
3) tigtht red (slage 5): More than Ol'; but nut rinole lhan 90)' oit lie Irui rfslace is piAs on rede. 
(1 Red (lstage 6): Mitre (hll 990(), (i'li lhti t ut lace is ie. 
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to compare with stored samples. In this paper, we will only report results of advanced harvest 
maturity (stages 4-6) fruit storage studies. 

Results 

Tests of Allelism and Inbred Line Development 

The ripening behavior of' F1 hybrids of rin and not crossed with other reported ripening 
variants is given in Table 2. All these new variants behave as alleles at the nor locus based 
upon the mutant fruit phcno1type in FI and failure to recover normal ripening recombinants in 
F,. Crosses with in. bv contrast, all displayed a normal FI phenotype with respect to fruit 
ripeni, ard tihe e"xpectedI twi-g'nc se'f: tto :'os,.re oh:'rvc, in te F-. Ba,,ed on these 
observations, we conclude that the landrace varictics Spanish Winter and Alcobaca and the recently 
releascd variety lontg Keeper carr\ all alclc similar to the nor allele originally identilied in 
tile landrace varict\ Italian Winter. The variety (arden Peach appcars to be identical to tile 
cultivar l-ong Keeper. 

Kopeliovitch ct al. ( 19)9a; b. IQX() hav,' StudiCd ild charactcrited the variety Alcobaca 
and report that Mbile it behaves sintilarl\ t1 nor. it is nonallelic and tl'fects ripening in a quantitative 
rather than qualitati e \%a\ NUrschler (I )S4ai has ;atlso( suggested nonallelism and has proposed 
the gcne sviihol ahc to explain the ripening abet rancV ill the variety Alcohaca. L.obo et al. (1981: 
1982) inl contrast report that Alco b:ca carries a third allele (1101") at the 1or locus based on 
extensivc gcnetic ,studiCs. ()ur rCsult, support the conclusioMs ofl.obo Ct al. and further indicate 
that several abnormal ripening varictics carr\ an allele similar to the nor allele initially identified 
in the variety Italian Winter. 

I)urine tests of allelisin and hrC'' " studiCs with 11r we have observed substantial variation 
in the degree ot inhibition of riper, in varieties. F, segregates. and inbred lines developed
using variouts sourcs of te no ,alle. These observatilons suggest more than two alleles at 

the nor locus aMid or tile cxi,,tnce 01 iiodifier genes which quantitatively ahcr the expression 
of,nor. 

We have developed a series of inbred lines froni uiverse sources of nor which vary strikingly 
in the degree to which ripening is inhibited. These range fron inbreds in which ripening isvirtually 
completely inhibited (nor tHdd') to itnbrcds ilt which almost normial ripening (as mieasured by 
internal color development) occurs (I K 7432 . TIiese latter inbred types appeal to be of particular 
interest irtm a pant itprovmen.it standptoinl becatse we can combine acceptable ripening and 
color development with the tlrairntic shelf life enhancement characteristics of nor. 

A unique and distinguishing feature of all nor F, hybrids we have observed is the failure 
of detached mature green fruit to develop acceptable color and/or to ripen substantially. It appears 
that some sti inulus from vegetative tissues is needed to stimulate acceptable ripening and color 
developlment. A sinilar elfcct of stage on ittaturity at harvest has been observed in many nor 
nbrcds and nor x nilrtini Fi hybrids (Kopeliovitch ct al. 1979a; 1980: McGlasson et al. 1983: 

Table 2. Tests of allelism of tomato fruit ripening variants. 

1 2 3 4 5 6 

I. rin - + + + + + + 
2 . nor ...... 

3. nor 
4. nor 
5. Alcobaca (norA) 
6. Long Keeper 
7. Spanish Winter
 
- = allelic: + = non-allelic.
 

7 
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Mutschler. 1984b: Tigchelaar et 1l. 1978). As a result, harvesting and post harvest handlingpractices have been examined to develo ) a better understanding of the handling requirements

and consumer acceptance o1 this II iqnire gern plas in.
 

Harvest Maturity and Taste Panel Studies 

Results Of studies of har vest inaturity el l'ec.on shelf*lil.color development, liavor ratingand raw product quality fol Set ico nlercial shipments oi three genotypes front Culiacan,
Mexico to Lala.ctle Indiana are given in FiguresI-. 

Tomato fruit shelf life. The shelf life is e \pressed as percent usable frtit as a fLntion ofgenotype, stage of' maturiV ltharvest and time in storae at 20 + I C fbllo\inLe commercialshipment from Celiacan. Mexico to lafayette. Indiana i., inl F'i,,ore I.Both thle no' hybrid-iven 
(VFN8 x nor Fide) and the 'ow
\ inbred (LK 7432) showed substantially improved shelf lifewhen compared with the normal cultivar Sunny harvested at mature green (stage I or at breaker
(stage 2). Stage 4 fruit of the nor hybrid showed unacceptably high losses in transit, however 
stage 2 and 3 harvested fruit had substantially better shelf life than Sunny harvested at, iture 

100 4 .. . , - A" 
----Shipping time . , Maturity stage80 of harvest 

60I 

40 
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0 

80 ----Shipping time- 2
 

Z 60 E--- 4
 

-T 40
-0

0In20
DVFN8 x nor Fide 

0 

2
80 :--Shipping time- .. 

A---A 360 
-U 4 

40 

20 LK7432 

0 I I I0 2 4 6 8 10 12 14 16 18 20 22 
- Days After Harvest
 

Figure I. Percent usable fruit following transit and during storage at 20'C as 
a func
tion'of variety and maturity stage at harvest. 
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green or at breaker stage. The most dramatic extension of shelf li e was observed with the inbred 
LK 7432 in which postharvest losses remained at less than 10% for two weeks after arrival. 
regardless of stage of maturity at harvest. 

Color development in transit and storage. Color development as a function of variety, 
maturity stage at harvest and time in storage at 20 + I 'C is given in Figure 2. Harvesting fruit 
of the normal variet\ Sunny at breaker resulted in a unifforml colored product on arrival at 
lafayette, whereas mature green fruit resulted in a heterogeneous pMroduict (che ckered) in which 
complete ripening did not take place iuntil after sevxeral da's in storagc. All harvest maturity 
stages (2. 3 and 4) of tile nor hybrid arrived unifOrnily colored, however they all displayed 
:in orange-red external color (classified as stage 5) whichwas distinctive from tile normal deep 
red external color of the cultivar Sunny. External color dtevelopiient in LK 7432 occurred \'ery 
slowhI, dilrinW Irallsi and stora2c and onl Itr it halcsted it sta e 4 reached tradit nalvh acceptable 
color scores (stage 51duringIIIsCqtLICt storage. 

Taste panei flavor ratings. Flavor ratings of diced fresh tottato sample . a function of 
genotype and matr'it stage at harvcst as a ftuction of time in transit and slorace is Liven in 
Figure 3. No significant differences in tlavor ratings among genotypes were evident on arrival 

60 
5 Shipping time-	 Maturity stage 

at harvest 
4 " 	 O*-OI4 

4 

Sunny 
0 - I I I 	 I I 

G 
S--Shipping time--

o- . .( 	 A---& 3 
4 o 3, 

cI VFN8 x nor Fide 
1/) 
D) 0
 

6 
5Shipping time-	 M 

4 1_ 	 _---A---A 3 
&3--- 34 
01-04 

1 - LK 7432 

0 1 I I I I 

0 2 4 6 8 10 12 14 16 18 20 22 
Days After Harvest 

Figure 2. USDA fruit color score following transit and during storage at 20'C as a 
function of variety and maturity stage at harvest. 
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7 
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0 2 4 6 8 10 12 14 16 18 20 22 

Days After Harvest 
Figure 3. Hedonic flavor ratings as a function of genotype, maturity stage at harvest, 

and time in transit and storage at 20'C. 'Points on a given date with the 
same letter are not significantly different. 

(day 7 after harvest), ho\evcer SiLgnilicant ecnotype and maturity stage dif'ferences dcvelopcd 
with titte in storage. By day 13 aflcr harvcst (one wcck altcr transit). fruits harvested at advanced 
maturity (stages 3 and 4) weore .juldeCd signiliCantlv inflrior in flavor when compared with the 
normal variety Sunny harvCsCd mature ereen or at brcaker. This demonstrates that flavor 
dcterioration ma.,, occur in storage in Ilng shelr lifc hvbrids before significant dcclines in shelf 
life prccludes use of the fres,,h commodity. 

Raw Product Quality Studies 

Changes in total color (ineasured is a/ b ratio ot ajuice extract) titratable auidity (expressed 
as , citric acid) and soluhle solids (measured as 'Brix) as a function ol" genotype, maturity 
stace at harvest and time in storage are given in Figures 4-6. 

Average fruit color. The fruit color improved fir each harvest maturity class with increasing 
time in storage is providcd in Figure 4. Genotype and maturity stage differences in color were 
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4 t-irne- Maturity stage 
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Figure 4. Average fruit color (measured as a 'b value) as a function of genotype, 
maturity stage at harvest and time in transit and storage -t 20 C. 

substantially less than for external color estimates (Figure 2) substantiating visual observations 
that external color deficiencies in fruit of the nor F, and LK 7432 were largely limited to the 
fruit pericarp; both genotypes give internal fruit color visually comparable to the normai variety 
Sunny.
 

Total acidity. "l'Foal acidity was consistentl lower in fruit harVcsted at more advanced 
maturities and declined further with time in storage. D)ifferences in titratable acidity due to stage 
of naturity at harvest and time in storage were substantiallv larger than differences at tributahIe 
to genolype. 

Soluble solids. ChaICes in soluble ,olids resulting from harvest maturity or time in storage 
were relativel. minor when compared with gen oypc effects. The VFN8 x nor F, hybrid 
consistently gave the lo west soluble sflids estimates whereas Sunny and LK 7432 wcre consistently 
above 5. More extcnsive studies are needed to doctument the nature of changes in soluble solids 
during prolonged storage of ripe tonmato fruit. 
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Figure 5. Titratable acidity (0,6citric acid) as a function of genotype, maturity stage 
at harvest and time in transit and storage at 20'C. 

Shelf Life Taste Panel and Quality Evaluations of Fruit Harvested at Advanced 
Maturities 

Eliminating the need for long-distance fruit shipment may permit the harvest and handling
of fresh tomatoes for local markets at more advanced fruit maturities. In studies carried out 
at Lafayette, we Focused our efforts on postharvest studies of fruit of each genotype harvested 
at relatively advanced maturities (USDA stage 4-6) and compared experimental samples stored 
at two temperatures (12 + I 'C and 20 + I'C) with fresh fruit purchased at a hcal supermarket 
on each evaluation date. Results of these studies are given in Figures 7-9. 

Shelf life. The differences between the normal variety Sunny. a heterozygous /I)r F, hybrid
(XPH 5597) and the noi-N inbred (LK 7432) as a function of genotype, storage temperature and 
time in storage are shown in Figure -. Very rapid losses in shelf life were observed for the
normal variety Sunny: minor improvements were noted for the nor F1 I, and very dramatic 
improvements in shelf life occurred for LK 7432 with more than 80% of fruit usable after more 
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Figure 6. Percent soluble solids (expressed as 'Brix) as a function of genotype, maturity 
stage at harvest and time in transit and storage at 20'C. 
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Figure 7. Storage life (expressed as percent marketable fruit) as a function of genotype 
and time in storage at 20 + I °C and 12 + I 0C for fruit harvested at USDA 
color stage 4-6. 
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tMan one month in storage at both 120 and 20'C. Genotype differences in shelf life were 
substantially larger than differences due to temperature. 

Color development. Color JLvelopment, as estimated by the USDA external color score,
was virtually compiete for Sunny and XPH 5597 after four days of storage (Figure 8). Slight
improvements in external color of LK 7432 occurred during storage and substantially better
external color development was observed at the lower temperature. Fruit of this genotype exhibited 
an orange-red external color which is visually distinctive from fully ripened normal fruit. 

Flavor scores. Flavor scores on a hedonic rating scale from I (dislike extremely) to 9 (likeextremely) are given in Fi, "e9. These comparisons included the three genotypes being studied 
as well as an unstored saint .purchascd from a local supermarket on each taste panel date.No significant genotype di' orences in taste panel flavor scores were noted for the first three
evaluation dates (4, 9 and 12 days in storage). During this storage period, however, averageflavor ratings declined front approximately 6 (like slightly) to approximately 5 (neither like or 
dislike). Subsequent t: ste panel ratings included only L.K 7432 compared with store-purchased 
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Figure 8. USDA color score as a function of genotype and time in storage at 20 + I 'C
 

and 12 + I *C for fruit harvested at USDA color stage 4-6.
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Figure 9. Hedonic flavor ratings as a function of genotype and time in storage at 20 + 
I°C and 12 + I °C for fruit harvested at USDA color stage 4-6. 'Fresh locally
purchased fruit were used on each taste panel date. 
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fruit. These comparisons were continued for as long as stored usable fruits of this genotype 
were available and considered cosmetically acceptable (42 days). 

Contrary to our expectations, flavor ratings of stored samples of LK 7432 remained relatively 
constant during the test period and were numerically superior to store-purchased samples on 
live of seven taste panel dates for fruit stored at 20'C and on all nine evaluation dates when 
fruit were stored at 120C. At this temperature, average taste panel scores dropped below 5 (a 
neutral score) only after appro -imately 40 days in storage. 

Results ari Discussion 

The wide range of variation in the degree of ripening inhibition observed among breedirtg 
lines and landrace varieties homozygous for nor (or alleles of nor) makes this germplasm of 
particular interest to exploit the dramatically extended shelf life characteristics of nor. Part of 
this observed variation may result from tmore than two alleles (nor and nor a) at the nor' locus 
as suggested by Lobo et al. (1982). However, the wide quantitative differences in ripenIng also 
strongly implies modifier genes which alter the expression of nor. 

Based on observations of many inbred lines and F, hybrids developed using several distinct 
sources of nor, the following fruit characteristics distinguish inbreds honozygous for nor (or 
its alleles). 

I) 	 Matwue external fruit color may vary from almost totally inhibited (USDA Color stage 1-2) 
to partially inhibited Color stage 4-5). Internal fruit color may vary from almost total 
inhibition to visually normal. 

2) 	 Ripening and color development o f detached fruit is substantially inhibited if fruits are 
harvested mature green or at early ripening stages (stages 2-3). 

3) 	 F, hybrids involving normal inbreds x very inhibited nor inbreds ripen later and nore 
slowly than the normal parent and frequently show external color abnormalities (yellow 
top, blotchy ripening). Hybrid nor fruit harvested when itmature or at early ripening stages 
do not ripen to full color. 

4) Substantial variation among Jistinct inbreds and different hybrid combinations appears to 
exist for each of the above. 

5) Substantially, better external color development was observed during storage at 12°C than 
at 20 0C. 

The differences in ripeni'g behavior and shelf life of normal ripening and nor tonmato fruit 
is analogous, in many respects, to the ripening and shelf life differences between honeydew 
and cantaloupe melons. The latter two crops a. e distinctive and widely appreciated commodities 
in the US marketplace. By contrast, the svide variation in tomato shelf life, ripening behavior 
and resulting product quality has not beer- utilized to develop distinctive fresh market tomnato 
commodities. 

Our preliminary studies suggest that the substantial genetic variation affecting tomato ripening 
and shelf' life can be used to develop distinctive cultivars with dramatically enhanced shelf life 
and acceptable flavor. Postharvest handling and marketplace consumer acceptance studies are 
currently in progress to assess the handling requirements and coosumer acceptability of these 
novel types. 
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Symposium Discussidn 
S.S. Cheng: In Latin America, hyperinflation is currently going oilat 20% to 30% per nionth. 
Delayed maturity can mean losing money For business. Aren't there other genes for fruit 
maturation consistency without delaying maturity? 
E.C. Tlgchelaar: There are other genes for firmness which do not delay ripening. However, 
breeding for extreme firnness may contribute to the poor quality and consunrer acceptance we 
have experienced in the American market. The ripening mutants do not delay earliness seriously 
(two to four days) and I suspect that part of the shelf life enhancement is due to a slower loss 
of firniess during ripening. 

Y. Halle: Have you harvested the fruits at different stages and exposed them to different 
temuerature ranges? 
E.C. Tigchelaar: Yes, we have. However, I think additional work is needed, since ripening 
of detached fruit is quite different at different temperatures. We have found better color 

' development and flavor retention of tor hybrids and ,ror inbreds at lower temperatures (12' 
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versus 20'C) during storage. Some of this data is presented in the manuscript to be published 
and we expect to publish additional infbrmation elsewhere in the near future. 

R.T. Opefia: Have you looked at the combination of ripening mutants, e.g. nor, with other 
mutants, specifically dg (dark green). I have seen a combination between Alcobaca and dg that 
I thought, at least from our perceived standard in developing countries, is acceptable already 
or even as good itsthe normal tomato in terms of color? 
E.C. Tigchelaar: Yes. Unfortunately we have found dg even more difficult to work with than 
hp (for the same reasons) so while it can be used to improve color, it introduces a lot of problems
in horticultural adaptation. Maybe we should try to educate the consumer to deemphasize cosmetic 
qualities like color and judge these products with their tastebuds'. 

R.L. Villareal: What is the latest on the development of processing tomato inbreds/hybrids
using the ripening mutants? What advantage would this have over the other genes (i.e. high
pigment, crimson gene. etc.)? 
E.C. Tigchelaar: There is some interest in nlO' types for consistency-based processed tomato 
products (e.g. catsip) if satisfactory color can be obtained. Our work has been based largely 
on the use of this germplasm for fresh market tomato improvement. While hp improves
consistency, we feel undesirable pleiotropic effects associated with hp could be difficult, if not 
impossible, to overcome. The crimson 09' gene affects only color and seems to effectively
improve color of nor'%inbrcds. LK 7432 used in these studies carries both the noO and 09' 
genes: the latter gene greatly improves internal color of' norA inbreds. 
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Relationship between Hormonal Levels in Pistilsand 
Tomato Fruit-set in Hot and Cool Seasons 
C.G. Kuo, H.M. Chen, B.J. Shen and H.C. Chen 
Asian Vegetable Research and Development Center, P.O. Box 205, Taipei 10099 

Abstract 

Pistils from two days before anthesis to six days after anthesis of seeded and
parthenocarpic tomatoes (Lycopersicon esculentum Mill.) were analyzed for endogenous
abscisic acid (ABA), dihydrozeatin riboside (diHZR), gibberellic acid (GA3),
indole-3-acetic acid (IAA), and zeatin riboside (ZR) in hot and cool seasons. The pistilof the respective stages from the cool season contained higher levels of IAA and GA3than those of the corresponding stages from the hot season. The IAA level decreased
from preanthesis to anthesis and increased thereafter in both seasons. ABA level was
high at pre and postanthesis stages in the hot season; however, it remained low in the
cool season. Levels of ZR and diHZR in both hot and cool seasons maintained a similar 
pattern of changes; they increased from preanthesis to three days after anthesis before
declining. The level of diHZR at postanthesis was lower in the cool season than in the
hot season. Genetically parthenocarpic Severianin contained a high IAA level at
preanthesis. Severianin and a progeny of its hybrid had lower levels of ABA, ZR anddiHZR than !seededtomatoes after anthesis in the hot season. On the other hand, they
also had higher fruit-set rates without exogenous GA3 or 4-chlorophenoxyacetic acid
(CPA) applications than the seeded tomatoes. The results indicate that both auxins and
GA were interacting with ABA in controlling fruit-set. The balance of these plant
hormones was liable to alternation by high temperatures, and subsequently determined
the potential of fruit-setting. A high ratio of ABA -IAA and GA3 at high temperature 
was unfavorable for fruit-set, but could be overcome by exogenous auxins and GA3. 

Introduction 

Tonato production in the tropics is beset by many probhlems. and one of tile mnijor ones
is poor fruit-set (Villareal. 1980). At high temperalures, the probability of floral abscission is
usually low jutS befi r anthesis but high or a few days after anthesis (hiwahori. 1967). Maximum 
day and minimum night temperatures above 32"C and 21 "C. respectively. are known to limit
fruit-set due to anl impaired complex of physiological processes in the pistil, resulting in floral 
or fruit abscission (El Ahniadi and Stevens. 1979: Kuo et al. 1979: Pickcn. 1984). Exogenous
applications of synthetic auxin chhorophenoxyacctic acid (CPA) and synthetic cytokinin
(N-6 benzyladenin. ). are able to overcone reduced fruit-set induced by 4 to 5 hour exposure
to 40'C at anthe,,is lwahori. 1968). and endogenous hornones are iniplicated in the process
ol pollination. fertilization and abscission (Kuo et al. 1986: Mapelli et al. 1978: Sawhncv. 1984:
S'ut and Bangcrth. 1981: 1983: 1984). The facultative parthenocarpN ol certain tomato lines
expicssed at high tc, peratures isalso associated witi endogenous hormones (Georue et al. 1984).
Attempts have been fnauc to relate the hormonal changes to tomato fruit-set under short periods
of stressful high temperature, where reduced indole-3-acetic acid (lAA) content in developing
fruit (Iwahori. 1967). and reduced aux in and gibberellic acid (GA) content in floral buds and 
young fruits (Kuo and Tsai. 1984) were reported. There has been little investigation. however. 
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on the hornonal changes. especiall'hi u'nilones )ther than a1LIXIns and GA. in the process of fruit 
setting under stressed growing conditions. 

The purpose of this study' was to analvze the changes of auxin (IAA). GA. cvtokinins 
(dilhydrozeamin riboside-diHZR and eatin riihIsideR-ZR . and a natural hormone inhibitor abscisic 
acid (ABA) in the tomato pistil during llowering and fruit-set to understand the hormonal 
regulation of fruit-setting processes under stressful and opttimal growing temperature conditions. 
A possible relationlship betw% hormones and 'ruit-set Of Seeded and parthenocarpic tomatoeseel 
When exposed to hot and Cool Seasons %\it.as explored. 

Materials and Methods 

Plant Material 

Four tomato lines ITK-70, CL 1131.I f tat iVe parthenoca rpic Severian in. and (S X P)-0-4 
(a progeny of Severianin x Positional Sterile] were crown ho0til tie field during tile season. 
and three lines [Cl. 1131. TK-70 and Pl t)13 (aprogen\ ol Severianin ' Heinz 13501fL during 
the cool season of 1984 '85. A randOIlnited co)leteC block designh x ith three replicates, each 
with 32 plants, was enployd fIOrboth season:.,. Floral buds at 2 davs bl')ere anthesis (2 IBA). 
flossers at anthesis, and 3 and 6 days after anthesis I, antd 6 lAA) from each replicate \%ete 

COntinutousl\ sampled Jul, to 31 hot Season,.'rot 18 (35 das .aftterfield planting) for tile and 
l)ecember I (45 lays after fiCld ) II cool s.eason. Wcilt-plnltin for tile tald rane',.) of 
iliaxilItuiL and inininuni , mom ield to Sampling 33.(tenlmperalUr I'ilO planting last ,ect' 
(28.0'-35.(0' I and 24.7- (23.0 -20.0'). respccti\el., for the hot season: and 27.()W (2 2. -32.0) 
and 18. 1 ).0--22.0W ). i respecti cl\, FOr tile cool season. 

Extraction and Purification of Hormones 

Pistils v crc excised fron floral bnds and open f1o0%srs. \%ere l'croLnI tThey ed accordigi 
tile cilCed. gelited separatelxfield replication. aind then coulIted and \ Each replicate \!its hint 
with cold 8(1)' methanol. 2)4 hours at 4°C. TheAfter filterinc. the residue was re-extracted !'or 
combined extract %wi,,evaporated under vac'Unillm (35'C(to alnaqueOUs solution, then added with 
allequal volume of 0.5 NI phosphate buffer (pHl 8 .0). and purified with polvviinvlpvrrolidone 
(PVP). The PVP slurr\ filtered and elUtCd w ith 5) nil of40.5 M pho)sphaiC pIH I8.0).was buffer 
"[ile filtrate waS adjusted to pH 2.5 %,ith0 N 11CI. and then partitioned three tines with equal 
v)I lInes of eth\iacetate. The etll lacetate phase was e\ aporaled to dr lIeSs under \acItlin (35 C() 
taken up in 0.5 Inlmethanol, and separated h\ liealis of thill-la\ c ol 0.3 ninohroni.lo.trli 
silica gels (Silina) using chlorlforin:elil\ IhCclae:acetic acid (12 8 : 1.v as solvent, The 
chromatogrami \\as divided into 1)equal Iractions, and the fractions which corresponded to 
ABA. GA, and IAA %\ercseparately scraped Off alld Cluted with ethvlacettc and nMethinol 

I : I.v/v). The eluLed solution %asevaporatled It drVness and stored at - 15 C until ftrther 
analysis with high perf(Ornance liquid chrlIrnZI1ography (HPLC). For the extraction of cytokinins. 
the aqiUeous phase, aftir partitioning wvith ethvlacetate at pH 2.5. was readjusted to p1] 8.) with 
I N NaOH. and partiliOed three tinics with n-butainol. ThC I-butaIlII fraction \%,as ev'porated 
t) dryness under \ actiuuin (45 ('and stored at - 15 C. 

Quantification of Hormones 

'Tie horional conteit :)f extracts Was qualtilied by the Water Associates I-PIC s\'slel 
consisting of one solvent deliver\ s\, em liniode] 6000A), universal injector U6K). variable 
wavelen-eth absorbance detector (niodel 44(). a Merck [-i-Chrosorb RIP- 18 110 Iinlcoluin. 
Perkin Ehler recorder tnodel 56). and l-lewlett Packard inltCraltor (mtodel 339)A). The Sanple 
was dissolved in 25(1, methanol and I0-1511 were injected. For elution. a solvenl sy'stii of 
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methanol:water:acetic acid (45 : 55 1.2. v/v) at 1.2 mIl/min was used for ABA, GA3 and 
IAA. For ZR and diHZR acetonitrile 10 mM ammonium1 acetate (15 :85, %/%,) at 1.0 ml/miin 
was used. Hormones were detected at 254 nm. and quantified by standards of (+) cis-trans 
ABA, GA 3, IAA, ZR and diHZR. All measurements were repeated three tinies with three 
replicates for each treatment. 

Application of CPA and GA3 

Plants ofl"'K-70. CL 113 1.Severianin, and (S x P)-0-4 (oi PT 944 in the cool season) 
were grown in a randomized complete block design with three replicates, each with 32 plants. 
next to the field used For sampling the reproductive organs. Plants were maintained as double 
stems. The entire clusters, with their first flowers newly opened, of the second to sixth clusters 
were briefly dipped once in CPA (100 nig/I) or GAi (400 rag/I) in (1.02'7, Tween 20. or only
in 0.02 ')Tween 20. Fruits were harvested 51 day's after planting in the hot season, and 62_ 
days in the cool season. Data orn fruit Yield/plant. number of fruits/plant, fruit size. and number 
of seeds/fruit were determined. The percent frit-set of' each cluster was also calculated. 

Results 
In the hot season the ovaries in all lines eradually increased in fresh weight front 2 DBA 

to anthesis. Thereafter. the ovary growth of CL 1131 and TK-70 arrested, but Severianin and 
S x P-0-4 continued a rapid growth hetween 3 and 6 DAA. In the cool season the ovary of 
CL 1131, PT 1(113 and TK-70 increased :teadily front 2 DBA to 6 l)AA. except where there 
was a rapid growth of Cl. 13 1 between 3 and 6 I)AA (Figure I). 
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Figure I. The growth patterns of tomato ovaries during the initiation of fruit-set. Mean
 
separation by Duncan's multiple range test, 
50o level. Within each sampling 
time, points followed by the same letter do not differ significantly. 
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The IAA level in the pistil decreased from 2 DBA to anthesis, which was the lowest among 
various developmental stages determined in Severianin. CL 1131. and TK-70. in tie hot season 
(Figure 2). Severianin had tile highest IAA level at 2 DBA. The IAA level increased after anthesis 
in Severianin, CL 1131. and TK-70 until 3 DAA and decreased thereafter. TK-7() had the highest 
IAA level at 3 DAA and (S x P)-0-4 maintained low IAA levels after anthesis. In the cool 
season the IAA level also decreased fron 2 DBA to anthesis. The apparent increase in the IAA 
level did not occur until after 3 DAA in TK-70. In general. IAA levels of corresponding 
developmental stages were higher iii the cool season than in the hot season. 2.6to 6.5-fold for 
CL. 1131 and TK-70 at 2 )IBA and anthesis. except with TK-70 at 3 DAA in the hot season. 

The GAi level in the pistil was higher than tile IAA level in both hot and cool seasons. 
In tile hot season, it lccreased from 2 [)BA to anthesis in TK-70 and CL 1131 whereas no or 
little decline occurred in Severianin and S x P-0-4 (Figure 3). The GA 3 level peaked at 3 DAA 
for Severianin and TK-70 in the hot season and decreased after that. In the cool season the GAA 
level of TK-70 also desceLeL front 2 )1BA to anthesis. The GAi level of corresponding stages 
,,serc higher in tie cool season than in the hot season. 7to 01-fold for CL 1131 and TK-70 at 
2 DBA and anthesis. 

The ABA level in the pistll was substantially higher than the IAA and GA. levels in the 
hot season: it also decreased froin 2 DBA to aillesis. and increased thereafter to maxima at 
3 and 6 DAA for TK-70 and CL. 1131. respectively (Figure 4). In the cool season. ABA levels 
apparently did not change hel'ore and after anithesis. 

In contrast to IAA and GA 3 . ABA levels of corresponding stages were higher in the hot 
season than in the cool season. I to 4-fold for Cl. 1131 and TK-70 at 2 I)BA and anthesis. 

a Hot season Cool season 
2,200 *-e Serverianin 

*--a SxP-0-4 
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Figure 2. IAA content of pistils during the initiation of fruit-set. Mean separation by Duncan's 
multiple range test, 50o level. Within each sampling time, points fo!lowed by the same 
letter do not differ significantly. 
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Figure 3. GA 3 content of pistils during the initiation of fruit-set. Mean 
separation by Duncan's multiple range test, 51o level. Within each 
sampling time, points followed by the same letter do not differ 
significantly. 
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Figure 4. 	ABA content during the initiation of fruit-set. Mean separation 
by Duncan's multiple range test, 50o level. Within each sampling 
time, ooints followed by the same letter do not differ signi
ficantly. 
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In contrast to IAA. GA3 and ABA levels in the pistil, the ZR level increased in both seasons 
fron 2 DBA to 3 l)AA heiore declining, except with TK-70 in the hot season (Figure 5). 
Severianin and S x P-0-4 had lowest '.R levels at 6 l)AA in the hot season, whereas Cl. 1131 
had the lowe.it level at 6 DAA in the cool season 

The diHZR level ofCL 1131 and TK-70 increaSed from 2 DBA to 3 DAA in the hot season 
(Figure 6). In Severianin it decreased from preanthesis to anthesis then slightly increased, whereas 
in (S x P)-0-4 it peaked at anthesis. Both Severianin and (S X P-0-4 had lowvest diHZR levels 
at 6 DAA in the hot season. In the cool season, the diHZR level o1" PT 1013 and CL 1131 
decreased fron 2 I)BA to anthesis then slightly increased to 3 DAA belOre declining again. 
In the hot seaS0 l. parlhenocarpic tolatoes generally maintained lower levels of ribosidic 
cvtokinins alter anthesis than seeded tolatOes. 

In the hot season, neither C. 1131 no- TK-70 was able to set any fruit without exoCenous 
CPA or G;M (Table I). which substantiallh increased fruit-set in all entries. Cl. 1131 had the 
highest fruil-set with CPA or GA . GA w\as more effective than CPA in evoking 1'ruit-set in 
Severianin and iS X P-)-4. There \as a decreasing trend (if fruit-set with increasing order 
tifcluster. Both CPA and GAi increased fruit viCld, of CL 1131, Severianin and (S x P)-0-4, 
however. only CPA vas effective in TK-70 (Table 2). GA; increased fruit number in CL 1131. 
However. CPA was nlore effective than GA; in increasing fruit suie. GA; was f'Mnd to decrease 
fruit size of Severian in and (S ^,P)-()-4. In all entries CPA or GA; application resulted in 
seedless fruits. In the cool sCason, the fruit-set was hih wNvitlotU CPA or GA (Table 3). With 
the exception otG(A; on Sc erianin. neither CPA nor GAk itmproved the fruit-set. There was 
also a decreasing trend in fruit-set %\ith increasing Order of cluster, regardless of treatments. 
CPA increased frInil ill wvhercas GAi decreased fruit yield inTK-70 (Table 4).yield PT 944. 
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Figure 5. ZR content during the initiation of fruit-set. Mean separation by Duncan's multiple
 
range test, 50o level. Within each sampling time, points followed by the same letter
 
do not differ significantly.
 



144 	 Kuo, Chen, Shen and Chen 

3 H Severianin Hot season 	 Cool season 

*-U SxP-0-4 0
 
-A---PT 1013 :
 

I O---0 CL 1131 1
 
-- TK-70 

LIn 6-	 b~/ b -- '.°°
CM 	 b 

_~ I \/"
 

4I
 

NJ /7 bc C 

3 a 
Ca 

a a

2[-	 a b* 

01 	 I I I I 
-2 Anthesis 3 6 -2 Anthesis 3 6 

Days
 
Figure 6. 	 DiHZR content during the initiation of fruit-set. Mean separation by Duncan's 

multiple range test, 5% level. Within each sampling time, points followed by the 
same letter do not differ significantly. 

Table I. 	Effect of CPA (100 mg/I) and GA 3 (400 mg/I) on fruit-set (%,)of tomatoes during 

the hot season. 

Fruit-set (0o) 

Entry Chemical Cluster order
 
2nd 3rd 4th 5th 6th Mean
 

CL 1131 CPA 83 az 77 a 74 a 72 a 69 a 76 a
 
GA 76 a 75 a 85 a 77 a 76 a 78 a 
CK 0e 7de Of 0c 0e I g 

TK-70 	 CPA 46 cd 53 b 24 cd 16 c 13 c-e 30 de
 
GA 3 42 cd 23 cd 21 de 38 b 26 bc 30 de
 
CK 0e 0e Of 0c 0e 0g
 

Severianin CPA 46 cd 42 bc 37 bc 36 b 27 bc 38 cd
 
GA 3 70 ab 54 b 49 b 51 b 24 b-d 50 b
 
CK 30 d 17 de 8 ef 9 c 9 de 1s f
 

(S x P)-0-4 CPA 43 cd 23 cd 25 cd 4 c 22 b-d 23 ef
 
GA3 52 bc 41 bc 36 bc 38 b 36 b 41 bc
 
CK 10e 6de 2f 2c I e 4g
 

Mean 42 35 30 29 25
 

3 


ZMean separation 	within columns by Duncan's multiple range test, 50o level. 
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Table 2. Effect of CPA (II0 mg/I) and GA 3 (400 mg/I) on fruit-set, fruit yield, fruit number and fruit size 
of cluster 2 to 6, and seed number during hot season. 

Entry Chemical Yield Average fruit Average fruit Seed no. 
(g/plant) no./plant size (g) /fruit 

CL 1131 CPA 793 a' 27 b 29 e 0 
GA3 367 c 34 a II f 0 
CK 0d 0g - 

TK-70 CPA 544 b 6 d-f 88 a 0 
GA3 38 d 4 fg 10 f 0 
CK 0d 0g - -

Severianin CPA 820 a 9 c-e 88 a 0 
GA3 747 a 14 c 53 c 0 
CK 321 c 4 e-g 72 b 0 

(S x P)-0-4 CPA 431 bc 5 d-f 81 ab 0 
GA3 409 c 10 cd 41 d 0 

CK 84 d I fg 89 a 0 
ZMean separation within columns by Duncan's multiple range test. 50o level. 

Table 3. Effect of CPA (100 mg/Il) and GA 3(400 mgil) on fruit-set ('a) of tomatoes during the cool season. 

Fruit-set (0o) 

Entry Chemical Cluster order 

2nd 3rd 4th 5th 6th Mean 

CL 1131 CPA 97 abz 96ab 100a 98 a 98a 98 a 
GA3 100 a 97 ab 99 a 96 a 95 a 97 a 
CK 93 a-d 99 a 97 a 88 ab 88 ab 93 ab 

TK-70 CPA 73 de 63 c 64 cd 56 c 51 d 62 d 
GA3 73 de 77 bc 68 cd 63 c 69 b-d 70 cd 
CK 77 c-e 61 c 61 cd 68 bc 50 d 63 d 

Severianin CPA 97 b-e 75 c 72 cd 71 bc 66 b-d 73 cd 
GA3 90 a-d 81 d-c 76 bc 80 a-c 81 a-c 81 bc 
CK 73 de 76 c 51 d 62 c 58 d 64 d 

PT 944 CPA 77 c-e 77 bc 76 bc 74 a-c 52 d 71 cd 
GA3 70 e 79 a-c 76 bc 75 a-c 72 b-d 74 cd 
CK 82 a-e 67 c 58 c 56 c 65 cd 66 d 

Mean 84 79 75 74 65 
ZMean separation within columns , Duncan's multiple range test, 50o level. 

Table 4. Effect of CPA (100 mg/I) and GA3 (400 mg/I) on yield components, fruit-set and seed 
number of clusters 2 to 6 of tomatoes in the fall season. 

Entry Chemical Yield Average fruit Average fruit Average seed 

(g/plant) no. 'plant size (g) no./fruit 

CL 1131 	 CPA 1469 efL 33 ab 44 e 17 ef 
GA3 1162 f 33 ab 35 c 52 d 
CK 1248 f 3/ a 33 e 88 b 

TK-70 	 CPA 2588 a 21 ef 126 ab 14 e-g 
GA3 1724 de 23 d-f 74 cd 71 c 
CK 2547 ab 28 b-d 90 c 15 a 

Severianin 	 CPA 2539 ab 21 ef 120 b I h 
GA3 2217 a-c 30 bc 72 d 3 gh 
CK 2161 a-d 24 de 90 c 24 a 

PT 944 	 CPA 2595 a 18 f 142 a 5 f-h 
GA3 2090 b-d 26 c-e 81 cd 21 e 
CK 1966 cd 23 d-f 86 cd 78 bc 

ZMean separation within columns by Duncan's multiple range test, 5% level. 
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CPA decreased fruit number and fruit size of TK-70, and increased fruit size of Severianin and 
PT 944. GA 3 increased fruit number but decreased fruit size of Severianin. Both CPA and GA.; 
decreased seed number, with greater reduction by CPA than GA 3. 

Discussion 

ABA, auxin, GA, and cytokinins are shown to be present in the flowers of tomato dlwahori. 
1967; Kuo and Tsai. 1984: Leonard and Kinet. 1982: Sawhney. 1984: Sjut and Bangerth. 1981: 
1983: 1984). The present study demonstrated that these horniones were also prcsent in the pistil 
of tomato prior to anthesis (Figures 2, 3. 4. 5 and 6). which raise questions concerning their 
exact role in the pistil. GAs are required for ovule development (Sawhney. 1984). and floral 
fertility (Groot et al. 1987). High ABA le\ols inhibit pollen germination (NMcteod. 19 7 -,. Iln 
contrast to ABA. both IAA an1d GA promoted in vitro pollen germination and pollen tube growth 
(Kuo et al. 1979). It is thus possible that the Icducd a.uounts of IAA and GAs and the increased 
amount of ABA in tile pistil prior to Mthesis at high temperatures might reduce tie normal pistil
development and tle chance of fL'rtilization. 

The fact that levels of IAA and GA. declined to tile iiinliun at anthesis and then increased 
(Figures 2 and 3) was also observed by others (Kuo and Tsai. 1984: Mapelli ct al. 1978: SJut 
and Bangerth. 1981: 1984). This probably was responsible for the retarded ovary erowth and 
the increased abscission at anthesis. The ovar, would not resume growth (Biluncr--Kibler and
 
9angerth. 1983: Mapelli et al. 
 1978: Sjilt aid Bangerth. 1983) until nolliMatioli or fertilization. 
which took place at 2 to 4 DAA (lwahori. 1967). The concentration ofGAs in the pollen (Tsao. 
1980) could be al important. although not necessarily tile o11. factor in Sustaining a hiIher 
GA 3 level than IAA level in tile pistil (Figures 2 and 3). 

High temperature is known to reduce lAA and GA-like substances in young fruits of totiato 
(Kuo and Tsai. 1984), and al xinS in developing fruits between 5 to 10 DAA Iwahori. 1967). 
The present study shows that the tomato pistil at postant hesis of hot season al so had low IAA 
and GA3 levels (Figtures 2 and 3). On the other hand. CxoLMnouS CPA or GA; were able to 
ovcrcoime the poor or absence of fruit-set ill the hot season (Tables I and 2). 

These results suggest that the reduction of both IAA and GA 3. due to high temperature, 
was accountable for poor fruit-set in the hot season. Regarding the role of IAA and GA 3 int 
fruit-set, the high IAA level in the pistil could be ai important factor in dheir resistance to 
abscission because IAA is known to inhibit torato flower abscissitn (Roberts et al. 1984). On 
the other hand. GAs enhanced xylem differentiation tBangcrth atid Sjut. 1978t, therefore, they 
might increase auxin transport thus. preventing abscission. 

The developing seed has been the source of ABA (Sjut and Bangerth. l ,;:'3). Ho\wever, 
the low A13A level iti the pistil in the cool season IFiguUre 4). alotrg with reduced secd forination 
in hot season ('fable 2) due to reduced pollinations ard fertilization (E Ahmadi and Stevens. 
1979: Kuo ct al. 1979: Picken. 1984). seem to refute the sue ,,estiorl that the developing seed 
is the only source of ABA. Hiuh ABA contents in tie leaves were associated with high 
temperatures (Daic and Campbell. 1981). with greater increases in the roots than tie leaves 
under stress conditions ICornish and Zeevaart. 1985). Thus. high temperature might increase 
ABA levels in the shoot or root, and later the ABA could be traislocated to the pistil. Since 
both GA and ABA are products of the terpenoid pathway ofbiosynithcsis (Scibder et al. 1980).
it is also possible that the GA synthesis took precedence over tile ABA synthesis ii tie coo]l 
season. As plants became stressed. synthesis of GA declined. pefrfiittiig tile sytliesis of relativelv 
greater amounts of ABA. Since ABA caused abscission of pedicels (Kuo et al. 1979: 1986).
the high ABA concentration over IAA and GA in the pistil before and after anthesis iin the hot 
season could be a major factor in the high probability of abscission. 

Both zeatin and dihydrozeatin are naturally occurring cytokinins. Their ribosides w\ere wrore 
mobile but less active than free cytokinins (Palmer ti al. 1982: Senibdcr ct al. 1980). The root 
system was a main site of zeatit and zeatin riboside synthesis (Koda and Okazawa. 1978). and 
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their balance was subjected to alternation by soil temperature (Mcnhenett and Wareing. 1975). 
High ZR levels during the period o'anthesis to 3 DAA (Figure 5) indicate that this less active 
form of zeatin was translocated from the xylem sap (Van Staden and Menary. 1976) to the pistil,
where it was converted to a m.ore active form. During the period of preanthesis and early 
postanthesis stages, the ovary growth was mainly attributed to cell division, and at subsequent 
stages, to cell expansion (Bohner and Bangerth. 1988: BIunger-Kibler and Bangcrth. 1983; Mapclli 
et al. 1978). High endogcnous cytokinins were responsiblc for cell division in the ovary (Abdel-
Rahman etail.1975: Bohner and Bangerth. 1988: Mapelli. 1981). Since /Catin and its riboside 
are known to be convci'ted into il-IZR and its rib Side. degradati m metabolites of zatin (Sembder 
et al. 1980). it is possible that high temperature caused rapid conve\rsion of+ZR to diHZR 
(Figures 5 and 0) bel'ore it could be f"rtlts. active zeatin for cell division. Thisan was 
supported b\Nthe f'act thlt the high ZR alldiHZR contents of' Cl. 1131 and TK-70 after 
anthesis (Figures 5 and 0) were associated w\ith the smallest ovary growth in the same interval 
(Figure I). 

The high level of' IAA before anthesis (Figure 2) and low ribosidic cytokinins after 
anthesis (lFigurcs 5a.d 6). I'oud in parthenocarpic Secverianin and (S X P)-0-4. were in 
accordance with other parthenoca;pic tomatoes (Mapelli. 1981: Mapelli et al. 1978). 
Parthenocarpic Sevcrianin under high temperature conditions still produced adequate IAA 
(Figure 3). ilspite of possible heat daIMatCge on parts Ol' reproductive organs, to counteract 
tile
potential abscission caused b\ high a ABA level (Figure 4). ()n the other hand. IAA 
peaked at 3 I)AA and corresponded to the approaching end of cell division and the 
beginning of cell expansion (Nlpelli et al.1978). Thus. it is possible that a high IAA 
level is related to the start of cell expansion pr ceses, which take precedence over cell division 
caused by cytokinins. 

Varietal difference in fruit-settilg rates ot+ftomatoes with an eqtlll alllounl of CPA or GA 
in the hot season (TableI) coUld be lttributed to variations of' endogcrnous GA. IAA and ABA 
before and after anthesis. or varietal receptik ehess towards different kinds of GAs. Both TK-70 
and Severianin contained high GA- le els at 3 DAA. TK-70 also had a high IAA level at the 
same stage. It is possible the\ did not require excess CPA and GA3 for fruit-set: however. the 
highest ABA level of TK-70 at 3 l)AA could cotunteract exogenous CPA or GA; on frui:-sct 
at high temperature. Thus, TK-70 was less responsive to exogentous CPA or GA.. The fact that 
CL 113 1was most responsive in fruit-set to exogellouS CPA or GA3 could be attributed to low 
IAA and GA 3 in the pistil (Figures 2 and 3). The decreasing trend of fruit-set with increasing 
cluster order (Tables I and 3) could be a result of first-induced fruits having a dominant effect 
on the growth of later induced ones. 

With respect to fruit size. GAi-induced fruits \erc smaller thall the nonlreated control 
or CPA-induced fruits in tilehot season (Table 2). This may be due to tilelimiting effect 
of GA3 on cell division (Sjut and Bangerth. 1983). The high ratio of' iA,:; itxin was dctri
mental Ior the growth of tomato fruit, (Bangerth and Sjut. 1978). Similarl, . the high 
GA3 level or GA'aUxin ratio at 3 and 6 DIAA of CLI 1131 in the cool season (Figure 3)
could account for its small Iruit size under favorable, cool temperature conditions (Table 4). 
On the other hand. ABA concentration in distal. small fruits was sho\n to be higher than 
that in proximal. large fruits (Ho et al. 1983). Therelfore, it is possible that the high ABA 
level in the pistil (Figure 4) could also contribute to the small fruit size. in general, in the hot 
season (Table 2). 

The developing seeds are recognized as the source Of auxins and GAs needed for fruit 
development (Varga and Bruinsma. 1976). High temperatures prevented normal pollen and ovule 
development and enhanced style elongation (El Ahmadi and Stevens. 1979), hence the failure 
ot :"ertilization for seed forniation. This may he responsible 1'0,parthenocarpic fruits induced 
by CPA or GA3 . or spontaneous fruit-set inl induced bygenetically p:rthenocarpic Severianin 
high temperature (Table 2). Oi the other hand. although the cool season was ideal for thc normial 
process of fruit-setting, the rapid ovary enlargemnent caused bv CPA or GA3 might still prevent
fertilization, resulting in reduced seed formation (Table 4). 
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Conclusions 

From the foregoing information and the known physiological properties of the hormones, 
there is little doubt that auxin. GAs, cytokinins and ABA in the pistil act alone or interact to 
influence fruit-set of tomato. Since information on the chemical nature and the metabolism oi 
the hormones in the initiation of fruit-set i:,still far from complete, it remains a matter of conjecture 
as to how they may be interacting under high temperature conditions. Considering that increased 
ABA levels and reduced GA 3 and IAA levels (Figures 2. 3 and 4) have correlation with respect 
to poor fruit-set in hot season, and vice versa in cool season, therefore. it would he plausible 
thaz the ratio of ABA : IAA and/or GA 3, which is liable to altcration by high temperature, is 
responsible in controlling fruit-set. 
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Abscission of Reproductive Structures in Pepper: 
Causes, Mechanisms and Control 
H.C.Wien, K.E. Tripp, R. Hernandez-Armenta and A.D. Turner 
Department of Vegetable Crops, Plant Science Building, Cornell University, Ithaca, 
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Abstract 
The most frequent causes of abscission of pepper flowers, fruit and flower buds 

are environmental factors such as heat, drought or low light cond!'Ions, diseases or 
Insect pests. When at least some of these stresses are present, abscission appears
to be mediated by ethylene generated within the reproductive tissue. Although the 
synthetic auxin NAA is very effective In preventing abscission of disbudded pedicels,
the same compound does not prevent abscission of shade-stressed buds. This indicates 
the involvement of other compounds in growth which help prevent abscission under 
stress. When stress is imposed on pepper plants during reproductive growth, the 
susceptibility of reproductive structures varies with age of tissue: from open flowers 
(most susceptible), buds, young fruit to old fruit (most resistant). The best approach
to abscission control is the development of resistant cultivars. Screening method3 that 
identify genotypes resistan( to stress-induced abscission have been developed. Of these,
the use of ethephon sprays to mimic the ethylene generated by stress has proven
effective and easy to rnply. 

Introduction 
Loss of flower buds. Ilowers and vn llllg annuam L.) is one offruits in pepper (Capsicwn 

the most important factors limitining the production of this crop in hoth teiperate and tropical
conditions (AVRDC. 1986, Greenleaf' et al. 1978: McGraw and Greig. 1986: Minges and
Warholic. 1973). While the disorder is most often associated with larue-fruited sweet peppers
such as the bell types (Cochran. 1936: Rylski and Spigelnian. 1982: Sawahata et al.1980),
similar observations have also been m11alc ol three cultivars of chilli pepper (Dorland and Went. 
1947) and on "hot' pepper (Song et ai.I9)76). Within and aniong these types, however. 
considerable varietal differences appear to eXist. which allow cultivar ,election fkr better fruit
set under adverse environmental conditions (Greenleaf ct al. 1978). The develOpment of abscission 
resistance selection techniques requires an understanding of the causes and lie mechanisms of 
reproductive structure abscission. These are covered in the present paper. before reviewing
possible screening techniques that might identify superior genetic material. 

Causes of Reproductive Structure Abscission 
Environmental stresses such as extrenies of'temperature, lack of moisture, low light conditions 

and an imbalance of nineral nutrients are most often cited as causes for lover and fruit drop of 
pepper. Biotic stresses such as diseases and insect pests nmav also cause loss of lo\vwrs or flower buds. 

Temperature Stress 

The adverse effect of high temperatures on fruit-set of peppers has been reported by many
workers. Cochran (1936) compared growth and fruit-set of bell pepper plants grown in greenhoise 
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con part ment s in wh icli both dayatand night ternpratures differed. The hi ghbest ftuit-set l'ecetutave 
" as obtained at 2 1 16°C (day night). fllowed bv 27/2 1"C. At 38/32 0C. all flowers and Iflo\wer 
buds abscised . Siniilair results svere obtained M\ Solg et al. II970j. \who also observed decreased 
fruit-set as temperatures \sere raised from I8 '13 to 23 18 an,! 33 28'C. 

A comparison of the effect ot'different night teiwperatures at COStalnt dIa\ teiiipLrIatLure also 
indicated that higher tellp.ratureS hae ad\Crse Cects onl fr'i-set ( Dorland :Ind Went. 1947: 
Rvlski and Spigelnman. 1982. With a 27 aIt eliIcperattttre. Dorland and \Vent (1947) fOUId 
thlt fruit-set was Iest at 12.5 and 1.5'>C lightt Cllperture. alld decreased sharpl\ abos' tthis 
level. At 30-V'C night temperatture. flossci, failed to rClch anthesis, but absCised in the bud stage. 
Iransfer of' plants from vcr\ high to cool temperatures (38r 32 1 0 1 'C) at alth1iesis resulted 
ill100' Irit-set. althougL the fluits for+med staCd siall iald ,.erc Seedless Cochran. 1936).
R\ ]ski (1973) inipiro ed the si/c of' Such fruits h\ hland pollination, and adsoCated hIls teiiiperature 
regimc 'or ssintcr production of' bell pepeCr,' in Israel. 

Shade Stress 

Telperattu'e eff'cts, on fruiL-set tiut be colsidered toge.'thcr \\ith [he light lesels tinder swhich 
the ptilats aic gros I. lieht ctmdition1s of tileFor C\aIIIlC. under' the lOs IslaCli \iter in sshich 
peppers were grown, tenipcratures of'35/20°C resulted in I(X)", abscission (R'lski. 1973: Rvlski 
and Hales\. 1975). Yet the Same tenitpCratures inl the Iigh liht Cns ii'onnlettt of suinmer mudemr 
looi. water Illaaceimnt mliigh.lis\ at least Some fru1tit-set.
 

Light intensit mlma\ Inlpiilt.iit effect,. apart Itol its Interactiomi ,,ithteiiil)eratlrc.
aloie hats c 
Reducing light iituc ,it\ -0 to 75'; b\ shadime has becin lould b\ sxera)l \orkers to rCdutce 
production of' 1o\ erS. ail tO ads Cl+sC ;a1ct frUit-cit I Kato and 'fTanaka. 1971: Park :Mnd .leOL. 
1970: Sa\ahata ct al.190)). These Cpcrncits immposed -tCrmi I'momimomme shadc stress Ib¢1or 

tblesiII 111i0it the iing pCiod. Q)uAgliotti I I thLt sasmIIldonL shadinu,hrough c Ial. 1974) hi)tlllI 
treatllents of' 5)) or 7); shlde IredIucd Ios\\Cr ImmmI)CI"s. btll did InOt mossCel dC'C cse frtuit-sC. 
Imposition of' onme \%ck (d 80'( shadC. stilmue112 four da\s hCfor ;mmitlCsis. indem' sutnlem' field 
conditions ilnIthaca. N \sYork r',tltcd initabsCISSiollOf O); of i'epl'odLcti\e strUCtUrcs attlhe 
l nodes,, bSCissiot'lst ur comptrCd to 24'( o1 the Controls (\Wicl. mmplhlished). 

ReCdu1.cim the albient liehi cOnlitions I >6)) cal Cm'. IM ofte C Israeli slitlillC b\ onl 
12 or- 26'; Luing, opel-sided scCel c;algsC hatd no d1,ti'immenttl CIct on11fruit set, aIld inicrCasCL 
total and mimakettble ' icllIS ( Iski and SpigClian. 19 80a). liht rCduCtiomlof47';11reater \sas 
detitilenHtl tofruit-set. hoss e\Cr. ,redalso h'ilm productitl and the -m'opor'tiuon of' frutita 'eILced 
oilbranchcs. A siila!i C\e'imutct contdLiCtCd ill d\ ) Iosowsthe \sinter (400 to 25ff cal Cm. er. 
shss red at nodes. antd a Ol,-imtnti dlAt\ ill tulf w.henrced Iruit-set the ho\sest fruit 1rit\. 
lieht \vW, rducCd b\ onl\ 25'; iR ski and Spigclim. I98bh. The had.d plaills shsCsd t 
prololged pe'IOd of flrit-set. atnd prdi'cd a 22''; immleras Illtot1al siCld o,C the ulnshLdedCl 
plants. Scheck 11,72 appled 45'' shade 11 pepper sCCdlimngs berfoC trtiMsplantiimg atndIfummnid 
that the trealtiment incrcased plnlt si/c. After transplatititg to lte field, the shatde.d plaJtls pi''tiIcCd 
18(, umore the comtrols. sltlmm.am's\. s,hile hesi\ shadC HIM iCr'.ase itmsS ,3iid theCeI'ef[ruit thall Il i 
absCission. lilit shade ma\ bCnlit pe'ppeLr LoAl through rCduction ill imistlure stiress tld 
decrCesCdIStiscaild iniurx Of the I'ILit. 

Moisture Stress 

I'm\[plant moisturc stILs hasI beeii diCmOlstratlcd h\ se\eral s\sorkers to decrease fruit-se 
of ppper. ('oc :an 193), demonstrated that lo\ Soil imoisture Statts reduced the peCielntage 
of" fruits ,et. to adtequate ir SiniIlarI\. lieren 1970) showedCollmIared Ie I I I-i.2t I). 

that ir gation duine dr. 2roWineg seaslns incrcCasd the muimibei' of' flosvers OimMI.ed, anl the 
nmLnbcr ofIfmrit mtainCd On peppemr. ()thers blsC dimeum ItlIeid betier growth an ild'ieLdpeppersOmmf 
ssith supplCnentars irritgatio. but failed to prO ide data on Iruil set percentage (leese eItal. 
1982: Hed.c. 1987: (YSulli'am. 1972). 

http:OimMI.ed
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The degree of ifoistur.- stress required to reduce significantly bell pepper fruit-set appetrs 
to be very great. Hernandez-Arrnla (1985) showed that not until predawn xylem pressure 
potentials had decreased to !css than -1.5 MPa, a point at which the plants appeared severely 
wilted, were there measurable increases in abscission of reproductive structures (Table 1). More 
commonly, restricted moisture supply leads to reduced vegetative growth, lewer flowering nodes 
and therefore fewer flowers per plant. Although it was difficult to detect reduced plant water 
status on such plants, in comparison to plants given more water, yields and above ground dry 
matter were both reduced by 42% (Horton et al. 1982) 

At the other extreme, flooding of hot pepper plants was shown by Song et al. (1976) to 
result in wilting of plants, and an increase in flower abscission. Plants were able to recover, 
however, even after 40 hours of flooding. AVRDC (1986) also stated that peppers were less 
susceptible to injury due to flooding than tomato. 

80 
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Table I. Effect of cultivar and maximum predawn leaf xylem pressure potential (XPP) on percen
tage fruit-set under greenhouse conditions'. 

Maximum leaf xylem -.--ssure potential (MPa)
Cultivar 


-0.3 ± 0.1 - .5 t 0.2 -2.7 ± 0.2 Mean
 

Ace 73.6 ± 7.3 (5'Y 66.9 ± 10.0 (3) 54.0 ± 4.8 (3) 66.5
 
Lady Bell 65.2 ± 4.6 (5) 49.8 ± 4.2 (4) 29.5 ± 1.7 (3) 51.2
 
Shamrock 42.4 ± 3.0 (5) 43.5 ± 6.1 (5) 31.8 ± 2.3 (3) 40.4
 
Mean 60.45 51.45 38.46
 

zMain effects of cultivar, linear effect of XPP, and interaction were significant at the lo level. The quadratic effect 
of XPP was not significant. Analysis was done on log-transformed data. YMean ± standard eiror ISE). Number in 
parent ieses corresponds to the number of plants for which the mean was calculated. Percentages are based on 15 to 
25 hand-poliinated flowers per plant. 

Plant Nitrogen Status 

The influence of nitrogen on fruit-set of tepper has been the subject of consid,:rable debate 
in the literature. Most workers agree that low plant nitrogen status results in poor fruit-set 
(Cochran. 1936: Hoffman. 1958; Maynard et al. 1962). As nitrogen rates applied to the plants 
are increased, plant growth, yield and fruit-set are increased. At high rates of nitrogen, some 
workers have found that yields again decline (Knavel. 1977: Locascio et al. 1981; O'Sullivan. 
1979; Thoms and Heilman. 1964), while others noted only a leveling off of yield (Batal and Smittle. 
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1981: Maynard et al. I962). Yield decrease at high N levels was ascribed to soluble salts injury 
by LocasCio ct al. (1981). The differences in results obtained by different researchers can be 
ascribed to variation inantionts of N applied, soil tvpes on which the experiments were conducted. 
and rainftll ohtaittCd dturine1 rM\% in More work is necessary in this area to nonitorthe scason. 
plant N status,. ruit-set and Nield under ainunher of soil and climatic conditions. 

Fruit Load 

The ui.ctri. pctrn of Irut ,-sitin.in pcp nder faIorablC CnviroiltCntal conditions showsUirI 

an initia tI I 'C Ifruit. cd bh a Ipt'iod during \%hich theperiod in Mhich IIIONtl r et Iollot 

.¢rs (Fititre 2), the cirl\ lfuits cnlalrue the plant. vecetativeproduced asis As on cvCti 
th arndando\ production are 1970). .s the first fruil',niurC. Vcgetati\Cl-c inhibite'd (CIrei\ 

Oio\%lt. flo cl and L .Cepe.titlh ld"ITanaka. 1971:tIItM, fruit-,ttitte acainleslll t..e. the c\Cl2 (K;10 lata 
Sontlt al. 970). If ti iront icnital s lead, ,Ia eilslon of the c,.rl\ f ot\crs. the period 
tfsetting, t1(1\ r ,seh,,ii piio Ir, dcla cd (Figure 2). II'anid lhie sulbeluetiCt iot,, tdae pecti\ cl\ 

-lite.!rt' "sC soll I"short, the Ih \ 1. Or otMSC of cold \t yieldill- ile to Ceirii I u St.'l ,Clethtfr. 
allyvhe p1citctttlla ItI tl clc frUlt-Stllinc ,ttd I10%Cf- ab)tscission is aeduced hw ItIhe Jc 

pliluitlitetilltti cttIlIi to Itiall\ l hI.thlcOps healls i tsiu/ g'risfruit h tillg \ C tl tuch as h, ll 
de Stiter. 1969) and tomatocs (Hurd et 1979). If fruits 

arc tclltloCbhfwe the\ begiti theipid llrem_'Cent phas. I]lI rill 'ud fruit-,,CttiuIcbecome 
Ils cScfic. The C L' ItChanilloll t hl 0,1it.\ hcha.\tor is lItl (tld tiotd. 

L.I (Stobbe et al. 1966). cucumbCrs W il. 
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Figure 2. Effect of high temperature (35 25LC day night) for six days during bloom on daily 
flower production and frUit-set of Canape bell pepper Shaded areas on each graph 
represent number of flowers abscised of those that opened that day. Nonstressed 
conditions consisted of 25 20'C temperatures. Temperature treatments given in 
reach-in growth chambers. Before and after the six-day temperature treatment, 
plants were grown in a 27 21 'C greenhouse. 

Plant Diseases 

a nuinblc: o diseases, which serious economic 
losses (Boswell ct al. 1959: Laitimrdc and Pozo. 1982: Villalon. 1975). Generallv. the most 
Viruses. Pepper is attackcd b\ t0'irtis cause 
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Olnlillon S'nlllptollls expressed h pepper as a restill of' virtus infection are distortion and cohr 
changes in tie leaves and fruit, and plant stunnrtingrz. Soire 'iruscs that inlect peppers,. however. 
have CCn lolund to caiSe flos\Cl and IlosCer Iud ahscissiori. Cucuiiber mosaic \irus (CMV)
in parliCular has IbCeii Cited ias ct lsin .such s1pillns on peppers in \MCeico I .ahorde and Pozo. 
1982). ios\well et i]. ( 1959). Arios cli al. ( 198) anud IOShli and DLuie." ( 1973) noted 1hai (.'MV 
causes a SCs'Crc reductiiiI i irunil numher,, of infected pepper plants. 'Ihe nirechaniln of ihis 
redluctioil in frilt nuintbers, alnd the incrCascd Ibud and I]s1s (11dro1 irlated to ih 'ffetIlia\ he 
OI C'MV Ol pollCn. ('hauhaina.nd S.iiaia.i\i I 91If"TLIIlid that (',V inIction Io Isso ,Cksone M 
before floral bud rrrratior Cl to) the prodtlion Of iridelhiscell anrthers. and i lih percenitagei
oFIsterile polleI Aillud ala . 1h1 pepperplatn. (I e .i I7Q7 S. d thatI , deF eloped a fillIber o " 

norr;.iliiie.,, ofl bt hc ireriale aidC 1eniliC parl of tire Ilsers. incldinre di stuictiora l pollen 
aid pCtaloid anltlier, AitlIenoCuhlloI silhr ('NiV 

(lCr \ itiSS aallickil pepper a.\ also has c iillar effects. I.ocklilri and tiscier (1974i 
rCpor'Lt 1that potato virus ' lfeclior, Of pCppers in MoroccO rC'ultld ill 'rCatih rCduced fruit
set. ()Ilita 1197(01 induced pIle , Ihas ig air S-CviophillsIcuiilri pepper r filctor b\ inlfectionl 
sfihl tbacco rrrosaic \ isl s. broad ean %ill \ irUs or cucUlirbel iollsaic. 

Fungal and bacterial pathogens. None ofl tlr rialOr ion iral diseasCs alk'c'in eL er 
appear to CasC flossCr Or frtil diop. Bactcial ,por I.llolIilopi ' M Ni\11%.t esicalitiI 
aid pss dcr\ liilc17 nouiribth110111I/il/caetlC escrc\ dClIiaition (1dpeCIpper Hl hiri Cle , 
ll. ]955; Reu ei. c il. I1 . l9 sic\ Of e rlileC t c sil\iC ili cauLirrle bud albSCei,ior (s'C
heloss ). ii i iilcrestiin, toIteli thath acterial splt inictlioll is aciir1 llipci b all ilic lease ii 

eilr\ ic ipruidUct iu b infectedl asC es i[err- ) i Cil lt I9.L)01. [)e'lilliiri ui Iruii bthi i lth , is 
,, eritc,d bs ajplicatiii I..\.\.n ispra\ of 

Insect Pests 

I helite.'nrr c ln Ilnsct.lrpests k'r l IIIulill fairhlltillutf l she1 riote'I r lladr t lossof itlofsl er
 
bud, flok.lossr ,ur frull. The ,Lickinginsect 
 Lv i ,i has been slriss u reduce.tIumiirj rr fruit-sCt
 
and , icld of tloialc", in Ness York State. iose\ci I),rs is et a. l I 
 193 . . ha, had similar
 
effects oln other crop, such as Phia.seoh.. alfallir, and cottori (Tiligey and Pilleiier. 1977). In
 
cuss pca. Niegaliih tihrips at ack iii tie lai \cueati ,iea.e cal Icad 
 sts e.rc loss of" flosser
 
buds. raCillk dc'lli ig ' rrleveltirlhe the prOi.ctoiUl (I pods (Siih aind All en. 
 97). Since loss 
of f1 Ci Ilrd" bfor lrC sisIs laid I0 detcC in irC fiCld. iriscCi-caris(l bird dbsssil ill pepper 
Illd\ resLuireiiiire .rtellll. n 

Mechanisms of Bud, Flower and Fruit Abscission 

,Whell peppelplaiits s.s toll\)ce\e ir iuuitnl strss stch,ia uict. \s eek of 5(); slhIade 
dtring tire floss,errii period, upelliU ens sscrc the fIirt repruiduC'Lis, Oirill, ti0 be shed. IlllosCed 
h\ Iloser buds II ablC Appis) rL2. i tire shille tiress to plants, MsO s cks Olider rCsulted in iMore 
floss ers ind biL,, IbeiniL Is,; . ss \sl ri fruit \\ crc iia Theretainda.s,•Chil. lreunshad fruitit,_, 

J1ic 
the rapidl 1es h0Cpillg fruit. Hscr hid hlos, is pOiCiriialls inure ,erlustahll loss of llo\\Cs 
hcCause hud drip irub, irC plit lOfthe cipahilils hil el\\crfori sc"eral ssceks. and IhisI irras 
Prceril fruil priduciul COlC, the Cid if irC 210%\1 itn! ,C',in

TheliiC'iieirii bh)sMuich tire Pp[psCr plant catises ilbsci,iiu Ot it, rCproduelrisC stLrUctLUrs 
ULnder uifasiar\ihlCrC\irioliriCllta .lldllhouii, ha Ut \ICi'ei\Cl Ilterhulre 

plants also silt.rl o bd aid. lpir fll\kci h111ss.pruallli due i, lie siess iriposed h 

KeCr stnilicIf. 
iniestivations (i other speciCes ssllI e relied uplii ti suipplicmnit our evsing knosle\%CdgC. A
 
ellieral ilOdC.l Of 
 tie shreCdirre of1 sCtClai\C , r rCeprIodIlCI\C ,1u.ircairasicrie a k-elllrl role fih 

tile inrieractiuni of seceral plari gIro ili rIe.gulatOr, iidurced h.\ lire plant di cHr. I973; Morigan.
1984; ()sburie all.] NiCNla.ius. 19854). This irishe'l strtile, lh1lt it luncional. mnorrSCenese leaf 
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or bud produces auxin and other growth pronoters which diffuse out of the organ down the 
pedicel or petiole, and thereby prevent tile l'orniation of an abscission layer. Under stress 
conditions, or under the influence of disease or insect danage, tile injured leaf or bud increases 
the production of ethylene. a gaseous growth regulator which thus reduces the auxini production 
rate of the organ. decreases the rate of auix in transport dowi tie pedicel or petiole and accelerates 
tIle for;iitii.' n of atn abscission laImer. This simplifled model therefore postulates that it is the 
balance betweCen .'iess ethlce .llandaux in and perhaps other growth pronlotcrs produced by 
tile developi:lg organ. that determines whether tile bud or leaf will be retained or abscised. 

There is stile e%ideuce for the validit of, this molcl Ior pepper bud abscission. In some 

pepper cultiVaris, if buds arc re no Cd. leav in the pedicel stubs attachcd to (teplant. abscission 
of tile stub oCurs W\itbin 1W, da\, (Frai l 3). This abscission %%,Is plrescented h\ tile application 
of" lo\ le\cls of the s nthetic aLtxin. N.\A, into lte stub using iawick sstcn, CTablc 4). ()tiler 
grow\th promoters. such as gibberellic acid and the s\ uthetic cytokinin. henzvl adcniue. "Cre 
Imuch less effecti\c in pre\enting albc,,tsslonlland tld nlot increase the effectiscicss of loss levels 
of NAA. It thus appears that a in IMIducti h penper buds presents bud acstCisloll. 

Table 2. Abscission of flower b -s, flowers and r,uits of Ace and Shamrock bell peppers after 
subjecting plants to seven days of 8000 shade at flowering or at two weeks after flowering 
(fruiting). 

Abscission Ioi' 
Stage of Growth Shade level ('-:I Cultvar, 

Buds Flowers 
------

Fruit 

Flowering 0 Ace 0 0 
0 Shamrock 0 5 t 13 

80 Ace 30 - 9 60 t 55 

80 Shamrock 62 ± 16 100 ± 0 

Fruiting 0 Ace 38 t 39 0 0 
0 Shamroc', 98 - 7 49 ± 37 0 

80 Ace 42 2+ 22 79 ± 27 2 ± 7 
80 Shamrock 87 ± 14 98 ± 18 19 ± 24 

Data taken seven days after shade rernova 
1 'Mean - standard error (SEI 

Table 3. The effect of bud removal on time to pedicel abscission, and percent pedicel retention 
for three pepper varieties, grown in pots in the greenhouse.' 

Bud no Time of absc in (days) Retained (0)y 

Ace 54 2 28 I II' 13 

Lady Bell 60 I 50 ± 0 3 
Shamrock 46 I SI t 007 0 

'A total of up to six buds were removed per plant. fromi tiers I to 3 YRetained for 10 days after bud 
removal .Mean -- standard error (SE 

Table 4. Effect of NAA concentration on abscission percentage of disbudded pedicel stubs.' 

Abscission (10 ly 

. . .. -..N A A co n c ., mo l a r 
Expt I' Expt 2' 

0 83 a 80 a 
I x 108 39b 69a 
3 x 10 17 bc 62 a 

7 x 108 8 c 22 b 
I x 10' 0c 3b 

NAA solution infused into pedicel through a cottc, i thread-wick dipped in a vial attached to the plant. yAverage 
of three cultivars 'Abscission after seven and 14 days of treamient for Expt I and 2, respectively 



156 	 Wien. Tripp. Hernandez-Armenta and Turner 

Ethylene also appears to have a role in abscission of shade-stressed pepper buds. Ifpepper
plants were covered with 80% shade cloth for seven days, abscission of reproductive structures 
was increased significantly, and ethylene evolution by the buds also increased (Table 5). Samples
taken for ethylene determination for the data in Table 5 included both abscising and retained
buds. Ifindividual abscising buds were measured separately from those not abscising, a more
distinct difference in ethylene production was obtained (Tat le 6). Confirming evidence of theimportance of ethylene in abscission of pepper buds comes from the fact that infusion of ACC 
(I-aininocyclopropane- I-carboxylic acid), the natural precursor of ethylene, caused abscission 
of peppers buds (Table 7). However. another abscission-causing hormone, abscisic acid (ABA), 
was not effective in causing bud abscission at concentrations as high as I x 10'4 M. Thus ABA seems to play a different role in pepper !rom its role in tomato (AVRDC. 1987) or cotton (Guinn
and Brummett. 1987) with regard to abscission. 

Work by others with peppers also indicates the importance of auxin in the retention of flowers 
and fruit. A foliar spray of 5-10 ppm NAA at flowering was shown by Chandra et al. (1975)
to decrease flower drop moderately and increase fruit yields. Patil and Ballal (1980) reported
similar results with 20-80 ppm IAA. Judging from tie fairly high yields of the untreated controls 
in this work and in that of Chandra et al. (1975), the plants were not greatly stressed in theseexperiments. At higher concentrations of NAA (50-150 ppm), however, Rylski (1972) found 
a ,.uppression and delay of flowering. 

Table 5. Abscission of reproductive structures, ACC ( I-amino cyclopropane- I -carboxylic acid)
content of flower buds, and ethylene evolved by these buds as a result of a seven-day
8000 shade treatment in the field.' 

Treatment Abscissiony Ethylene evolved, ACC 
('0) (nl:g/h)x (n moles/g)x
 

Open 
 32 	 0.171 0.202
800o Shade 
 44 	 0.515 0.464
Significance ...
 NS
 

Zbata are averages for three cultivars. YAbscission one week after the end of a seven-day shading treatment. 
 XACCand ethylene were measured on day six of a seven-day shade treatment. 

Table 6. 	 Ethylene evolution by individual excised pepper buds, as influenced by seven days of
 
8000 shade.'
 

Cultivar Ethylene (nl/g' h)y
 

Unshaded Shaded, nonabs. 
 Shaded, absc.
 
Ace 0.21 t 0.40 0.05 ± 0.06 0.30 ± 0.26

Lady Bell 0.20 ± 0.22 0.30 ± 0.19 1.19 ± 0.72

Shamrock 0.33 ± 0.24 1.70 ± 2.26 2.19 ± 1.70 

ZValues are averages of eight samples per treatment, incubated for one hour at 20'C in 4 7 ml glass shell vials. Samples
taken from field planting three of the field shading experiment YAverage of eight buds ± standard error.
 

Table 7. Bud abscission of bell pepper, cv. Shamrock, as a result of infusion of ACC, the prcci,Nor 
of ethylene, into the pedicel using a wick system. 

ACC Conc. 	 Abscission (00') 
Expt. 3 Expt. 6 Expt. 7 

0a 	 0x

I x 10.3 mM 22 b 0 x 

16m
 
"
 62 n
5 x 103 mM 	 100 c 64 y 100 oIX 10"2 mM 100 c 94 z 
 100 o
 

ZAbscission after seven days treatment. 

0 
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None of our attempts to improve fruit-set o shad,'-stressed pepper by app ication of NAA 
solutions o the developing buds and1LIopen lhOwCrs has been succCssIIl to date. SilVeira and Taborda
 
I)86) wcrc alst ,ilL'ab fruit-set 01' pepper grow iig ill
to i ip ri we in Unheated gteeiiiruhtSes 

Portugal in the winter i\ trcatment \%ilh s\'nthetic auxins naphthoxvacctiC acida nittire oft 'i 
and 2-41). Again. these results contrast \\it the cfficac\ of ihe s.nthetic auxins in tomato fruit
set ilmpro\'ement under 10\\ icIIprItaturS (Mann and Mines. I1947) alnd Under high tClCIraturC 
(AVRDC. 1)87). 

While tire abcissitn of pelpim also haeVCa alfto\erl orll hortl\ alter arithcis Illa\ horn 

IicChanisrir siririla that of" flo\ ci" rToip. tihe iiIIICdiatC CLauSC carl Often be a failu~re in
ito bLd 
lertilizatir olthie lls l Iothe dleclth hich tile Coruplel serics ,tCls in pollenlrci.colll'lrai 

de\helolp clt, ipollCn dChiseceCC, p)otllinlaltlo alld ,Cedect lldcr aL\crsc conditions has been 
inlC'tic'atCd in InII;alo (c.2. Kllo ctal. 19)71, tlinere hite been oil[\ a le\ such studie, inllPpr. 
Hoffman 1 1958) fo1und that uLLCr l0\o IiLht cOIlditiIns. I pper flo S sshowCd pOllcn tutbe 
dc cnerat ltl ifhe pistil so that littlepiollentreached rite mUilCs. Nitr'o1cir LificieneIfe\ OltC tcstitCd 
ill cs The elrCa1r.tioni of tlre stye evolid the alnthers.dc.eicratiotll of tie eritil' iL at arithICis. t 

1u,0nrllO iKlui I t)75)alsoa,1ireitienisvitrpiVltt of hiI iiriperattrC siress ill Cl al. CCtirs illIlrelPe. 

il. of the pepper floss er alios 
pollinrating. ilsects CL\ acce s to ihe pollel. Ic Clol ationl soutld not iorrali\ be a 
Cvel tlIed"CYrl Mnsess 0onditions, (I'r1\L IQ32). Since ilie iriorpiho ou, 

',t\ causC 
IPOr lack of fruir-Wci. Ii additioln. tile t ers ii rnain} pepperatv lcs facililateslIeriLllt aitiudi luhs\ 
pollen Iransfer b cro\ it\. 

The finli iill ernltineli ptI)-'iOusl\ . that uLdeL cuuol tCiiCrat1rtC conliiioCS pepe sCts fruit 
k%ithuint ,sdCs,. illdicaIC',that sedei is,Iot Csetial lio tLlit rictCition1 onltihe Iplait. lhe irorrironal 
hasis for parthlutcarpic fruit laei kitui\\ tedee stldied illpepper. Ir tomiratohato our not becn 
tile alid aU\ill Coitet Of aliC, O a Lit scrc iighrerCat antheiCSCell nLUlI"r, artheucirPic 
thar thosC of' irorIil seCLCd lite I iMapelli et a1.1978). Work iS treCtleli 1t relate tire content 
Of LrI,'Mill prhrtiruiriri arid ,.|s iii iniilitirig irurioes illLCsCh itloprIpCppC oMalic t fruit-set 
tllier a ralelC ol telliperattires. 

Control of Reproductive Structure Abscission in Pepper 

TIe bCst Str ic2. cOtItr'llill IOss f e rud'Lie i-yestrttIC itohetout ttires, i ilpper appeiars 
to take adslanta'c of' tire tretllerdotlls raire of h to cist ir pepper for thisvariabiiit that set, 
trait. Sttd\ of tie cenl, te ofriirr Otltire ctltiatCd C(Iun.Siu'tn iCS ildiCatcS that11Sl etrSpecies 
Illahe riore alsissiolil-eCsistallt llllier iosvlanrd tropical coiliition,,than olhers (Atrdres ". 1t)84: 
Pickersgill. 1971). Cap)siunm frtttsecens and C. c'hinense probably originated in the Amazon 
ba,,in 1)71) alid thrtis iOSt likely CiverisC to Cllti\ars .ddittl 1tohurt cOIlditinnS.IPickersiiil. t, lld 
MIesoatirrica is the Lcntcr of' di\crsits of C. amuiuuun. \where a ralrue of t\pes is ftunll growilig 
IrYOi thC %kat'IllIIil to the iidlie altittidC (l.aborde and Po o. 19)82). ()Ine]is could thretefore 
c\pecct Itofind a rirte tf, frulil-sel resirnse,p,tpe ithil thi, Spelcies. (Cap.xi'omn /mbi-rI m'.'was 
I'tild tiriirIal Ik at 2)))0 to 25)) i ecl good surce urfituatetialvation irr tire Andc',. arid miuit be at 

iruire adapted Itctool 5 earlier coilditioi,.
 

Despite tlre Iact that itiin ('011.i-1111 tinder advCrsC
riallit\ e\ists %\ for abilit\ to set frtuil 
ColrlitioirS. ir is Illtcte.i\ inCcessal\ itCombine this trait \%ith other desitahic characteristics 
,,Ici ai i chSdl. discasC rCsistarreC. etc. tilro11ch b-ccdirr. A screening Icci itiC is thIe n ieedeld 
ItClsilre that tie uuffsprirre Ipudt.IL'el ill tile brcclingi |' gtilr iS aiti alC to Mraintain fruit-sct 
Uirller sirSs. Ie ini0st direct 5\,a\Ioi acctmiplish ti, i,to StIbject tire lplant, itic01rllitiOlis tit 
CLIse abscissio . a,identified earliC. irus. tie irt cunrditions of' tile Taiwan sutmmer. Irtllitl 
ha\c becn tiused b\ AVRI)C t1i ttllatiO litreIs \Litllde\ Chopt abilit\ to set fruit iller high tCrip'ratlreCs 
Villareal atndl.at. 1978). 1trlttintaick . tcltratirC \driation Iltiritlg tire sCasur;.dril tie 

iliLence of' Ilisases anl irScCt pICsts. Ila\ o1bsCtir tile \arictal difl.ferenes. A cutnibinatitrn ol" 
hCat ald sihiadC stress ssasIe \isel It toiseCeCi toill:atucs hIr frtr it-,Ct. lirC\b\ Villareal L.ai ( 1)78 
cre\\ tire torra1t1 line, ill a shr.dcLl ill Cgreenhtlruse which tenperteltCreqtently xcectle d 40[C. 
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Under the temperate conditions of New York State. we have used plastic-covered tunnels 
to generate high enough temperatures to subject pepper plants to heat stress just before and during
anthesis (HernIandez-Ainlenta. 1985). In the hot, clear polyethylene-covered tunnels, three 
cultivars demonstrated superior fruit-set and lower flower bud abscission than the rest (Tables
8 and 9). 	Temperatre control in tunnels is very difficult, however, with the possibility of sudden 
temperature increases to injurious levels on sunny days. In addition. screening lines close to 
or at anthesis may necessitate different planting dates for eat ly and late-Ilowering lines so that
all ure subjected to the same duration and intensity of stress at a similar growth stage. This 
would be difficuIt to achieve in a breeding program in which progeny may be segregating for 
flowering date.
 

Another variation on 
 the tunnel technique is the use of shade cloth-covered tunnels for
screening for abscission susceptibility. In a field experiment in 1987. a one-week shading with 
80)%shade fabric at anthesis resulted in marked varietal differences in bud abscission (Table !0).
The cullivar most susceptible to high temperatur "also showed the most abscission due to shade 
(Tables 9 and 10). Canape and Ace showed resistance to abscission in both tests. Shade cloth
covered tunnels are less subject to excess heat than clear plastic-covered tunnels, but the cost 
of the cloth would be prohibitive to many breeding programs. Synchronization of flowering
and stress imposition would also be difficult with this method. 

Table 8. 	 Percentage fruit-set at first three flower nodes of eight bell pepper cultivars in a field 
trial at Freeville, NY in 1983. 

Tunne! cover material
Cultivar ----- None White poly. Clear poly.
 

Canape 99 ± I 92 ± 2 
 92 ± I
Ace 	 99 ± 1 ± 297 87 3
 
Gypsy 99 ± I 98 ± I 
 8: _ 7 
E. Calwonder 	 94 ± 0.3 92 ± 2 7,1 6
 
Big Bertha 99 ± I 
 91 ± 4 64 _ 6 
Lady Bell 	 94 ± 2 93 ± 3 56± 5 
Green Boy 
 98 ± 1 97 ± 2 52± 7
 
Shamrock 92 ± 4 77 ± 3 
 37 ± 4 

'CyMean max temp., 34 41 	 48 
Range m temp., *C 26-37 	 28-47 33-53
 

Mean', of uee replica.:ons o 10 plants each ± standard error YTemperature mnea ured 20 cm above plastic mulch

for a 10 day period after start of flowering. Sou, r-:H.rnandez-Armenta. 1985.
 

Table 9. 	 Percent bud abscission at first three flower nodes of eight bell pepper cultivars in a 
field tral at Freeville, NY in 1983. 

Cultivar _Tunnel cover material
 
None White poly. Clear poly.
 

Canape 0.6 ± 0.6z 0 0 	 0.6± 	 1.0 ± 
Ace 
 0.3 ± 03 1.3 t 1.3 5.6 ± 1.8 
Gypsy 0.3 ± 0.3 1.0 ± 0.6 9.6 ± 5.8 
E. Calwonder 2.3 ± 0.3 3.0 ± 1.5 23.6 ± 7.3
 
Big Bertha 1.0 ± 0.6 6.3 ± 3.4 
 34.3 ± 6.7
 
Lady Bell 1.6 ± 1.6 5.6 ± 
 2.3 39.6 ± 4.1
 
Green Boy 1.6 ± 0.9 
 2.0 = 1.2 45.3 ± 7.2 
Shamrock 6.3 t 3.5 23.0 ± 3.1 61.6 ± 4.7 

Source: Hernandez-Armenta. 19d5. 'M ans of three replications of 10plants each ± standard error 
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Table 10. 	Abscission of reproductive structures on the lowest four flowering nodes of eight pepper 
cultivars when subjected to one week of 800o shade in the field at Freeville, NY in1987. 

Cultivar __ __ Abscission (O)z 

Control Shaded 
Ace 4 39 
Canape 20 48 
Belrubi 33 49 
Lady Bell 15 42 
Green Boy 28 67 
Big Bertha 26 69 
E. Cakvonr'or 32 81 
Sham,ock 29 87 
LSD .05y 13 13 

ZDifferences between cultivars, between treatments and interaction significant at I o level. YComparison within shade 
treatments. 

The similar reaction of pepper cultivars to different kinds of"stresses (compare Tables 1. 
9 and 10) indicates that these stresses may have impact oit a cmmoniin metabolite essential Ifbr 
normal growth of the reproduction tissue. E-vidence from work with other species would suggesl 
that shade and high temperature stress holh result in losmlevels of reducing sugars and starch 
in reproductive structures €l)inar and Rudich. 1985: Guinn. 1976). Iii cotton. Guinn (1976) found 
that lcrceasedl boll suga.ir levels were correlated with increased raltes of'"ethylene evolution. If 
thait is also true \wilh pepper, it \ould sugg-est that ahlscission-suscCptihle cLthivars may more 
quickly deplete hut sugar levels duing stress, or translocate less assimilate to them. than more 
resistait 	olies. 

Stress screenine metlods hased on the physological mechanism of siress in plants Imay' he 
simpler and cheaper than direct screening unttc," stress. Since stressed huds c\'ol\e ethylnce. 
the application of eth\ lene-releasing ci onlpoutnds to pepper plants under I0InStl'i-SCL c mlitio iS 
ima produce varietal difrenccs inabscission . When Tripp (1986) sprayed ethephon Ol field
grown hell pepper plants before anthesis, hud ahIscission was greater on cultivars identified hV 
lernandez-A rmenta (1985) to he heat stress-susceptihle than onl others with heat stress resistance 
(Table I1). At 200-300 ppm ,thephon. the varietal differences in abscission were eliminated. 
In a 1987 experiment, there s.,asoood correlation hetweeMI susccptihii ityto a preanthesis spray 
of ethephon and susceptibility to shade in eight pepper cutiVars (Figure 3). The results of these 
experiments indicate pepper cultivars differ in their sensitivity gicven level ofthat to a stress 
ethylene. When ACC or ethephon was applied to individual buds directl\ rallIer than sprayed 
on the plant. the varietal differences disappearel. More work is needed to explain the differential 
results of these two application methods. 

Susceptihility to ethephon varies not onl\ between cultivars but also with tileage of the 
reproductive structu res. We ha.ve fkutmnd that t\ers at anthesis and developing fruits are nLuch 
less susceptihle to etliephon-induced ahscission than flosver huds. It is therefore important that 
cthephon 	be applied preanithesis. if varietal differences inabscission are sought. For materials 
that vary in flowering date. ,se heCin sprlayig the entire popiatioll t\\o to three days before 
anthesis of the earliest-flowerine line, ani Continue at live to seven-day intervalls until tilelatest
liowering line has started to flower inthe control plot. The concentration of ethephon used is 
too lo\ to cause leafI abscission. 

The correlation between susceptibility to e thCphi sn aiid stress senis itiv ityhas aIIso been Used 
bv Villareal and Lai (1978) to screen tor hight te inpefratutire fruit-set iintomato. .ines wh ich showed 
a greater tendency to produce ad\'entitioLs roots ol tihe steItm ith ethcphon application were 
also more sLIscept ible to hCilt stress abscission. Wien and Roesingh (1980) found that ethe phon 
application inimicked cowpea flower bud abscission caused hy Mcgaluro thrips damage. and 
advocated use of ethephon sprays to identify thrips-resistant lines. Initial studies on the abscission 
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Table I I. Percent of abscission of the lowest two flowering nodes of five bell pepper cultivars 
sprayed with four concentrations of ethephon in two field experiments at Freeville. 
NY in 1986. 

C ultiv ar . . . . . . Ethephon concentration (ppm). . . . . . . . . . . . . .. . . . .. . .. . ... . . .. . . .. . . 

0 i00 200 300 

Expt. I Ace 2 23 a' 96 99 
Canape 2 5! b 99 98 
Lady Bell 0 71 c 100 100 
Big Bertha I 89 d 98 97 
Shamrock I 84 d 99 99 

NS NS NS 

Expt. 2 Ace 2 24 a 67 a 94 
Canape 8 50 b 68 a 98 
Lady Bell I 54 b 83 b 98 
Big Bertha I 62 bc 86 b 97 
Shamrock 13 73 b 98 c 95 

NS NS 

Source: Tripp. 1986 Numbers within columns followed by different letters are significantly different at the 5 0o level 
as determined by LSD values of the arc-sin transformed data 

o 60 -.Y=.22X-15.00 R:O.95"* 	 Figure 3. 

0 	 S Relation of percent fruit-set on first 
CL0r_ 75 PPM 	 four fruiting nodes of eight pepper 
0.) 
. L 150 PPM 	 cultivars after treatment with 75 or 

40 	 150 ppm ethephon and percent fruit

set 	when plants were subjected to 
* 	 *one week of 800 shade. Ethephon 

a) application and shade were startedin 	 0] 
three days before anthesis of the 

• .Xl320 earliest cultivar. Fruit-set data were 
" Y:.56X-1.63 R:O.90** taken one week after the second 

20 40 60 weekly ethephon spray. Curvilinear 

Fruit set in shade,% 	 component (quadratic) of the relation
ship was not statistically significant, 

of disbudded pedicels at Cornell indicillCd that abscission rte ,1 the peicel stub, wits dircclh 
correlated with absCission susceplibilily (Table 31. A later studh which inclu1ded eight cultivars 
shoined that this relationship is not a Ceneral one. however. It is hoped that other convenient 
screening techniques lor ahscission resistance will hC developed as ourtll tnldCrstandin O1f the 
mttechanisli of, ahscission improves. 

Conclusions 

I. 	 The principal causes of abscission of reproducti'e structures in pepper are environmental 
stress factors. Of these, high temperatures appear to be the most important. 

2. 	 Combinations of' high tenIl)eratlUre with droueht stress, or with low light conditions cause 
more severe abscission tha.1n ally 01' the individual stresses alone. 

http:Y:.56X-1.63
http:Y=.22X-15.00


161 Abscission of Reproductive Structures in Pepper 

3. 	 Abscission of flowers and flower buds may also be caused by disease organisms, notably 
viruses such as cucumber mosaic viius. 

4. 	 The hornonal mechanism of bud and perhaps flower abscission appears to involve ethylene 
evolution by th'e abscising structure. 

5. 	 The role of auxin and other growth-promoting hormones in prevention of stress abscission 
of pepper reproductive tissue requires further clarification. 

6. 	 Control of stress-induced abscission can be achieved most effectively through the selection 
of abscission-resistant cultivars. These can be identified by culture under high temperature 
or shade stress. 

7. 	 Preanthesis sprays of ethephon provide , low-cost means of' screening for abscission 
resistance. 
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Symposium Discussion 
G.Y.H. Grubben: What can be done in the short term (not by breeding) against abscission 
of flower blids and younig fruits in hot pepper fields in Indonesia, apart from better cultural 
practices (control of viruses, better plant nutrition, insect control)'? Is there any prospect for 
application of growth hormones like auxin? Should we start a research program?
H.C. Wien: We have recently started to work ol abscission prevention using hormone sprays
but have so far not been successful with NAA. There are some published reports from India 
that NAA can improve set, and these are cited in my paper. We are working further on this aspect. 

Y. Halle: Have you observed fungi, bacteria or Heliorhisarinigerato be the causes ofabscission 
inpepper?

H.C. Wien: Several fungi and bacteria have been found to cause leaf abscission in pepper.
We have not encountered bud or flower abscission due to these agents. Heliothis has been shown 
to cause fruit abscission when young fruit are attacked. When larger bell pepper fruit are attacked 
by Heliothis, the damaged fruit is often retained on the plant. 

A. Hibberd: It has been noted that some peppers may withhold small, underdeveloped fruit 
from growth until the earliest-set fruit are at or near full maturity. At that stage. the ',,oung'
fruit then proceed through growth. Please comment on the auxin/ethylene relationships of such 
pepper flowers/ fruit. 
H.C. Wien: I don't know of any work that has looked at the hormonal relations of these retarded 
pepper fruits. Studies by Bangei'th in Germany with tomato indicate that complex hormonal 
relations are involved. 

B.A. Kratky: There arc reports of increased pepper yields with 30% shading. Is abscission 
involved in this yield effect? 
H.C. Wien: The work by Rylski and Spigelman in Israel indicates that the yield increases 
from moderate shade result from reduction in sunscald injury and a prolonged fruiting period. 
Abscission does not appear to increase under moderate shade. 

G. Kuo: Shading usually would lower aerial temperature; Have you any indication of a shading 
threshold (critical light intensity) which lowers temperature widout causing abscission (by shading)? 
H.C. Wien: We have not done this sort of study, but work by Rylski and Spigelman, as well 
as by EI-Aidy (this volume) indicates that 12 to 40% light reduction under Middle East summer 
conditions will result in increased yields compared to unshaded controls. Since unshaded controls 
are subjected to slight mr-;sture stress and therefore some heat load on thL leaves, the moderate 
shade may alleviate a slight moisture stress and lower plant temperature. Thus under high light
environments, shading of 10 to 40% is beneficial. The same may not be true in more cloudy 
envir 'inments. 

B. Villalon: What are the optimum conditions for maximum fruit-set and maximum fruit size 
development? Please give both day and night environmental factors. 
H.C. Wien: Maximum fruit-set is obtained under relatively cool conditions, in which 
daytemperatures are in the 20s and night temperatures from 17-20'C. Under such conditions, 
some cultivars may set too many fruit, so that fruit size is not optimal. A combination of day/night 
temperatures of about 30/20, good light, and nonlimiting water and nutrients will be better for 
optimal fruit size. 
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R.L. Villareal: Have you done any regression analysis to determine which factors contribute 
more to the abscission problem in pepper?
H.C. Wien: We know too little about the factors involved to be able to do regression analysis. 
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Salt Tolerance in Tomato: Sodium Accumulation, 
Uptake and Recirculation in Lycopersiconesculentum 
and L. pennellii 
Edith L. Taleisnik 
Instituto de Fitovirologla, INTA, Arturo M. Bas 276, 5000 C6rdoba, Argentina 

Abstract 

Regulation of Na content in the foliage has been proposed as an important 
component of the sa!t tolerance mechanism in hybrids of the cultivated tomato 
Lycopersicon esculentum and the wild, salt-tolerant species L. pennellil. The kinetics 
of Na+ uptake in intact plants of both species treated with 25 mM NaCI was followed 
for eight days. Sodium uptake per unit root weight was similar in both species up to 
day four, but thereafter it was lower in the cultivated tomato. In the cultivated tomato, 
short-term 22Na uptake was similar before and after six days of salt treatment,
suggesting that the plant's internal Na + content does not influence Na + uptake. Na + 
uptake experiments using leaf discs from salinized plants support a similar conclusion. 
In the cultivated species, discrepancies between the results of shortand long-term 
uptake experiments suggest the occurrence of significant Na efflux in the presence 
of unchanged influx. Preferential baf.ipetal phloem translocation of Na+ was observed 
in L. esculentum and a role for this mechanism in the regulation of foliar Na + content 
is suggested. 

Introduction 

Tonmato is considered to be a nmoderately salt-tolerant crop (Maas and Hoffman. 1977). The 
relatively small range of salt tolerance found in tomatoes (Epstein et al. 1980) has led to the 
incorporation of compatible wild species into breeding programs aimed at increasing salt tolerance 
(Epstein et al. 1980; Sacher et al. 1983: Tal and Shannon. 1983). The two species which have 
been mainly used IOr this purpose are lcopersi( n cheesnanii and L. pennellii. and hybrid
lines with good horticultural qualities have been ohtined (Sacher et al. 1983).

Lengthy selection programns could be shortened by selecting for specific features linked to 
salt tolerance. It has been proposed that tie regulation of Na' content in the foliagce i:s one 
important mechanism by which tomatoes tolerate salinity (Sacher et al. 1983). and it was also 
suggested that i salt-tolerant hybrids ol L. e.sculentun and L. iennl'lii ionic hormeostasis was 
provided by the cultivated tomato. An undcrstan ling of how this regulation is achieved could 
provide information Ir breeding Il ,grais aiied at selecting physiological traits causally linked 
to ,alt tolerance in this species. 

Results from studies into ion accumulation in isolated leaves, leaf discs, shoot apices
(Taleisnik et al. 1983). roots (Taleisnik and Tal. 1986) and calli derived from various organs
of these two plant species (Tal et al. 197F have not always c rrelated with ion accumulation 
reported in intact plants (Tal and Shannon. 1983). These disc, pancies have been ascribed to 
the removal of these parts from the niajor sites controlling the balance of ions in the whole plant 
(Taleisnik et al. 1983). This paper reports the results from work on intact plants of L. escutentun 
and L. pennelii aimed at identifying possible points of leaf Na" content regulation. 
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Materials and Methods 

Seedlings of ,1m1ato L. esculhntumn Mill. cv. Cal. J and L. pe'nellii (Correll) D'Arcv. 
accession Atico. were obtained as described by Tal and Shannon (1983). anid \%ere grown inI 
vermiculite in a Igrowth room. Plants bearing One o1* two leaves were transferred to aerated. 
hallf-strength Hoagland (1/2 HS) solution as previously described (Talcisnik ct al. 1983). 
Illumination at plant level was approximately 2(X) N (provided by a mixture of Whiteiio Ill 

Osrani fluorescent and incandescent lights). Photoperiod was 16 h and temperature was 24°C. 
Salt treatments were given by adding NaCI to the I "2 IS to a concentration of"25 niM .Neither 
species exhibits significant alterations in growth or day we ight prodIicti this salit Ctoncentration
 
(Taleisnik. 1987).
 

Sodin iuuptake aid distribuLtitmi% itlIin intact phiants after various uptake periods k%
eic assessed
 
by determining the Na" content in dried plant parts. Roots were washed I*r 10 nin in cold
 
0.5 niM CaS()4 in order to remove ions f1o11 the free pace prior to drying. Ihns \scr extracied
 
by acid digestion of the tissues. Plant samples wcrc suspended il0.I N IN(), for 72 11and the
 
Na' content of this extracting solution was determined with a Corning 435 flame photomtieter. 

22 Na Uptake by Intact Plants 

This experiment was perlofrmed in order to es alate whether short-term Nt* uptake rate
 
differed in plants grown under control conditittns (I'2 [IS) an.ld
those subject to a saline treatment
 
(25 mM 
 NaCI) for six days (1 2 HS + NaClh. Plants. bearing six leaves., cre transferred to 
250 ml beakers cottaining the appropriate grotth iediLuil. At the onset of the experiment. tile 
nmediui was replaced h\ I ' 2 -S - NaCI labled \sith 22Na . Uptake proceeded for 30 lain Linder 
the light bank described abovc. Plants %crc then dissected into ,.hoots and rotots. Roots \were 
rinsed for 10 Miil in cold. Lnlabeled 1 2 FIS - NaCI. Shoots al,.i ioots \scre weighed. dried and 
counted for gainia emission ina tBeckimian 4001 Ctunter. The e\periment wa, perlornied at 
least three times on each species. oiii hatches toffi\e plan s cscr\ litle. 

Na + Uptake by Excised Root Segments and Leaf Discs 

Sodium uptake was measured in 3 cii apical root segnrents obtained frot plants grooving 
in 1/2 HS.Segments were cut and allowed to remain in this solutiol Ior an hour. At the onset 
of the uptake period, root segnietrs \,erc placed into 25 nil erlenniever flasks containing tell 
nil 1/2 HS + NaCI labeled with --NaCI. Flasks \ere incubated at 28 'C in it shaking (80 cycles 
min I water bath. At tileend of the uptake period, the roots wcrc rinsed briefl\ with dktiilled 
water and then w\ashed for I1)mi in ice-cold Liilabeled 1 2 tIS-± NaCl. Roots %ere blotted 
carefully before being trainsferred to capped. pre cighed Kahn tubes. Samples were \weighed 
and ganinia emission %%as Casure uL ithOuLi further processing ii a Beckman 4(XX) counter. Resuhls 
are expressed .t using the specific activity of the uptake stilLitiOnas Itmol Na '.%g . to convert 
c lnin I to Itlltl. 

ro determine uptake ilileaf tissue. discs oi mIM diameter were punched out from the third 
fully develtped leaf of plants bearing six to seven lca\es grown either in I 2 hIS or in I/2 
HS + NaCI. At the onset of the incubation peritod, the discs \were introduced into 25 til erleninever 
flasks and labeled I 2 HS -,-NaCI was introduced. Discs were then subject t,very gentle \acuri 
for 15 scc to erIsLire infiltration. Incuhation k.nd fLurtier processing k%, as described for root 
tips. except that discs sere not seighcd. A sample from each species was processed and counted 
immediately after infiltration aiid used as blank in each case. Each sample contained 10 discs 
obtained from four different plants. The experiment was performed twice. 

Na Recirculation 

This experinient was performed in order to assess whether the two species differ in their 
capacity to translocate Na. Plants bearing 9 or 10 leaves arid grown in 1/2 HIS were used, and 
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the experiments were carried out under the light bank described above. Plants were placed
individually in250 ml f"il-covered beakers containing aerated 1/2 HS. A drop ofI0ill 

1/2HS + NaCI. containing approximatel. 6(0).(O) ct minii 12Na was applied to the abaxial 
surface of the terminal leallet of the sixth developed leaf. Two itasliter, plants \wrc dissected 
into individual lea%es. the 'hole stem abo\e and bclo the treated leaf. tops (apical meristein 
and youngest une\panded leaves) and root,,. Plant parts wcre dried al 0'WC for 48 I and counted 
for garnina emission, along \ilhan aliquot of the root inediunt. The e.perimnt \as repeated 
twice, on batchcs of three or fi\ e plants. 

Results and Discussion 

Sodium Accumulation in Intact Plants 

Sodiun ac,:umulatit il as Illhs% cd lor cight da .inintact plants of L.e.scuentum and L. 
Iennu'l/ii treated klith N, .. i25 mN I p'micI'ii ac umulated higher Na * concentrations than 
the cultivated tomto illsters anid petioles. lind Ohe ( )posite was observed iilroots OFigure I1). 
Concenratioll illpetioles \%as hither than in the rest t'the plant. and leaves had the lowest 
levels, CxCCl lafter ci11ht s',if ,,altda treatment. 
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6 -. -- 6 - Sodium accumulation in 
0.20 . " leaves (A), petioles (B), 

-..... . stems (C)and roots (D) of 
o--

1h 2h 4h 24h 4d Bd 

L. esculentum (full line) and 
L. pennelli (broken line) 
plants treated with 25 mM 

Uptake time (In scale) NaCI. Each point is the 
mean ± SE of three plants. 
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Accumulation rates (the slope of the accumulation curve) in stems and roots were 
approxinatelN sinilar in both species (IFigure I13. C and D). Petioles lrol LI./enu'/., appeared 
to have higher accu n1u lation rates thai those of L. L',scuh'ntini. IIleaves (Figure I A). acCunmuhltion 
and accumnulation rates were similar ipto four days of uptake. afterwards both parameters were 
higher in L. pwnnellii than in the cultivated species. Sodiuml uptake per dry weight of root tissue, 
measured in whole plants. was almost identica: in the two species up to day lI ur, but at eight 
days it wits lower in the cultivated tolmato (Figure 2). At this tine, short-term :-Na uptake inl 
the cultivated species. was not diflerent be ween salt-treated plants and controls (Table 1). 
suggesting that in this species, at the pre.sent salinity level. Nit uptake is not regulated b the 
plant's Ni' content. 

D 0 1 

E - oSodium 	 uptake rate by whole plants of L.K~ .- esculentum (full line) and L. pennellii (broken:ziiz7~. 
lh- h ?4h 4d 8 line) treated with 25 mM NaCI. Each point 

Uptake time tIn scale) is the mean t SE of three plants. 

Table I 	Sodium uptake in L. esculentumn and L. pennellii intact plants grown under control (I1 2 
HS) or saline (1 2 HS+NaCi) conditions. 

Sodium uptake ' 

Control 	 Salinized 

jirnol I'g root: f. wt)1 

L. escueneum 1.27 tn0 ent 0.97 0.12
 
L pennelliu 145 :_ 0 15 1.19 = 0 10
 

'Uptake proceeded for 30 mir at 25'C under a light bank Uptake solution was I 2 HS + NaCI labeled with 22Na [0.06Bq 
(Itol Na)-l II Means of five plants ± SE *Significantly different from control 

Sodium Uptake by Excised Organs 

vctc fourth dav !Figure 2). diflerences 
inl Na" accumulation bctreen plant parti ill both s, +Cies (Figure Ilcould be related to 
diflerences in dry %Wightdistribution. l-los%c'er this was not the case, isthe pattern of dry weight 
distribution amiong plant parts was siilar in [,both species Iresults not shown). Sodium uptake 
rates ineastlrt:d it leaf discs (Figure 3). ,cre higher in penn than inI.. ,uh-',,tun both 

As uptake rates h\ whole plants sinmilar up to tile 

.- . llii '. . 

under control and saline conditions, suggesting a higher capacity for Na" acctniIIIIlation in the 
leaf tissue of the \kild species. II tlhC cultiatcd specie0s but not in tit \%id species. the uptake 
rate was similar in leaf discs obtained froti control and salt-treated plants (Figure 3). Nat' 
uptake rates in dCtached roo t segtients \%ere higher in the cultisated toilato than in L.pennelii 
(Figure 4). The higher Na accumulation lound in roots of the cultivated toi.ato in this study 
could accollnt fbr the lower tran.,location rate to shoots (Table 2). 
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. Figure 3.D60 Sodium uptake by leaf dis.. ,,l ained from 
control ffull line) and salt treated (25 mMNIE 40- NaCI. six days: broken line) plants of L. 

--- esculentum (01) and L. pennellii (&ZA).
E 20 - -- f-- Discs were incubated in growth medium 

- " -- containing 25 mM NaCl (1/2 HS+NaCI).A '---~z---labeled with 22Na. Each point is the mean 
10 20 30 40 50 60 t SE of 5 samples of two discs each. SE 

Uptake period (min) not shown, it did not exceed the symbol 
mark. 

15-

Figure 4. ,' '0-Rate of 22Na uptake by root segments +, SE,
 
obtained from esculentum (full line) and L. z -.

pennelii (broken line) plant.. Uptake was E 05
 

q-. 
from I/2 HS + NaCl labeled with 2Na. Each point is the m e zia t SE 
 of 30... 
three samples. SE not shown, it 6id not 30 60

exceed the .ymbol mark. 
 Uptake period (min) 

Tible 2. Relative sodium acrumUlation in shoots (Na' content in shoot in the entire plant) x
100 in L. pennelliiand L. esculentL -n at various times from the initiation of the salt treat
ment (25 jM NaCI). 

Time .. .- Relative sodium accumulationz .. . . ...- ... . . ... . . . 

L pennell, L. esculentum 
I hour 78.53 - 3.13 y 37.99 ± 4.56
2 hours 84 62 2 40' 50.13 ± 3.19
24 hours 90,54 t 2.25 78.56 ± 4.75

8 days 95.47 ± 2.29 86.19 ± 3.60
 

ZMeans of three plants t SE 'Significant difference between the two species 

Sodium Recirculation 

Differences between the trends rcvcd.....in short and long-term uptake experiments (Table
1, Figure 2) could also he related to the capacity of each species to mobilize, retranslocate andextrude Na . An experiment aimed at evaluating this hypothesis was performed in plants grown
under control conditions in order to avoid uncertainties attributable to differences in specific
activity (as Na' accumiulation in shoots of' salt-treated plants was higher in the wild species).
When a drop containing :2Na was applied to the sixth leaf from the top of plants hearing 10leaves, tie ratio of radioactivity found abotve and below the treated leaf' (including tihe root 
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medium) wits 0.29 + 0.02 in L. escdentulm and 0.93 + 0.02 in the wild species. The results 
are significantIy different at P < 0.00 1. 

L. 'sculeflIM plants accumulaIted lower Ni + concentrations than L. enncllii in shoots. 
and the opposite t; ,end was observed in roots (Figure I ). Antong aerial parts, tie highest 
concentrations were observed in petioles of hoth species and the lowest in leaves. This pattern 
agrees, except for rIots, with rCilllts reported b Tai antd Shauntn (1983) for plants grown at 
higher salinity levels. The discrepancy is probabl\ related to the higher salt concentrations in 
the root itediumn used b\ those aUthOrs. 

Tihe lower tralnslocatioil rate to shoots ober\ed in L. eo,'lllwtio ill the beginning of the 
salt treatment Could be related to tile hight-r Na" aCulllltiol rates found ill roots of this 
species. Restricted Na ttransloCatill caused h slective Ni' accl latioln ill xVle-mt 
parenchyna cells of roots IKramer etl ill. 1977) and stetis IRails. 1969) IT, been ,eported in 
beans and Cotton. It is \ CIA likely that iasimilar situatioln occurs in tolato where pCtioles exhibit 
tire highest Na concentrations (Figure I ). In this species, replacenent of K b', Na and thus 
Na a take,, place mainl\ petioles fBe'sfOrd. I978).accunmulationl, in 

Ili the culli ,ated specie,,. Na" Uptake h\ Mhl e plants took place at I I er late than in 
tile wild Species btwnCll lll I and tieht dax,, of alt treatient. The possibil it\ that the Na" 
content in tile plant re'gulatCs itN Uptake seis, to be ruled otil b the results frorii short-termii 
cexperiients w\hcre uptake rates ica'sured in salini/t-d .. c.SCHI'mIu'm plalnls \crC t ditf'rent 
froi controls (Table I I. These iCsults indicate That Na* content oes not cilate Na 'uptake 
in this case. Na' effiu\ inight be )lie iechanisi resptinsiblc I'or the dilference betl ec short 
and long-teriml Uptake expCrimCents. This possibilit\ has ofteli been iientioned in tile literature 
in studies carried out il other plant s\stcni, where Nodium exclusion citould not be altributCd 
to a reuctItill in Uptake (Jeschke and Jaillr. 19 (' h ('heesinan.i 19)2 ('heesiiaII ci ,1. I985: 
Ortega and Rodrigue/-Naxarr. 198,5 [hi, aspct is under sitd, inl the cuIrrCert plinlt ,\ stein. 
A regulation of Na uptake in leax -s of the cultiiated spcci,.s b\ their Na" content also stCis 
to be UlnSUbstantiaid (Figunre 3). 

Relative exclusion of Na" h.aes cotinparati lor,o Mfrom is el\ m iio thllall CxIlusioll 
of(' and is based oin se\eral ict.hliatisn s including efflulx punips located ini the ollot, (JCs.hke 
and Jambior. I981). preferential atLUil+tioni ill rot vacuolles. restorptit il te xvlt'n 
parenchnliiii (K.owier. 1983) and retrallSocation til o the leavCs (.lacOb,. 19791 and stlbse
quert extirusion ito Ihe rooting iledlili. Soic of, these Components of the Complex picture 
of salt tolerance Icquire studiles uigILI iltac plants. Ill the cultivatCd tolil:1o. basipetal transport 
o f Nia' wits hicher lhan i the wild specC iCs. 112 le plarits of' NaUsing basipet:,l Iransport 


I t ilephlocli beeell reported ili beans (Jic 1t79). u , et
has \. I. 1Id, A</I'.i i esehke ll. 
1986) and "I'1ldui1m ulCuilUi(ihni i irer. l studx+ liri\l1 i atid1I082. ia tith"CpecieS 
culti\ars, Lessani and Marschnr Wl)177) obered that hasipetal tratislocation %ailstlx ed 
inl species xwith lImer sall mtleraiC. The aCtlA Sitific,incC of basipetal Na irllsporl in 
the regulation of Na halarite in the foliae of- tihe cIltis ated momnlato desCrt\-s further 
attention. 

The results fron the experirnts re.port.d he.re sU1gest that it' . cultisatCd tomitio. Nil 
supj)ly to the foliage' is not regulated b\ the uptake if the elenienl. cither bx thle roots ot the 
leaves. l)isrepancies bctsccrt short and lon-ItIrin uptake C\pCriiitCls siU'st the tccurreice 
of significant Na " Cfflux itl the pr-,CII.'of1uiiichainIced inl1ux. The exis(teincC f comipartmients 
acting is sequestering s sttis along the \ hlii st alil rna\ also account iTTpart Ifor the hoxser 
Na* levels foulnd in Ileass. PI-efreintial baSipetal phloemn translocation ,f Na"*oul likes,,ise 
participate in the re gulation of Na ' balance in the foliage. The assessment ilf these as,','ts 
requires addititonal studies iii ililact plaits,. 
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Symposium Discussion 
I.D. Erinle: What are the practical iniplications of' out- results? 
E.L. Taleisnik: The definitive criterion fOr salt u lerance of an\ crop is yield. However. ts 
yield is a complex character of lo\ heritability, it nas been sugge!.tcd that selecting for yield 
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under conditions of stress would not be easy nor practical. Rather, it is generally accepted that 
breeding for physiological traits causally linked to it can be more economical of time and effort. 
This involves three steps:(a) demonstration of a significant association between plant productivity
under stress and various possible physiological components of stress resistance, (b)determination 
of genetic variation for a particular character or response. (c) demonstration that breeding for 
this character is possible and effective (see Blunt et al. 1983, Plant Cell and Environment 
6:219-225 and references therein, for an extended discussion of these aspects). In the case of 
tomatoes, one aspect to which salt tolerance has been correlated (among others) is the ability 
to regulate sodium content in tIle le: .,,s. If the componeats of the regulation mechanism are 
identified (hopefully. down to a molecular level) conceivably the whole mechanism could be 
improved by selecting for a particuila component (or several). Of course, the relevance of such 
component(s) for improving regulation %o\01Id have to bc tested in a hybrid population e.xhibiting 
a range of' variation in fIliar sodium content regulation. 

R.T. Opefia: Salt tolerance \ ork \. ith L. ,'ve.smanii by Fpstein and his co-workers has been 
going on since the mid-late 60s. Do you kno,. if any usable commercial cultivar or enhanced 
genetic stock has come out from that program? 
E.L. Taleisnik: No. I am not aware of all\. 
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Abstract 

Two new auxin-type bioregulators of BASF Aktiengesellschaft coded BAS 112 W 
and BAS 113 W and formulated as aqueous solutions of 1.0 and 2.0 g/il, respectively, 
were tested on tomato in the off-season in Japan and Taiwan. BAS 112 W was found 
to be more active than BAS 113 W. Both compounds improved fruit-setting, fruit size 
and fruit maturity. Yields were significantly increased, especially under unfavorable 
growing conditions such as high or low temperatures. In Pipan, where the compounds 
were tested on fresh market tomato in the off-season (cool temperature) under 
glasshouse conditions, the best effect was achl._wed by spray or dip-application of 
clusters at the anthesis stage. Optimal rates of cluster spraying were 1-4 ppm a.i. for 
i3AS 112 W and approximately 8-40 ppm a.i. for BAS 113 W. In southern Taiwan the 
two compounds were tested on fresh market tomato under field conditions with 
extremely high temperature in the off-season and with moderate temperature in the 
crop season. Cluster-spray application rates of BAS 112 W and BAS 113 W were 1-2 
ppm a.i. and 32 to 64 ppm a.i., respectively, under southern Taiwan conditions. 

Introduction 

The cultivation of tomato in Japan and hIL ivaUn is Ihite..'d to distilct crop .seaSos. In Japan, 
toniat(o is generall. gro\,,n during the watrm season from May to Septemher/ Octoher. when

" temperatures ranue front 21 'C to 29 'C. In the Cold Season where ternperatures rance front 3 °C 
to I"7 C. tomato i, crow)it-\%n in oflass or vinyl hons. C t0\% temperature.Inder such ConditionS of 
insufficient light intensity and lack of insect pollinators, the crop often fails to produce marketable 
fruits (cPicken. 1984: l-e. 1986: Katsura. 1987). 

III laiwan the normal crop seatson is frorn )citber to April Ma\ Mhere rioderate 
temperiiures prevtil with ascrage day t2rttres of appro1imately 2. ML avera_ nicht( and 
temperatures of 15 'U. In the offl-season., \ hich is characteri/ed by hiigh a,.eraLe dlrv and night 
temperatures of 35"C and 3W C. rcNltivCi , reduced frtit*sCt aIl e\cn ,orrplete lailure o 
fruit-settin nmake torrattoproductionl unprofitablc. 

F xugcnous applica.tioms ol natural plant normi nres as, ell a, syluietic plant growth reculators 
are kniwrr frut-st aid ,,ield it oth1Crwise rol alndto ilIprove lruit whCre fais. The' rir+011ote 
iccelerate uinihwrin ripening for easy harvest (Kuo et al. 1986). Ixocnull 1s\ilN, ard 'ibherellirs 
hase kerr Ahowr [to be lost efcctive. They have also been ir,sed to ichieve fruit-set w%,ith larcer 
fruits than produced h natural pollination Wicken. 1984 . Fliar treatnt of 2.4 I) is known 
to increase fruit ,ielt idntomato (Joseph and Peter. '980). 
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In Japan, exogenOuS application of synthetic auxins such as Cloxylonac, Tonatolane S 9.8% 
(sodiun-4-chloro-2-hydroxy-methyl-phenoxyacetate) is an ilportant practice, especially in the cold 
season to increase fruit-set and fruit size. In Taiwan, "lonatolone S 0. 15 c (4-chic rophenoxv acetic 
acid. CPA) is applied in tile crop season lbr the sane purpose and also to avoid ngative influences 
from brief periods of extreme temperature deviation. 

BAS 112 W and BAS 113 W ire two new plant growth regulators develope by BASF 
Aktiengesellschalt Ludwigshafen, Federal Republic of Germany. Their characteristics are shown 
in Table 1. The active ingredients of BAS 112 W and 1AS 113 W are absorbed through leaves 
and roots and transported acro- and hasipetally, hi vitro and in vivo studies have indicated, that 
both bioregulators are acting auLtxinl ike (Berghaus alld Wuerzer. 1985). 

Table I. Characteristics of BAS I 12 W and BAS I 13 W. 

Item BAS 112 W BAS 113 W 
Chemical name 3,7-dichloro-8-quinoline 7-chloro-3-methyl-8-quinoline 

ca-boxy!ic acid carboxylic acid 
Common name Quinclorac Quinmerac 
Empirical formula CIO H5 C12 NO2 CIl H8 CI N02 
Molecular weight 242.1 211.6 
Toxicity (LD 50): 
(mg a.i. kg body weight) 

acute oral (rat) 2,680 > 5,000 
dermal (rat) > 2,000 

Materials and Methods 

Cool Season Greenhouse Tests in Japan 

The tests were conducted in tile off-season of Japan (October-March). when below optinum 
temperatures prevail. Single potted plants of the indeterminate fresh market cv. Homare 114 were 
usec with at least -1-6 replicates. 'File plants were potted when the first flower bud had developed. 
Axillarv shoots were removed periodically during the period of each experiment. Fertilizer application 
was 1.7 g N, I. I g PO5. and 1.7 g KO per pot 127 cm diameter anid containing I plant). There 
were three applications: 40'.1 of the total before transplanting. 30'7 when cluster no. I started to 
bear fruits, and 3V), when fruits o1 cluster no. 3 had matured. 

File two compountds. 1AS 112 W and BAS 113 W were tested ill tile rates of 1.25-20.0 ppm 
a.i. and 1 0-30.0 pptt a.i. respectively. They were applied either as a foliar spray. by spraying 
the entire plant when the first lo\wers had opened. w ith a spray gt1n at a vOtli me 0f 10 il per 
pot ( I plant) or directly spraying individual clu.ters or flowers at 0.5 mliclutster, by utsing a ha:.J 
itomnizer to prevent LIllnecessarv flhiage contamination by tile Cotlpotnds. Volunies stated above 
refer to 5(X)-850 1;ha. l)irect spraying tc individual clusters wvas dote when 2-3 flowers had opened. 

The effe'-t of the compounds otn parthenocarpy was tested by removing the anthers prior to 
atthesis, followed hy a dip treatment of tie individual floers. Harvesting was started when fruits 
began to turn red, and was continued at intervals of approximately 3-5 lays. depending il the seastn. 
The plants were tipped at certain ,,tages of devehipilent, depending on the target of the iindiv iduali 
experiment. For example. if clusters to. I-4 were required, topping was done at the beginning 
of flowering of cluster no. 6. 

Assessments were based on numher of mature fruits, cluster, total fruit weiglt/ cluster, 
marketable fruits, fruits after anthesis, fruit ahortiom. and lloe'r abortion Crop tolerance towards 
he tested substance was assessed by measuring th, percentage of the fliiagc !hlat showed ,'elnlatin. 
Dala were ,tatistically analyzed by Dulcan's multiple range test I DIMRT). 
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Hot Season and Normal Growing Season Field Trials in Taiwan 

Experiments in Taiwan started later than those in Japan with a certain advantage of 
information. The experiments were conducted in the main tomato producing area in s'uthern 
Taiwan using the heat sensitive, indeterminate fresh market cultivar Known-You 301. 
Experimental plots consisted of single bed rows of 5.4 x 1.2 rm, with a plant spacing of 0.45 
in (12 plants per plot, approximately 18,500 plants per ha). The rials were conducted with 4-5 
replicatir" 

Transplanting to the field was carried out when the plants were at the 4 true-leaf stage. 
Axillary shoots were removed at regular intervals. Fertilizer application was 181) N. 180 P2 0 5 , 
63 K,6 kg/iha, hall, of which was applied at the beginning of flowering of cluster no. I 
(approximately I week after transplanting), tile other half at cluster no. 3. The plants wert, topped 
at approximately 2-3 weeks, ifter cluster no. 5 had developed. 

Application was by direct spraying once to each cluster when 2-3 flowers pr cluster had 
opened. Spraying with 1.0 ml solution was done by a hand atomizer. 

Application rates were 0. 125-2.0 ppm a. i. for 3AS 112 W and 2.0-64.0 ppm a. i. for 13AS 
113 W. A commnl' used biorcgulator, 'Ionlatotonc (4-CPA), at the recommended rate in Taiwan 
of 15.0 ppm a. i.. was also included in each experiment, for comparison of efficacy. Assessment 
.'as done ,:, 6-8 randomly cho:ien thants per plot. The same paraleters described above for 

the gret-ihouse experiments in Japan wvere measured. In addition, marketable fruit, graded into 
thte e classes of < 5. 5-6. and > 6 cm fruit diameter (corresponding to small, mediun ard superior 
class), w,,ere recorded. Data were statistically analyzed by DMRT. 

Results 

Coo! Season Greenhouse Tests in Japan 

Foliar and first cluster application. Foliar and first cluster application of BAS 112 W 
increased the total fruit weight and the average weight of the individ,a! fruits, but decreased 
the total number of fruits (Figure I ). Di'ect spraying at the first cluster significantly increased 
fruit weight of the spryed cluster, but produced fewer and smaller fruits oil the following clusters. 
This phenomenon was emphasized (Figures I ano 2) at higher application rate,, especially in 

,? i 4P 
'51 

.,.... . . . .. .. 

Figure I. Effect of BAS 112 W applied as foliar Figure 2. Effect of BAS 112 W applied as foliar 
and first cluster spray on tctal fruit weight of and first cluster spray on total fruit 
tomato. (Same clusters of different treatments number/plant. (Water volume: 800 liter/ha. 
which are followed by the same letter are not Same clusters of different treatments which are 
significantly different at P = 0.05 according to foliuwed by the same letter are not significantly 
Duncan's multiple range test.) different at P - 0.05 according to Duncan's 

multiple range test.) 
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the foliar application. Defbrmation of newly developed leaves was observed in all treatments 

with BAS 112 W but not with BAS 113 W. 
Foliar spray treatments at 5 and 10 ppm1 a.i. increased fruit weight of the first and second 

c!uster, but decreased fruit weight of the third to fifth cluster (Figure 1). The number of fruits 

in the second to fifth cluster was reduced. Reduction in fruit number was most pronounced in 

the third to fifth cluster (Figure 2). Foliar application up to 10 ppm a.i. and directed spraying 

to clusters at 20 ppm a.i. reyulted in some leaf cupping and leaf size reduction. Somne abnormal 

development of the flower organs was also observed. The degree of crop injury was considerably 

less when application was directed to clusters (Figure 3). 
Individual flower spray application. BAE 112 W significantly increased the total fruit weight 

at all application rates (Figure 4). However, with increasing application rates, there was a trend 

towards decreased fruit number. The average fruit weight was generally larger in the treated 

plants and best results were observed with 4 ppI. a. 
All treatments, except the lowest rate (0.25 ppm a.i.), accelerate( the fruit ,ipeting process 

by 7-12 days, thereby achieving a higher total fruit weight (Figure 51. BAS 112 VV showed a 

higher activity than kAS 113 W. Crop injury wa,, not observed. 
Single cluster spray application. In this trial, application was limited to I cluster to enable 

direct comparison between treatments. 13AS 112 W applied to a whole cluster at 3 ppril a.i. 

increased fruit number and fruit size of the treated duster. Only three out of five flov,,ers of 

the treated clusters developed into fruits. The other two flowers failed to develop fruits during 

the experiment (Table 2). A higher number of matare fruits was also noted. 

2f 

Untreuted . c 0 'Cy - !stC!,sle'spray 

Figure 3. Effect of BAS 112 W applied as foliar Figure 4. Effect of BAS 112 W (spray 

and first cluster spray on average fruit weight. application of all flowers) on total fruit weight. 

(Crop injury measured as 0 of the foliage that (NS = not tested. Same clusters of different 

showed deformation. YWater volume: 800 treatments which are followed by the same 

liter/ha.) letter Pre not significantly different at P = 0.05 

according to Duncan's multiple rane test.)
______I_____Untreated_ 

1600 o Untreated
 
A---A025 ppm ' I
 

D5ppm A 

--c 2 ppm /800 or.,x-y I,'
-- - .. Ippm .-.i .' 

'2 0 j , .Figure 5. 

0 0 20 30 40 50 60 70 Effect o' BAS I12 W (individual flower spray 

Days after initial harvest application) on total fruit weiSht per plant. 
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Dip application of individual flowers. When the compounds were applied to emasculated 
flower, parthenocarpic fruits developed, whereas no fruits developed from water-treated flowers 
without anthers. Fruit-set and fruit enlargement of flowers treated with the two compounds was 
higher than those of the open or artificially pollinated flovers (Table 3). 

Table 2. Effect of BAS 112 W (first cluster spray) on tomatc fruit size. 

Buds Fruits/ Total Ave-age Average fruit weight (g) 
Treatment cluster cluster fruit wt. fruit wt. at cluster positions' 

(no.) (no.)' (g), plant (g)Z I 2 3 4 5 
Control 5.0 2.7 13.5 42.5 55.0 41.7 9.8 7.0 3.4 
BAS 112 W 5.0 3.2 201.6 63.0 84.8 57.5 54.9 4.4 0 
(3.0 ppm a.i.)

4-CPA 5.0 2.8 195.6 69.9 75.9 69.0 44.3 3.9 3.1 
(30.0 ppm a.i.)
 

ZCalculated from fruits weighing more than 
 10 g. 

Table 3. Effect of BAS 112 W and BAS 113 W (individual flower dip application) on fruit-set. 

Average no. Average no. Average no. Total fruit Average
Treatment of flowers fruit plant fruit plant Nt. plant fruit weight 

treated (> I0 g) (< l0 g) (g) (g) 
Control 3.0 0.3 2.7 11.5 3.8
 
Emasculated 
 2.3 0 2.3 2.2 1.0
 
Emasculated, artificially - pollinated 3.0 0 2 2.8 10. I 
 3.4
 
BAS 112 W (3 ppm ai.) - emasculated 2.3 0.8 1.5 72.3 31.4
 
BAS 113 W (30 ppm a.i.) - emasculated 2.3 1.3 1.0 84.4 36.7
 
4-CPA 
 2.2 1.3 0.8 75.4 34.3 

Hot Season and Normal Season Field Experiments in Taiwan 
Both compounds (Figures 6 and 8) applied as a directed spray to individual clusters 

significantly increased fruit-set at each individual cluster in both seasons. T"l.2 increase of fruit
set in comparison with the untreated check was from 290%', to 360, in the crop season, and 
from 280% to 420% in the ofl-season, based on graded fruits of > 5 cm fruit diameter. 

The two compounds significantly increased yields and gradings. During the crop season 
BAS 112 W increased yields bv 360' to 53V, . whereas in the ofl'-sea.,on experiment, yields
increased 380%/ to 680c with respect to the untreated check. 

One of the trials (Figure 7) conducted during tie early crop season passed through three 
periods of distinctly different day! night temperature levels. Fruit-set of clusters 1-3 had rather 
hot telnperatures with littie day/night differences: cluster 4 had optimal temperature. and cluster 
5-6 experienced decreasing. lower night temperature. Treated plants continued to produce clusters 
during each period, with anthesis and flower setting, whereas in plants of the untreated control 
plots fruit-set and fruit development clearly reflected the three periods of different temperature 
conditions. 

A clear rate response by BAS 112 W at all application rates was observed, both ill the 
offseason as well as in the crop season. BAS 112 W was nire effective per unit acti\e ingredient
than BAS 113 W and 4-CPA (Figures I'. 7 and 8).

A total of 70( to 90)% of t:e fruit fell into ile mCdium and superior class of' marketable 
fruit (>5 cm diamcter), whereas in the untreated check only 5V0' to 65/'(' of the harvested fruit 
fell into the medium and superior class (Figure 7). Furthermore, the fruit size of treated plants 
was more uniform and fruits matured several days earlier. 

At all clusiters tile shape of fruits, filling of fruits, and the distribution of juice were normal 
at optimal application rates in both seasons. Due to parthenocarpic activity of the compounds, 
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the seeA was smaller than the normal size. Seeds were, however. fully developed and seed numbers 
were unaffected. At lower application rates only the seed size of fruits of clusters no. 4 and 
5 was affected, while seeds of fruits from clusters no. 1-3 were of normal size. 

-

Mr~ 5rcsp,re
.....
one a f- t-- cto ensp Sinw , 

?o0i.' - ;,Q, ) Figure 6. 
Effect of BAS 112 W and BAS 113 W cluster 
spray application on fruit-set. (NT = not 

S2 tested. Trial was conducted under unfavorable 
conditions, including 800 mm rainfall in 

V -fully 

,n,eo 
o 

B,, 
! : R J1.

5 
L; 
.- -

June/July: only fruits of three clusters were 
matured at the time of harvest. Columns 

of the same trial marked with the same letter 
are not significantly different at P = 0.05 
according to Duncan's multiple range test.) 

KCo 0 i E3 - e-f M 

-!::'Sep ,at~l 2: ,;v;HT ' Vcy ;')171 

3 AC, El '" 6 

, TC ' C, 

Figure 7. Effect ofBAS 11 2Wand BAS 113W Figure 8. Effect ofBAS 112Wand BAS 113W 
(cluster application) on number of marketable (cluster spray) on yield of fresh market-tomato. 
fruits (> 5 cm diameter) in the early crop (Applied when 2-3 flowers were opened. Trial 
season (Sept. 17 transplanting). (Same clusters was conducted under unfavorable conditions, 
of different treatments which are followed by including 800 mm rainfall in June July; only fruits 
the same letter are not significantly different of three clusters were fully matured at the time 
at P = 0.05 according to Duncan's multiple of harvest. Columns of thc same trial marked 
range test.) with the same letter are not significantly 

different at P = 0.05 according to Duncan's 
multiple range test.) 

Discussion 

For the off-season cultivation of tomato. either during the cold period under lass or plastic 
in Jap'An. or during the hot period in the field in Taiwan, a stable yield of marketable fruits 
and ,, long period of pr;ductivity is required for economical production. This might be achieved 
b', application of auxin-type growth regulators, such as the two compounds tested. 

The two compounds increased fruit-set, fruit number and fruit size during the ol-season 
(cool condition) of Japan and during both the normal growing season, and the off-season (hot 
condition) of Taiwan. Fruits matured earlier, the ripening process was accelerated and fruit 
coloring was stimulated. The two compotnds may thus prove to be useful to extend the main 
crop season beyond the optimum climatic conditmon itae tile hotter or cooler period of the year. 
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BAS 112 W was found to be more active than BAS 113 W. Preliminary results of greenhouse
trials in Japan suggest application rates at I to 4 ppm ai. for BAS 112 W, and 8 to 30 ppm
a.i. for BAS 113 W. Phytotoxicity, such as curling and deformation of the newly developed
leaves up to three weeks after application was observed at high application rates of' BAS 112 
W. A similar reduction of leaf area had been observed (Joseph and Peter. 1980). foliowing foliar 
application of 2,4 D in tomato. For repeated applications it is, therefore, necessary to spray
directly on the flower or cluster, in order to reduce drift of the compound to the leaves. When 
BAS 112 W was sprayed directly to five individual clusters. phytotoxicity only became apparent
after the application to the thrd cluster, or later, depending on the season. Foliar application
should not exceed 0. 5 ppm a.i. of BAS 112 W to avoid leaf deOrmation. BAS 113 W applied 
at optimal rates does not cause crop injury, although, at application rates of 64 ppm a.i. it caused 
some leaf curling up to two week, after application. 

Under field conditions in Taiwan. the recommended rates for cluster spraying of BAS 112
W are between 0.25 to 1.0 ppm a.i. in the crop season (under moderate temperatures), and 
between 1.0 to 2.0 ppm a.i. under high temperature conditions. The optimal rate for BAS 113 
W seems to be 32 ppm a.i. Foliar spray testing isunderway in field experiments on the determinate 
processing type tomato in Taiwar as well as experiments to determine whether the compounds
will also increase flowering and yield of heat tolerant lines recently developed by the Asian 
Vegetable Rcearch and Development Center (AVRDC). The oprmum timing (i.e. plant growth 
stage) for the application of the compound has not yet been 'ietermined. 

The average fruit weight was increased under the cool season greenhouse condition of Japan,
although the number of fruit was reduced. However, in field trials in Taiwan, both during the 
hot temperature off-season as well as in the crop season, this effect was not observed. 

Trials with emasculated flowers proved that both compounds have parthenocarpic activity,
which is not surprising since the effect of pollination and fertilization in tomato can be substituted 
by auxins (Bangerth and Ho. 1984: Picken. 1984).

The experiments su.gested a certain amount of translecation of the bioregulators in the plant.
From alternate cluster spraying it was observed. that untreated clusters, which had followed 
a treated cluster also showed increased fruit-set and yield. Treatments in which all clusters were 
treated, further support this finding. Although only two to three open flowers were treated, flowers 
of the same cluster that opened later also developed into fruits. 
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Symposium Discussion 

I.D. Erile: The chemicals appear \vl' protising, hut is tilefruit sate to eat'? 

A.Watanabe: The long-tern tiicolliciil studies of thcse comipounds are a.niost completed. 

fhe preChliia reSultl, ildicatC thil there are no salet, problems. 

C.H. Hung: I I)o you e\ -alteit the ruit .ualit\ o tititiltcs when \,ou spray with 1HAS 

113\\".W hi iwan fariers lilCUelnlll\ Sla\ To itmtotol in the sulmmier season. hu tihe fruit(2) 
Snilull si1e. nitutiiltrli .kin color and hollow cavity..11,li\ i0 not gd. sucah istkese sCCs. 

.tc. )id youoihs.rsL.1il, o the iCIourll tia ls sili t.1AS 112 W or HAS 113 W? 
fruit quality after treatments with theseA. Watanabe: i1 \VC ha,1 c\C latd t1hC 

tlfruits.com1 tlpounds. 2) l2olitohhllirC. ;i,%sell as BAS 12 nd .\S 113 \V. cause parthenocarpic 
[loss eCer se do not consider thisParthenocarp. c, ll produlcs teeC r and sinialler sceds. 

We hisC ohscrcd hhollo\ cavit oilll\ whcl application ratesas Ihact r of tuiitior truit Clualli\ 
c to high .t ot tial ;lic.ttn ratle, lhl. J ltiorillal llliiL. W e did 1iot Observefruit, 

nonuniilorii skil color Attel treateilient i eith 112 of H3AScilhier HAS 113 W. 

an? If iot.R.T. 	Opefia: Did \ lusc a liat-tolrari , - i.the fieldc\periietlts ill 'ais\ 
lutlurC tudies?illsome t 

.'.Watanabe: lcstinl of tih t Lonitpounds oilheat-tolerant lines is planned.
C(tlt \otl 'itipar ellcal-scnitivC aii heat-tolerant cultivar response 
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Resistance to Anthracnose (Colletotrichum spp.) in 
Pepper
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Department of Horticulture, College of Agriculture, Kyungpook National University, 
Taegu 635, Republic of Korea 

Abstract 

Anthracnose is a severe problem in pepper production in Korea. Two species of

anthracnose fungi Colletotrichum gloeosporioides and C.dematium are found in Korea.

Colletotrichum gloeosporioides infects 
both green and red ripe fruits whereas C.

dematium infects mainly red ripe fruits. A total of 106 lines and cultivars of pepper
 
were screened for resistance to the two species cf Colletotrichum by artificial

inoculation of green and red ripe fruits. The local Korean cultivars Cheongryong. Kwangju

and PI 224433 were resistant to C. dematium on 
 1reen pods and red ripe fruits where
lesion and acervulus development was inhibited. However. lines highly resistant to C.
gloeosporioides were not found. On fruits of Gosung PI 201232. PI 123469, and PI

201234 lesion expansion by C.gloeosporioides was slowest, but acervlus development
 
was not prevented. These lines are also known to be resistant to Phytophthora capsici. 

Introduction 
.Anthricno,,c ,mi+ til
i,, the hinltn,-ltLr, hoi ipucplper Ko~re. di,,thnctpioducum il Ti.ol+t 

Nl)4.'.I' 41 ('1,//'t4,j it/h /l I]tL'hCCrI rCptuIL'd h0AI4.L' '.,'r. Clcl( (/4,' 1llm~ (Wci's. C\ Ir)(rove

;aId (. Ir.o.'/pol,,'uh ((illu 1)84: KiII clal.
lcc ,/. and ( hL/nj. I .)(i.Thi lirN,, cugic,dalll'ac 

' 
l ailll" 1 11 c i in Iit . ,ailic/I4 '.x. icct nptn,CUL',\i) "l IrtlW' . . C. 
. tI'CHIV1111 

f r Iri onllhIII"I'MCI ai tll ,.' . 11IIIlllhfd"l .:-.Cllh\ pr U,," tli€ 11 l J' oit1l'. i,l k'l
l 0I]k e odtcl) lclrln.,
 

c.lcls. h4 ri1, 4rl' li'.' c'. Ti ',rt iln'. 4)1(
441\J,441c'.. Tl ', C. IIII(/.'A;tc''lou i4.ll in Korca: 
",train (G. .+l.h 1,h i ,Irul'1i.nhlk *lt lIir,I h lh ,+I . 4\ '! IliI+ dis, lot[- I All ,1 lfd 

-
10c,111l cr ll'd.' ;c I I wi l1 it "' s'.Cll . it) l..'11 tl"C, &I11J11,:1I, l' ld . 1 1 l'. k'cI cltln l\1to 
fhr'it,. ( ,,:ii
rICdr ilof4 Mr d hor41I,c/ith m tn,') iKim ( ','i.I,) I .1 9Si-1. C.s'-,i'I l G LC\tH, A IltLCl-,+~)l,.I llt.'( htlliEJ:htlk mic+,a,IlldIllm+,I",01111ll +t,lJJt\l thc ,,alll"l\1tli 2~ 

llc\c+-c di+llllil~u' it, p+ pCl 1); (dtl'+11.'t~ 

.\ht .h 1111ILU+Ik: I._l I Ciu, r 0 IIIII (L'+l .O_' hrcedill,,, (tl r,,i,,t,!;It 1 1 ,hwill, d tilaMt0 .111C ,.'ultII,;rI¢I 
l ll phainl ,_t.'-;l ,.:tala+ltd'n,,,r + l hr-ccdl-s Sc,;:I-A'~t ,..'tllci~m h,hr0.ld :i,. \,,.rc er,.l d res".is.tant 

tIoC.1lc,' Jild(htu I'N'). Ff-hatillm W(hinlI \%C\+,,.ruC,Lt_'LIt) O,,,,csl++il lnot
C. hasv, 
hbe.'l k ,,() I urp,,,: ill (Iii,, \%,I,,ruCpol-rt I'i. ,h ll: oudlt~\ it)',c.at'+hgernmplitm that is l'C"i,."llt!to 
either or"hilth "tI111 lll ("a/)'l/l''+{/'t Cl lllo Ct. de( 11111111!!. 

Materials and Methods 

Plant Material 

A toltl ol' 100 pcppr linc cc tcted. .o4lsislillc 4l':3 Il'l lines. \ hich had hccn originmok
rccivcd lit the Soutlcrn Rcuional llant Introductimn Statin. l.\pcrimcnt. (coria. USA: 
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25 lines selected lor e'istance to either lhtoptithorma blight or bactenal ,pot: and 45 Korean 
local ilti irs. Seedts \..re planted inl C sl-,,t ill ,cedlinig \S on \ 25. ]986 andtl. "kill Ira\, JallUnln 
trallanihted to the !ti r,,i wt fiellul Ma\ N80. Slpac'n..2 \,,as 75 i i.' b'Ceel,.,,rilint I. 

;Iis0 'iiil5bets it pla is. Nt ftliio idcs \cic applied ito the pliit, a.t ;ill\ tlIii. dtrllneand els 
the Io\ illu, Season. For Inoculatioi. cee I Llt" liar\ eted abonutil2 I 10 d\ " aie l ilithesi . 
ad ,d ripe I i, \, ill i90,; ol llhiu red p Iiniallat I101 IappaentIClII, ,CI uSe.d 

Inoculation and Disease Rating 

Straiii G (Isl. No. 4) *1'/ct u ht'/hnl l h;d ben collc,tcd Init ( i/Lt' L' it .\ , klh 
uk pit,\ o . v, h(oCesai. (ihnnblM ,i+c Kor a. anl1d klic,, \o. I I (C ,iliiuII, i ihl l+ c ,.,ollcetet, 

from the K.utiigpuook lt erit .ex erilliillt fariii. \ere (IsCd thronulonLitLlhe ,'.[.triitilne 
The ftiiei- cre ct ltid in ptatodtioelalk, .ia. plates, thC ine, ,., ,+tI1a.ii i sceili iicht. 

' A s 1 l ,pc is i s s obtiiied h.%b\, . a,,tliig tile pla \l ili dstilled V,a l ild tileIt,.ii the 
a 'hil,-t1lltg h lnI a\I ,CI c he , iuc+t.ti the i,qll , 11C. (1h t , rai.:1i oit sI NiV.rpciisi,, '"a, 
td ,l to 3.5 .m • i)" colliild peCr 111 ICII ltit IMi h l, it,+,l 11ioni I)line11C. .lil.reii 

Itdi\s adnl plaiil', \ crc p)lacd n a tIiiiidil t bl , t 12.,"o\ - 15 I 1,,,t I i.,t at 
the bo0tto. ...n iiionl aiL111Iii . 0iti1,listinol l p1lt.I. old oI 4 5 1111l ill ,i itl.'itciil li .1tine 

I a th I pickCdiiedlC ItItrhtldino Otl inn11.\1111 di ed 11C l.liildll ,iisp II\llt lie IrIlIx. ss .'c 

lo ii the -CIItC of thie po 101 l toCtllititll pi lllliM in lie 0i, 1alsil lpcisiii. tcl\ i11 
a ,,imall hole \ llh i drop of the Ihe \ sscc t tCIIIIC,.tIrC (,ill spctisii W, .+ .tilitd 1110011 
to 2'. (. ). I.C s l diaitk.'tct \.kd, iii tilicd tl ile J,\N AllC htte,.tlAtl 

Results and Discussion 

The reu',lts 1itii t\scl\e 1hlueS. ,t .(ttt I tillt ,t Udt i li'iiti diiiti.1, iiii ie,,.lit lrttlln 
C1antsed b either ( 'll'i't,,- /(Iimun"p i,.' le slt,, iiI luhle I \ lh ic\.lci itt ",ssllaiic to 
C. \ \%(t+.Sitnii/fisashI d 11ueCs lpeCd tsel khul,i'leer.,a', i tI All dseC IcSIoiis I cill Ill \%ili 
aiCrsuli. lther i IUlaIiI ll s.itI ('. c/, ,,\Sio, r h P 2( 11_ 2 P1 2 7 14 . K\'\aniti. P 211234. 
(lii1. andIIPI 1234(+,t) appearCd to be the ICast diseI,,d iles. Nli t lie'c to cls c 11Ics te 

Table I. Lesion diameter on green fruits of pepper, nine days after Moculation with a conidcial 
suspension of two species of Colletotrichum 

Lesion di tr ter tclli 
Line Selection no Remarks" 

C g/9otfo'~pnrnnd s-, C ufmItgiiio 

PI 201232 B13-3 t 1 " 1 08 R to Pt
 
PI 257044 51 1.20 u 0.96 e
 
PI 201232 B13-4 1.26 063 hc P to Pb
 
PI 201232 B13-2 1 37 a b 1.20 ' R to Pt)
 
Kw,r1gjL 178 1 60 dl) 0.00 aI
 
I 20123,-314-2 1 66 at) 0.91 c R to Ptb
 
(osl Ing 191 1 71 at) 0.00 ;1 R to Pb
 
At jitaurgi 196 1 74 a 000 t
 

11I20 1231 B14-1 1 89 a) 0.82 c, R t ) Pt)
 
PI 12:3469 1312 1.91 a) 0.66 hc 13to Pb
 
Il 224433 +8 2 15 bc 0 52 abc
 

PI 2,14670 47 1, 2 T5 c( 3.91 €It R to Bs
 
ChIingryo)g 190 2 80 C(d 007 ih
 
PI 24160 431 3 29 (i 143 i R to BS
 

D,iii rp i"-, nt tihe iroin of iO fruii, hrl.im'sut+d )riti 10) iithi(ltil lir4i, 'MI ln'wpiiatii s-itill 
iiolirimis )y Kritir i. 'R toi Ph anl1 35s isis litt to ll)i tii) Ilghtjiii.lti)h.' rxge test. lvsel thoitl 


v),(I tm tleritil ,ptkt+ , :+) (t , 1,
 

http:tileIt,.ii
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select ion., It)" rei.stance I Phytophiora blight (P. ''llic.i) (Kim. I986: 1987). Anthracnosc 
resistance therefore maV he considered iitellter W i i PI I\phlthi blight resistaice inia hieed in 
progra in where these lhles are used. Iesioii d1.0CviO 11li by (". i/('111161 was re e nted On 
the Creen fruisl of K%algou. (losu.i nand .ntilhaengi. and %%ias aliiio t abscnt on1 Chun'rs (nI-i.
The high le\el of resistance to ('. d(emowlml is atirihuiled to those lines on fhe hasis'llia . 
d-i'luiu cause,, on llillyrorno dallna2Ce to eel frlits.Or illIIIIalIr 

"i'\ent. lines selected f0r smtiallest mean lesior diaicters on tIlered ripe fitslts are listed 
in Table 2. 

PI224450 \%as the line least affccted h\ ,rp i/'(. uu, h,iut a high llcil of resistance 
to C. i/o'o.VI+Orioti+, ,\as found niiher ilngrecn fruils norl illred ripe fruits of the liles tested. 
Hone\er tiletour line, illwlichlieel and red ripe Ilits \\ere least affected h\ tillsf'llllmis
 
were Il 123409..I 201232. Ksancju and P (l01234. I.CsioIi development a!thOul slo\\ e \sas
OhsCI- ed itlitlesC also des elopCd. l)es 

o, lesiolis caused h\ C. d'n1tiuM \wa, iiiIihiILd ol red ripe fruits of Pl 123409. K .
 
(hlungrv ong. PIl297490. and PI1224433. PrC\ isousi\ sIIiC 


lilies. The lesiiis e\pandcd %\ith time anti act'r\ul , hlpieit 

tile 001' lilieshad hcnII founld to he 
rL.sistant ii both iiiinature green aid red ripe frutll stages (Park et ai. 19861.
 

Another iniethod for testillc to) aIlit \ouItld havle
lesistlance nalisClltsC been to mieasu.re_' the
 
percentagc Of diseased frUits 1) 
 idditiona;ll SCICeiIIc Under natural cpiphtli\ttic conditions in tilefield. Hoemser. iii O r experineriCtal field. ( . ' xsas iot found at all and Orll\,ioi \,\',I 
a tiieacer lllltl oflamiracnoIse causCd h\ (C. (i'ou1/j1ioi1 occur''lrd. Plakinlgda.Ispore ,tlSpCI11siOtI
of the pathogells tll te frlits %\itliot oiindinc sasas aso tried. hut disease die\eliilcirt \;as

1tit sufficieriti high to allm deterllilnatimi ol resistlc i('ihti and PaC. IN87). P~uncture
 

Table 2. Lesion diameter on red ripe fruits of pepper nine days after inoculation with a conidial 
suspension of two species of Colletotrichum. 

Lesion diameter (c111)Line Selecton no - .. . P,,marks'
C ,gloeosporioidces C. dematium
 

P1 224450 33-2 0.31 a' 
 1.21 abcd' 
PI 257119 65 0.73 ab 0.70 ab 
Chungrvong 190 0.86 ab 0.64 ab 
PI 123469 1 0.89 ab 1.42 bcd R to Pb
 
PI 123469 B1-2 0.92 b 0.43 a R to Pb
 
Kwangju 178 
 0.98 b 0.46 a
 
P1 297493 108 
 1.01 b 1.06 abc
 
PI 201234 14-4 
 1.04 bc 0.76 ab R to Pb
Pt 201232 B13-4 1.05 bcd 1.43 bcd R to Pb
Riogran(le 1.08 hcd 1.87 de R to Pb 
PI 201232 13 1.16 bcd 1.77 cde R to Pb

P1 257099 62 
 1.21 bcd 0.77 ab
 
Gosung 194 1,22 bcd 1.22 abcd 
 R to Pb 
PI 271322 79-1 1 35 bcd 1.13 abcd F to Bs
 
PI 201232 B13-3 
 1.36 b J 1.43 bcd R to Pb 
Pt 297490 105-1 1.39 bcd 0.65 ab 
PI 257044 51 1.68 cde 0.91 ab 
PI 249631 49-2 1.71 code 0.76 ab
 
PI 224433 28 
 1.86 cdef 0.67 ab 
PI 224445 163.2 1.89 def 0.68 ab R to Pb 
PI 244670 47-14 2.09 ef 4.26 1 R to Bs 
(SuSC. check)
PI 241670 43-4 2.41 f 2.43 e R to Bs 
(susc check) 

"Data represent tie mean of tO fruits harvested from 10 in(hr dual plants. YMeai, separation withmn
columns by Kram.r s multiple range test. 5 ,.level R to Pb and Bs resistant to Phytoplithora blighr
,in(bacterial stpot, resl)eCtively 
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inoculation as used in our screening has been coninonly used for testing re.,istance to !,nthracnose 
in tomato (Barksdale. 1970: 1971: 1972: Barksdale and Koch. 1969: Stevenson et al. 1978). 
The lines selected for showing little evidence of disease in tie laboratory will he planted in an 
isolated field and their resistance status confirmned. The search for a high level of resistance 
to the two Colhtotrichurnspecies continues. 
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Symposium Discussion 
L.L. Black: The la ttc ,lred 'ungls Mhich )t. Ki elerred to as C. dcrmatinm is ut.doubtedl 
the same as the one referred to as C. '.apmu-iin the paper b\ Haddcn and Black. Mycolgical 
authorities disagree on the appropriate narie for this lungu:. Furthern Iore, based on previous 
discussions \k ith Dr. Kini at this neeting aid nifornatirl presented in his talk toda\. it is our 
opinion that he fungu,s tt which he referred to ;as C. ,loco.sprrioid'c.\ strain (G is the samlle flngtls 
labelled C. acituttinItine paper b\ Haddern arnd Black. 
BS. Kim: I agree " 11h \ot that C. h malium in l\ paper is the samne as (C. a utwmtn referred 
Ito Il Hadden and Black's paper. I %%illdiscuss the nonenclUture with tile Korean plant pathiihigist 
who \kas invlVed in the fnILgus duitteification. Alter discussion with lni. cologists ini Korea. I 
toind that Korean fnv.ologists folh,,lo Vernia. M.I.. Plhiopath. Medii. 1982. 21:97-10). 
•\Lcording to Vernia. C. dv'natuin and C. 'ap.iici are svnonvtins. Korean plant pathologists 

,eparate 	C. h ovsuorioide.s and (. a'tattunm on tlie basis of spore shape. They say that conidia 
i C. ucttatutn are tiore sharp-pointed than those of . ,glu .orides. The. rnlaintailm that 
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tile causal fungus ol" the aitnhracnose infectine green fruils is C..gho'o.porioids. Thev also
acknowledge that C. wtwarutlin and ( g'owspol'ioide.aiare similar ItCacti tlll.
. C[% 


B.H. Chen: Do ,ou find any relatiorship betcn iesisltance to atliraciose disc;Is and tile
 
capsaicti Contentf 
B.S. Kim: I hae rit,,studied the relationship he't\,een r'sistUicc 1t 1itlhrac1IoS illidthle C;iIsaii
conltellt. Pung1nc.M lllV not be directl, ilated to resislaic to anttiracrionb,, I i . lli\%cr%
hot cultivars or line,, ,,Crc.susceptibile to antliracnm'oe. lole,er ,,, I tested ,+
MICH telrcla[n.loip


itld
h~et en pulnenc\, bacterial spolt resisatnce. I Itund a siwnilicat e;l"e e orCitCioitt, ,ctv,c'll
tile nulninIber of ba .teril spots adlld eapsalcin .ontenClt. lIuIILCI ribn.+)tcn nItCd ',0111C tield Csistce
 
hi the relationshi ',,a Cr\ h0,,,2s.
 

I.D. Erie: .\1htno ri[II c i.nh .'lHras A\%del\ ,1c[ciiiI Iroble iMrN. it I,lil.ill,C I'lll1,1r 

-IproIIcm of ripe pepper. Were thlce all\ i cial tOI,
ielip, ,inc \I1ch el,iltd,.d the 
severe inilections in KIorean it tihe IIld' 
B.S. Kim : Warni. .c \kdieher conditions as piesentIIIlhe K]lican CI.',I.lI ad high ilc'tiltIil
potential. arc the predisposi Lhct, (or .e\crc"tathl:Icnose prbleis. [Mie giro.IAA',Sp,,liercolitiItuIoni,1 \e[,r atter \ Car % to1I 1 Itaito l. T l tcp Iii s .t'Ili har ,ilso cre.'e , the 
i l OIII.Ill'I i lIr.1th0, III1hi It)HI. IIOl , untrl tenlllit l 1 d 

T.C. W ang: td *1i1)(I )idWL;fihOl CIii\tit',,hi h I\lsA1111Ir it - , i,. ki Iitil, L'. .2 
.ill]O)H u pCll l tll a ll N\ SRIFI " I ) ( l5 lIt iik'. I L'II I Iti Lt'IIl i .C I I Iii. 1hii & t 11 I It 1,t1 11111. Ill llh. 

Or also onf lea\ el of hlot pejppcn
B.S. Kim : (II()isorlie sllln,llIitet,d Iues. .siC1 .\Min l. ii %1 t tiutl h, tunit -,i. hit s.rul!
friUtd lines re NIIec,ril,i ,5 nil ss rIsitntI i either ('Io1/k.Ib+,' in' )CiC 1./ e 2 1I,.l OHIIM
inoculation Ilicthlods. thi lne, khI hL'I il v, sIi, ep ti, \t% iin ssa h i o i+,qtiatiomi'.aas 
poor \were eii. si'eed a, i sis.ini t, lik t,,i K dCh,LhI/IIih.I it It, III-2hi l lt . c\,-,itl.nitoderatel, resistant i ii,lreatcl, suscpi le.si Celhi ll .t .t ,ii
" I t .., hs ,u;'.nhn.e. 
is mninor. "li lljll dullniuc ' , iIithi i'lt1 1 -+CiII I tci . iti lt, 
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Abstract 

Anthracnose of pepper incited by Colletotrichum spp. causes severe losses in 
Capsicum spp. due to pre- and posthrrvest fruit decay. Four Colletotrichum species (C. 
gloeosporioides, C.capsici, C.acutatum, and C.coccodes) have been identified as causal 
agents of pepper anthracnose in Louisiana. The major incitants are C. gloeosporioides 
and C.capsici. Potential sources of inoculum in cayenne pepper were evaluated in field 
studies using various combinations of 'clean seed'. infected seed', 'clean field', and 
'infested field' treatments. Throughout the two seasons the clean seed-clean field 
combination averaged 9o. infected pods, whereas trie use of infected seed or planting 
in an infested field resulted in 66% and 62% infected pods, respectively. Detached 
mature red bell pepper and tomato fruits were inoculated with 22 Colletotrichum 
isolatcls from pepper and tomato representing C. gloeosporioides, C. capsici. C. 
acutatum, and C. coccodes. The fruits were inoculated with a conidial suspension (25 
il, 106 conidia/ml) and were incubated at 241C for nine days after which the 
percentage of fruits showing lesion development was recorded and lesion diameters 
were measured. All isolates, regardless of their original host, caus.Jd characteristic 
anthracnose symptoms on fruit of both hosts. Field applications of chlorothalonil (Bravo 
500 at 3.8 nl,'literj and maneb tManex 4F at 1.9 ml/liter) ere made to cavenne and 
bell pepper to determine the efficacy of these fungicides for the control of anthracnose. 
Sp. ay applications were made to the point of runoff at time intervals ranging from one 
to four weeks. A significant reduction in the incidence of pod infections was obtained 
with both fungicides applied at one- and two-week intervals. Seventy-six percent of the 
pods were diseased in the unsprayed check trea'wcrts, while only 25% and 37% of 
the pods were diseased in the weekly sprayed chlorothalonil and maneb treatments, 
respectively. 

Introduction 

lh'.c .,Iit\L'l [ l l 1 l ' I , L li lll ill ' iIIl)lt l ,, l rI( /1 mni ppple,1pl t diNcas 
(C(41/,lil/ "pp I I til, hl law, rahle lit hu'c',ajmncnt. 11IC- ,lnd N\hama ,td+",l 1mI1 
h , ,ld up I 5(1,T hIC, ht. n rc.,m cd I l1,.i , S ith alti ( d . ,. 192,.l3): 9.0l] dica., 

td lmamnlu i c l ii~c ',tlLcU . l Imi . 'tI i l m l m mll;, pi'hl rel+,,itc',lI lmu tt.lrovc, Id cl 'I'll m c 

03 ,, I Cd ~ ll+It',,tailc' t( l' I hm ko<t;L, ill 1'.11l~l i h ii.'il t0iOWIk*tlilIIcl'ilc'Illl 411 OIL: I'll I 't'tt A .\II l+\c'M ~I'l~ 

t )lc ' .lfc l il0 lilt" I tt ll . -r u lil I Ni't-flllilill st..11 ll , 11i Il rlp[ li1l11'et ,h ts 2" 66lll 11 
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Smith. 1958). Fypically, symptoms first appear on mature pods as small, water-soaked, yelloN,
or dark sunken lesions which rapidly exp;a;ad. The lesions may enlarge to 3 or 4 cm in diameter 
and somnetimes coalesce, encompassing a large portion of the fruit (Figure I). Fully expanded
lesions are sunken and range fron dark red to light tan in color with varying amounts of visible
dark stromatic fungal tissue. Generally, numerous setose or glabrow,s acervuli-bearing pale bufl 
to salmon spore masses occur scattered or in concentric rings on the lesions (Dastur. 1921: 
Halsted. 1890: Halsted. 1891; Higgins. 1923: Smith. 1958). 

Figure I. 	 (A) Bell and (B) cayenne pepper (Capsicum annuum) showing symptoms of 
anthracnose caused by Colletotrichum spp. 

Four species, C. glocosporioides(Penz.) Sacc.. C. capsici (Syd.) Bul. & Bisby, C. acutaum 
Simmonds, and C. coccodes (Wallr.) Hughes, were shown recently in this laboratory to incite
anthracnose l'pepper (Hadden and Black. 1987). "lhese species also are reported to cause tomato
anthracnose (Barksdale. 1972: Mordue. 1967: Miller et al. 1984; Siminonds. 1965). In a survey 
of pepper-growing areas in south Louisiana, all species except C. coccodes were isolated from pepper pods exhibitirg symptoms of anthracnose (.F. Hadden. 1987. unpublished;.
Colletotrichumn goeo.sporioidesand C. capsici were the most frequently isolated species in the 
present study,, but C. acttatwln predominated in somle ficlds. Although C. coccodes was notisolated from infected pepper fruit, a previous study in this laboratory showed that isolates ftom 
tomato were capable of producing typical anthracnose svmptotns on pcpp,'r fruit tHadden and
Black. 1'1,87). Other Colh'totrichtim? spp. such as C. piperatum (Grover and Bansal. 1968; Smith. 
1958; Smith and Crossan. 1958). C. dematium, C. ,'raminicola, C. iit,'rtt, and C. atralenaritun 
(Halsted. 1891: Verma. 1973) as well as Gloeosporium s;p. (Halsted. 1890: Higgins. 1923:
Higgins. 1926) have been reported to cause similar symp:Y,ms on peppers. Considerable confusio
exists in the literature as to the proper naming of these organisms and thei: possible synonymity
(Smith. 1958: Smith and Crossan. 1958; Sutton. 1980) with the species inclUded in the current 
study. 

ColletotrWihumpiperatuin (Grover and Bansal. 1968; Smith. 1958: Smith and Crossan. 1958)
and Gloeosporiumpiperatum E. & E. (Higgins. 1926; Higgins. 1930), which now appear to 



191 Pepper: Anthracnose Caused by Golletotrichom Spp. 

be synonymous with C. gloeosporioides, along with C. capsici (Dastur. 1921; Grover and Bansal. 
1970; Verma and Krishi. 1974) are reported to be seedborne by way of both infected and infested 
seed. In a study of seed extracted from cayenne (Capsicum annuum L.) pepper pods coinfected 
with C. capsici and C. gloeosporioides. C. capsici was found to infect the seed coat and occur 
as a surface contaminant, while C. gloeosporioides occurred only as a surface contaminant (J.F. 
Hadden. 1984. unpublished). 

It is generally believed that seeds and crop debris from infected plants provide inoculum 
that leads to development of anthracnose on per,. er pods. However, little work has been done 
to establish a link between these sources of inoculuni and the fruit rot phase of the disease. 
In fact, Chowdhury (1957) stated that C. capqsici-infected seed plays little part in development 
of riperot of chillies in India. Several workers (Grover and Bansal. 1968: Grover and Bansal. 
1970: Smith. 1958) have shown the importance of seedborne inoculurn ia pre- and postcmergence 
damping-off of pepper seedlings. Halsted (1896) and Higgins (1926) stated that G. piperatum
infested field debris is of little importance in Ohe development of anthracnose. but Smith and 
Crossan (1958) have shown more recently that C. pilwrattin-infestedcrop debris is an important 
source of inoculun. 

Losses due to pepper anthracnose in Louisiana are mininized by numerous hand harvests 
to remove fruit of cayenne and tabasco (C.frttescens L. from the field as soon as it matures, 
followed by immediate processing of the harvested fruit. These procedures effectively reduce 
disease losses because the fruit is removed and processed before symptoms have a chance to 
develop on the pods. With the trend towards mechanical harvesting, anthracnose has the potential 
of becoming a limiting factor in the production of pepper. tecause mature pepper pods would 
have to remain in the field for much longer prior to harvest. Under these circumstances, serious 
disease losses can be expected unless other control strategies are employed. 

Dithiocarbamate fungicides. such as maneb, have been shown to provide some prot,:ction 
(Chowdhury. 1957; Narain and Panigrahi. 197 1 Smith. 1958) and are recommended for control 
of the disease in Lou.siana (Whitam ct al. 1988). Chlorothalonil, in addition to the dithiocarbamate 
fungicides, is recommended for control of tomato anthracnose (Whilam et al. 1988), a disease 
which appears to be caused by the same organisms that cause pepper anthracnose. Although 
not yet approved for use on peppers, this fungicide is fairly stable over a wide range of 
environmental conditions (Fry. 1982) and may offer pcpper growers an alternative material for 
management of the disease when and if it is approvd for this use. 

The objectives of this paper were: (a) w determine the role of inoculum sources in disease 
develcnpment. (b) to evaluate two fungicides at various application intervals for their efficacy 
in controlling anthracnose. and (c) to examine the pathogeniciiy and virulence of Colletotrichun 
spp. iso!ates from pepper and tomato in cross-i noculat ion studies. 

Materials and Methods 

Inoculum Source Studies 

A study was initiated to determine the importance of seed and crop debris as sources of 
inoculum which contribute to the development of anthracnose on mature pepper pods. Three 
treatments consisting of 'clean seed' in a 'clean field' (CS-CF), 'clean seed' in an 'infested field' 
(CS-IF), and 'infected seed' in a 'clean field' (IS-CF) were employd. 

Seed for the 'infected seed' treatment was extractea from pods of cayenne, selection LSU 
16, coinfected with C. capsici and C. gloeosporioies. Seed of the s',me selection produced 
in an arid area without overhead irrigation was used in the 'clean seed' treatments. The 'clean 
field' treatments were located in fields in which there had been no pepper production for more 
than 20 years. The 'infested field' treatment was located in an area in which pepper heavily 
infected with C. capqsici and C. goo.sporioides had been grown the previous year. 
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Six-week-old pepper transplhts were prouuced in the ercenhousc in model 200 "TOI)"
planter flats (Speedling Inc.. Sun City. Florida) usine J ilN' Mix-Plus (Jifl' Product:s ol'Amcrica. 
West Chicago, Illinois) as the ,rosWing mediuin. The plants from 'inilected seed' treatments and 
tile plant.s, front "'cleansced werie maintained on separat Igeenhlse benches. lihe plants we rc 
transplanted into the field with a 38 cm iln-ro\ spacing oin rows which were on I.2 i ceners. 
The rows \\'ere raised. shaped beds c'\Vrd with al iiitniii-ipainted plastic 1il1 Mulc h. Treat icntls 
were replicated ftoLur times,. E'ach replication consisted of two rows 30.5 it in length. Treatmcn s 
w\ere located in different fields phsicall\ scparatCL bs atminittii Of 150 in. The experiment 
wastrepeated Once. 

The effect of i11 trC.atiet onIdisease allalCd oil IwO hlar'\Cst dales ini, incidence \\S 
1984 and on thre harvest dates in 1985. The percettagce of discased pods was deteriiued h 
coutting a 50-pod sbsamitple o the total har est of each replication. At least 15 lesions frout 
each subsample \\crc Cxariined icOSCopical to deterine the spccics of (C'01,cturnt-.]tt 
involved. 

Fungicide Studies 

A fungicidil spray study was conducted to evaluate two ftngicides ;itd the frequency of 
their application for anthracnosc control iii bell pepper (Bell Boy) and caetitnc pepper (selecttion
I.SU 16). Two futigicides. inanch fNlanex) ard chlorothalonil (Bravo 500). wCrc applied at 1.9 
til / liter and 3.8 nil liter. respectivCls. Ittgicidcs \\ere applied at a pressure of'7 ke;cin 1(1 
psi) to tile point of runoff w\ith a tractor-dra\\ ii drop-hoom spra. s stem using three to fi\ e "X2b
hollow colnc noIles (Spraying Systcits Co.. Wltill. Illiiois). Applications 01t!'it'ieidCeS at
Ilnc to lilur-\'Cek ittervails beCgalt on .lu.ie 2b then a tiajority of the pliants " ere t the first bothril, 

stage. and cottinued thiltouhotiit the scasotl. etl ip (lit Novembr,"er 2. A treatmnitt sshichccci\cd 
il spray atpplication ,ts t aitiattined is t cotintrol for Cacil fluticidC sludiCd. 

Peppers s\eri direct-seeded by the plup-mix methoud (1tYslip. 1974ss ith, a 38 ci spacing
betweel plants oil raised row,' (ot 1.2 Ill tC CItes Co\scredl \k ili titiitm tiltt-lp1intCd plastic filit
 
mulch. UtiplanltCd allCs of 1 .2 li \\cc inaitained bet'Cl 
trCatItitt replications. itch 
replication was 6.9 Illl a.nd consisted OfaltOXimltcly 18 pt,'ant!. The experiment \kits arrlan. od
itlt randoimized complete lock dcsieti \ith fotr hblocks 1n1 five Ircttietnts per fIungicide. The 
research plot \kit, plaited in i field it lich t pellper crop c\ticl affected bo atthrihltos 
liatd rteeri gro\n the picious tear. 

Disease incidentce \\its detCrilincd h\ countii the ititinhr ot litit'diseasedpods 5th -pod
Sub+iiplC froi tlhe tot;l harivest of, each replicalion. Bell pcppcrs \\ere hand h.sicltd five 
times antd caventicpcppos ciht tittlic,. .\ pod \%as t l single lesiotn ssasco sidered diseased if 
found. l)isctsed aid s ttiiotcs,, pods ii the 50-poild sUbtillplC \k et, sscihCd to deterinite 
the percentage Of tihe icld tlhat s\k harketahle replicatiotn. ()tnl\ pods free ot'lesionsii ii each 
\\,ere considered ititkihle. 

Cross Inoculation Studies 

Conidia ol 22 islates inhuuding represceitittivcs of C. cp/)ic'i. C. gl,,.,rioid,.s , (.
ituIChtun. atd (. CoC1od A thit htad hCll OhtaittCd frotit i)Cppr t tollmato \\,ere illttolited into
hitth toti atd bell pepper fruit. Yl li WOutidr ppi)e)lr tnd leinz 135() ot i:itto fruit were detached 
at the ripc red stag.e mi.td uitocttlit.d to detetiniie the patltqciicisy ard vi:"lct.ic of aich isolatte 
oi hotllh
hosts. 

The inocuilationi tC .chittiCs s\ere ad\t.tihd fromt lthos used b\ others (B airksdale. 1970):
Barksdale and Koch. 1969: Robhins iiid Angcll. I1)08: R0hlbbtll, mtid AtCll . 197)1 in ltoillito 
anthractitse resistaince studies. All culltie, Were siti,,h-slth aid stored out silica .,cl t Perkinis. 
1962) itnniediatlcs aifter illitioni. Ilrilr to each studs . frsCh cultutes ofle~icht isoltte scrC recoerd 
fromt silica cc tiucl l'tl5 n (i l)if l poito ,ltrosegar (3t) . If UtndertCoitit ous iluoresctt 
light al t, iIl .ttirile (approx . 24 C). Sc\cn-dt\ -Old cultur \s r st hic with distilled 
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water to make a conidial suspension which was filteredL 'throughtwo layers of cheesecloth to 
remove mycelial lild aglr fragnents. Spore suspensions were diluted and adjusted to 
approximately 1()" conidia/nml using a hemacy'tomcter. Three pepper and three tomato fruitls 
were inoculated in three sites with each isolate by injecting 25 1of conidial suspension using 
t1 I il syringe litted x\ith a 22 gauge hypodernic needle. The fruits wLre incubated Ior nine 

days at room temperature on a laboratory table. during which time they were examined for lesion 
dC\elopIent alld lesion diameters were measured. 

Rfcsults 

Influence of Inoculum Source 

hil'ecled seed and cron debi ris w1eiC studied in 1984 and 1985 for their role as sources of 
inoculLiM for tie dcxcIspnent of' pepper anthracnose. The three treatments :ompared for their 
iniluence on disease developinent were CS-CF. CS-IF, and IS-CF. Anthracnose developed ill 
all three treatments, hut occurred at atmuch Iower incidence on pods ill the CS-CF treatment 
(Table I). The incidence of liseased pods ranged rom 3 to 6 i ill tile September and October 
har\ests of both xears Pod infections examined in this t'CatllCllt during both ycars were due 
ioC. ,'('oSV),iitid('s with tihe ccpIion of' a single pod InIIId io behilfctcd with C. capsici 
(Table 2). 

Table I. Influence of inoculum source on the incidence of anthracnose in cayenne pepper, selec
tion LSU 16 

diseased pods'
-- -PercentTreatmirent 1 

9 27 84 0,5 84 9 tI885 10 2,85 11 85 

Clean seed Clean field 3a' 4a 6a 5a 27a 
Infected seed Clean field 52 b 36 b 70 b 31b 92 b 
Clean seed Infested field 64 b 46 c 44 ab 65 b 93 b 

r-ean percentage of diseased pods was determined from a 50-pod subsample from each of the four replications at each 

harvest 
5
Clean seed = western grown disease-free seed, ifected seed = seed from pods infected with C. capsici 

and C gloeopainoiaes. clean field - held with no past history of pepper production. infested field = field in which the 

previous year's peppei crop was infected with C capsici and C gloeosporioides Mean separation within columis on 

,arvest dates by Duncan's new multiple range test (P = 0 05. 

Table 2. Influence of inoculum source on the prevalence of C. capsici and C. gloeosporioides 
causing anthracnose in cayenne pepper, selection LSU 16. 

Percertage of anthracnose lesions caused by C. capsici (Cc) and 
C.gloeosporioides (Cg)_ 

Treatment' 9 27 84 10 5 84 9 if 85 10 2 85 111 85 

Cc Cg Cc Cg Cc Cg Cc Cg Cc Cg 

Clean seed Clean 
field 

Infected seed Clean 
field 

5 a' 

41 b 

95 a 

59 b 

0 a 

60 b 

100 a 

40 b 

0 a 

77 b 

100 a 

23 b 

0 a 

100 b 

100 a 

0 b 

0 a 

97 b 

100 a 

3 b 
Clean tced 

field 
Infested 

53 b 47 b 53 b 47 b 97 b 3 b 97 b 3 b 95 b 5 b 

-Mean percentage of each pathogen was determined from 15 lesions on pepper ii the 50 pod subsample from each of 

Oie fou,- replications at each harvest 'Clean seed = western grown disease-free seed. infected seed = cayenne seed 

'roin pods infected with C capsirt and C gloecosporiodes, cleain field = field with no past history of pepper production; 

if sted field = field in which the previous year's pepper crop was infected with C copsici and C gloeosponoides 'Mean 
Xpa, ation within columns on harvest dates by Duncan's new multiple range test tP 0051. 
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Incidence of infected pods in the CS-IF and IS-CF treatments ranged from 36 to 81% in 
September and October of 1984 and 1985. Numbers of lesions on the pods caused by C. capsici 
and C. gloeosporioideswere about equal during 1984, but in 1985 they were caused predominantly 
by C. capsici even though both species were present in the fields throughout the harvest season 
(Table 2). 

Fungicide Studies 

Chlorothalonil or maneb applied at one- and twN:;-week intervals significantly reduced the 
incidence of anthracnose in both bell and cayenne peppers when compared with the unsprayed 
control (Tables 3 and 4). Application of either chemical at three or four-week intervals had 
little effect on the incidence of aihracnose when compared with th, control (Tables 3 and 4).

Cayenne pepper plants receiving applications of chlorothalonil and of maneb at one- and 
two-week intervals produced yields of 15.1. 11.4. i1.4, and 8.9 kg of marketable fruit per
replication, .,espectively, while untreated plants produced only 4.0 kg per replication 
(Figure 2). Differences in yield of marketable fruit between treated and untreated plots were 
noted as early as the second harvest date. Cayenne peppers receiving these four treatments 
produced significantly higher yields of marketable fruit than the control, while yields of peppers 
receiving applications of chlorothalonil and maneb at three and four-w eek intervals were not 
significantly different from the control. 

Accumulated marketable fruit yields of bell pepper followed a trend similar to that of cayenne 
pepper. Bell pepper plants receiving applications of chlorothalonil at one and two-week intervals 
produced the highest yields followed by those plants receiving one and two-week interval 
applications of maneb. Statistical differences in yield of accumulated marketable fruit of bell 
pepper were observed only on the S-pteniber II harvest date. On this date treatments receiving 
applications of chlorothalonil at one and two-week intervals had produced significantly more 
marketable fruit when compared with the unsprayed control. A.though statistical differences 

Table 3. Effect of fungicides a ,plied at various intervals on the control of anthracnose in cayenne 
pepper, selection LSU 16, during 1984. 

Percent diseased podsz
Interval/fungicide 8/23 9/7 9/11 9/19 9/26 10/2 10/17 11.19 

1 week
 
Chlorothalonil 18 a} 21 a 24 a 16 a 5 a II a 42 a 60 a
 
Maneb 25 a 44 b 46 b 18 a 10 a II a 61 b 86 b
 

2 week 
Chlorotaonil 22 a 30 ab 29 a II a 10 a 16 a 63 b 94 cd
 
Maneb 46 a 72 c 61 b 25 a 18 ab 17 a 79 b 95 cd
 
3 week 
Chlorothalonil 92 b 96 d 83 c 55 b 34 bc 39 bc 87 c 97 cd
 
Maneb 79 b 98 d 91 c 58 b 33 bc 40 bcd 91 c 94 cd
 
4 week 
Chlorothalonil 83 b 86 cd 86 c 53 b 32 bc 37 b 85 c 97 cd 
Maneb 92 b 94 d 88 c 54 0 40 cd 61 d 89 c 96 cd 

No spray
 

Chlorothaloni - Contro! 85 b 92 d 79 c 54 b 43 cd 47 bcd 89 c 91 bc 
Maneb-Control 82 b 94 d 89 c 62 b 55 d 59 cd 95 c 100 d 

ZMean percentage of diseased pods was determined from a50-pod subsample from each of the four replications at each 
harvest. YMean separation within columns on harvest dates by Duncan's new multiple range test (P = 0.05). 
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Table 4. Effect of fungicides applied at various intervals on the control of anthracnose in bell 
pepper, Bell Boy, during 1984. 

1 week 
Chlorothalonil 
Maneb 
2 week 
Chiorotha!onil 
Maneb 

3 week 
Chlorothalonil 
Maneb 

4 week 
Chlorothalonil 
Maneo 
No spray
 
Chlorothalonil -

Percent diseased podsz 

8/9 8/23 1/7 9/II 9/19 9/26 

14 ay 35 a 28 a 41 ab 19 a 0 a 
9 a 25 a 72 b 41 ab 13 a 3 a 

20 a 21 a 68 b 31 a 26 ab 0 a 
20 a 50 ab 86 b 74 bc 32 abc 29 a 

27 a 93 c 97 b 67 bc 52 bcd 21 a 
15 a 75 bc 76 b 65 bc 66 d 26 a 

41 a 89 c 98 b 83 c 64 cd 19 a 
32 a 86 c 96 b 70 bc 73 d 44 a 

Control 30 a 87 c 100 b 82 c 71 d 0 a 
Maneb-Control 23 a 81 c 99 b 85 c 77 d 34 a 

Mean percentage of diseased pods determined from a 50-pod Subsample from the four replications at each 
iarvest. YMean separation within columns on harvest dates by Duncan's new multiple range test (P = 0.05). 
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between treatments were not observed at the latter harvest dates, bell peppers treated with chloro
thalonil at one and two-week intervals continued to produce the highest yields of marketable fruit. 

Cross Inoculation Studies 

Isolates of the four C /letotric1mm spp .. rega rdlcss 01fhist o6'i1.1 produced Iesioll.s on both 
pepper and tolato firuit (Table 51. Mean lesion diameter's ranged fro, 9.4 to I9.3 mm on bell 
pepper fruit and from 17.8 to 43.4 mml on tomato fruit. lcsion0lS incited by any gi6Vcn isolatc 
were larger on toiato tloSe tChe slllle iSthlC OPl pcll.ihllan by 

Mean lesion diameters incited h\ the four C'. ,t(oc).V)fihpoi'N isoIa tcs ianigced from 9.4 to 
15.0 mm11 on1 pepper and 22.5 to 36.7 mm on tomtnato. There was no statistical difference in 
Villlen.c. baIsCd lesion si/c, the on either host.Oi nllllongisolte.s tcsted 

VirLC1Lclllll isolates .S pecis C'. 41cu/ttziutm. ('.0',).Vici.itlhil Cach of the other thice 
and C. codt's(' - \aried significattlv wlhen collmpared oilpepper fruit aind a.lso, \,hic1iat1'ettO 

oil tonmato fruit (ltble 5). I-lovC\Cr. the \1 1elOf virulencc of each isolatC \%,as not alwa\s the 

Table 5. Mean lesion diameters caused by isolates of Colletotrichum spp. on ripe bell pepper arid 
tomato fruit. 

Mean lesion diameter' (mm)
Species/ Isolates Isolate origin Original host - .... ... . . .. .. . 

Pepper' Tomato' 

C. gloeosporioides 
'
C-15 Avery Island, LA Pepper 15.0 a 22.5 a
 

C-5 Baton Rouge, LA Pepper 12.4 a 29.0 a
 
C-3 Baton Rouge, LA Pepper 11.7 a 36.7 a
 
CFTS Avery Island, LA Pepper 9.4 a 31.0 a
 
Check Distilled water 0.0 b 0.0 b
 

C. acutatum 

C-4 Pointe Coupee, LA Pepper 17.3 a 39.1 a 
TB-101 Bridgeton. NJ Tomato 13.7 ab 34.8 a
 
C-8 Grundy County, TN Pepper 12.1 ab 30.2 b
 
TB-128 Montrose, VA Tomato 11.3 b 35.4 a
 
Check Distilled water - 0.0 c 0.0 c
 

C. capsici 
FCLS Baton Rouge, LA Pepper 19.3 a 33.5 ab
 
C-19 Baton Rouge, LA Pepper 17.7 ab 33.2 ab
 
C-I I Baton Rouge, LA Pepper 16.2 ab 40.3 a
 
C-2 Baton Rouge, LA Pepper 16.0 ab 34.0 ab
 
C-I Baton Rouge, LA Pepper 14. I abc 24.8 bc
 
TB-I 32 Montrose, VA Tomato 14.0 bc 40.3 a
 
TB-59 Charleston, SC Tomato 10,9 c 37.7 ab
 
C-6 Baton Rouge. LA Pepper 10.0 c 17.8 c
 
Check Distilled water - 0.0 d 0.0 d
 
C. coccodes 
TB-4 Beltsville, MD Tomato 17.3 a 43.4 a 
TB- 145 Rock Springs, PA Tomato 11.3 b 37.7 ab 
TB- 126 Bridgeton, NJ Tomato 10.0 b 25.8 c 
TB-9 Beltsville, MD Tomato 9 9 b 30.9 bc 
Check Distilled water - 0.0 c 0.0 d 

'Fruit inoculated by n;ection with a 10 6 conidia nil suspension. diameter measured after 9 days YYololesion 

Wonder. Heinz I.30. Mean separation within columns for isolates of each Colletotrichrum sp and host 

=
combination by Duncan's new multiple range test (P 0.05) 
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same on pepper and tomato fruit. Mean lesion diameter of C. acutatum - incited lesions ranged 
from I1.3 to 17.3 mml on pepper and 30.2 to 39.1 Imm on tomato fruit. Mean lesion diameter 
of C. capsici - incited lesions ranged fromt 10.0 to 19.3 mm ol pepper and 17.8 to 40.3 mm 
on tomato fruit. Mean lesion diameter of C. coccodes - incited lesions ranged from 9.9 to 
17.3 mm on pepper, and 25.8 to 43.4 nm on tomato fruit. 

Discussion 

One of the objectives of the current study was to examine various sources of inoculum for 
their impact on anthracnose development in pepper ficlds. During both years of the study, low 
levels of anthratnose occurred in fields with no ko.vn source of inoculum i.e.. the CS-CF 
treatment. Pod infections in these fields rangzed from 3 to 6% during the earlier harvests and 
rostL to a high of 27% in one late season harvest during 1985. The incidence of pods with 
anthracnose symptoms that were grown in the fields with infested crop debris (CS-IF) and those 
grown from infected sced (IS-CF) ranged from 36 to 96,,' at Various harvests throughout the 
season. The occurrenc,: of antiracnose in the fields in which art effort vas made to eliminate 
the inoculuin Sources (CS-C[) suggests that there is a local source of the pathogen. However. 
the possihility of a low level of undetected seed infection and/or iovement fromi other pepper 
fields, although they were separated by 150 in or more, cannot be ruled out. (vlltOticlmm 
gloecnsporioideswas the primary pathogen associated with pod lesions in this treatment. Based 
oii the wide host range and the ubiquitous naturc of C.gleosporioides NIorduc. 197 : Sutton. 
1980), it seems likely that this pathogen is endemic to the iirca and that the inoculum came from 
soniC local wecd host. 

The high incideac. of aribra.cnos-infecred pods from It, infested field (CS-IF) and infccted 
seed (IS-CF) treatments iniplicates crop debris and seed as important sources of anthracnose 
irIocuhl. Both C. 'loo,.sporioiI. and (. cap.sici were present in crop debris plowed under 
to establish the CS-IF treatment and in the infected seed used to plant the IS-CF treatment. 
Although the percenitages of lesions caused b\ each of the species were not the same each year, 
both C.. glocospofioiics and C. 'apm. i were incitants of pod infections ill the experimental fields. 
Thcse results suggest that both C. ,hwo.vporioidcs and C. cap.sici can be carried front season 
t) scasoi by crop debris a id seed arid that all' disease iaangceneitt scheme must take these 
factors into accout.li 

The residence of the pepper anthracnose funrig i frol ii the seedling stage u,ntil pods are produced 
remains a questioLI. VeCetative itll'ctioris of cotylcdons, leaves, and stems ha\ e been reported 
l)astur. 1921: Higgins. 1930) and logically could serve as a link between primary inoculunt 

on infected seed or crop debris to provide secoiiilary inioculun for fruit inllection. In the current 
SILRdV. vegetative Sy llptoms of tie disea,,e wcr, observed OlV once. occurrite oil leaves late 
in the 1984 season IJ.F. Hadderi . 1984. ulpublished) Afew scattered leaf lesions incited by 
C, 'ap.siciand C. oCosporioidc. ocurred IlIg after pod Sylptouts had appeared. The lesions 
ss ere small (1-3 tnm) circular spots with dark borders and lihit centers. Dantage to the leaves 
woas insignificant, and (lie to their sporadic and late season occurrcice I is difficult to viuali/e 
a role for these lesions il perpeturating the disease cycle. 

Both chlorothalonil and maneb were effectiv,_ against anthraciose. but the ttle interval 
between applications greatly affected their efficacy. Application intervals o1' 21 dLS orO iilOIC 
\oith chlorothalonil or maneb were ineffective in controlling the disease. RCquiremlents for fruit 
it) be accepted asimarketabIc iin the cui r'rent stuid' were fairly st rilmeit lotte Iesion - unnarketable 
01ich ight have resulted in lhwer marketable yields that might be ,'xpted ill norial production 

conditions. Applicalits of chlort thalonil or nmanch at 7- or 14-das intervals reduced atithracrnOse 
severity and increased the yield of marketable fruit in hell and c;atennc pepper (lables 3 and 
4 and Figure 2). The ntost effective treatmierit was weekly applications of chlorothalonil. and 
biwceklv applications of this material provided protection Clual to or better than scekly 
applications oif mateb. The results with ruaneb agree with previous studies inl which sevcn- or 

http:accout.li
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14-day application intervals were effective in controlling anthracnose (Narain and Panigrahi. 
197 1;Smith. 1958: Smith and Crossan. 1958). Chlorothalonil is relatively persistent under a 
variety of environnental conditions (Fry. 1982). This characteristic may explain its increased 
effectiveness over maneb and allow a reduced number of sprays while naintaining an acceptable 
level of,disease control. Evcl th1u1i11hlotIhaIOniI is labelled on Many other Vegetable crops. 
it is not labeled for use on peppers in the United States at this tinle. Presently. efforts are being 
made to obtain a registration for use of chlorothalonil oil peppecr. Registration of chliorothalonil 
on pepper Crlops would give the pepper grower a valuable alternative in the choice of Ingicides 
to control anthi.rac no . 

()ne purpose ofI the present sIud\ was to deternec if host specciflii occurred aniong isolates 
Of tliese fou r (lh totr/uiCh obta ined front pcppcr and thlItIO. Virolence ailiong isolatesspe Csic, 
withi!l each ftInga'l species to pepper and tomato W\iS dLcerilliIC bv CtIWlipa'ililg mIaCnl lesion 
diameters on each host. independently ([able 5I. All isolates tested caused larger lesions onl 
tOllatO than Ol pepper fruit. bilt this was interpreted to he duc to tle dtifferent fruit ty pes rather 
than a difference in host prelcrence by the Iuingal Isolates. Solme isolates within species varied 
significantly in their virulncCe to pepper or toilato. and the IelCe of virulence fIor any given 
isolate \\as not nccessarily parallel on both hosts. Nc crthelc s. all isolates. regardless of their 
original Ilost. wCrC pathogelic t 1 11111 pepper 1dL OlltlOlI'tfrit illcrltsS,-il1Ocul.t10n tests. thus 
5oI\\'iW no Ciddec 1o(st specific isolates.c for 

The appeil [-anc otiC. n"hespohli dS,. inf cctcd pCepp Crs inthe CS-C F tr;.eitellCntso iiestcd 
that other lst"s illtle area. LIsuch as wreeds o. othercro SCrV ts allninllocilill sOuc.Clp plants. m11aylV 
It is not likcl . therefore, that pepper anthracllse call he eliminated f'rm ILolisiana pepper fields 
hy crop rttation and the use of disease-free seed. but the initial discase incidence callbe greatly 
redcned by' i pWmelplCnthese pt ac Ihr( ou.Ih stin lie'S. crlop rotation and trsc of disease-free ed 
perhaps the inocuum level sLan be kept stfflciCltly lo\ to allow for iOlSe succC.sful chemical 
Cont rol. 
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Symposium Discussion 
I.D. Erinle: As a way of further reducing the number of sprays, have you used benomyl? 
J.F. Hadden: No. We on!-Y evaluated nianeb and chlorothalonil. In other Colietotri chain-incited 
diseases such as anthracno;e crownrot of strawberry benomyl-resistant strains have occurred. 
For this reason, we chose not to include benomyl in this test. 



21 

Genetic Resistance to Bacterial Spot in Tomato 
J.W. Scott, J.B. Jones and G.C. Somodi 
Gulf Coast Research and Education Center, IFAS, University of Florida, 5007 60th 
Street East, Bradenton, Florida 34203, USA 

Abstract 

Resistance intomato (Lycopersicon esculentum) for leaf spot and fruit spot phases
of bacterial spot incited by Xanthomonas campestris pv. vesicatoria was controlled by 
separate genetic systems. Hawaii 7998 had a good level of field resistance to follar 
infection for five years, but was not resistant to fruit Infection. PI 270248-Sugar was 
susceptible to foliar infection but highly resistant to fruit spot infection. In foliar infection 
studies, hybrids between resistant parents and susceptible parents were intermediate 
to the parents. There were no reciprocal cross differences for either foliar or fruit spot
indicating a lack of cytoplasmic inheritance. In fruit infection studies hybrids between 
resistant parents, and tolerant or susceptible parents were similar in disease infection 
to the resistant parent, indicating a high degree of dominance for this trait. Seedling
screening procedures for foliage resistance have not been adequately developed. These 
tests may not be reliable in differentiating resistance levels within and among 
genotypes. Lesion size in seedling tests was more highly correlated with field resistance 
than was lesion number. A modified backcrossing approach, allowing for selection of 
homozygous resistance before crossing, is suggested to incorporate foliar resistance 
into acceptable cultivars. 

Introduction 

Bacterial spot, incited by XA'whonmas caml/wstris pv. vesicatoria (Doidge) Dye, isthe iliost 
serious foliar disease of tonate (Lycopersicmr '.cle'ium Mill.) in Florida (Pohronczny and 
Volin. 1983). It is also a problem in some other production areas where tenIperatures are high 
(Nayudu and Walker. 1960) and rainfall is frequent (Cox. 1966). The disease affects both foliage
and fruit. Defoliation rcsu ltS In rcdtuced marketable fruit weight for both staked and unstaked 
tomatocs (Doughertv. 1978: Pohroneznyrand Vol in. 1983). l)efoliation causes fruit size reduction 
and sunscald. %hiiilc bacterial spot lesions on fruit caused 12 ; of the culls in one experiment 
(Pohronezny and \'olin. 19831. Chemical control mcasures are often not effective when 
environmental conditions favor the discac (Conover and Gerhold. 198 1: Marco and Stall. 1983).
Partially resistant, henceforth referred to as tolerant. gerrnplasin has been reported in lotlliato 
(Co1ne and Schl.ieCr. 1967: - rill et al. 1972: lKn.eva and KUntukh. 1979: L.awson and Summers. 
1984: Sotirova and Beleva. 1975). However. all ctIthivars currently gro%\n in Florida are 
susceptible (Scott and Jones. 19841. lherc has been difficulty ill brceding tolerant gertnplisn
(Crill et al. 1972. Volin. 1979). More rccently, resistance to bacterial "pot on foliage (Scott 
and Jones. 1985: 1986: Jones and Scott. 1980) and fruit (Scott et al. 1987) has heen discovcred. 
This has provided hope for developilg acceptable culti\ ar.s with use ful resistance to either replace 
or enhance chemical control mtteasures. 

One difficulty in l oping bacterial spot resistant cultivars hts been the lack ol a good
seedling screening technique. Several studies have utilized seedling screening techniques, but 
correlations with fi' performance have been lacking. Tic objective of this paper isto present
information to assist those interested in working on bacterial spol resistance in t'niato. 
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Materials and Methods 

General Culture and Design for Field Experiments 

Field experiments were conducted during the suniners from 1982 throLgh 1986 and late 
suniil in 1987. Seeds for these experittents were sown in an inert iiimediull and transplanted 
to !,odd R planter flats with 3.8 cti cells I0 to 14 da's later. After oe nionth, transplants were 
se!t inthe field oin 15 crt-high by 75 cimi-wide beds ofFaiGal lie inle sand which had been lnli.tigated 
with methyl broitlid,.:chloropicrin (67('' :33; ) two %.\ckscarlier and cocred With white 
pol-velhevtiit- ilcuhh. "'lie beds \\'CrC 137 cin frotti centelr to ceitter and plants were spaced 61 
cit apart within the ;ow\ ,. Reco nutuln d Iertiliz.r and ini.sec ticide practices wC n'llOVed and 
C1hlototh+.ihotmil \wa.is iticd t) control luiingal tithogett %\ithottt inhibiting bacteria. The plants were 
\watercd with scepage irrigation. Itt 198. tihlere \%crc two replications bit all other field 
cxpcrilliti:s Cotnsisted of' thrcc replicattions. Weather lor tile field trials w\as hot and hiumid with 
Ireqtent rat'iftl often during thttderstorCl-tsil. D1\ lilperatures tpiCally' ranged roti 31" to 
34C and tnight teICtiprtUrcs fronti 2 I to 23'C. 

inoculum Preparation and Use 

lCtlioun o1f XhtIhOntIo#I C(ip' .'a'is pv. 'e.it'laor(i was prepared frotl cultures that had 
been 1e l 1ar1(Joti.es cI aIl. '19811 i 48 hours at 28'C. The bacteriatowlitttt iient-.'asti-dexI rose a (r 
were Washed fn t the plates, slspeLCdl in 0.01 ttdl l~tCd to I)S colony oltrtlning\I \LS 0. u 
uitits (cuLl)Ill. Planis \\crc inoculated b\ spra\in a bacterial Sltspension ol tile plants i hfe, 
weeks alter field setttug ill the car ly tttornings. 

Foliage Infection Studies 

(.icotPCs \swrc rated for the percentauc of intfected Ioli ac itt CacIt elApCriiCim, except in 
1983 i l-lorsfall-Barratt Barralt. \as Used.(htith scie (Hors'l+l aind 1945) The percenitagc 
data were transtoriCoL to the arsil. of the sqlare root for analysis. 

The resistance ofl varioltS gtnotypes was tested in several field experimentts. \Valter' and 
la\,aii 7998 (I1A7998) were rown in the Stliiinlcl, of 1983. 1984. 1985, and 1986 with tie 

hybrids of the two gro\n il thie latter three scasons. In antother field e lperitlent in 1986, the 
above th"ree gciotyis \were tested as were: Ohio 4(114-3 (tolcralit): 'Canlphell 28' (C28) (tolerant):
PI 270248 'Sugar' (sWIceptible Fol iae but resistaint to l'ruit spot): l-lawaii 7997 (susceptible):
'L-vct ni" (very sitsceptible): adt hybrids between several oif these inbreds. 

Fruit Infection Studies 

In 1985, H7)98. Sugal. attd reciprocal hyb rids 1-17998 X Slgar aid SLitLar x 1-17998 were 
grown. The pil:mts .'crc rated lotl loliat iniclion is described Previously and IfOr fruit infection 

by pickingtie th lrit aid scoritln the presence Of lesions. 
it in. stitner 1987. the follos, in.g gcniotyp)es wcrc.irated for fruilt Spot: \Walter, [17998, 

Su.;1r. WiltCr X Sut2.ar. \ilter . H7998. 117998 X SelIir aind Sular X 1-17998. The field 
XpCiillCnt consisted of' a ratidotliiZCd block dICsien \With tllrC blocks ttid 10 plaits per plot 

A C.ilChciotNpC. Pii t \'ere inol LicIt, .i Pre viOisl described. Fruit were harvestdccl fromt 
the lop ltall of' the filants and Scored for Iruit spoti itfectiott. There was tto fruit inlectiot Otl 
the lowvcr hallf of toe plants. Itt a greenhlouse experii t. eight plaints of' each gcliotpe were 
transplanted into 3(.5 ct t Pots aild 'growt in aIcornipltcly ratidomized design. \Vhnc the oldest 
frliil \'ere 30 dis old. I bacierial pot! suspetsion was tisied otto each cluster of' fituit with 
a V nd held atomine; . The plants w\ere then moved into growth chatmbers. held tt 27C. and 

realer hali 90 ',"RI-. andI2 It d av fmor 72 h. The planitns were re miiived It the greeiii use and 
fruit was scored for itlfectioin three weeks later. 

http:1ar1(Joti.es
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Seedling Screening Studies 

Several seedling screening experiments were conducted in greenhouses and/or growth
chambers in 1983. Genotypes used were: Walter, C28, Ohio 4014-4, Ohio 4013-3. Heinz 1538. 
PI 203232, L 2024, [(Subartic Delite x Fla. MH I) Heinz 6031 F5 , Texas 204, P1 414172. 
6204 X Cl lid, Heinz 2990, Lyconorma, and Early Red Rock. Several of these had some 
tolerance in previously reported fied screening tests (Scott and Jones. 1985). The above ground
parts of tve-week-old plants, five per genotype, were immersed in a suspension of XanthomnonA. 
cantpestris pv. vcsicatoria in a dessicator. A vactum was pulled for approximately 20 to 30 
seconds and then released abruptly to create water soaking (Jones, McCarter and Smitley. 1981).
Two weeks later lesion numbers per plant and lesion size of 10 typical lesions per plant were 
recorded in three experiments. Lesion size alone was recorded in the fourth experiment. These 
data were analyzed tor their correlations with data recorded in field experiments for the same 
genotypes in 1982 and 1983 (Scott and Jones. 1985).

In April 1986, seed of Walter. Lyconorma, C28, Ohio 4014-4, and H7998 were planted
in an inert medium and transplanted to ToddR planter flats cut into sections. At seventeen and 
31 days after sowing (d.a.s) the transplants were preconditioned and not preconditioned.
Preconditioning consisted of moving the plants into a 1010% RH chamber for 12 hours the day
before inoculation. For inoculation, plants were moved to a growth chamber :it 271C and 90% 
RH and were inoculated with 10 cfu/nil Xwa':thonionas (aflpestris pv. vesicutoria. After two 
days, the plants were moved back to the greenhouse. Eight days later each plant was rated for 
disease infection using the HorsfalI-Barratt scale. 

In 1987. seedlings of the five genotypes just listed plus two bacterial spot resistant breeding
lines Fla. 317 and Flt. 325 were grown. Each genotype was grown with and without 
preconditioning as dscribed previously. When the plants were 31 d.i.s., they were moved to 
the growth chamber and inoculated as previously described. After two days at high humiditv, 
the plants were grown in the growth chamber for 14 days at 27 t'C.day and 24°C night 
temperatures. Plants were rated for disease infection using the HorsfalI-Ba rralt scale. 

Results and Discussion 

Over several years, Hawaii /998 had a high level of field resistance to the foliar phase
of bacterial spot when compared to the susceptible cultivar Walter (Table I). The resistance 
is not absolute and there are some lesions on H7998 especially when disease pressure is high
as in the 1986 experiment reported in Table 1. Hybrids between Walter and H7998 were 
intermediate between the parents each year. The acceptability of the hybrid resistance level 
depends on the disease pressure. On our scale. 25% infection is considered to be susceptible.
Thus the hybrids would have had good ,'esistancc levaIs in 1984 and 1985, but not in the 1986 
experiment ('Fable 1). In a separate experiment in 1986 disease pressure was also high, but judging 

Table I. Bacterial spot disease severity for tomato genotypes Walter, Hawaii 7998, and their 
hybrid grown over several seasons in the field at Bradenton, Florida. 

Infected foliage 
Genotype Summer 1983 

(HB)z 
Summer 1984 

(0)Y 
Summer 1985 

(00) 
Summer 

(06) 
1986 

Walter 
Hawaii 
Walter 

7998 
x Hawaii 7998 

5.5 ax 

2.0 b 
-

38.7 a 
1.1 c 

10.2 b 

39.2 a 
3.4 c 

11.9 b 

52.2 a 
9.0 c 

29.8 b 
LHorsfall-Barratt rating scale: 2 = 1I% to 30; 5 = 120o to 2500: 6 = 250 to 500. YPercentage data converted 
to arcsine sq. root for analysis which was based on an experiment with a larger number of genotypes. 'Mean separation

5 0in columns by Duncan's multiple range rpst. level. 
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by the reaction of H7998 and the H7998 x Walter hybrid, not as severe as in the 1986 experiment 
reported in Table 1(Table 2). In past work, C28 was tolerant to bacterial spot (Crill et al. 1972; 
Scott and Jones. 1986). The hybrid of H7998 x C28 had a very good resistance level, 
bo;th numerically and statistically similar to that of H7998 (Table 2). In 1985, the H7998 x 
C28 Ft had significantly less disease than H7998 x Walter and H7998 x Sugar (Scott and 
Jones. 1985. unpublished data). All other H7998 hybrids had relatively low disease severity 
regardless of the susceptibility level of thc other parent. For instance, the hybrid with very 
susceptible Lyconorma was not more susceptible than other H7998 F, 's in this experiment 
(Table 2). Thus hybrids with two resistant parents wotuld be highly rcsistant. Resistant x tolerant 
hybrids would have :he next best resistance, and resistant X susceptible Ft 's would provide 
a lower level of res .tance, somewhat similar to the tolerance of C28 (Tabie 2). We have no 
evidence that resistant x very susceptible parents result in less resist-nt Ft's than the 1-t from 
resistant x susceptible parents, but this should be studied further. 

In work to be puhlished elsewhere. gctetic control tre" sistance from 1-17998 involk ed several 
(three to six) ce v%,,h tntostl\ adlitive eee action ai.d fairly high heritability (.7 to .9). A 
nodtfled backcrossitte schet.e is SlIeCestcd to iIcorporatC this resistaIcC. It is iniltsrttant to obtain 
hs'tuy,' Oyus Tesistan:t belore c.rosNCr2 itn orler to tetainl all the resistatce alleles. Se'Vcral tests 
of, resistance are stuecested to dlletrmine resisttnce itt hreeditIe litnes. Field SCreeti_11 itder hi,,h 
disease Iressure is prelerable at this titue. Nlore 'ill h e discussed recgarding other screening 
mcthtld later. 

There appears to he a scparate Letcttic nCltnatistn cotItrolling resiStatIcc to tihe fruit spot 
phtasc of the disease. In earlier '.vork. Iruit Spot resistancc.PI270248-Sugar had good001 L'.i'reas 
Walter was susceptible. and H7998 '.as intermediatetScott ci al . 19 87). In a fit'ld experintent 
Stheuar had sieni lfcatitl. Icss I'ruit spot infection, hut signilicantly more loliar infection than 1-17998 
(Table 3). Fruit Spot ilfCction levels of tile reciprocal hybrids of Sngar X H7998 %\erenot 
siutnificantly different frottn those ol Sgar (Table: 3). or foliar itifcctiotn, the reciprocal hybrids 
were intertssediate to the parents as ',vas the casC lor tesistant X stsceptihle h rbid data ahCaLdd\ 

Table 2. 	Bacterial spot ratings for tomato inbreds and hybrids at Bradenton, Florida, during 
summer 1986. 

Genotype 	 Disease reaction' Bacterial spot (00) 

Lyconorma VS 90.0 a'
 
Walter x Lyconorma S x VS 63.3 b
 
Hawaii 7997 (H7997) S 53.7 bc
 
Walter S 53.3 bc
 
Walter x Ohio S x T 46.7 bc
 
Lyconorma x Ohio VS x T 45.0 bc
 
Lyconorma x C-28 VS x T 38.3 cd
 
Walter x Sugar S x S 35.0 c-c
 
Walter x C-28 S x T 25.0 d-f
 
Sugar S 25.0 d-f
 
C-28 T 23.3 d-f
 
Ohio x C-28 T x T 18.3 d-g
 
H7998 x Sugar R x S 17.3 c-h
 
H7998 x Walter R x S 16.7 e-h
 
H7998 x Lyconorma R x VS 15.7 e-h
 
Ohio 4013-3 (Ohio) T 8.7 f-h
 
H7998 x Ohio R x T 8.3 f-h
 
H7998 x H7997 R x S 6.0 gh
 
H7998 x C-28 R x T 4.3 h
 
Hawaii 7998 (H7998) R 3.7 h
 

zVS = very susceptible, S = susceptible, T = partially resistant (tolerant), R resistant. Rating is based= on previous 
testing of parental lines. YMean separation by Duncan's multiple range test, 50o level, data transformed to arcsine 
sq. root for analysis. 
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presented. "lhe significatlv greater disease F, 1-17998 as the female parent \vasfir tile with 
not expected but suegeC;Is the absence of,cvoplas itic inhe ritance. Two experiments oinfruit spot 
resistance in 1987 indicated that h\ybrlds hetween resistalt (Sugar) x susceptible (Walter) or 
resistant x tolerant H79L8) parents had resistance siniatl to Sugar (Table 4). "'hesc data support 
the idea that fruit spot resistlnlce is controlled hi,.'h but i Ldiilcdby aI lelCC Of dothianl. 
,ntilic has not been carried out. Fruit spot inlectmi has beel'n m1ore difficult to oltaistidy 

than l'olia1r infection. Thus, in rating plants oi. line,, ol unknlown fruit spot resistance, ciarc should 
be Used Or. erroT 'inu, inl tile fiId is sue'esti'LconclLsions ita\ rc;ult. Repeated t..esting ulesS 
an ilt'tposed inoIculation method is devised I'fr either greetnhotuse or field screening. At prest.. 
we feel that itresista'ce to the foliar phase lofthe disease is obtaited, tle bacteri:al psipt tions 

ary\rnd ill be niritinial., ll low Ilo,1sesidue'to fruit slot \, loth iuesistattce svstcrls toClCther would 
p~rovide be(tt'r irstcc Ir tisF, effCt'It t,;rc1 both be suhstatial.talC but tile hredin ir',porat mhwould 

A ri.liable 'rcefnhrouse and or erswth culrrbe seeudling SCrettiti! roccIlure \ uld ble a 
1o0t1 10 breCCdite CfiOrts for foliar rCsistanik. IlThe rieliabilit of c\ist itg liOCctlrCr'S Ii&ivet to 
be p1ruosr. lit sorlte earlier \wofrk \\ ill 14 gtnotles,. there \%as little rclalionshil bemtwcn Iesiot 
rrurb,Mr and ield lesislance (Tahe 5). lihe si/c tl'f Il ICsions i)Vo, dC I be'ltl co'reltltin with 
field ratirngs (Table 5). Other trIpublislheCd dala tend to support tis coclsrIorn, hut tire iprop.r 
iro,-uilatiorr FtrFceilrc is critical to obltaririru lesi InsiZc dIiffe-rtnCCS atd cM shotld be use'd 
HlinrVrCt n Lisalse' lacJtions. r CCOrrtitiotrinl belfore iolaC dtiotn re+sultCd ilt bClle,..0 disease 
ilfection th1;totll tIe plantis (billus 6 and 7). [h i:e+cttditiored trcatnticnt ,cpaiartedco(litionlr 
j-ctyOt\ )cs ,\ith klrO% 1firc.,isl;levs, litl,, \\'ell \\ril thetitocodititled plants had little 
discse. especiall. in tie 1087 e\perinrurit . I-ho,,', er. dilllfreces hct\\ecir reSi:.ta:r aitid tolerant 
11rrtp wer rio Ali\a s ajspalucnt (Tables 6 ari 7). I')iical IrOblCrris are illUStiniCl II\tire 

Table 3. Bacterial spot severity on fruit and foliage of tomato genotypes Hawaii 7998. Sugar 
and their reciprocal hybrids inoculated in the field at Bradenton, Florida. during .rmnmer 
1985. 

Bacterial spot severity 
Genotype Fruit ( I Foliage (0) 

Hawaii 7998 16 8 a' 3 4 d
 
Hawaii 7998 x Sugar 108 ab 31 6 b
 
Sugar -. 5 6 b c
:Hawaii 7998 24.1 

Sugar 5 2 b 37.5 a
 

Mean sepa rarion iii coluiniis by Duican's mulipe rllCage test.5'o levl, data transformied to alicsile sq root for 
atialysis YStastrsics blsed on al experlinent with a1larger inuimbherof genotypes 

Table '. Incidence of fruit infection by Xontlromonas compestris pv. vesicatoria for several tomato 
genotypes grown in greenhouse and field experiments daring late summer 1987 at Braden
torl. Florida. 

Greenho use fruit Field fruit

Genotype Generation
 

Total Infected (I) Total Infected (%
 
Walter (W) P 89 20 6 b" 1259 II .0 a
 
Hawaii 7998 (HI P 179 56 c 3187 0.2 b
 
Sugar (Sl P 922 1.5 c 7605 0.I b
 
(W x S) Fi 422 1.6 c 3647 0.6 b
 
(W x H) Fi 78 35.5a 1218 2.0 b
 
(H x S) Fi 427 0.6 c 3663 0.0 b
 
(S x H) Fi 315 0.2 c 2991 0.0 b
 

Mean separation, performed only in these two columns, by Duican's iMiultiple raiige -St,5% level, data transformed 
to ai'slne sq root 'or analysis 
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Table 5. 	Correlation coefficients (r) between bacterial spot !esion number and size in green
house seedling experiments with field ratings of large plants grown under summer 
conditions at Bradenton, Florida. 

field rating' 

Experiment Parameter 	 1982 

1 Spo, No. .14 .28 
2 Sp -' No. -.10 .00 
3 Spot No. .20 .30 

Spot Size .73" .72" 
2 Spot Size .74"' .71" 
3 Spot Size .41 .65' 
4 Spot Size .57 .84.'" 

'Scott atid Jones 1985. 

Table 6. Effect of preconditioning (see text) seedlings of genotypes with various levels of bacterial 
spot resistance before inoculation by spray with 10 cfu/ml Xanthomonas campestris 
pv. vesicatoria and incubation at 27"C and at greater than 900o RH for two days at 
Bradenton, Florida, autumn 1987. 

Genotype Subjectivc field rating' Disease sewrty 
Preconditioned Not preconditioned 

Lyconorma VS 5.2 av .7 
WaIlter S 5.0 a 1.7 
Ohio 4014-3 T 3.6 b 1.7 
Campbell 28 T 3.4 bc 1.5 
Florida 317 R 2.7 cd 1.5 
,rlo-ira 325 R 2.2 de 1.5 
Hawaii 7998 R 1.8 c 1.1 

i, • erZ susceptible, S = susceptible. T = partially resistant (tolerant), R highly resistant. YHorsfall and Barratt. 
!')I rI e,, separation incolumns by Duncan's multiple range test, 5°0 level. Larger numbers indicate more disease. 

Tbie 7. Mean and ranges of disease severity for preconditioned and not-preconditioned seedl
ins of tomato genotypes with various resistance levels when inoculated by spray with 
10' cfu ml of Xnthomonas campestris pv. vesicatoria and incubated at 27'C and at 
greater than 900o RH for two days. 

Disease severity 
y 

Genotype Subjective
field rating' 

. 
.. 

Preconditioned 
Mean . Ra.ge
Mean ,ange 

Not preconditioned 

Mean Range 

Lycr!rornia VS 4.59 ax 2-8 2.13 a 1-5 
Walter S 4.46 a 2-8 2.27 a 1-4 
Campbel 28 T 3.65 ab 2-6 1.88 ab 1-3 
Hawaii 7998 R 3.13 b 1-7 2.02 ab 1-3 
Ohio 1014-4 T 2.93 b 2-7 1.70 b 1-2 

"vs -- ory suscc.ptible, S = susceptible. T partially resistant Itolerant. and R resistant YHorsfall and Barratt 
94,5 'Mear, separasion Incolunirs by Duncan's mulkple range test. 5% level. Larger numbers indicate more disease. 

,vcrlappinu ranges ol individual plants froll various gent.,rjcs with known differences in 
resistancc (Table 7). FI',en with preconditioning, the ranges betweetn genotypes did not difer 
VIpprc, i,01l, . Thus. ocnotypic diflferences ma' not he clear in thesc tests. In conclusion, further 
work is neceded to devise reliable, repeatable seedlil,g screening procedurC. for bacterial Spot. 
iI'e."s inilproveeini ts are made. tile chances o" crror vre eLyeat. Good resistance may be lost 
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and susceptible escapes may be saved. If seedling screening procedures are used, they should 
he used in conjunction with field screening of large plants under :!dcquate disease pressure. It 
seems that seedling procedures may be better lor rating breeding lines rather than for individual 
plant segregation within lines at this point. As lor field screening, care should be used in 
controlling foliar fungal pathogens which can cause mii-interprctation. Furthermore, if carried 
out under high temperature, there is little chance of bacterial speck confusing the ratings. IlnFlorida, 
the summers with high temperatures and rainfall provide good screening conditions. Working 
with this disease resistance in less fli'orable environments could hinder progress considerably. 
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Symposium Discussion 
I.D. ErInle: What is the signilicance of sea,,s on your evaluation of genotypes of tomato
 
in growth chamber studies'?
 
J.W. Scott: Probably none. The plants were grown in the greenhouse until the fruits were
 
inoculated by spray and placed in the growth chamber at 27°C and over 90% 
 RH for three
 
days. Seasonal headings were simply used to identify experiments and probably have no other
 
significance. 

H. Nagai: Can you comment on the race situation for Xanthomonas c'amp,.trispv. vesicatoria
 
on tomato?
 
J.W. Scott: Until we discovered resistance in Hawaii 7998 there was to assess theno way
possibility of races in Xanthomonas caf;)esttris pv. vsi'atoatof'tomato. This resistance has 
held up well in all areas of Florida and some other areas of the world but we have recently
tested a strain from Brazil which appears to overcome the resistance. Thus, even though this 
is a polygenic resistance, it is possible that there may be virulent races on this host. The resistance 
should be field-tested in many locations, including Brazil, to determine if there are in fact such 
virulent races. 

R.T. Opefia: Our brief experience in selecting for bacterial spot resistance in tomato F2's 
and BCtF 2's indicated the difficulty of deriving progenies with as high a level of resistance as 
Hawaii 7998, the resistant parental stock. The evidence presented so far indicates however that 
BS resistance has high heritability: thus, it should be theoretically possible to find BS resistant 
individuals in F's or BC F2 's with high breeding value. How do you reconcile this discrepancy
in selection experiments versus expectation from heritability studies'? 
J.W. Scott: In our breeding work I had no success in recovering good resistance from 
backcrossing F, material. We have found less than 10% of F2's segregate resistant types and 
many of these don't breed true in the F3 generation. Although heritability estimates are rather 
high, the number of genes involved is too great to breed efficiently if crosses are made too soon. 
Furthermore, there are some environmental considerations. Thus, to accrue all resistant alleles,
I suggest multiple tests be conducted to insure homozygous resistance is obtained in at least 
the F3 generation before making the next cross. 
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Relationship of Lesion Development on Resistant and 
Suscepiible Tomatoes to Internal Populations of 
Xanthomonas campestris pv. vesicatoria. 
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IFAS, University of Florida, Gulf Coast Research and Education Center, 5007 60th 
Street East, Bradenton. Florida 34203, USA 

Abstract 

Recently, the tomato line Hawaii 7998, was determined to have a high degree of 
resistance to Xanthomonas campestris pv. vesicatoria, the causal agent of bacterial 
spot of tomato. Hawaii 7998 tested positive for a hypersensitive reaction and 
consistently hc.'d lower bacterial spot severity in field studies than all other tomato 
genotypes tested. However, spots which were typical of bacterial spot developed on 
the foliage. In greenhouse studies, 'Walter' (susceptible), PI 270248 'Sugar'
(susceptible), 'Campbell 28' (tolerant or partially resistant), Hawaii 7998, and the F's 
of Hawaii 7998 and the other genotypes listed were inoculated with Xanthomonas 
campestrispv. vesicatoria. Two weeks later, diameters of lesions were measured and 
assayed for internal populhtions of the bacterium. Although Hawaii 7998 developed 
leaf lesions, pooulations in lesions were 9 to 342 times lower than populations in leaf 
lesions of Wal*.er. Lesion development on Hawaii 7998 appears to be a hypersensitive 
rather than susceptible reaction. Bacterial populations in lesions of the F1 's were 
intermediate. Seedling screening procedures have been inconsistent for identifying 
resistance. As an alternative, lesions could be assayed for internal populations by
quantifying bacterial populations using direct plating or immunofluorescence. These 
procedures could facilitate the incorporation of bacterial spot resistance in tomato 
breeding programs. 

Introduction 

Bacterial spot oftomato (Lvyciolrsicon excul,tunm Mill.) incited by Xanihumnonas campesrifisp%,. vexsialoria (Doidge) Dye is a na.or problcm in some tropical and subtropical ciimates. High 
temperatures and freCquent rains arc conduciv,. , disease development and potentially to significant 
yield losses (Conover and Gerho d. I98 I;)oiroleZll' an11d Navudu and Walker.Vol in.!983: 
1960). Bactericides genera ly arc not effective when conditions are optimal for bacterial spot 
deveiopment (Conover and Gerhold. 198 ).

Partial bacterial spot resistalce has heen observed ill a number of genotypes (Coy ne and 
Schusler. 1967: Crill et al. 1972: Kn/e\a and Kurnukh. 1979: L.aiwson and Suniniers. 1984).
llowvever. incorporatioll Of such rcsislalce into coniinercial lines has proven dilficult (Crill et 
0. 1972; Volin. 1979). More recently. ,everal u.!cno vpes that significantlv reduced disease 
severity were identified (Scotlt and Jones. 1986). One line. Hawaii 7998, had a high degree of 
field resistance. That paiticulIkar gllmit,' p \ a:,further tested toidetermine whetlier a hypersensitive 
response (Jones and Scott. 1986) %isassociated with the genotype. Ilased on electlolyte leakage.
populilion le\els in lCallets and conluent necn;sis, Hawaii 7998 was determined to contain a 
gene or genes for the hypersensitive reaction ((,ok and Stall. 1968) anid may be useful in a 
bleeding program for bacterial splt resistance. 
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D-cvelopiner.t of a seedling screening proceJure for bacterial spot has been difficult. 
Parameters determined for use in selection of resistance must he reliable and repeatable. 
Greenhouse and growth room procedures have been variable. Our work on population dynamics 
of Xatuhomollas campestris pv. vesicatoria in lesions of susceptible ard resistant genotypes has 
proven most successful. This paper reports on some of the work associated with measuring 
bacteiial spot resistance in greenhouse Studies. 

Materials and Methods 

Seeds of Hawaii 7998 (resistant it) Xanthmonas (ampes/ s pv. 'esic'atoria).'Walter' 
(susceptible), PI 270248 'Sugar' (susceptible). 'Campbell 28" (partially resistant or tolerant). 
and various F, genotypes derived from crossing Hawaii 7998 with susceptible or tolerant 
genotypes were sown in an inert lledium in flats and covered with a layer t' vermiculite. Ten 
days after sowing, seedlings were tralnsplanted to I) cim pots on a Lrcenhouse bench. 
Approximately tne nionth after transplhn ting. plants were il octiatcd by gently misting the plants 
until runoff with a suspension of" XAnlthoiIulln.s caml.i. pv. i'cs hil. IlnoCulum1eat was prepared 
byv incubating a Florida pepper strai. oft" the bacteriun (XCV 34) (or 48 hours on nutrient-yeast
dextrose atar plates at 2>'C (Joucs ct ifl . 1981). Bacterial growth was suspended in 0.01 N1 
MgSO 4 •H 20 and adjusted to apj)roxinia ely I108 = 1() cl wit'il a tUrbidimetric procedure 
using a spectrophotometer. After inoculat in, plants were incubated in a growth chamber fbr 
48 hoors at 27°C and nearly 100/ relati V ht, midity, and then returned to the greenhouse. 

Approximately two weks after inoculati, i, randoml.N selected mature leaflets with lesions 
were collecled frolm five plants. Ten lesions pc, eCltype ec ici'Casured with calip Cn'S and then 
macerated in tissue grinders in a pcI1)t1C buffe'r (KHI._Pu 5.3 g. NaHPO4 8.61 g. and Bacto 
peptone I g/l. deionized watercor ((.85 ('i saline solution. Scrial tenfold di!utiOns weore perfhrmed 
in phosphate buffer (9N) nil dCionized water, 50 till ().15 NI K! I,').. 50 till 1. 15 NI Na2HPO.. 
I g NaCI. and 0.005 g CaCOh with 0. I til of the appropriate dilution being plated oii Tween 
A. a selective medium lbr .YanthomOMIN Wa1s11N/'siis pW.1.i'At101,ria (NIcGuirc et al. 1986). Plates 
were inlcubatCd for five days at 28'C and then colonics were ciiunierated. Le.sion counts per 
leaf' were obtained 'ron plants that \ere gr )\i ;iis describcd above. ()n leaf per plant t1'oi 
cach of 10 plants was selected and bacterial spot lesions \ke-rc couitcl. Analyses of' \ariance 
wa., performed on all data. and means were separated by )uncan", iiiltipt I range test (p=0.05). 
Loglo transfornations were used for all lesion Xiui/lomotas canmpe.tri. pv. v,('mctoria 
poipulation data a.iaises. and data presented are the antilos ofIls data analyzed. Le sions wheie 
no ,vant/unnotlascampestris pv. vesicatoria cells were isolated were disregarded in the analysis 
and considered missing data. 

Results and Discussion 

Xainthlomonas campestris pv. VeSiC(atorii populations in lcsion, were from 9 to 342 times 
lower in the resistant Hawaii 7998 genotype than in susceptible genotypes (Table I ). In tile first 
and third experiments, perl'ormed in )ecember 1986 and 1987. respectively. populatins \,ere 
significantly greater insusceptible and tolerant lines than in the F1 "sand the resistant geno~type. 
Results were not is clear cut With the second experiment. perl'orined in June 1986. with two 
Fn's having similar populations to Hawaii 7998 and one similar to tile uscCptiblc and tolerant 
lines. When the data of the three experiments \%ere combined, Hawaii 7998 lesions had l \ cr 
populations than Walter. Sugar. Campbell 28, or Htawain 7998 x Campbell 28. 

Due to the variatin f'ound ill the Population', from lesions on the same uclntve. irdividual 
lesions, rather than bulked lesions, were chosen t'br saiplilg. Individual lesion sampling provides 
better diffecrntiation ol'LenotypCs. Further work is necessary ',o mnore effectively create conditions 
for consistent separation of resistant and susceptible plants based onl poplulatioii levels ill lesions. 
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Table I. Populations of Xanthomonas caompestris pv. vesicatoria in lesions on a range of tomato 
genotypes. 

Xanthomonas campestris pv. vesicatoria cells per lesion z 

Genotype Reactiony Experiment Experiment Experiment Average of 
I 2 3 three experiments 

Walter S 3.93 x 106 ax 9.08 x I0 a 5.66x 106a 2.72 x 106 a 
Sugar S 8.07 x 105 b 1.94 x 106 a 4.71 x 106 a 1.95 x 106a 
Campbell 28 T 4.90 x 106 a 1.60 x 106 a NTw 2.80 106 ax 

hawaii 7998 x
 
Sugar R x S 2.83 x 10 c 1.35 x 106 a 1.88 x 106 b 3.17 10s
x ab 
Hawaii 7998 x 
Walter R x S 1.97 x 105 c 1.41 x 105 b 1.45 x 106 b 3.43 x IO ab 

Hawaii 7998 x
 
Carrpbell 28 R x T 2.79 x 10 c 6.40 
x 104 b 1.80 x 106 b 8.95 x 105 a
 

Hawaii 7998 R 1.15 x 104d 1.05 x 105 b 1.31 x 105c 5.41 x 104 b
 
ZNumbers are antilogs, data were analyzed as log numbers. YS = susceptible, R = resistant, T = tolerant or partially 
resistant. XValues ina column followed by the same letter are not significantly different using Duncan's multiple range
test (P = 0.05). Each number represents the average of 10 replications. NT = not tested. 

A greater magnitude of difference between populations in resistant and susceptible genotypes 
was observed in experiments run during cooler conditions. This factor along with other I tors 
should be more critically evaluated. 

Indirect imnimunolluorescence (IE1) studies, using a previously described method (Schaad.
1978), were used to verify results of the population studies (Somodi et al. 1987. unpublished).
Preliminary studies done in conjunction with the population plating studies, using the same lesions,
showed a positive correlation between Xanthomonas campestris pv. vesicatoria populations on 
plates and cells counted on immunofluorescent slides. The possibility exists that IE1might be 
useful as a screening method, especially it' it is faster than the population plating method. 

Diameters of' lesions caused by Xantltomoas campestris pv. vesicatoriagenerally were 
similar on all lines, with a tendency for susceptible and tolerant genotypes to have lesions of 
greater diameter than Hawaii 7998 (Table 2). A screening procedure based on lesion diameter 
may be of little use in identifying resistant and susceptible genotypes. Fhe conditions under which 
plants are grown throughout the course of the study can influence the size and range of lesion 
diameters. Although there was a trend for susceptible and tolerant genotypes to have more lesions 
per leaf than Hawaii 7998, these differences were not always significant (Table 3). These results 
demonstrate the unreliability of' lesion counts and measurements to identify resistance. 

The observation that populations of Xanthoinotas camptyestris pv. vesicatoria in lesions on 
Hawaii 7998 are consistently lower than those in susceptible or tolerant lines is of' great
significance. Methods for screening for resistance to bacterial spot resistance in tomato appear
to have shortcomings for a number of reasons. Growth cl-;iber studies in which plants are 
misted with Xanthomonas campestrispv. vesicaloria and subsequently rated for disease as well 
as studies in which lesions are counted and measured can give variable results depending upon
environmental parameters. Our work measuring Xanithionas campestris pv. vesicatoria 
populations in lesions has proven superior. Consistent separations between resistant and susceptible
genotypes are obtained. Under cooler conditions differentiation between Fl's and resistant and
susceptible genotypes frequently is possible. Work continues on refining seedling screening
procedures that can be used accurately and rapidly in preliminary screens. This is being done 
in conjunction with efforts to quantify bacterial populations by direct plating or by 
immunofluorescence. 
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Table 2. Diameters of bacterial spot lesions caused by Xanthomonas campestris pv. vesicatoiia 
o, a range of tomato genotypes. 

Lesion diameter (mm) z 

Genotype ReactionY Experiment Experiment Experiment Average of 
I 2 3 three experiments 

Walter S 1.56 ax 0.94 a 1.13 a 1.21 a
 
Sugar S 0.94 b 0.89 a 1.09 a 0.97 a
 
Car0bell 28 i 1.56 a 0.96 a 1.09 a 1.20 a
 
Hawaii 7998 x
 

Sugar R x S 0.79 b 0.83 a 0.94 abc 0.85 a
 
Hawaii 7998 x
 
Walter R x S 0.83 b 0.96 a 0.87 bc 0.89 a
 

Hawaii 7998 x
 
Campbell 28 R x T 0.84 b 0.83 a 1.07 ab 0.91 a
 

Hawaii 7998 R 0.92 b 0.84 a 0.79 c 0.85 a
 

'Average of 10 lesions measured with calipers. YS = susceptible, R = resistant, T = tolerant or partially resis
tant. Values in a column followed by the same letter are not significantly different using Duncan's multiple rangc 
test (P = 0.05). 

Table 3. 	Number of b,.cterial spot lesions per leaf caused by Xanthomonas campestris pv. 
vesicatoria on a range of tomato genotypes. 

Number of lesions per leaf 
Genotype Reactiony Experiment Experiment 

1 	 2 

Walrer 	 S 276.1 a 350.2 ax 
Sugar S 363.2 a 131.0 b
 
Hawaii 7998 x Sugar R x S 140.7 a 121.9 b
 
Hawaii 7998 x V'alter R x S 147.0 a 197.2 b
 
Hawaii 7998 R 114.3 a 169.7 b
 

zAveragL of 10 It aves. YS = susceptibl, R = resistant, T = tolerant or partially resistant. XValues in a column 
lollowed by the saiae letter are not significantly different using Duncan's multiple range test (P = 0.05). 
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on Hawaii 7998. It will be necessarv to determine the extent of variabilit\ amngon stratills. 

http:tonma.to


23
 

Quantitative Resistance to Bacterial Leafspot of 
Pepper Compared in Mono and Polycyclic Disease 
Progress Tests
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Abstract 

Infiltrations of leaves with inocula of Xanthomonas campestris pv. vesicatoria were 
used to characterize resistance to race 1 in twelve cultivars and breeding lines of bell 
pepper (Capsicum annuum L.). Resistance was quantitatively measured in repeated tests 
by lesion numbers and lesion diameters at timed intervals after inoculation with 
suspensions containing 2 x 103 cells/mi. Quantitative variables were transformed to 
areas under disease progress curves and to linearized rates of disease severity increase. 
iransformed variables among the entries ranged from very low (highly resistant) to very 
high (highly susceptible) and rankings of entries were repeatable between tests. 
Progiess of disease proportions was followed in repeated field plantings of ineculated 
plants of the same entries. Rates of polycyclic disease increase in the fields were 
effectively linearized by the Gompertz transformation of disease proportions, and ranged 
from low to very high among the entries. Rankings of entries in both the monocyclic 
and polycyclic tests were consistent. Fruit yields increased with level of resistance in 
both field plantings, but the actual increase could not be predicted from the measured 
levels of resistance. 

Introduction 

Bactcria Ilcatspot iSai iaj ior diselse of hell pepper i( psi,'tc? aniuum L ) in wart, humid 

climaltes icre bacWte ri tin V. l( ) r )pe,.slri.vpvi ia. (l)oidge). l)ycntn1,)tt'the CauS,1tl . As si('at 
hlie field to field sO that control of, 

the disC.ase 11anitalion and chCmicatl sIprlays is dillicult (Kncharck et al. 1986). There is hop,-, 
fo0r control of, the di-,cit',breedine fIr genetic reistance becansC 

(Xcv) k endemiiic. \Vind-blotwn rains spread pathocen fron 

b.,, 1a1Nv acce.ssions of' pelppr 

ha e hcn identified tha1t contain resisLftace (So\cll. I-)60: Sowell aind Lafl' rd. 1963: Sowcll 
and I)Deiipw, . 1)77. 

Three independent. do iitlat f0,ene, c Srcsistancc e 'WildlriltalitaCti ha been idlntiliCd I'l 
c-lCctiOns of pCpCr hese ha\e the desin of hi. Bs2. and Bs.3.fihbcrd Ct Al.I987). ,itions 
lOw cvr., racS Of the pthogell in the field Cook nd Stall. 1966: 1982) a.nd ,ttIt1tSt ill CUltture 

(R.F. Stall. Plant l~atholy Dpt.. ULni\. of Florida. US. persollal coillllutllcatiolls. I98 
1987) hamve becn identified Mhich dCfett these genC. "I'herCefoe. single gCnc r'esistalcC IlLIst 

be Iania.iLl-cL If it i,to he CffcCti\C tVanLdIC1planllk. 1968). 
The problelm's lceiived ill maniaging ,ingle. dolililit gelc resistances basc led to an 

appraiSal otfqIUanlitttivl1 .SSlsed r'esisillCe, illthe hope that these would bC ni1re durable. 

The cxtcnt of, dise;se ontrol obtai letL a ,,tSsseL \',aries, ho\vCr.with Ltiantitati\ rT.sistanc 
Relatively stall differencCs in disease scvcrity ninontbell pclper cnltivars are somtetitles reported 

(.ones aInd Jones, I986: Nli\ n ardi. 196. The corrckftion Of Ileif LIrop \ith yields ol'such e ultivars 
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may not be strong (Hibberd and Gillespie. 1982b; Jones and Jones. 1986). More effective
resistance than found in some bell peppers has been identilied from wild collections. 

Most of these resistant accessions do not have the dominant genes Bsl, Bs2, or Bs3 (Cook
and Stall. 1969; Kim and Hartmann. 1985), but some have resistance which has been long lasting
(Adamson and Sowell. 1983; Borchers. 1965). Several have been used as parents in genetic
crosses to breed resistant bell peppers (Borchers. 1965; Hibberd and Gillespie. 1982a). It is 
a feature of some breeding programs that highly resistam segregates were obtained only in F2
and self-pollinated backcross populations (Adamson and Sowell. 1983; Borchers. 1965: Hibberd
and Gillespie. 1982a). Thus: resistance was not a dominant genetic trait, and required carefulevaluation. Evaluation of plants has sometimes followed epidemics of the disease in field-grown
progenies (Borchers. 1965; Hibbcrd and Gillespie. 1982a) or mnonocyclic disease severity tests 
in glasshouse environments (Adamson and Sowell. 1983).

The most rapid progress in breeding for effective, quantitatively assessed resistance occurs
when single plants are reliably identified in monocvclic tests of disease progress. In these tests.
plants in controlled conditions are inoculated and the extent of disease which develops in the
inoculated tissue in a given time is measured. However, quantitative variables are influenced
by environments which may result in i range of values even with homrozvtous resistant plants.
In addition, factors other than genetic resistance to the pathogen may be important in poly,*.vc.c

disease epidemics in field plantings. For example, leaf chlorosis and fall 
 following the stress
induced by disease may be sooner in a plant sensitive to endogenous ethylene than in an insensitive 
one (Tripp and Wien. 1986). In many species genetic differences which occur for ability of
nmesophyll to congest naturally with water are correlated with differences in field resistance tobacterial disease (Johnson. 1947). Congested tissue allows easier bacterial ingress (Panopoalus
and Schroth. 1974). Techniques for screening plants for quantitatively assessed resistance in
the monocyclic system have not received much attention because such screening is laborious.
The purpose of this paper is to report on a monocyclic test for quantitatively assessed resistance 
that appears to correlate well with polycyclic disease progress in the field. 

Materials and Methods 

Inoculum Pveparation 

The Xcv strains used were isolated from the field in Queensland in 1986 and stored short
term in 15% glycerol kept at -15"C. 
 Inocula were prepared from late log-phase nutrient broth
culture, derived from single colonies. After centrifugation of cultures at 1000 x g ,bacterial

pellets were suspended in sterile tapwater and standardized photometrically to 0.3A at 600 mty

wavelength, which approximated a density of 3 x 1Wt)cells/ntl. 'These suspensions were serially

diluted to final concentrations of approximately I >- 10 to 3 X 103 cells/ml. These

concentrations were confirmed by replicated colonV COntlS from 0.05 ml subsamples spread
on nutrient agar plates. All inoculations were by infiltration of' intercostal leaf tissues of fully
expanded leaves. All strains of Xcv were determined to be race I (I-ihbcrd c al. 1987). 

Plant Culture 

Cultivars and breeding lines used were Early Calwonder (ECW), Agronomico IG (IOG),
Andalus, Cordoba, David, Bell Tower. Skipper. Shamrck, Yolo Wonder. Redlands Sweet Sue(RSS), Green King, Line 15 and Line 23. The genes Bsl, s2, and Bs3 were confirmed absent
from these cultivars which were nevertheless expected to represent the range of plant responses
to Xcv. For example, Early Calwonder is reputed to be less susceptible than other bell cultivars
(Dahlbck ct al. 1979): and RSS is an inbred cultivar selected for partial resistance from progeny
of the ross of cultivars Hungarian Yellow Wax and Yolo Y. The cultivais Andalus and Cordoba 
were also thought to be partially resistant (I). Toyer. Northrup King Seed Company, Brisbane. 
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Queensland, Australia. personal CorniluniCation. 1986). Lines 15 and 23 are honlZgous inbreds 
derived by selection for bact.rial spot resistance in backcross progenies of PI 322719 and 
susccptible bell pepper (Hibberd and Gi!!,cspie. 1982a). 

For the llonocyclii cxporilents in tile Plantsglasshou se the cUltivar IlDvid was not included. 

were raised in sICa lnd sand -peat-cit rustox soi (2: 1: I ) in 10-cili dialmctCr l as tic pots arrangcd
 
in rows o1" six on the glasshliouse henches (teniperatuire range I to 30 o C). The plants were
 
waitCrCd isrequ red. and were 'crtilicd our tiies wvith solLible 23:4:18 N: : K fertilizer. There
 
were three replicatcs o4 12 plant plots ill tile
a randoni/Cd block design. Flo poyVcyclic field 
experiments. scedlines were iuiised in con'tainlr', and thCre wt-rC two ficld planlings 12 days 
apal't (9 and 21 .lanar\. 1987). The l.ine 23 wa not inclulded in the plaitiig of 21 Januar'v. 
Plots were single rows of 12 plants arrailged ill both plantings. Rowthre.e r;aindrllii/ed hlocks ini 
and plant spacings were 85 and 33 ctm. rcspectivek FCrtili/ing. irlricaion. weed and in,,CCt 
COltrol were standa rd p1rctice. CoppCr sp ra\s alpplied.werc liter 

Quantitative Assessment of Disease 

lrIhle illlo.c clic tests illtlie pn ,aritswcre two ocas oilso,lasshoLC the t.cm initcnIaledi t\tt 
24 dAvs apart. The .itrain XV,86-2 of' XCV Was used f'r tile test. alnd strain XV86-6firSt fir 
tilesc.onl. Inboth rests., ilioctlm als ifiltrate into single spots o'4 to 5 cilr in each of 
~to adjaceit leaves. The leaves ill the second'l test \\crc of anl oldCr physioloical ace thai in 
the first tcst. At icuLur inlCrvals Ai, i or tree dLi's. cIlillilencine \with the day lesions becaire 
\visihle. the tsso le:\es of' isiniglc plant ill cach of' thrce replicates of each cullivar \scrc harvestcd. 
The leaves \%'ere used to represe.'nt tile everilies If' cultivtalS for that day. Salilplingdiscase tile 
\%'asceased 22 da fler inoculiationl in tile y in the )iseasefirst test, arid 28 second test. 
severity was Cstiliatd tro0ii Iesioni lllmbCrs ailldiiiltceis. 'hliriLiber of1lesionIs within ai 
pcriincter imprinted b atcork-horcr olf site \\ lhilt2 ciu' \%as counled at c:ich illoculatioll viewed 
\with atdissctiig inicrosciL ye of 2.5N. The diaicters o'fi\e randoll lesions per site, or of' all 
lcsions where ltes er than five %scicplestnl \were iicasuitrd usilg a,gradhidated e illepicce the 
illicrtoscopC. The data l.,lC used to c.oniputeL the area of* disCa1Cd leaf' tissue on the hasis that 
most lesions were o circular pcriplicr\ . In inic. lesions oinSotiie plailts of suscet)ible cullivars 
coalescd to bcoCmel irldistiieuishliblc. \\irlt the'seC,acarefl ', istl~l] estiliiatC01of1the ariIoldiscascd 

each 2 ci ia o1' diseased al'Ca per 2 cii-l oftissic ill ofl" vas riaitC. %lell \alue.s al were 
obtained fIor each plant. 

For tie pioll leaf was infiltrated Oilthe day' priorcclic ficld tests, a siilel' ol'aClth sedlin!i 
to transplanting \%ith strain XV86-7 olf.\cv stalidardized to 3 X 101 cllsilnl. DisCase was 
allo ed to )rogress naturally. 'he approxilmate prtnplrtioit l liseased tissle was ratCL \istially 
on each of 10 plants er plotat tinied intCr'als alter traisplantil.. For exaiiple. il20'< oleave's 
of' the planl \wCrC judg,ed to hlivC flileCnil i to and the aVCragC ar-i OccupiedresponsC lisease, 
by lesions, ol rlaini i'i, lealleavcs was approxiniatel, I ;of lea l'area, then the proportiin il" 
tissue affccted 1\ disease was 2 1' (0.2 1. Mcni valics of' each plot were otainCd from1 tihe 
10 plants. Yield was a.;sCsSed b\ sciglit of' rnarkctable fruiit. 

Evaluation of Disease Progress Data 

Various transt'Oratinrs of' di.1escd areas \,cc testcd to COIIIpLUtC alleffective lincarized 
rate of disease increase ill,ie llorntllc'lic 2las,oLisC experimncnts, but no0nC was particulrly 
,.['fccti ,c. tin re ciliei Lted le priiaryThe a.irca rder tile disCase pl'Oi Ve (AUsDC)wvis t ti as ti 
hasis forl evaluation. ThIe arei o lisCasCd tissue froir the second test also was reglcscd against 
tlie to coilplC ttIpuof disasC incieasC Ior each culltivar as a secoIldalV basis of evaluation. 
For data froi tihe poly'eCvlic field c\pcrinlents. lisCase proportiots at the ratings and rates'inail 

o1' lisea se intic rcalse were uinsed to cotpare cultivars . The (_oilpertz trasnslorrnatioi of discase 
proportions (Berger. 198 1) was LusCd to toliptllte rates of discase progress isit resulted illbetter 
arid niore reasornable lincarization than the logistic transforniation. 
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Results and Discussion 

Monocyclic Disease Progress Tests. AUDC Values 

Disease was more severe on plants in the first test than in the sccond test in the glasshouse 
(Table I). This is thought to represent greater suscept ibility of the Voungce r leafI tissue rather 
than a diftference in aggressiveness of tie two strains of Xcv. Data 'rol the second test was 
accUi n uLIated over a longer time span than the first. 

In the nronocyclic tests AUDC values of cultivars Yolo Wonder. Shamrock, Bell Tower. 
Green King. Cordoba. I(1( and AndillUs evCrchigh (Table I ). The AUDC \'alucs of"these cultivars 
either did not differ significantly or were lt iieaningfully dient. These entries were considered 
susceptible. Cultivakr Skipper was relatively more susceptible in the first test than tile second 
(Table I ). The Al.IDC values of cUlti\ ars RSS and CW'\Vwere interlediate to ani significetilt 
different 'rtin those of til tile su,,ceptible gop of etllliV'rs id the Milost resistant Litr 15. 
('Table I), but tile\ did not differ sienificantly troll] eacih otiler. lhus RSS and IiCW were partiellv 
resistant ill both tests. ()f particular interest are tile Al[)C values for 1.ine 23 (Tahle 1). whiil 
were significantly greater illl for RSS ill tile first test but significantl\ lower thal for both 
RSS and FCW in tile secolnd test. Il )C ofhoth tests. A \alues oftl ne 23 \Nere siunificantly 
greater thlal for Line 15. Thus. \toUrner leavcs of Line 23 in the first test w\vere sinificantl\ 
iore susceptible thll \ lcrctile older le:ives in tile second Illoroev'lic test 1 til.'e saine plants. 

Table I . Areas under disease progress curve" and progress rates of bacterial leafspot of 
glasshouse-grown pepper cultivars with different degrees of resistance to Xanthomonas 
campestris pv. vesicatoria. 

Area under disease progress curve Rate of increase in diseased areas 
Pepper culcivar [In (y + I) transformationi Rate) 

or 11ne Test numberw Test number 
1 2 2 

Yolo Wonder 6.15 ab 6.25 u 1.88 " 0.17 
Shamrock 6.13 ab 6.05 b 1.58 0.37 
Bell Tower 6.24 ab 5.83 b 1.15 0.58 
Green King 6.36 ab 5.80 b 1.43" 0.91 
Cordoba 6.28 ab 5.79 b 1.65' 0.36 
Andalus 6.76 ab 5.73 b 1.10" 0.54 
10 G 5.65 bc 5.67 b 0.97" 0.55 
Skipper 6.91 a 5.45 bc 0.95" 0.53 
RSS' 3.89 e 4.67 cd 0.63" 0.76 
Early Calovonder 4.44 de 4.48 d 0.44" 0.71 
Line 23 5.21 cd 2.69 e 0.04 0.05 
Line 15 2.10 f 0.95 f 0.00 0.00 

lNumbers in each column followed by a common letter are not significantly different (P = 0.05) according to Duncan's 
multiple range test YRate of increase in non-transformed areas of diseased tissue r is coefficient of determination 
of linear regression VFirst test was of recently fully expanded leaves inocu'ated with strain XV 86-2 of Xcv* second 
test was of older leaves inoculatrd with strain XV 86-6 Indicates value is significantly geater than zero at P < 
0.05 UCultivar Redlands -- .,:et Sue 

Rates of Disease Progress 

Rates of tdisease increase in tile sec rnd nonocyclic test of the entries were consistent wili 
the AUI)C values of both tests (Table I. Figure I). Comrlputed rates were greatest for tile .'rYOU 
Of susceptible cultivars. intrilediate for cultivars RSS and [CW. :11d lowest for Line, 15 ald 
23 The rates of disease increase irl this test (lI both Lines 15 and 23 did not differ signilicmtly 
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from zero. With the possible exception of cultivar Green Kill,. coCf'icients o1 determination 
(r) of regression o l disease severity against time were low (TleIC I). Thus regression did not 
effectively linearize the lata. but neithccr did any other tested transforniation. This reflected 
cinsiderable plant-to-plant variation in disease se\'CritN espccially in susceptible cultivars. Disease 
:Severitv increase in cultivar Green Kin was. however, unusually colsistetl Md Iackel Such 
UnlprCdictable \ ariation. 

These data cl.trl establishcd that conSitentdi tifencnees inl disease severities occtur betweeni 
chosen entries illillllocwlic tests of resistance ilthe glasshouse. It remains to be determined 
Mhetlhr th, se differences rellected field perlftit'niantce ilpolycyclic Field epidemtics of' bacterial 

Polycyclic Disease Epidemics 

l)isease poportions on most cultivars werC high illboth field plantings (Table 2). Rating 
iperitlds Con1tinutCd until -19 and 61 Idas Al'telr the irst and ScI'oLd p'lantinlg tcs, respectively. 
and grCatCr diseLasC ohsCrvcd in the second )lanting iObably was duC to this diffCrelncC inl time. 

,StattistiCall Si1,gnificant diffcrences occurred bets ecu disease propoltnliils at the final ratings 
of both fild planting_,s (l'able 2). The Culti\ ars Green King. Shalnrock. Yolo Vonder. 1) (i. 
I)atid. At .Lliis.Skipper. Bell wer ,crcthe most severely bothT ald Cordoba 	 di.,setd ill , iut writh slight diTeric'CC, beisM cCII thrCtislsCs. The Iinc 15 \Is the most rsistantfield blln 

in both planting,. aid interriCdiaLICl.el's offdiseaIsC occuTrrCL Oil cultivars RSS. IlW. aLd LinC 
23 (Table 2). Relati\e rankings,, of' discase ses critics oflall entries are consistent ill both the 
ItiorlocyC\ic aMil ptl.cclic test, of rCsistUn:c (ThlblC, I aLi 2). 

-hie coet'licietlls of, detcrnination \+,ere Iih l *Oerl/( o tlraislorl'delOr regrfessiol te 
diseaC proportion s against line T[able 2). "lht. this triisitttin rlialbl\ dcurihed di.eaisC 
pi tilethe enltis a's. There \ ec significant and cotsistelit dillcnces bctwccn the slopes 
,the (hinperti-taisfirld disease progress lites of the Cultivars in both field plantings )lable 

2. FiLiire 2). The slopes sct'cgrealest fo0t+the suscptiblec ltiss. itlleCriit C Iatr ti al)rtially 
resistant culti +ar, RSS. (C\Vand Lino' 23. and lCast or tile most resistant l.iiie 15. The slopes 
oflthese lines werC an accurIte reflection of disease [plrptrtitis. 

Yields of llruit trolt sus'cptilC cultiV-ars v,crc \rA IoM. Or iil in both fiCld lnMtings ([Icable 
hrhisseie higher ill tile itore resistant ulti\ars. Relatiel\ hi,h and ho, yields %\tcrcobtained 

roni culti, ars RSS anld uivurs, were('\V. reSpeCri\Cl\, TIhCsC tO \ P cquall but pXralfy resistUnt 
(Tables I and 2). 

No rleasurzable r'si+stUnt'c to Ibacterial IClespot 55as detected illthe rcpeaed tests of tss o 
ulti\ ars. AndalIus and Cordloba1. , d be partial iinQuCislaiid. Thehici ae rCLuted Ito r resistant 
plant habit of these ts\o cultis ars is taller. with less densely displa\ ed foulia thal other susceptible 
hell cultriis. Thi, hbhit n'.i\ allos easiCr CO. ClaLC Of' ioliagC b\ rutin chrCiIicll sprays which 
\%Crc not applied in these esperimenis. Routinely spra.cd plants (lKuchirek et ill. 1, M86aMarco 
andl Stall. I83) of .\n, afus, and ('dobalt ray+th ore appear Irmore resistant thall oither culti'ars. 

hint 	 this aspect of pepper plalnt protec.tion has not heen irl\eSietctld. 
The irrair thrust this papLe s to link diseaXse sCvCrtiCs rteaxSureC Md pol. cyclicf0 s ilnono ant 
it'.resistance to bacterial leaf spot. The assOciation \S, posili\C ;ail close, irrespectivCo 

of the ,traint01 X0 used, itl s reliablC rcCCtlyvIully tej wre'.Als ".o \sheti Cepidll leaves 
inoculated ,or The IexpctCd trend for Irit telds to incr with leveltIre itItIoceCic rests. \%f 
of resistMcc did Occur but the actual in'rcase %w,all,0 ighiy Ct.illar sp)ecific. Th,, ,illcrencC 
ill fruit yields oftulti a.lrs, in0) be ICdg.C t teir parti:lRSS aid l(\V cUItLI icliWteIL fromia kinto 
resistatncC. The Culti\Ma RSS hl, the natural IbilitN . sinll ill bell ippers.to sc trelait er fruit thsa 
It is likels thait I.',io icl'treCss impolsccd h Cqual di'asse cCritics ima diilcr wilh host 
"ertlt. pC. The lruit otltined w% riost resistant sscrc This flactsichd, ith tile entries also low. 
highlihts the needtlo carelull sClec.t frorticulturll attributCs in strategic IdClplairtirIS of rsCistant 
Imrs. The present data conll'rtllthat lities resistanlt to il\'CClic disCsc epidemics arc identilable 
ill llo ocy lic tests. 
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Figure I. Progress and rates of increase (R) of 
 Figure 2. Progress and rates of increase (K) ofbacterial leafspot in a mrnocyclic test of transformed disease pr' portions from a ield 
pepper cultivars and breeding lines with planting of inoculated pepper cultivars and
different degrees of resistance to Xanthomonas breeding lines with different degrees of resis
campestris pv. vesicatoria. tance to Xanthomonas campestris pv. vesicatoria. 

Table 2. Disease proportions and p-ogress rates' of bacterial leafspot, and fruit yields on field
planted pepper cultivars with different degrres of resistance to Xanthomonas campestris 
pv. vesicatoria. 

Field planting date
Pepper 9 January 21January 19871987 

cultivar
 
or line Diseasey Rate' Fruit yield Disease y Rate' Fruit yield

2
proportion k r (tlha) proportion k r (/ha) 

Green King 0.42 b 0.06 a 0.95 0.0 0.67 b 0.07 be 0.97 0.0Shamrock 0.36 be ).06 ab 0.93 0.4 0.62 be 0.07 bed 0.91 0.8
Yolo Wonder 0.40 b 0.06 abe 0.94 0.0 0.60 bed 0.07 bed 0.95 0.0
10 G 0.38 b 0.06 abe 0.88 
 1.2 0.57 bcde 0.07 ode 0.95 4.2David 0.31 cd 0.05 be 0.90 0.0 0.62 be 0.07 bed 0.89 0.0

Andalus 0.40 b 0.05 be 0.90 
 0.0 0.65 be 0.08 b 0.90 0.3

Skipper 0.38 b 0.05 be 0.92 0.0 0.55 cde 
 0.07 ede 0.93 0.3Bell Tower 0.29 d 0.05 be 0.93 0.50 de0.0 0.07 de 0.93 0.0
Cordoba 0.31 cd (.05 c 0.86 0.4 0.48 e 0.06 e 0.92 0.6
Line 23 0.08 ef 0.04 d 0.59 5.7 not available
RSSw 0.06 ef 0.03 de 0.64 20.6 0.28 f 0.05 f 0.89 20.9ECWw 0.12 e 0.03 et 0.85 0.6 0.32 f 0.05 f 0.83 1.8Liie 15 0.02 f 0.02 f 0.29 13.7 0.06 0.04 0.84 19.9
 

ZNumbers ineach column followed by acommon letter are not significantly different (P = 0.051) Yccording to Duncan's 
multiple range test. xProportion of leaf area diseased, observed at end of rating period. Each value is the mean of30 observations (10 plants x 3 replications). Final ratings were 49 and 61 days after first and second plantings,respectively. Rates of disease progress (k)using Gompertz transformation of - In I-In (proportion'l: and coefficientof determination (r2) of regression of transformed proportions against time. Cultivar Redlands Sweet Sue; and ECW 
is Early Calwonder. 
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Additive Gene Action Controlling Resistance to 
Bacterial Leafspot in a Pepper Plant Introduction Line 
A.M. Hibberd 
Senior Horticulturist,Queensland Department of Primary Industries, P.O. Box 327, 
Cleveland, Queensland, Australia 4163 

Abstract 
Resistance to race 1 of Xanthomonas campestris pv. vesicatoria In leaves ofselection 189-5 of PI 163189 was characterized after infiltration with bacterial 

suspensions of approximately 2 x 103 cells/ml. Cell populations of strain XV 86-2multiplied in leaves of Capsicum annuum 189-5, Early Calwonder (ECW), a susceptible
cultivar, and F1 (189-5 x ECW,. Multiplication ceased in leaves of 189-5 and F1between two and four days and four arid six days, respectively, after inoculation, but
continued through 14 days in leaves of ECW. Cell populations at 14 days were 
approximately 105 , 5 x 106, and 108 cells/cm2 in leaves of 189-5, F1 , and ECW,respectively. Resistance appeared to be hypersensitivity controlled by additive gene
action. In inheritance studies in populations from the cross 189-5 x ECW, resistance 
to strains XV 86-2 and XV 86-7 was quantitatively assessed by lesion numbers and
diameters two weeks after inoculation. Segregation within the backcross F1 x ECW was continuous and did not fit a major gene ratio. Means of lesion diameters of F1 and
F1 x ECW generations equaled respective mid-parent means while generation means
of lesion numbers exceeded mid-parent values. An additive gene action appeared to
control resistance to race 1. Implications for breeding for resistance are discussed. 

Introduction 

There are numero us accessions from tie wild collections o"pepper (Capsicum amm L.)
that ac resistant to Xa'mhomoa. campe.str-i. p\. vesica'oria (Doidge). Dye (Xcv). tie causal
 
ager, of bacterial leafspot (Kim. 1983: Sowell. 
 1960: Sowell and Langford. 1963: Sowell and

Dempsey. 1977). From these, only two dominant genes for resistance have been identified \ith
certainty (Cook and Stall. 1963: Kim and lartmann. 1985). Another doiminant eeie \,as
introgressed fromi C. htcovo.w,b v crossing and selection (Coo00k and Guevara. 19,4 . These 
genes, which have designations Bls/. B.% 2. B.3 (Kim and larttniann. 1985). tre independent
and they control hypersensitive reactions (IR).The Ihrcc foris of' IIR ,; ,:litatike. The
breeding of' bell pepper with these cenes is therefore strai,htforwvard. Ho\Itever. races ,,,"thepathocgen in the fleld (Cook and Stall. 1969: Hibberd. Stall and Bassett. 1987) and manltslIt. ill
culture (R.E.Stall. Plant Pathology lDept.. Univ. of Florida. USA. personal conmmunications.
 
1986 and 1987) have been identi fed that defeat these Cenes. areil'el ' ak"
The. ,ICenes "ore;
in the sense Used h\ VafderpLnk (1968) and their Use titlst he 1l.Inanaet'Od. 

It is a fact thall lllost of' the resistant aecessions lack the,c dominant enes (Cook and Stall.
1969: Kim. 1983). arnd sOnIC haiC resistance \which ha, been long-lastilu in difTerenlt regions
(Adanison and Sowell. 1983: Borchers. 1965: Hibberd and Gillespic. 192. Ses erl of these
accessions have been used in genetic crosses to breed r'esistant peppers (Adaimson and So\ell.
1983: Hibberd and Gillespie. I 82). Their use as parents tCn preceded knowledge about the
inheritance of resistance (Sowell and Dempsev,. 1977) lnd
inaY have been bIVsed in part ol lther 
horticultural c,ns;ilcraioIIS. 
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Few assessments of the inheritance ol this lorm of resistance have been made. In all cases 
inheritance has been quantitative (Adamson and Sowell. 1983: Hibberd. 1985: Hibberd and 
Gillespie. 1982: Kim. 1983: Stall. 1981) and resistance has been assessed by dillerent methods. 

Methods of assessment included visual ratingcs and measuremer . of disease severity on plants 
grown in tile glasshouse or in tile ficd. Resistance is identifiable In monocyclic te:;ts of disease 
progress on platnts grow] n1a gIasshouse (Hibberd. 1989). but qtLialltitatiye variables are influenced 

by environritetit to thc extent that a.,ranllCe of values results even Ol hoilozy'goNs r'estsit.lt plants. 

Variability may mask simple inheritance (Falconer. 1960). 
It one st id . inheritance of resistatc,'. in PI 163189 was consistent with additive gcne action 

which was situpl. itiherited (Hibberd. 1985). H-leterozvcotes were identifiable by disease severity 
which was intermediate to paretl~al values. This findinc was consistent with other studies in 

which tile most resistant sec rcates of cenetic crosses xxhiee fould ii F2 and inbred backcross 

popula(iOtis (Adanusoil and Sowell. 1983. Hibberd and Gillespie. 1982: Stall. 1981 ). and with 

lieterozvgotes being of iliternediate phenotylpe (1-1ibberd and Gillespie. 1982). Thus inheritance 
\as not dlinanti ii l studies. and rests tarce required carel evalLnt iOi. Sereation of plants 

into discrete phenotypic classes expected for a single gene was difficult to assess (Hibberd. 1985). 

This paper attempts to confirm simply inherited resistance, together with additive gene actim 

which is reflected in intermediate populations of bacteria in leaf niesophyll of heterozygotes 

Materials and Methods 

Inoculum Preparation 

At the time of ihis study. oil\ race I of Xcv had been identified from diseased pepper in 

QIucetIsland I(M.li. Molfet. Plant Palthology Brantch. Queensland Dept. of Pr imarx IndListres. 

Australia. persital cOIitilmunicatioln. 1987). Tv,() strains of race I (XV 86-2 and XV 86-7) \%ere 
used as inoculi1. Palhocenicity of both strains xxas tested inl plants of tile suscCptible cultivar 
Farl\ Cahonder (I-C\V). Race was confi rtned b\ the presence or absence of iR in pepper 
lines with cenes 1.%1 and s3 (i-ibbcrd. Bassett and Stall. 1987). 

The strains had been stored in 15'; igveerol at -15 ('. Iiocula were prcpared from late 

hbc-phase Intlrient broth ct, ltLres derived Ifolt sigicle colotlies oil ilutrictil agar plates. After 
centritiation of cultures at 1.00) X U. the Iacterial pellCts were sLuspended in Sterile tapxwater 

aipd standardized photometricall, 0.3 A at 00 ,11 \ axelength. which approximated il (InSi 
of 3 x l0 s cells!nil. These suspensions were serially diluted to approximately 10' cells/nil 
lIr iliocL,laltionIs. The final concenitratiotl x.;as confiried b ie plicated cIolon\ counlts fioi 0.05 

tIil subsaiplCs spreld on nutrienit agar plates. All inoculations xxcre by intfiltration of intercostal 
leaf tissues of full\ expanded leaves. 

Plant Culture 

rarlv x 163189 and I:1 (189-5 [CW) were 
used. li line I189-5 is a hotnlozvg, ns iinbred selectitn resistanit t0 ices I a tid 3 anrid carries 

the cene l4I fOr HR ti race 2 of Xcv (Hibberd. 1985). Seeds of Pl 163189 had been obtained 
fiol the USDA Atlantic Regional Plant Introduction Station. (eorgia. USA. 

Seedlings were trailsplanted t i stealiited Sand: peat : utrosti x soil (2 : I : I ) in 10 ciii diameter 
plastic pots. The plalts xvere arranged in randolitized roxs of sexCI plant's Oil benclhes iii a 

classhouse witil a telrlpratLIre range oif 17 tlo 35 'C'. PlanIts xxere watCred as required and treated 
four times during experiments with 23:4:18 N:P:K siluble fertilizer. 

Ca't.uu ll t/11trt11 Cakl o n de r . line 189-5 of' Pl x 

Bacterial Populations 

The plants were intoculated with 6 x 101 cells/ml oi' strain XV 86-2 of 3 race 1. The 
iioculunl was infiltrated into all area of 4 to 5 c111 2 on each of three leaves per plant. Leaves 

http:r'estsit.lt
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w,'ere collected periodically after inoculation and bacterial populations in the inoculated areaswere determined from one cm 2 samples. Samples were triturated in 0.5 ml of sterile tapwater.the suspension serially diluted ten-fold when appropriate in sterile tapwater, and 0.05 mlsubsamples of the final dilution were spread on nutrient agar i)lates. Colonies of Xcv were countedafter two to three days incubation at 30'C, and means were converted to log 10 values. There 
were three replicates and the experiment was repeated. 

Quantitative Assessment of Disease 

The number of lesions vithin a perimeter of 2 cm2 imprinted with a cork-borer on the lealwas counted at each inoculation site while viewed with a dissecting microscope at a magnificationof 2.5X. The diameters of five random lesions per site, or of all lesions where fever than fiveexisted, were measured with a graduated eyepiece in the microscope. 

Inheritance of Quantitatively Assessed Resistance 

A single plant of the honiozygous selection, 189-5, was cross-pollinated with a single plantof ECW. A single FI plant was cross-pollinated with :n additional plant of ECW to givebackcross seeds. Populations of 270 backcross seedliiis, 42 of 189-5 seedlings, 38 of the FIseedlings, and 77 ol EC\V seedlings were transplanted to pots and raised as described above.Populations of plants of the 12 and backcross to 189-5 were not used. The first experimentalaim was to evaluate major gene segregation in the hackcross to tilesusceptible parent. Additive gene action was expected to occur (Hilbberd. 1985) and could be evaluated f'roml the 1tOUr 
generations which were orown.

The three leaves precedinc the first fork oftlie stem \\ere each inilated With a suspen si iol approximately 2 x 1W cells/nil of hoth strains of' race I (XV 86-2 and XV 86-7).Overlapping of areas infiltrated with the strains \as avoided. These leaves ,erc harvested 15days later, sealed in plastic bags. and refrigerated (3 C). Over the next several days. the numbersof discrete lesions per 2 cm 2 of leaf and diameters of the lesions were determined as describedabove. Mean \ai es for lesion numbers and diameters were obtained for both strains on each plant. 

Statistical Treatment of Data 
The quantitative data were evaluated by analysis o'generation means veighted hy their 

variances (Basfo rd and De Lacy. 1979: Mather and JiAla.1971). No prior issuilmptions on the
relative importance of dominance is required in this analvsis. The matrix specification of Fisher
(1918) was used with parameters: m = general theoretical population mean at F . a = value
of additivity. and d = value of dominance deviation. The X- test of goodness of' fit of meansto the single gene model of three parameters could not be applied to three degrees of freedum. 

Results and Discussion 
Hypersensitive Resistance to Race I in Line 189-5 

The bacterial cell populations of strain XV 86-2 of race 0I increased to IW cells/ema2 inleaves of the susceptible cultivar FCW (Figure I).With the same inoculum level, Cell populationsin leaves of 189-5 and F, (189-5 x FCW) plateaued earlier and to levels lower than in leavesaf ECW. The populations were approximately 105 cells/ cu 2 of leaf of 189-5 at two to fburJays after inoculation, and 5 x 10" cells/emn2 of leaf of the FI at four to six days after 
inoculation. 

The curve for increase of bacterial cell populations in leaves of the heterozygote wasintermediate to the curves of the two parents. The population increase continued fr longer and 
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Tihe intermediate growth curve of bacteria in tile is taken 
to represent a gene action controlling resistance which is additive and not dominant or recessive. 

The inoculinl concentiatiot (6 x 10
3 cells/ nl ) wkas too great to allow the counting of 

discrete lesions in leaves. Lesions in leaves of ECW were visible between live and six days 
after inoculation, and this time corresponded to about 10" cells/cmr" of leaf (Figure I). Very 
few lesions developed in le:i\ es of 189-5, more in leaves of the F1 (189-5 x ECW). and most 
in leaves otECW. Lesions in leaves of ECW became confluent by about nine to telldays after 
incubation. 

The curve for increase of bacterial cell populations in leaves of 189-5 are similar to those 
of previous studies (Hibberd. 1985: Hibbcrd, Stall and Bassett. 1987) which were used as partial 
evidence for quantitatively assessed resistance being a form of HR. The curve is also similar 
to those previously published for plants that contained the genes BsI and Bs3 for HR to races 
2and I of Xcv, respectively (Cook and Stall. 19o8: 1:ibberd, Stall and Bassett. 1987). By analogy, 
the repeated tests of the bacterial gro'. th in 189.5 and in the heterozygote indicate that the 
resistance is a form of HR. 

Cell populations in leaves of one plant of' 189-5 were unusually high, anc equaled those 
of the Fi (189--5 x ECW) (Figure 1). This plant was also atypical in that it had large numbers 
of oed-matous lesions along large and slall veins of the leaves. Oedeniatous tissue may reflect 
internal moisture stress induced by root pressure under conditions of ample soil moisture and 
high RH. Stress induced by excess free water may result in rupturing of cells (Chupp and Shelf. 
1960). Eni*rced watersoaking of tnesophyll inoculated with race 2 of Xcv defeats the 
hypersensitix,." resistance reaction If gene Bsi (Stall and Cook. 1979). By analogy, resistance 

in the atypical plait of 189-5 may have been temporarily defeated during periods of excess water 
in the iesoph) 'L and the cell population of bacteria increased as a result. The resistance of 
189-5 to race I nay therefore be modified by different environlents to result in a range in 
disease severity. 

Quantitative Assessment of Resistance 

Differences occurred anong the plant generations for numbers of lesions per inoculated 
area and mean dianieter per lesion in leaves infiltrated with both strains of race I at low 
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concentrations of inoculurn. The frequency distribu ions of plants in each generation based on 
categories of lesion number and lesion diameters are given in Tables I and 2. The distributions 
of plants inoculated with both strains of race I were equal in the generations. The slight difference 
i average lesion numbers between the two strains in tile generations probably resulted fron 
a small difference in inoculum concentrations. Also, generation means of lesion number and 
of lesion diameter were correlated for each strain, XV 86-2 and XV 86-7 (r2 1.0 and r2 1.0. 
respectively). Thus both strains were approximately equally aggressive in lesion growth in this 
experiment. 

Table I. Frequency distr'butions for lesion number in populations of pepper plants derived from 
the cross 189-5 (resistantj x Early Calwonder (susceptible) after leaf inoculation 
(approximately 1.5 x 10 cells/mI) with two strains of race I of Xanthomonas 
ccmpestris pv. vesicatoria. 

Upper class limits for number of lesions 
Plant Strain per 2 cm 2 of leaf Populations Pop u lation' 

populations Xcv 0 3 6 9 12 15 18 21 24 27 30 33 36 mean 

189-5 XV 86-2 6 15 5 7 2 3 0 3 I 8.7 ± 0.98 
XV 86-7 13 12 3 6 3 I 2 2 7.2 ± 0.93 

Fj (189-5 x XV 86-2 I 0 2 7 8 6 6 2 4 18.7 t 0.94 
ECW) XV 86-7 2 7 8 6 5 5 3 0 I 16.7 ± 0.94 

Fix ECW 	 XV 86-2 I 0 9 26 56 47 49 36 26 11 7 21.2 ± 0.35 
XV 86-7 4 20 46 60 65 37 24 10 I I 18.6 ± 0.30 

ECW XV 86-2 5 9 17 7 17 12 8 2 23.5 ± 0.65 
XV 86-7 I 7 14 17 15 II 7 2 I 21.2 ± 0.59 

± Standard, error of mean. 

Table 2. Frequency distribution for lesion diameter in populations of pepper plants derived from 
the cross 189-5 (resistant) x Early Calwonder (susceptible) after leaf inoculation 
(approximately 1.5 x I03 cells/ml) with two strains of race I of Xanthomonas campestris 
pv. vesicatoria. 

Upper class imits for lesion diameterPlant Strains (mean of five lesions: mm x 10) Population 
populations Xcv 	 mean2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 >32 

189-5 XV 86-2 I 21 14 4 2 	 4.4 ± 0.28
 
XV 86-7 20 17 2 3 4.3 ± 0.27
 

FI (189-5 x ECW) XV 86-2 3 10 7 10 4 2 9.4 
 ± 0.46 
XV86.7 6 7 6 12 5 I 9.4 ± 0.4 

FI x ECW XV 86-2 13 44 52 52 34 23 12 8 9 2 6 2 33 5 12.6 ±0.39
 
XV 86-7 
 14 46 66 57 24 21 14 6 I 7 3 2 I 1 5 11.9 0.37
 

ECW XV6-2 1 12 14 14 14 6 8 2 3 0 1 11 14r5± 0.55
 
XV 86-7 4 12 10 19 II11 2 3 0 I 0 I I13.8 ± 0.52
 

z± Standard error of mean. 

Additive Gene Action 
After inoculation with two strains of race I there was wide variation in both components

of' resistance in all of*the populations of plants (Tables I and 2). Variation in both components 
was greatest in the backcross ( 1'l x ECW) population. There was considerable overlap in 
frequency distributions between the different populations for both components of resistance, 
The frequency distributions were continuous and. in the F1 and backcross. did not seem to lit 
into any segregation ratio or pattern. The distribution of lesion numbers in the F, and backcross 
populations were skewed toward those of the susceptible parent. ECW, which could mean that 
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this resistance component is recessively inherited. However, the distributions of lesion diameters. 
while continuous. were not skcwed to either end of tie distribution scale and were intermediate 
to those of tile two paents. This c0inil indicate all additive gcneti, el'ct. 

The basic patterns of' inheritance of the t\,,ocomponeits of resistance appeared to be 
this further. analysis was tuade of tile weightedquanthttalke, but dillercnt. 1'o in SticatC 

oeneratin i icans f bot'loth comoilents. The analksis was liihnited b\' there beine only three deirees 
so that the X goodness of fit test could not bC applied to additivity and domllinalnceof freedomn 

of the sitlle ,eic inodel lBas[Ord and l)el.ac\. 19l7t)). However. Leneration ilceais for both 

consistent %tith the C\p[ecled patterns: that is. dotiminance wasctiiilicllts of i "istanc ,' crc 
incompilcte for high lesion ibnhers and %as negligible for lesion diameters (Table 3). Additivit 

%%as the Iliajor comiponent of iimportancC for lesion diamelCr. Thuis. tile population lean for 
[or lesionlesion diaiict,'r of the F, \\ a,, interidiate to latrenlal \altics, and tile polulation nil,c 

diamter tf the backcros, sa to of1' tele nl parent.intrIti'Ldiale aUC, 	 F1andmweTptible 

Table 3. Generation means analysis of numbers of lesions per 2 cm2 of leaf and lesion diameter 

from 189-5 x Early Calwonder pepper progenies inoculated with strains XV 86-2 and 

XV 86.7 of race I of Xanthomonas campestris pv. vesica oria. 

Component of resistance 

Lesions per 2 cm 2 Diameter per lesion 

of leaf immn x 10) 

Bacterial strain Parameter Parameter, estimate Parameter' estimate 

XV 86-2 	 n) 16 1 056 96 t 027 

a 	 7 4 0 57 52 ± 0 27 

d 27 _0 9 9  0,1 t 055 

XV 86-7 	 m 140 ± 0.52 91 0.26 

a 6.8 0 52 48 0.26 
d 26 0.62 0.4 ± 0.53 

devation. YEstimated value ± standardiar.neters m = estimated mean at F!= . a = addawity. d = dominance 

e, ror of estmate 

Relation Between Lesion Diameters and Numbers 

p in all populations IFigure 2). 

e%dr. tile rate at %.llic lesiion l/lonbcrs increascd , itlh dialneter varied aiong tile gelleratios. . 
I.csion inibe increaise.'d %ith lesion diameter aIl1ltig1 ,laits 
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2 Variation in lesion numbers related to lesion 

•1 C 13 1'j 12 1 (3 1 U 20 diameters in pepper generations inoculated 
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For example, lesion numbers in plants of line 189-5 increased at the linear rate of 3.8 lesions 
for each 0. I nn ot lesion diameter, but tileincrease was only 1.4 lesions per 0. 1 nm of lesion 
diameter among all plants of the 189-5, Fl. and ECW populations combined. Thus. a smaill 
increase inlesion diameter among plants which are resistant or partially resistant was associated 
with a relatively large increase inlesion number. In contrast, a small increase in lesion diameter 
aiong susceptible plants was associated with only a small increase in lesion numbers. The 
predictive value of lesion number alone declined with level of resistance, and lesion diameter 
appeared the more reliable of tiletwo components. 

Conclusions and Applications 

Additive gene action controlled lesion diameter with both bacterial strains ofiace I in leaves 
of 189-5. Intermediate lesion diameters in leaves of Fi plantk %,ereconsistent with bacterial 
cell populations which also were intermediate to parental values. Resistance restricted cell
population increase and concomitantlv the rate of lesion expansion. The reduced rate of lesion 
expansion \%as suficient to prevent most necrotic areas trom becoiaing visible lesions in leaves 
o 189-5, but not in heterozvgotes. Thus partial dom inance occurred for high lesion numbers 
(Table 3). The Inaxintum number of necrotic areas is controlled by the initial inoculuIm density
(Turner and Novackv. 1974). F.nvironinental eflcets ira\ have induLced higher bacterial cell 
populations in leaves of sonic plants af 189-5. Higher cell population may have resulted in 
many more necrotic areas becoming visible lesions in these plants tha~i in other plants of the 
sameliine. 

Selecting the most resistant plants in each cxclc of backcrossing would therel'Ore requiire
testing of inbred progenies. This ft dinrg is consistent with nrevious \ork in selecting resistant 
segregates f'ron inbred progenies (Adarson and Sowell. 1983: Borchcrs. 1965). In the present
study plants of interiediate disease se\crit\ were identifiCd and used as pirents for additional
 
backcrossing. It may be possible to confirto the identit. ofIheterozygotes by progeny testing

of selected plants in single generation cycles of recurrent backcrossinri, (Hanson. 1959). Th,.,
time needed for breeding resistant bell pepper \would then be minimized. 

Qu:ntit;!(ice variabilit\ in cormnpornernts of resistanc,. masked any ratio of sLgregation for 
resistance which may have occurred inthe backcross population. Thlus. it was not possible to 
conflrn, that additive reneaction x\as cOntrolled b a single geno at major effect. Segregartn
in inbred backcrosses may help re.,olve this point. Simple inheritance riay also have been naskcd 
by choice ot the recurreni parcnl. Cultivar FCW is in fact partially resis:amt to race I of Xcv 
(Hibberd. 1989). Segregation of' minor genetic effects that control'partial resistance mnav also 
have occurred in the hackcross populatiOi. A more distinct segreg.tiun pattern may h:ive rcsulted 
by using a recurrent parent more highly susceptible than FCW (-ibberd. 1985). However. such 
a choice would not assist in achieving tileaiis of' practical plant breeding'. 

Additive gene action in189-5 to strains ol race I of Xcv. which has iloxv, been establi,,ned 
in separate studies, conforms to practical experience inibreeding resistant bell pepper. It may
be that this Iorn of generalizted quartitatie resi stance to .\ v i1\a OcC(i" ill otlier plant introduction 
ilnes. as well as to other bacterial pathogens of crops. 
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Symposium Discussion 

Y. Halle: Have you attempted to transler genes from sweet pepper to hot pepper to develop 
bacterial leafspot resistant varieties? 
A.M. Hibberd: No. The genes are in hot peppers of USDA plant introduction lines. There 
is absolutely no reason why you could not continue to keep them inhot peppers i vyou want 
to. Similarly. sweet pepper lines with resistance genes  the result of breeding and selection 
could be used as parents for crossing into hot pcpper. 

B-S Kim: t I ) Resistance may be lost during the backcross program. Could you tell uIs your 
strategy to hold a high level (f resistance during in\ breeding iprograi? (2) Do ,ouu have an\ 
interest in adopting anther or nlicrosptore Culture techniques and dihybrid plants in pepper 
breeding? 
A.M. Hibberd: I) Recurrent parents ura\ differ inl their level of susceptibility. e.g. highly 
or very highly susceptible. Choose the best available. Inbreed once or twice each backcross, 
and then select. E'valuate plants stringently. In seedling selection, eliminate su-ceptihles or 
questionable plant,, and field plant the remainder. Encourage the pathogen. (2) Bell pepper
is an extreme plihenolype. Disease resistance genes are mostly inl tiada pted. horticuIlturally 
unacceptable lines. Backcrossing with selection seents more appropriate. Once the genes are 
in bell peppers, then 'ic methods von asked about Ilay be appropriate. 
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Abstract 

In the Island of Reunion, two kinds of tomatoes preferred are small elongated 
tomatoes (Roma type) and large round tomatoes (St. Pierre type). Bacterial wilt is the 
main limiting factor for tomato production in the hot season. Of the 121 entries tested 
for resistance to this disease, three were found satisfactory: MST 32-1, MST 21-23, 
toth originally from AVRDC; and Caraibo, developed by INRA, France. The search for 
bacterial wilt-resistant varieties, better adapted to the local market, is continuing. 

Introduction 

Reunion is a volcanic island ol 2.520 kin with a population of 560,0()0 inhabitants. It is 
located 700 km to the east of Madagcascar and 200 knl t so uti west of Nlauritit.us at latitudetthe it 
of'210 South and a longitude of 55 030 Fast. It originated from two tolcanoes. Piton des Neiges 
(3.070 in), now extinct, and Pilon de iaEoulri.iaiSe (2,031 in), still active. Its relief is extrenieh 
tine en. which accounts fbr tile small area of the total farmland: 05.323 ha in 1986 (Anon. 1987) 
which is le:ss thaln 26 ": of, the total area )f tle isiamid. The island his two mlain sIasons: a cool 
and relatively dr esnt rot Ma\ ( lt mel tmlpCratulre of the coldIsm moth1t11 betveCnto October 
20 and 22'C at sea Iel ), and a hot seasol, \%ith a C\ clone rainfall pattern (meuan telpCrature
of the hottest month between 26-C and 28C at sea level). '1he aricultue ' tile island is 
domimated by su carca ne. %% I987). Vegetableshich cnovers 57 '1; fthe total fartnd ac 'earce (Anon. 
account for less than 4'o';f the total cropped area (Anotn. 1987). but that aCrea1C is hicreasimi 
eich year. In 1986. Reunio.i produced 2.437 t of !oniatoes ol 523 la. 274 i of hot pepper
Capsu u'ii J'lt'.wein ) In5" ha and 45 t o I sel ect pepper (Cap.Nicum nmniwn ) oi I I hl (Anion. 
1987v 

Toloiato production On the iSlald is crll'e'Cllti\ imillprCd h\ three lllalill cntrailltS: 
socioecomomic factors. narketing problems. and cliiate'disease problens. 

Socioecoiomic Factors 

I'oinato is -el doin tie inain crop i a laru and \ cry few farmers grow the crop with enough 
care. paying sul icient attCIIOn to pruning. staking and mulching. In ilist tpuiato plots, fle 
crop is left simnpl to cra\l on thle ground. Recentl\, hoever, soil-less greNNIu(AOr~iltivation 
has been practiced h\ solle farmers in an attempt to pro Icr 'ij*luilitv fruits durinltt+l.ott 
selsontl. 

Marketing Problems 

'Fhe s rongest demand is for sinall-sited elongated fruits of the Rom1a type, followed by 
large round tomatoes of the St. Plie re type. Other types of fruits. in particular small round ones, 

http:Nlauritit.us
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carnot be sold on the local market, which greatly reduces the possibility of growing exotic varieties 
with resistance to bacterial wilt. 

Climate/Disease Problems 

French commercial varieties can be grown in the cool season, provided enough chemical 
protection is given against !ate blight (Phvtophthora infestans). However, tfiese varieties cannot 
be grown during the hot and wet season, mainly because of bacterial wilt, which can cause serious 
damage at low and mcdium elevations up to 700-800 m. Traditionally. some farmers tiy to avoid 
the problem by adopting long rotations of the tomato crop with sugarcane, but many do not 
practice this option. Since no control method is currently available, IRAT-Rdunion initiated a 
program emphasizing resistance to bacterial wilt. 

Research Objective 

The objective of the IRAT-Rdunion tomato improvement program is to develop and select 
fresh market varieties with high levels of resistance to bacterial wilt, which are suitable for 
cultivation in the hot and wet season when market prices for tomatoes are usually very high. 
Other desirable improvements are: 

" acceptable fruit type:
 
- small-sized tomatoes: elongated shape, medium size. uniform color with 
no greenshoulder

and high dry matter content similar to Roma VF; 
- !arge-fruited varieties: round regular similar to St. Pierre shape;

* high yield, resistance to cracking; 
• suitability for large-scale cultivation, without pruning, staking or mulching, especially for 

small-fruited varieties: and
 
* 
 development of varieties with resistance to late blight (Phytophlithora itfestans) for cultivation 

during the cool period or at medium elevations. 

Materials and Methods 
Varieties 

A total of 121 varieties and lines originating from commercial seed companies in the USA,
Japan, and France, and from national and international research institutes in Australia, Burkina 
Faso, the Seychelles, Taiwan, the French West Indies, and the USA (Hawaii) were evaluated 
between 1980 and 1987. The materials were either introduced directly or indirectly after selection 
in the Seychelles (Grnd Anse Experimental Station) or in Mauritius (Mauritius Sugar Industry
Research Institute MSIRI). A list of all the varieties is available upon request from IRAT-R6union. 

Experimentdl Procedures 

Originally the adaptability and variety trials were conducted at seven locations scattered 
throughout the island. Later only two locations, Ligne Paradis in St. Pierre (low elevation, 150 
m) and Les Colimaqons in St. Leu (medium elevation. 800 in), were chosen. The Ligne Paradis 
location was i d tp screen for bacterial wilt resistance, while Colimaions wv ; used to evaluate 
the rtta40c# f varieties under medium elevation and the reaction to iate blight.

- 'aptability trials cot ie,6T testing introduced lines together with a susceptible check 
atfnostly cv Roma) reqfftl interspaced within the plots. These tests, which were not replicated,

served as a preliminary screening for resistance to bacterial wilt and for fruit type (including
resistance to cracking). Starting from 19F5, the trials also included a bacterial wilt resistant 
check (MST 32-I). Varietal trials, with six to eight replications, were conducted to confirm 
bacterial wilt resistance and to evaluate yield potential. 
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The trials were usually conducted over two seasons: transplanting at the beginning of the 
hot season (October-November) with flowering and fruiting in tilemiddle of the hot and wet 
season, and transplanting in the middle of the hot season (January-February), with flowering 
and fruiting at the end of the hot season/beginning of*the cool season. 

In both adaptability and varietal trials the plots consisted of two rows of 10 plants each,
with a spacing of 1.5 il between rows and 0.5 m between plants. Disease resistance (percentage
of wilted plants) was evaluated weekly. In the first years of testing, all the dead plants were 
recorded as wilted, including those destroyed by causes other than bacterial wilt (such as 
transplanting shock and fungal diseases). 

inoculum 

St. Pierre had no bacterial wilt originally, so the plots were inoculated the first year by
wounding the main root with a knife and pouring a dense bacterial suspension (about 7-10 
cfu/ml) around the plants. 

Subsequently, the inoculutn was allowed to become evenly distributed in the field by growing 
the susceptible cultivar Roma between plots. Since 1984, the experimental plots were inoculated 
by spraying a suspension of bacteria grown for 18-24 Ihin shaken liquid medium (yeast extract 
= 7 g; peptone = 7 g; distilled water = II. pH = 7.2) on the soil, a day heiOre transplanting.
The suspension was approximately 109 bacteria per square nimter and was applied with a 
herbicide spayer at 250 liters per hectare. 

Results and Conclusions 

The complete results of these trials have been reported (Auckenthaler and Marchand. 1982 
a & b: Girard. 1986 a & b; Girard and Marchand. 1985 a & b; Marchand. 1983 a,b & c: 
Michellon. 1980, 1981 a & b, 1983 a & b)and are avait'ble upon request from IRAT-Rdunion. 
The most significant results of the variety trials conducted between 1982 and 1986 are shown 
in Tables I and 2. The high incidence of wilted plants at the low altitude station is probably 
due to the fact that all dead plants were taken into account including those destroyed by causes 
other than bacterial wilt. The low proportion ol marketable fruits is due to the f'act that fruits 
were not prevented f'roi touching the ground: and were attacked by rats and soilborne diseases 
(Ph woplthora parasitica). A severe outbreak of late blight (Ph vlltyhora infestans), favored 
by an unusual cool and wet period at the time of harvest, also resulted in heavily damaged fruits. 

Only a few varieties can be recommended to farmers for growing during the hot and wet 
season: MST 32-1 and MST 21-23 lor small-fruited tomatoes, and Caraibo fIor large-fruited 
varieties. Their main characteristics are described in Table 3. 

MST 32-1 was selected by MSIRI in Mauritius Island (Pillay ct al. 1981) from AVRDC 
material (pedigree VC 9-1-2-3/Venus) and has been proposed to the Reunion farmers under 
the name Eureka. Its shortcoming is its susceptibility to late blight and the small fruit size which 
necessitates touch labor at harvest, thus. reduces the market value. MST 21-23, also selected 
'rom AVRDC materials (pedigree VC If- 1-2-28/Saturn), was distributed to farmers under the 

name ol' Bourbonna. Fruit size is larger than that of MST 32-1. but the shape is irregular. It 
is less susceptible to late blight but not ';ufficiently resistant under high bacterial wilt disease 
conditions. Both lines showed a good ability to compete against, weeds and to withstand adverse 
conditions zuch as frequent storms. 

Ca-aibo, ouained from Institut National de Recherche Agrononique (INRA), Guadeloupe,
is large-fruited and a rather good level of resistance to late blight. However, its yields can be 
low at low elevations when fruit-set occurs during hot periods. Furthermore, fruits are often 
irregularly shaped. 



Table I. Summary of tomato variety trials in Reunion (1982-84). 

Location: Ligne-Paradis (I 50 m) Location: Les Colimaions (800 m) 
Planting date: 19',10'82 Planting date: 31 i0 1/84 Planting date: I'02/83 

Variety 
or line 

Seed 
source 

Fruit 
shapez 

Fruit 
color y 

Wilted 
plants' 

(0o) 

Total 
yield 
(t ha) 

Average 
fruit wt. 

(g) 

Wilted 
plants 
(1o) 

Total 
yield 
(tha) 

Average 
fruit wt. 

Ig) 

Wilted 
plants' 

(0o) 

Total 
yield 
(tiha) 

Average 
fruit wt. 

(g) 

Late 
blight 
ratingv 

Canner 
Creeper 
Star 
MST 32-1 
MST 21-23 
MST 21-34 

AVRDC 
AVRDC 
AVRDC 
MSIRI, Mauritius 
MSIRI. Mauritius 
MSIRI, MauritiL 

0 

0 
R 
R 
0 
to R 
R 

U 
GS 
U 
U 
U 
U 

15 
18 

41 
28 
25 
29 

14 
9 
6 

II 
II 
7 

34 
41 
40 
32 
41 
52 

24 
39 
-
26 
39 
20 

20 
16 
-
24 
19 
19 

33 
42 
-
33 
40 
40 

0 
3 
I 

0 
0 
-

17 
18 
20 
16 
21 
-

35 
42 
37 
37 
46 
-

3 
2 
2 
3 
2 
-

FL 

=r 

MST 25-, 
Caraibo 
Scorpio 

MSIRI. Mauritius 
IRAT. Martinique 
Red!and Horticultural 

0 to R 
R 
R 

GS 
U 

GS 

21 
25 
36 

7 
5 
2 

40 
80 
71 

20 
19 
-

16 
19 
-

37 
61 
-

0 
0 
0 

21 
24 
25 

46 
91 
93 

4 
2 
I 

Research Station. 
Australia 

Roma VF Vilmorin, France E U 98 0 - 100 - - 49 II 44 2 
(susceptible 
check) 

=oblon: R = round: E = elongated. YU = uniform; GS green shoulder. Plants werei:.iting. Plants were grown in naturally infested soil: rating was performed two months after planting. 
artificially inoculated; rating was performed

VFrom I = resistant to 5 = susceptible. 
two months after 
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Table 2. Lowland tomato varietal test (planted March 1986). 

Variety 

or line 

Seed 

source 

Fruit 

shape7 

Wilted
plants y 

(N) 

Total
yield 

(t/ha) 

Marketable 
yield

(t/ha) 

% of 
marketable 

fruits 

Average 
fruit wt.

(g) 

Roma VF Vilmorin, France E 97' 0.3 0.3 59 25 
(BW susceptible check) 

MST 21-23 MSIRI, Mauritius 0 to k 16 17.7 bc 14.0 b 79 40 
(not uniform) 

King Kong Fi Known You Co., R 2 15.2 cr 8.3 c 55 95 
Taiwan 

CL 1131-00- AVRDC R I 25.6 a 19.6 a 77 30 

4-3-8-1 

PT 870 	 AVRDC R 55 12.3 d 10.1 c 82 45 

Caraibo 	 IRAT, R 3 21.8 ab 15.3 b 70 81 
Mirtinique (not uniform) 

C 330 	 Taiwan Seed R 7 25.8 a 15.9 b 62 76 
Improvement & (soft fruit) 
Propagation Staron, 
Taiwan 

CL 1104-F7-	 AVRDC, Taiwan R 5 19.6 bc 14.2 b 72 40 
00-9-1-4-3 
ZE= elongated; 0 = oblong; R = round. YPlants were artificially inoculated: rating was performed two months 
after planting. XValues are means of 8 replicates. Means followed by the same letters are not significantly different 
by the Duncan's multiple range test (P= 0.05). Roma VF was not included in the analysis of variance. 

Table 3. Characteristics of fresh-market varietieK recommended for growth in the hot and wet 
season at low or medium elevation in Reunion. 

Yield' Average fruit Resistance to disease 
Variety (t/ha) Fruit shape weight (g) Growth habit -acterialwilt- Lat blight y 

Bacterial wilt Late blight~ 

MST 21-23 21 Round to oblong 40-45 Determinate Medium 2 
MT 32-1 24 Oblong 32-37 Determinate Medium 3 
Car.ibo 24 Round 60-90 Determinate High 2 

ZMaximuti yield obtained during the hot season in IRAT experimental plots. YFrom I = resistant to 5 = susceptible. 

Other %i.rieties showing a good level of resistance to bacterial wilt were not released. These 
included Canc.or. not released because it has the same pedigree as MST 32-I and shows similar 
traits and perloi:nance. Other varieties not released were Creeper, MST 25-7 and Scorpio because 
of green shoul'JLr: CL 1131-00-4-3-8-1 and CL 1104-F7-00-9-1-4-3 because tie fruits are 
roundJ and too sm.llk and King Kong because it was low-yielding under Reunion conditions of 
cultivation. 

C 330 from the Taiwan Seed Improvement and Propagation Station, which is quite resistant 
to bacterial wilt and yields well. has not yet been endorsed because its fruits are too soft. This 
year, seeds of this variety were given to farmers to veriify whether the variety can still be acceptable 
for commercial production. Presently, introduced germplasm is still being screened for bacterial 
wilt and acceptability for the local market. 
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Abstract 

Guadeloupe (French West Indies -160 N), has year-round temperatures close to 300C 
and a variety of soil types, both of which allow for observation and research into tomato 
bacterial wilt (Pseudomonas solanacearum). Ferralitic soils, andosols and vertisols 
originating from a volcanic substrate are conducive to infection. Calcic vertisols on the 
other hand are suppressive. Suppressiveness is associated with a high amount of 
smectic-type clays in calcic vertisols and is related to retraction of the smectic clay 
following drought. However, when calcic vertisols are cultivated and irrigated year-round, 
they become conducive. The influence of crop rotation on bacterial wilt is very apparent 
in Guadeloupe. Soils previously monocropped with sugarcane become heavily 
contaminated with P. solanacearum after two or three solanaceous crops, whereas on 
soils monocropped with banana, the first solanaceous crop may be severely attacked. 
Environmental influences are especially evident on tomato cultivars with an intermediate 
level of polygenic resistance (e.g. Carrette) or on resistant x susceptible F1 hybrids. 
These plants are much more susceptible in July and August when the nights are warm 
(25 1C) than in January and February when the nights are cool (18 0 C). The addition of 
orri" matter to soil (in the form of forage sorghum green manure, soybean oilcake 
or sewage sludge) reduces bacterial wilt infection. However, when factors conducive 
4o bacterial wilt infection are accumulated (ferrallitic soils, successive crops of 
sulanaceous plants, low organic matter and warm nights), even some plants of the 
cu!0vars carrying the highest levels of polygenic resistance (e.g. Caraibo) succumb to 
bacterial wilt infection. 

Introduction 

'
 In the French West Indies. where telmperatures luctuate froin het ,een 18I to 29°C inJanuary 
to bctween 240 t,31 'C in July, bacterial wilt isthe otst important disease ol solanaceu scrops 
such Ias tonitato, euplant and sweet pepper all Veal rrtnd.White potatoes. although no rmally 
not planted, are alist severely attacked. On the otier hand. tohacco and banana plantat ions renla in 
disease-free, which indicates that pathotype I A (Buddenhagen. et al. 1962) of Pseudonoolnons 
.sdOttaearumF.I . Smith is predotminant. 

From 1967 to research oti 1. solanac carom7 \%.as e ic the Plant Pat1987 cmducnil t ,h olov. 
" plant Breeding and Agrtomy stations of "INRtA-Aitilles-(;uyan e. the agronomtuic research center 

in Guadeloupe (French West Indies). which led to the release o bacterial wilt resistant tllato. 
eggplant and sweet pepper cultivars suitable lhr the West Ilndies. lIe resistance uttilizIedby Kaan 
and Anais (Plant Breeding Station-INRA-Antilles-Guyane) fur breeding larec-fruited ttlato 
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cultivars originated f'rom CRA 66, which carries ipoly'genic resistance similar to that of Venus
and Saturn. This resistance was introduced into larg e-fruited culti\vars in three dif'ferent ways: 

I. 	 F, hybrids between susceptible large-fruited and resistat lines. These hybrids were used
during the 1972-75 period. 'ollowing tile use of suscept ible cultivars gral'ted onto CRA 
66, or better onto CRA 257. a CRA 66-like line with the Nli eene.

2. 	 Pure lines obtained bv backcrossino, such as Carretle, which has probably retained only
tour resistance getes frnm the five suspected in CRA 66. 

3. 	 Lines obtained fhoni comple\ crosses bjet weeu bacterial ith-rsistantl atd heat-tolerant lines. 
such as Cara iho. 

The a\ailabiIlit\ of .enotYpes with different. and especially with intermediate le,,els of
resistance was ver\ useful l'tr phlyttipathohgic-agroiunvestigations. 

Seasonal Variations of the Aggressiveness of P. solanacearum 

Under conditions oft higli and re..'gular Soil itfeStttiOn. stusceptible arieties throughott the
\ear sutffer 100' talitv. CltiarJ ,,+ith the hiehest level of resistance, like CRA 66. have 
5",1 inleted platits duriug tll. wartn, most tavotrable Season loi disease (fir example in Jul
whcre temperature., rllgc from 24 -31 CI. Infectcd plants slum+ internal necrotic s\ynIptmoils
that ate differetit fr~oll those o1' su sceptibCle plants. ()n the other hatid. resistant X susceptible
FI hybridS. Such as 020.4 :X<Floradel sl1oxl aCulsidelable Seasonal 'ariation in the percentage
0f SLriving [pliltN,. I'Otl 	 ')5 '' dlrintg tile cool Selsoll (0r e\;.lllle in JIlllir\ \ here tenperatures
rlaIng e troll 18-X 2' ItCoo'\ 20)'i durilg the warm seaon. Since there is lmost no variation 
of mla\iliiitt dyt\ temi')CrttirCSs durin. the year hotn 28: to 31 'C). the niight teml)erature its 
probibl. the mo[st important contibuting faIctor %, hich influences tile aggrcssiveness of the 
p1ithiigel towards geiltvpes \%ith alai intermediate level It' resistanlce. 

Conducive or Suppressive Soils 

Guadehoupe Consists of txo islands of \'e', diflerent geologic origin and linked by an isthmus. 
Basse lerre or Volcanic GiuadlCupe is a recent volcanic island \%ith v\olcanic rocks+,. and ashes.
It ha, high rainfall and most soils are acid. with more or less advainced ferrallitic evolution.
On the same volcanic suhstrate, neutral. inagnesic vertisols are dilerelitiated alom tie western 
coast, under leSs than 1.000 nim annual rainfall. Martinique..St. Lucia. St. Vincent and Grenada 
arc other West Indian islands .ith similar soil t pes. Grrande Tere. till: other island, is oldel.
and the ancienit flat vwlcanic subStr .ateis 'i\e ed h\ a.thick Ia\ c- o1 maldre)oric liniestone. Bec'ase 
of drier condition, (linked to lower dle\ ation) than11those on volcanic Gu1adeloupe. cah.ic ver,isols 
are diflCrent iated. The,, a.re vtr\ rich in slniectic-tyl)e cklav . %\ith a variable percentage of li:estone 

a111rbado1sgravel. Antieua and are similar to Griid l'etrre in this respect.
Gro ers M1 toma1toes tnder irrigltion oil calcic verlisols ot G'atide 'erre. andwho roduC 


ill a small part of MartitliquLe at01ouInd tile city of St. 
 Ate. 11reti1 bacterial wil. susceptible
cultivars like Floradel . or inore recentlv F, h'hrids stLich ats Duke, because bacte:tal wilt is not 
a problemi there. On the other hand. on Ilas.se Terre. and over the larger part of Martiniiqtue.
only bacterial wilt-resistant cultisars are able to stirsi\e. 

This differce of disease tocurrecel ssa.isshown to be linked witlh soil aid not \ith climate 
by a field eXperisoil cc.ange up to 6(,ell depthLI leramni.,. Plant Pathology Statiotn
lNRA-Antilles-(M\iMne pesonal commlunication). ind later in reCihi itSe pot eXperiMiienmtS USting
the tsso diflerent Soils with artificial itoculation (B leniaC and lierantis. 1973). The calcic vertisol 

HISc when autoclaVed ;i-r one houl a1t120'(( for three suCCessiveSUlpprcSSis e to itiction ('veil 
das (at distinct frot1 Fusarium soil Suppressiveness, wliCii is lestroycd by heal).

I itferent soiil stamples lront Basse lerre and Grande 'errc ere ae tideI with calciit 
Oir magnties iuiinl carhttCand evalIuated ftr SiUpressivetss (Berlui ic and Beratlis. 1973). It was 

http:Martinique..St
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f'ound that calcic sandy soils. ne.utral mtacelsic erltisOl, or conducivLe soils 111Cnd,k 'ith Ca
 
or N, were Cou11dLlciVe. SIpp1rCssis,,\nCss coluI not. tltcfVtr-e, be ilttriLte1d to nlitrall p-IH or
 
CI +-+ and N12 I-+ catiOlS. nd sx-as
t101u1t to he associalcd wvith the Presence ot sillectic clays. 

The Inechaltisn ll ffctive folr ciintlnatioll il ..,k, (11-H I d.l.l ," stVct,,1 d'nc clcidateLl 

\Vhcn s1 lPpressivc soils \were kept \wet y I .7-2.2 alter iltociulationl. tlte\ becaItll illectie.
 
allowitl the bacteria to itto\C and tnultiply. On the othelr hild. - ten these ,oils.s tc dried
 
(pF 4), the bacterial poliulatiOins decaeCdI ripidl (Prior et ill.19J). T[he pores (it tile sniectic
 

,
cli\ contract dUrinl,1dr ing, thls ,reventil,the bacteria ftotll lltS\ir and ilitulipl in. These
 
I',Ill,ildicted a ofn.'r ppealacllc iucalcit' tutisols. it oIiItoe'oppcd. under
bacterial wilt 

ciltiitMUS trrtaitio. FItOll.in the ilnstllation ofla collet-i irrited area. x-hwh [lrtth+,Pted
 
thle 2lro--es to ttliilt.OCltp tolto ttdllct
ll&r cotnitious ilrlritillt. this for1'ecasl ,is -Crili'd ill(ilntdeC 

Crop Rotation 

first 

\ i!tiCepltible ClItis L isI-lorida ulsCd. WhCtt Plillti'tff sitUrlclle. sevIer
 

Vhtt cg planttt \,.Is l'w1 in (iuadluoIpe attL Mial'tiluleC ftor c\por-lt to FIUrope. IactCrial 
suh Market %sx-


loseotill bacterial w ill ill
alppead Ol tilc ScOtitld or third crop01) of eogplant . Oi tile cotlliar\. 
cilplalicd iftel ifte \as of cl \Cl CI he c'bialill. dieasc s. ec% tt) fil firt clop. P. 

,I4 COll !atc- I L itp[1atctitl. able to stl is batita rot.ll ,CCii IhItit alhlg niCiCI '1ll Ic'tt tlron l I 
icat t'c caitLbeallt: tillltcd iurac' ,orltttto four to i\ott this tost. The stulicar , b L,_tos itrL 


Otliths. ctititr, r till bi h\
it Ii\C s',i\ '. nd plorhto i, '- i l tirn', idl tltetite hO eaies ilit 

soil itthe end Is en-''lC ('ti\i, h les oflre"istaitc_
ol thte crop iiniutie. -il Ililiediact ls 

,t btiter PItecitd b\ ii', tetlod thall u' ttttbl- Sartitie. \ec'Ctbltc ,'irdunine w itll
 
cucu'rlbit'. CRItAifrS. ot0telops. or b t;til itsx-rlit;i t 
 .sataoltsl s tables does nt elininate
 
,oil cotttaiti tattio I /1' 'io \lustitclt. ]t)7();
so/tm 1)75). 

Mineral and Organic Amendments 

I.il1Cto . calc'tut carbottate tttidrtrctisc on l\ l ight prtci ,sisCePtibl;. resistanllCliOn to X 
andto1C toh.brid M SscPtihle Cull-isl,. Thi', %\W,astfiLd h\' POt e\pItillt1tt. OL(Ihe 

otllr 1and, ortiitic aitRrntiet s',\,C. ccfctisC ill dlcditlcit bactelial s-i;- infectiont. The best 
Plt.ttoi -itsotine eithe-'r s ithl losO\ ts'il2. ,ilc'hitocctlitiMCtrtIcnii as, basiisC (,stl'caiit Ibt11ous
 
\5astle l tai ar1Cffct c'ttpllptablc to tht solchtItl rittantll. ssitlh
hich il l t'ctt oi1 st\ hli..l
ilitrocII anitttdtcilrS. ,lch as sos bati oilcalke tRal. 197,5. Planlt Station INR.\-Artill-,Patholoc, 
(iuailC. cti, tal titilar s . ai.In Ia tcllili applicatliort of) ) k,I itrogent Ita 
firi Ur al) ci litt e iotct.ttibl- iC,,iltF:,c"'Llati h\hrtidl ftit bacterial %ilt.This 

lrce iIIttOtttt l ,tlstlhbl n c itl bhedClli t-tall ti0 j titlihato cLi- ... \ itllillar. bul tlttc'l 
hlstinc elelt-' larhl e O,btain d h\ :tplcit.Lliturl €I sillidrid sess-ac' sluideIC ftittti It t hftirI.u a
tct titp p It) t hlacs'e-rs thirdl scat)l.l-,t'f ibsers-rtiittsIhe t,ed ss.tcu]ltr ciituirrtrlcd bs) creenhituse. 

pll! Cyee illetll, iPllior C l 1)87 1Ilei It-jlt'c'hli li 1 thle c 1h sitlud eCCtfectl hsi ilt t\,
beLt uCICidate d sil \I5, doe, til dcllitollltatc iportant dcCeiiC tNlicrIi lh ,ica1l iltial till 
I). (.l/ lliI'iII ti popihlaitil. Midtil tt.Ui call be isoMlted riuti '1ltit \s 0ssls'llltt.i p 
s0-hl stF s th t ,\Ith is c 10.u 'ilral tilthuir, 

Conclusion 

Hil\ sus,,cptibh li c.'dOra t ', ri UiicL'l Indiaun 1.iindititinsiltsa . \\est tIrnl\ itPl'IartL'd 
OIn alcic i nolilrrl atlle t C\ rs Coiill - r. oir ktilltcituLtCi sit',Oils\%ttisitl,. sslti ti.l fIllkm 
arrrrtLde.d ' ith tl ,,,ni,is1-i. , .Cellser. t.tll - itl inirUhtiht ut ,+li2, H sit, iCdiate eI" ls itt' 
irsi itttMc Ca1 b1 c \ illihe r ,ilt [itOpAljt llUl I rotitiott cliSses..'ti al pticttC.e, *cop itICtludirl. 
( ittt'i iiiAt ai eri litd'espccially dtlittc se:OOIwasoti tuerat l t i l ILridr corditllns wkhiell 
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favor the diseases, such as planting in old vegetable garden soils, places where bananas were 
grown in highly conducive soils, or when night temperatures exceed 22°C, even cultivars with 
the highest level of resistance, such as Caraibo must be grown with some protection from previous 
green manure or organic amendment. 
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Symposium Discussion 
J.C. Girard: The use of 750 kg nitrogen per ha at one time is a large amount of nitrogen,
which can result in pollution of the ground water. 
C.M. Messlaen: In Guadeloupe or Martinique, water for drinking or irrigation is taken from 
the rivers at the forest level, well above the cultivated land. The problem would be serious for 
flat islands. 

A. Safjapongse: Smectic clay apparently traps Psvudonmonas when dry: hewever, when it 
is wet again the clay mineral expands, hence could it release the bacteria? 
C.M. Messiaen: When the smectic clay is wet again after having been dried, the bacteria 
have been killed during this period. This mechanism is effective even if drying lasts only 20 
days. A nonirrigated fallow every second year during the dry season to be enough toseems 
prevent bacterial wilt problems on this type of soil. 

S.K. Tikoo: In India there are reports of soil application of bleaching powder that help reduce 
the incidence of bacterial wilt in tomato. Do you have any experience with it'? 
C.M. Messlaen: The bleaching powder (calcium hvpochlorite) was not tried for this use in 
the French West Indies. 
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Importance of Plant Resistance in the Control of 
Whiteflies and Whitefly-borne Vi-uses in Tomato and 
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Abstract 
Two whitefly species may become the limiting factor In tomato production; the 

tobacco (sweet potato) whitefly Bemisia tabaci - primarily as vector of plant viruses 
In warm countries, and the greenhouse whitefly Trlaleurodes vaporarlorum which 
damages primarily the greenhouse tomatoes in temperate zones by sucking the plant 
sap and excreting honeydew. Over 70 virus diseases, of more than 30 different crops
Including tomatoes, are transmitted by whiteflies, of which Bemisia tabaci is the main 
virus vector. Prevention of infection is by vector control or by the use of cultivars 
resistant to the virus, to the vector, or to both. The use of resistant cultivars Is 
considered the least expensive and most effective measure to reduce virus damage. 
Some wild Lycopersicon accessions are whitefly-resistant. The availability of 7apid and 
reliable screening methods is a prerequisite for success In any breeding program. A 
continuous effort has been made to reduce the time required for laboratory tests without 
losing reliability. Preliminary investigations showed a high correlation between honeydew
excretion by the whiteflies and the incidence of tomato yellow leafcurl virus (TYLCV)
transmission. It is suggested that the screening methods, developed for the tomato/B. 
tabaciTYLCV complex, might be useful for other whitefly-borne viruses, infecting
different crops, for other whitefly species, and perhaps also for some other sucking 
insects which excrete honeydew. 

Introduction 
It has been postulated that, without insect pests, world ;o d production would increase by

about one-third (Van Emden. 1974). This tremendous level of pest damage occurs despite current 
control measures. Insects cause damage either directly by eating, grasping or sucking, or indirectly
by transmitting virus diseases. Generally. direct damage is caused by large numbers of individuals. 
whereas indirect damage can occur through the action of a relati\ elv lo". number. Usually. both 
types of damage caused by insects, the direct as well as the indirect damage. are highly correlated 
with the particular insect's population density, although the economic injury level' is usually
much lower in the case of virus transmission. In the tropics and subtropics. whitellies, and the 
viruses they transmit. may become one of the limiting factors for crop production (Anonymous. 
1983; Duffus. 1987: Duffus and Flock. 1982). 

Whiteflies are controlled chemically, biologically, and mechanically. However the use of 
these control measures is limited by climatic conditions, is inefficient, and uneconomic. Chemical 
control also causes environmental problems (Berlinger et al. 19881, Virus damage can be restricted 
by breeding plants which are resistant to the insect vector although they maN be susceptible 
to the virus. Vector resistance in plants can usually be integrated with other control methods. 
Measures for the control of whitefly-transmitted viruses, should be based on the follomk ing: 
ICcrntrihuiion trorn the Agricultural Research Organi/ataon. The Volcani Center. Bet t)agan, No, 2379F. 1988 Series, 
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(1) 	The incidence of virus-infected plants is directly proportional to the density of' the vector 
population, although economic damage is caused by a low vector density (Berlinger et al. 
1988: Makkouk and Laterrot. 1983). 

(2) 	 The time necessary to control the vector must be shorter than the time needed fbr a 
viruliferous insect to inoculate a healthy plant with the virus, at least when primary infection 
is concerned. 

(3) 	 Plants can defend themselves against pest attack by repelling, killing or being unattractive 
to the whitefly vector (Painter. 1951). 

Over 70 plant viruses are transmitted by whiteflies (Duffus. 1987: Muniyappa. 1980). Most 
of these, and all hitherto known whitefly-borne tomato viruses, are transmitted by B. tabaci 
(Duffus. 1987). A few are transmitted by Trialeurodes vapuorariorum and 7. abutilom'a (Duffus.
1965). Although tomato is not a preferred host of B. tahaci, this whitefly is able to transmit 
efficiently various virus diseases to tomato, such as the tomato yellow leaf curl virus (TYLCV) 
tomato leaf curl, tomato yellow top. etc. which are caused either by the same virus, or by closely 
related strains of the virus (de Ponti et al. 1989: Makkouk and Laterrot. 1983). 

TYLCV is transmitted solcly by B. tahadi. About 4 h of inoculation fecding are sufficient 
to introduce the virus into a health% tomato plant. Virus symptoms will appear after a three
week incubation time. Infected plants oj'ten stop growing and further fruit-set ceases (Cohen
and 	Nitzany. 1966). The earlier the plant becomes infected, the greater is the yield loss. Thus. 
any 	delay in the plant's infection can be crucial in reducing the damage.

Whitefly-transmitted diseases such as the African cassava mosaic can be reduced significantly 
by using cultivars which are resistant or tolerant to B. tahai (Bellotti and Kawano. 1980).
Antixenosis to B. a waci.was suggested as responsible for limited secondary spread of cowpea
golden mosaic virus in cowpea, and liima bean golden mosaic virus in liia bean. Genotypes 
that showed field resistance to infection with the respective viruses supported fewer B. tabaci 
vectors than susceptible genotypes. The difference was greatest when whitefly populations 'ere 
large (Vetten and Allen. 1983). Cotton leaf curl, which is a serious disease in some parts of 
Africa. is another example. Some cotton genotypes, although susceptible to the virus, are rarely
infected in the field and are relatively free from whitefly infestation (Tarr. 1951, quoted in Jones. 
1987). 

Other examples of the importance of host-plant resistance to various virus vectors in the 
reduction of virus spread, and the mechanisms involved, are listed by Cohen (1982a. b), Jones 
(1987), Pathak (1970) and Thresh (1983). 

Wild Lycopersicon spp. L. hirsutum. L. hirsutumm f. glabratum, and L. penm'Ilii have been 
useJ to introduce into tomato cultivars resistance to the greenhouse whitellv (Gentile et al. 1968;
de Pond et al. 1975), the tobacco whitefly (Berlinger and Dahan. 1987; Kisha. 1984) spider 
mites (Carter and Snyder. 1986; Gentile ct al. 1969: Stiyder and Carter. 1984), moth larvae 
(Juvik et al. 1982: Kennedy and Yamamo!o. 1979: Tainim. 1986) and lealininer flies (Kelsheimer. 
1963). The TYLCV infection rates of L. pennelii accessions, and of tomato x L. pennell,i 
F2 hybrids, were very low, compared to susceptible tomato and moderately susceptible L. 
hirsuiwm f. ghibratum accessions (Berlinger and Dahan. 1987). 

T'he succe;:; of any breeding program for insect resistance is highly dependent on the 
availability of quick and reliable test methods. Methods of evaluating plants lor insect resistance 
are based either on the insects' reaction and behavior to the plant at the individual or population 
level, or on the plants' own features, such as the density of the leaf trichomcs (Georgiev and 
Sotirova. 1978: Snyder and Carter. 1985) or the tackiness of the plant leaves, due to the tacky
exudation of their glandular leaf trichomes (Dahan. 1985; Plage. 1975). provided that they 
contribute to the resistance. 

For the evaluation of plant resistance to insects in plants, either a choice test is used, in 
which whitefly adults are allowed to choose between two or more given plants (Curry and 
Pimentel. i971), or a non-choice test in which the whitellies are confined on a plant and their 
survival, reproduction, duration of developmen', and so on are measured (Berlinger and de Ponti. 
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1981; de Ponti et al. 1975). Both testingi methods are relevant. but they answer different although 
complementary questions. The choice test identifies resistance based primarily on antixenosis 
(nonprcference) (Painter. 1951 ; Kennedy. 1976), whereas the non-choice test priniarily identities 
resistance due to antibiosis (Painter. 1951: Kennedy. 1976). The properties of each test must 
be considered when drawing tileconclusions. 

Field tests, perfornied using comTImiercial production practices. are indispensable to confirm 
the laboratory tests. They are most reliable and theretore should be incorporatcd into breeding 
programs as the final test. Results can be evaluated by scoring the damage caused to the plants. 
such as the amIount of soot\' mold, or the incidence of virus-infected plants. However. field 
tests are time-co itsrn ing and to expensive 10 be Ised as a roi t i ne tnethod diuring a breeding 
program. ThereOre attenipts have been made to dcv elOp tests of' shore r turation but eqial 
reliability. Both choice and non-choic: tests are gcnerallv used. 

Choice experiments. These are used for screening resistance to whiteflies which cause direct 
damage. Howeyer they are unsuitable in the case Of viius vectors becaIIse ofIthe flight, landing, 
and host selection behavior of 'hiteflies (Berlinger and l)ahan. 1986). Whitefy adults usually 
aligtt at randomi, oil host as well as on non-host plants. On non-host plants they may stay for 
a tv iimiutes or fOr several hours before they leave. The appearance of"vlhitchlies-in-trmnsit 
might be very confusing when screening f ir resistance on this basis. 

Non-choice experiments. Front the point f'vicv, of ptpUlatitl dynanics, the duration ofl 
development rorn egg to egg or from egg to adult is an extreinlv important factor. Howver, 
in the case of whiteflies the difTerenices are too sinall to be ineasured precisely and contfortably 
(van Boxtel et al. 1978: Dahan aitnd Berlinger. 1983. Inpubl istied). On the other hand,differences 
in aduh survival and oviposititn are outstanding intheir importance (Avidov and Harpaiz. 1969). 

Material and Methods 

Resistance to the Greenhouse Whitefly 

susceptible L. esculentuin cv. Allround were 
used and the following tests were pertOrnicI. 

The resistant L.hirstutum f. glaratum and tile 

Group A: Choice tests perf'ormed in a classhiouse Under comnercial growing conditions. 

1. Rating the density of the whitefly populatiOn using a 0-9 scale on 18 plants of each tested 
accession grown separately in different cotipartnients (12 11) tofa glasshouse. 

number of leaves infested bK no. a few. ait intermediate iuniber. or itanv 
scales (big larvae and pupae) at a plant height between 0.5 and 1.5 nit. Ten to 20 leaves 
per plant were sampled. 

2. 	 Counting tile 

3. 	 Counting the number of eggs. larvae and pupae on ten leaf discs (14 mir in diatiieter), 
sampled at a height of 2(1. 60. 100. 180 CmiIaid on tile top leaves of ei,!ght plants. 

4. 	 Trapping whiteflies by sticky vell traps to estiriate the adult pItpulation levels (Berlinger. 
1980). Six traps were installed in cach glasshouse comparti1lent. 

Group B: Non-choice l:iboratory tests, under controlled conditions, using leaf cages: 

1. Survival and oviposition rates: urc or six one-dav-old ternales were confined on a leaf by 
means of aIclip-on leaf cage. The surviving females were counted every four days and 
transferred to atnew leaf. The leaf was Jctached and the number of c,s was counted. 

2. 	 The duration of development. as well as the sex ratio antong the progenies, was deterrirned 
by confining a large number of fcniraies of uinknown age on atleat by nicans of a clip-otin 
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leaf cage. Tile whiteflies were removed after 24 h, their eggs wire counted and allowed to develop.
The duration ofdevelopment and the sex ratio was determined by daily counts of the progenies.
The rate (%) of larval survival was calcr'lated by the number of progeny per egg laid. 

Resistance to B. tabaci, the Vector of TYLCV 

L. hirsum, L. hirsuntun f. glabratnim and L. pennellii, were used and the following tests 
were performed. 

Field test. The two most resistant accessions of each group, found in previous studies (Dahan.
1985; Morag. 198o; Shevach-Urkin. 1983), were selected and subjected to a field test. Ten
transplanted plants of each tested accession were grown under common commercial practices
in the field in single rows of 5 in length with a distance of 2 in between the rows. The test 
was arranged in randomized block design, using six replications. The plants were scored weekly 
for virus infection. 

Non-choice laboratory tests. As the first step, the same laboratory tests were used as for 
the above-mentioned greenhouse whitefly experiment in order to detect the two most resistant 
accessions of each species.

A 'sugar test' was performed for L. penne/lii accessions in order to quantify 'leaf tackiness'. 
determined as 'percent sucrose in an aqueous solution' (Mahan. 1985: Plage. 1975). Granulated 
sucrose was scattered over a known area of the leaf and the surplus was carefully shaken off'. 
The sucrose which remained sticking on the leaf was washed off with a known quantity of water. 
The sucrose content of the water was then measured by means of a refractometer (3crlinger et ad. 1984).

In order to unify the screening methods for detecting resistance to virus transmission in 
Lycopersicon accessions, an attempt wis made to evaluate the ability of whiteflies to transmit 
TYLCV by quantifying the secreted honeydew as a measure IoMreadiness of the whitellies to
feed on a certain plant and thus transmit the virus. Ten adult females were confined on adetached
leaflet by means of a modified Munger-cell (10 mm in diameter and 3-4 mum in height). The 
honeydew was collected o a white filter-paper (Whatman No. I ) and sprayed with a solution
of ninhydrin (200 mg ninhydrin in 100 ml n-butyl alcohol) by which the amino acids of the 
honeydew are stained blue. The area covered by the honeydew spots was measured by placing 
a transparent sheet of' m-paper over the filter paper. 

Results and Discussion 
Both whitefly species, the tobacco whitefly and the greenhouse whitefly, were found to be 

very similar in their reactions by the above mentioned methods. Furthermore, the methods used 
were generally in good accordance with each other. 

Screening for Resistance to the Greenhouse Whitefly Causing Direct Damage 

The most difficult problem encountered when adults were confined and their development 
on single tomato plants was determined, was the rapid growth of the young plants. To overcome
this obstacle, large cages, 80 cm high, wrapped with cheesecloth and closed at the top by a 
transparent plastic cover (de Ponti ct al. 1975) were used. This allowed the plants to be kept
in the greenhouse fOr a period equivalent to 1.5 whitefly generations. Each cage was inoculated
by 75 one-day-old male and female adults. After six weeks, the second generation of adults 
had appeared. The reproduction rate was determined by estimating (a) the number of' adults
(second generation). (b) the number of empty pupae (second generation), and (c) the number
of eggs (third generation). Although the results obtained correlated well with the field tests,
this method consumed too much time and space. Consequently the duration of the experiment 
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was reduced to a part of a whitefly generation using tilepot plant test in th" greenhouse at 22 °C 
(de Ponti et al. 1975). The growing point of the plants at the second to third true leaf stage 
was removed. Each plant was covered with a transparent plastic cylinder. and inoculated with 
15 one-day-old females. After 10 days the whiteflies were killed by SullOtep funigant. After 
14 days the number of' young larvae on the leaves was Counled or estimated. The two most 
resistant plants of most accessions were subjected to a so-called second generation test carried 
out under the same conditions, where four to five leaf cages (diameter 2 cm), each containing 
one young female whitefly collected at the end of the previous test froin plants of the same 
accession, were placed on the lower surfice of the leaves. After 10 days the mortality of the 
females was determined and 14 days later the number of larvae per fIale was counted. However 
this test method failed. This was explained b\ the flict that there was no recognizable difference 
between the response of 1-5 day-old whiteflies on resistant and susceptible plants (Berlinger 
and (IePonci. unpublished). 

Inl an attempt to further reduce the testing time. it Was found that confining one-dav-oid 
whiteflies on the plants by means ol'clip-on cages. and investigating oviposilion and adult survival 
during the I llo.ing I days, was sufficient itoevaluale tiledifferences in resistance between 
susceptible and resistant r lants. 

Screening for Resistance to B. tabaci, the Vector of TYLCV 

All the above mentioned methods. used fir the greenhouse w hitelvy. were adequate as 
long as they were used to screen for resistance to whitefiie., causing direct damage. Unfor
tunatelv :hese methods were insufficient for detecting resistance to B. tuubci as the vector (f 
TYlCV 

All the tested accessions were found to bc TYfICV susceptible. Even L. lwinn'ellii plants 
became inlfested with whiteflies and in fected h\ TYLCV. when the sticky e:adatc had been 
artificially removed by wrapping the leaves carefullv with cotton soaked in 95 ,1ethanol. 

Our search for more suitable testing methods was based on the concept that even viriLs
susceptible plants w ill not become infected itthev are resistant enough to prevent whitefly fceding 
lor a period long eiwigh to allow virus transmission. 

Field test. L. hir-suti, f.glabratum plants became virus-inffected almost as quickly as L.
,C.ulentmtt. Disease de elopnlent inL. /irStunm accessions Was dcacIand one L. iwnn'Ilii 

accession did not become infected at all h\ the end o! the season (Tablc I). 

Table I.Incidence of TYLCV (cumulative percentage) in wild type and cultivated tomato. 

Time L esculentum L. hirsutum f. glabratum L. hirsutum L. pennellii
(weeks)z Allround LA 407 PI34418 LA 771418 LA (777 PI365970 LA 716 

2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
3 50.0 14.2 5.0 0.0 0.0 0.0 0.0 
4 100.0 47 6 35.7 0.0 0.0 0.0 0.0 
5 100.0 57.1 78.5 0.0 0.0 0.0 0.0 
6 100.0 92.8 89.3 4.0 0.0 0.0 0.0 
7 100 0 92.8 89.3 '.0 0.0 0.0 0.0 
8 100.0 100.) 89.3 45.0 46.6 5.0 0.0 

!After transplanting 

It was fcund that percentage ol aduhIt survival after 24 h of torced contact in a non-choice 
experiment using leaf cages gave the best correlation with the field test (Table 2). Choice tests, 
,:ounting whitefly adults per plant in a field test, or counting larvae on potted plants arranged 
at random on a bench in a greenhouse. were only in poor correlation with the incidence of virus
infected plants in the field. 
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Laboratory tests. Secondary plant metabolites (Kennedy and Yanxnloto. 1979; Soost et al. 
1967) proved to be toxic to tile when exposed fortn in laboratorywhitteflies, in their pure 
experiments. However their occurrence in various I. hirsution f.qlabratiun accessions did not 
correlate with previously detected plant resistance (Shevach-Urkin. 1983).

When leaf tackiness was used as criterion to evaldate levels of plant resistance. only the 
Most sticky plants of L. pennelhi showed absolute resistance, i.e. 100'/ adult mortality ()ahan.
1985). The 'sugar test', to determine 'leaf tackiness'. was a useful tool to detect resistance among
hybrid progenics with L. e.culentun cv. All round (l)aha. I985). In L. hirsutin 1*.g,:h1rattum, 
even the most stick\ plants were not sufficiently resistant as measured bv whitellv mortality 
alter 24 I (Shevach-Urkin. 1983). 

Based on the prey iouslytfund correlation beltween the amlount of honeydew and [he number 
of TYLCV infected plants I Figure I),we had suggcsted that feedin ,honeydew secretion, and 
virus transmission should be highly correlated. Similar techniqtCs, to evaluate the amI1Ount of 
feeding by measuring the amount of excreted faeces, have been used with other pests. such as 
spider mites (Gerson and Aronowitz. 1980), and lepidoptcroIs larvae (Ben-Aziz et al. 1970).
Honeydew secretion has been used in the case of aphids transmitting leafroll virus in potatoes
(van der lieuvel. 1980), and in the case ofthe tobacco whitelly to estimate survival of nmplis
after insecticide treatments IMclatCd-iMadjar et al. 1983). If the anotnt of honCdew produced 
can be correlated with the probability of virus transmission, then honeydew production can b,: 
a useful tool to estimate levels of plant resistance. This 10ethod. still under development, seems 
to be very promising (FireiC I 

Table 2. Correlation (R)between field tests and various laboratory tests! 

L hlrsutum L. hirsuturn f.globratum L. pennel.i
Parameters Type of test .. . . . . . . . . . .8) (n 6) . (n.6)
 

adults/plant
No. of whitefly Ch R = 0.61 I.I' R=0.61-0.75 NS R z 1.0 < 1% 
No. of larvae/plant Ipot-testi NCh R = 0.08 NS R = 0.61 NS R = 0.57 < 5% 
Adult survival (days) NCh R = 0.77 5 -
Aduit survival (%) after 24 h NCh R = 0.84 R=0.81 I0 R = 0.96-1.01% 1% 

YCh Ooicc.h NCh non cho,ce NS -not signifcant at 5o 

100 
y -4.5581 + 1.0043 x R=.98 
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Conclusion 

Climatic conditions affect the behavior and development of the insects, as well as tile 
morphology and physiology of*the plants. While investigating the resistance of various wild 

Lycopersicon accessions to the tobacco whitefly, it was noticed (Berlinger et al. 1983: Kennedy 

et al. 1981: Snyder and Hyatt. 1984) that some accessions were resistant in summer but not 
in winter. In a IAhoratory test one L. hirswutm f. glabmttum accession was found to be remarkably 
more susceptible when grown under lower light intensity, independent of day length. However 
in L. pennellii accessions only a combination of low light intensity and a short-day photoperiod 
resulted in susceptibility of some accessions. The transition from resistance to susceptibility and 
vice versa was expressed onily in tile newly deVeloped leaves. Preliiminary investigations showed 
that soil or water salinity nci!egtively affect resistance in L. IwmwIllii. 

An increase in tile use of nitrocen fertilizer in cotton resulted in an overall increase in attack 
by the tobacco whitefly. This was probably caused by an increase in inscct fertility due to the 
higher N content of the leaves, as well ats better protection because of a denser canopy of the 
plants (Harebaugh et il. 1983: Jackson et il. 1973). Spraying with DDT, sevin and parathion 
may cause a)pest )utbreak as a resulnt of an increase in the nitrogen content oithe leaves (Ftowler. 
1956: Ripper. 1964: Saad. 1975. cited by Vcisser. 1980). 

A previous virus infection may also change tile outcome of a screening test because virus
infected plants may become less attractive t) tile Mhit flies compared with healthy plants 
(Berlinger. 1985. unpubl ishcd: Rathi. cited in Nene. 1972). 

'Ihe prerequisite o1 any breeding program is the availability of rapid, reliable, easy. and 
inexpensive methods to detect resistance. The main difficulties in developing such methods result 
from the fact that resistance is a dv;naiic feature. FBoth the plant anid tile insect pest react strongly 
to environmental chaniges and readily adapt to new circuLstances. The described insectmay'1V 
host plant rela ionships emphlasize the necessit.y, fo.r optinizing and standardizinrig the clinvironmental 
test conditions. 

When screening for resistance to whitellies causing direct dalage, the study of'opulation 
build-up parameters in laboratorv tests, and the scoring f th1e innuber of*eggs, larvae and pupal 
Lases in field tests, are useful approaches. The survival of adults after four or 24 hours in 
laboratory tests, and the incidence of irus-inlfccted plants in field tests are usefuI paramlneters 
to be measured in case ft'indirect damage via virus transmission. 

It is hoped that screening methods. developed for tile totnato /whitelly complex or the 
toniato/whitetly/virus complex. will become :,efuill in the future for other whitcfly-borne viruses. 
and perhaps also for other plant-sucking insects whiclh cxudc honeyde;;. 
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Symposium Discussion 
I.D. Erinle: Is the yellow leaf curl virus you refer to the same as the one commonly referred 
to as leafeurl virus elsewhere? 
M.J. Berlinger: These two virus diseases are either identical or very closely related. They
may be strains of the same virus. Both are transmitted in a similar way !y Bemisia tabaci. 

J.Levy: (1) Which method do you recommend to control the vector Bemisia tabaci? (2)What
methodology do you use to keep track of the vector population and at what stage do you start 
control? 
M.J. Berlinger: (I) praying of pyrethroids is the most widely used chemical method. Planting
under screen cover is the best mechanical method, as long as climatic conditions allow its use.
Yellow plastic mulching, a behavioral control method, is effective during the first three weeks
after planting. (2) In case of virus transmission, the use of yellow sticky traps is the best methodfor monitoring. Under our conditions we controlstart measures when moro than 10 
whiteflies/ trap/ week were tr:'pped. 

P. Rosset: You mentioned only Bemisia tabaci as a whitefly vector of virus diseases. Are 
there other whitefly species as vectors? 
M.J. Berlinger: (a) Trialeurodes vaporariorunt transmits beet pseudo-yellows in Lactuca sativa,
Beta vulgaris, etc. [Duffus, J. E. 1965. Phytopathology 55:450-435]. (b) T. abutilonea
reportedly transmits sweet potato yellow d arf virus in Maryland [Hildebrand E.M. 1959. PlantDis. Rptr. 43:712-714], and sweet potwto mosaic in Georgia [Hildebrand E.M. 1960. 
Phytopathology. 50:751-7561. 
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Abstract 

in Queensland, a total of 11 viruses have been recorded from tomato and 5 of these 
have also been recorded on pepper. 

By far the most widespread and important of these is potato virus Y (PVY), with 
recorded incidences of up to 100% in both crops. Control is difficult due to the 
abundance of alternate hosts and high vector populations, and genetic resistance is 
the most promising strategy. Three strains of PVY can be defined by their differential 
reaction on the various resistance sources available In pepper and several of these 
genotypes are resistant to all known PVY strains from Queensland. A source of resis
tance to PVY has been identified in Lycopersicon hirsutum PI 247087. The resistance 
is governed by a major recessive gene with probably some minor gene influences and 
i'z
is effective against all Queensland isolates of PVY tested so far. Low heritability is 
hampering the incorporation of this resistance Into a commercial tomato cultivar. 

Cucumber mosaic, tomato mosaic and tomato yellow top viruses are at times also 
limiting factors in tomato production. Tomato mosaic virus is largely controlled by acid 
extraction of locally produced seed and trisodium phosphate treatment of imported 
seed. Recent isolated outbreaks have been virtually eliminated by crop hygiene and 
the use of trisodium phosphate as a disinfectant. Effective control measures are lacking
for cucumber mosaic and tomato yellow top virus. The importance of alternative crop 
and weed hosts in the epidemiology of these two viruses is currently being investigated. 

Introduction 

Tomato (Lvcopersicon l.co/)r.ici'uln Mill.) is the most important vegetable crop in 
Queensland, accounting for 32 % of total value of the states vegetable production. The crop is 
almost exclusively grown fbr the fresh market anti accounts for about 60% of the total value 
of Australian tomato production (Australian Bureau of Statistics. 1985/86). In Queensland. the 
production of peppers (Capsicum anntant L.j consists mainly of bell types and is a significant
though much smaller industry, representing 2.5% of total value otfthe state's vegetable production. 
Diseases are an important constraint on production in both crops and at times %iruses can cause 
serious damage. The locations of the major tomato and pepper production areas within Queensland 
are shown in Figure 1.This paper reports the range and relative importance of viruses recorded 
in tornato and pepper in Queensland, the variable success of breeding for resistance, and some 
aspects of epidnemiology and control. 

The Viruses and Their Importance 
Viruses recorded in tomato and pepper, the range of crops they affect and abbreviations 

of their names used in the text are presented in Table 1. 
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Table I. Viruses recorded from tomato and pepper in Queensland. 
Viruses and importance Natural crop hosts 

Economically important viruses 
Potato virus Y (PVY) Tomato, pepper, tobacco, potato
Tomato yellow top virus (TYTV) Tomato 
Tomato mosaic virus (ToMVi Tomato, pepper
Cucumber mosaic virus (CMV) Tomato, pepper, spinach, cucumber and others
Tomato spotted wilt virus (TSWV) Tomato, pepper, lettuce, peanut and others 

Cccasional records 
Alfalfa mosaic virus (AMV) Many, including tomato, pepper, potato, celery 

and lettuce 
Datura rhabdovirus (DRV) Tomato 
Australian tomato leafcurl virus (ATomLCV) Tomato
Tobacco streak virus (TSV) Tobacco, tomato 
Tomato yellow vein virus (TYVV) Tomato 
Sunflower ringspot virus (SRSV) Sunflower, soybean, tomato 

Potato Virus Y 

FVY isthe most widespread and economically important virus in Queensland in both tomato
and pepper. It occurs in all production are:as and surveys have frcquently revealed incidences
of 50-100% in both crops (i.E. Thomas and D.M. Persley. 1987. unpublished).

The symptoms ca ised by PVY in tomato vary greatly depending on environmental conditions 
and virus isolates. High temperatures can cause plants to be totally svmptomless or at most appear
slightly chlorotic with the recently expanded young leaves recurved downwards and inwards 
to give a 'clawed' appearance. With lower temperatures plants may also show varying degrees
of mottling and vein clearing and occasionally necrosi,,. 'Leaf-shrivelling' symptoms, consisting
of patches of necrosis on the undersurface of the leaves, and the shrivelling of lower leavcs 
was reported by Sturgess (1956) at mean temperatures less than 20'C. Nowadays, this latter
syndrome is only occasionally seen in Queensland. Fruit symptoms do not occur, though fruit 
number and, to a lesser extent, fruit size are decreased. Yield losses )f up to 5017 can occur. 



251 Tomato and Pepper Virus D;seases in Queensland 

depending on time of infection and temperature conditions (Sturgess. 1956). A secondary form 
of loss is from sunburn of fruit, resulting from the poor leaf cover on severely affected plants. 

Symptoms of PVY infection in pepper consis, of mottling, dark green vein banding, leaf 
puckering and sometimes mottling and nialformnation of fruit Yields can be substantially reduced 
particularly when early infection has occurred. High levels of PVY infection frequently occur 
in pepper crops planted late in the season or in situations where successive plantings have been 
made or crops ratooned. 

Queensland isolates (f PVY can differ significantly from each other in their host reactions 
(Heath et al. 1987; J.E. Thomas and D.M. Perslcy. 1987. unpublished). Using the traditional 
strain groupings, isolates from potato seem typical PVY ° . An isolate resembling PVY" has been 
recorded from tobacco. Many isolates, including most from tomato, tobacco and pepper, do 
not infect potato systemically and thus do not fit the traditional strain groupings. An alternative 
strain grouping has been proposed by Gooding and Tolin (1973), who differentiated PVY isolates 
into three groups according to their reaction on rootknot nematode (RKN) resistant and RKN 
susceptible tobacco cultivars. Representattives of all three groups are present in Queensland. 
but the miajority of tomato and pepper isolates belong to the MsNr (i.e. mottle on susceptible 
cultivars. vein necrosis on resistant cultivars) or MsMr groups. 

A third system of grouping isolates uses pepper cultivars for strain separation. Isolates from 
pepper, tomato and tobacco have been grouped into three strains designated I. 2 anu 3 (D.M. 
Persley. 1986. unpublished) using the pepper cultivars listed in Table 2. Particular emphasis 
is placed on the susceptibility or resistance of cultivar,,, l'or example. cultivar Yolo Y is resistant 
to strain I. but susceptible to strains 2 and 3. Cultivars Florida VR-2 and Cordoba are resistant 
to strains I and 2. but susceptible :o strain 3. Culti,'ars Delrav Bell and Florida VR-4 are resistant 
to strains 1.2 anid 3. The cultivars Delrav Bell and Florida VR-4 wcre selected by Cook (1984) 
for resistance to PVY. tobacco etch and pepper mottle viruses (PeMV). ThL ieaction of these 
cultivars to strain 3 of'PVY suggested that this strain resembled PeMV (Nelson et al. 1982). 
However. strain 3 differs from PeMV bN not causing sx stemic necrosis in tabasco pepper (C. 
frtutescen.; L. ) (Nelson et al. 1982) and by the development of spur formations in SDS-gcl diffusion 
serology using PcMV. hut not PVY. antiserum (Greber and Perslcy. 1985. unpublished). When 
Queensland isolates from tomato and pepper were tested on the pepper differential cultivars 
of Gebre Selassie et al. (1985). strains 1.2 and 3 from Queensland resembled the strains PVY-0. 
PVY- I and PVYI -2 respectively. from France. All Quc,,:nsland isolates tested induced a systemic 
nmosaic on cultivar Bastidon in contrast to the systellic %veinal necrosis repolrted Lfor soie isolates 
by Gebre Selassie et al. (1985). 

The grouping of PVY isolates is not, hoever. necessarily consistent between the various 
systems. All isolates are serologically indistinguishable by SDS-gel diffusion serolog (Purcifull 

Table 2. Grouping of Queensland isolates of PVY according to reaction of pepper cultivars. 

PVY strain' 
Cultivar 

I_2 3 
Rz
Cordoba R M 

Citadel R R N,M,S 
Delray Bell R R R 
Florida VR-2 R R M 
Florida VR-4 R R R 
Yolo Y R M M 
Yolo Wonder M M M 
Bastidon M M M 
Serrano Vera Cruz R R R 
Anaheim TMR LL,NM,S LLNM,S LL,N,M,S 
Tabasco R R R
 

ZR = resistant; S = susceptible, systemic mosaic; LL.N,S,St local lesions, systemic vin necrosis, mosaic, severe stunting; 
M = mosaic, veinbanding; N = systemic vein necrosis: S = stunting; and LL = local lesions. 
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and Batchelor. 1977) and are readilh detcted h' EI.ISA (Clark and Adams. 1977) using PVY 
antiscrum (J.E. Thomas. 1987. unpublished). 

Tomato Yellow Top Virus 

TYTV is prolhablN the second most important irus ol tomatoes in Quccnsland. It has bccn 
recorded 'rom all coastal iareas f situth.east Qucensland fromi Brisbane to Rockhampton and 
in north Queensland around Marecehl. but not 1From the BOween district. Outbreaks oF th is dise,:se

lend to be sp,oralic. )hutincidelncefs are u,ullh highest in aLutumnn lnd Carls inter and can reach%% 
50- 100( . 

TYTV is a luteos irus. pcrsistetl\ b\ the aph d s , p'r.si'' SLIIitaldtransinItCd l!vcu.S 1 

.AAi'rosiplliltm 'tuplwbiurt 'hlllrs and ,\ilh 
a host raneeiareelC conIi ned to the Solattacea.e 
(Braithwaite and lake. Ilt(l: lloins. I 9841. The s\1nptns induced I tomlto include 
doM Icurlin ;and cllhiosis of leatlel n.tareins. roundin, of*leAlets, reducdIet siCe and deatlh 
of flowker hlds. FeC%'lLits illCobtained !ror1i plallls infected helir irst Fruit-set. In1'ectioll afler 
Iroit-set redlcCs fruit siue. 

Recent %orkhas sho)\ i thlt TVI' is best cOnIsidcrCd atstranll Of l)(tat()IC'oll 5 irtLs (PIRV.
Particles of TY'T\ s ere readih detected h\ IiilirtinosorberCllt electron Iicroscop\ uluIL_ antisCrum 
to PI.RV ('Tholas. 198ta and PI.RV and TViITV %cre sCIrlO.,icIllh indistinuislhahle b\ a,car 
'cl doublC diffusion IThll1iaS. 19841 MOr Creccni\, illtests \%itla paIcl oF IM illo oclonal 
antibodies prepared to afSottish isolate tft' PI.RV IMaissalski and Harrison. I987). isolatles ofl 
PI.RV and TYTV I'T'01u1 ..\ustraliai \cr ,CrC icCilsk i Ieuishabje INiassalIs ki ci af. !)86).disti 

los\, prduJCes fIC It An\ . ll1to0ils inl pthtalo .SOI.ohuo 0d'r'oAuIM andIILI
ever. TYTV' . if I.. PI.RV 

protdlCs 0i\ tnild el sIlltollis illloillat. theloltp and io \ius stralins are probhabl

epideniilofo-icall distinct cut tics.
 

Other Economically Important Viruses 

Other \ilses fireqICntl. recried trti tuiitir ,iitl pepper, but ecuerlt;ls oflhiwer os erall
 
CConomiC i;ortance. includC 
 These ate 

\worldwie and. hile isol;lCtl svCCe ouLbrIlaks are rccorded inlQuccnsland. the\ ,cnerall. pose
 
a limited thrcit to tomato aid pepper prouILhction. (.'NIV cstlcs FeCn-lf disease in tolliato
 
and rCgularl reaches signiicant l els in one location in the Locker Valle\ 


CXIV. TSW\V ad IOM\V. airuseskoll)\%[l 1t occUr 

.rossinc alrea.
 
WhCn you n plants ire atlso inllctL \ilhthe ubiquitous P'Y. tolall frllit
loss CalloCClr SMIrLICsS. 
1956). ToNMV ald ISWV" are the o. roses to LIsC fruil s\ IiptOils Ill lliato. reldLrin
 
them unmarketable. The F lormecuIs' palle blotches of Internal nclrosis,[le 
 latler rIrlspoms.

In recnt outbreaks fi ToMV in the I.ock\r Vall\ .
 Rcdland Ia\ a3d Ilundabcre districts.
 
infection lc els oF 
 up to 80'; illcCItlill culti\s rs ss\rC ltledI)ual infections Of "i'otVanid
PVY can caLsC total fruit lssi Sltlc,,s. 1, . I'S\V ajppears to e CltdetIlc illsOutlhcast 
QueenslMd. ccurring most F'LtIreULtmllt Stanthrpe lnd ill the Lock\Cr \'dllc\ . \%ith imilection 
levels occasionallh reaching 25', 

Viruses Recorded Occasionally 

AMV arid ISV Occur %sorldhsilCin irman\ dilfcrenl host ,pcCits bu ill Quitsland theCse 
are recorded occasionall\ in tomato (A.XV."1S\' arid pepper A.MV) ,and are of no econmic 
significance. Se\eral other viru,CS also oCLr ocCa,iOna.lllv Otltoiaito and ha\c (111\ ireCctl\ 
been rccognicd. I)RV is t subgrolup II rhahdos irus (Ih lias arnd Belhncken. 1983: Thorias. 
1985) which inFects totmito. but not pepper. SRSV iS a irulticomipotient isometric ,:rL,I I)aic
and Blinckcii. 1981 ) hi clihas been reCOrdCd infrcqCtil se r.mitlr0mu solhfl oy'beva and t liati. 
TYV disease occurs with low%l're(tLeicv in the Stanthorpe and Lockser Valle\ districts. No 
discase specific bands have been detcCLd hyrds-RNA ainalysis alid I \irus particles II\C been 
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found. The causal agent is transmitted by grafting, but not sap inoculation, to a limited number 
of hosts in the Solanaceae including tomato, potato and eggplant (Solanum i/1nlt,,en L.). No 

vector has yet been found, and tests with the aphid M. peIrsica', the leathopper Orositsargent(tius 
Evans and the whitellv Bemisia tabaci Gennadius were unsuccessful (i.E. "lIhOmlas. 1985. 
unpublished). A leafcurl disease, caused by a ceminivirus. is present in north Queensland. 
though of apparently of no econonlic importance (Thomas et al. 1986). By contrast, the 
virus is widespread and econonicallv damaging to torlmato crops in the Northern Territory 
(B.D. Conde. Department of' Industries and Development. Darwin. NT, 1984. personal 
communication). 

Epidemiology 

Aphid Trapping 

Most of the tomato and pepper production areas in Queensland have subtropical or tropical 
climates with hot, wet suimers and mild. dry winters. This often allows 'ector populations 
to increase rapid ly to high levels. As aphids are the vectors of the most economically daniaging 
viruses, we comimnenced aphid trapping in 1987. using vello\ pan traps in tss o vegetable growing 
localities in the l-ockvcr Valley (J.l:I. Thmnas and I).M. Perslev. 1988. unpublished). The aims 
were twOfold: firstly to identif\ any peaks of' vector activity, and secondly to determine the 
major species present. We have noted that identical crops planted as little as two \weeks apart 
in the saie area can have vastI different levels of virus infection. possibly indicating concentrated 
periods of high ,s ector ivity. Preliniinu'v dhta from these trapping experiments are presented 
in Eigure 2. 
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collection period (usually about one week.) 

At least 24 different aphid species have so far been identified. Although the data is still 
very incomplete, some intercsting results and trends are becoming apparent. A major peak in 

aphid numbers occurred inautumn )iMar) and consistcd primari ly of Lipapjhis ier\'simi Kaltenbach 
and M. persic'a. A second peak occurred in Juiy (winter) and consisted priinarilv of L. ervsimni. 
hut with moderate numbers al,,o of 1).saphi.s sp.. Al. I/rsia' was almost totally absent during 
this peak. Aphid numhnbers ha\ since flutcluled from low to moderate f'rlmn Jul\ through to 
January. L. erv.smni renained the dominant species trapped until earls November when Al. ,wrsicac 
reappcared in high numbers and became the dominant species. 

Signitant nunbers of a wide range of' aphid species are present throughout the year in 
the LockVcr Valley providing aimple opportunity I*Or the transmission of such vector no0nspecific 
viruses as PVY. CMV and AMV. On the other hand, M. pert.6cat' is the only recorded vector 
of TYTV that has been trapped and It shows marked variation in population levels throughout 
the year. 
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Weed and Alternative Hosts 
A reliable source of inoculun, in addition to an active vector pxopulation. is required if regula

epiphytotics are to occur. Weed and alternative crop hosts play an important role as virus 
reservoirs in Queensland. 

Trhe known natural hosts ,I PV)Y in Queenslard are restricted to the Solanaceae. They includt
tile crops tornato, pepper. tobacco and potato and s, ,n %%ecdspecies of' hich the more iinportan
are Nicaniraphy .a/odes L. Phv's,.li.S spp. and 5o1/111111 (tw'ritanutn Mill.. The latter specie!
are ideal hosts lIr hoth t)VY and aphids. ['omriatoes are one of' tie dominant crons in the nlail 
production areas. Farmers use seLuential pl.nlines over ain extended production p;eriod of nmanN 
months and thus older crops provide a conslailn source of ino0cUlutmn [Or nearby newly plante
crops. Susceptible %eel hosts and :or volunleer crop piants are present all y'ear round to adC 
to tile illOCUIl n reservoir. 

Bowen is ile of the lareest tomnato proJuci ng rle;ras arid crops a rl'C\ n Under irrigatiorare 

front March throtlgh to October durine, the dr, 
 ,a inter seaso . l)ur rintstir +.c s inl 1984. crop 
grown in isolation and with ver, low\ \%ced populaitir', in the drV ,urioundil'' areas had olnly2-4 'PVY. Ho%%ever, crops growinie ,. the samilltiile ill the llore in Lnsivc,ly cultivated areCS 
ol Bo nehad infection leels oft 7(1-l0(' . Hich , leels of PVfY infction ip pepper, at Bowen
ire unusual, despite the cornnion use of' fully susceptible ctisi'ars and hi'h inculurni levels in

tomiato crops grow ing nearb 1V.N. ,\ elrant. I). NI . PcrSIC\ and J. Ll. 1987. tinpUbli shedi. 
,In contrast to PVY. cM\V hl all e\tensi'tc hisr ralle (775 species i 85 farnilies: l)o1uine

et al. 1979) and has been recorded Ironi 32 species ill QueenslIand. CMV regularlN occurs at
significant levelS of infection in toniatu crops ill the fairlN isolated Flagstone Creek aca of' ihe
Lockyer Valley, though not elsew.here in the district. As tounattles are Lrown here ol]\' durirne
spring and SilrInier, tii, %otlid sirggest a sottrce of 'MV. Je iuliar to ti is area otf Ihe 'Lock'r
Valley. in which the virus srS i'.es bet onlen turirato crops. However. in three separate surve'vs 
cornprising samples olf nearly 9)) plants fron 65 different species. no such reservoir was found
(.E. Thonas and MI.. L)a' idson. 1987. unpublished). These survey's included species such 
as cajsella hurma-lastori. (L. I Medic. and St'l/aria media (L. IVill. krno'n elsewhere I lnlinsoi 
et al. 1970) as irmportant weed hosts in \'.hich CM V is seedborne. 

Tile host range of TYT V is restricted largel\, but rot entirel'. to the Solanaceae. Potato.
which is inFl,1ctcd.bul ss'ithourt silillpniis. is the o)nll\ other knownki crop host. Susceptiblc '.\seed 
hosts include C. hur.sa-pa.tori.s . p)J.'saloii'., and Data strmoniunl L. Peppers are not
susceptible (Thomras. 1984). High levels of infection Inear 100',"( I an ur in tomato plantings-ct 
in the Redland Bay district, even \wrhen no nearby crops toitato and pltato are present.
Susceptible weeds growing near the infecled crop are themnselves often unirifected. Tie lick
of obvious local sources Of' infection irnplics that a itore distant aind is vet unidentified source 
of ini ,ction tiist exist. 

Control 
Due to the high vector levels and large amounts of"inoculurt present throughout the year,

control of PVY by weed and aphid control has a limited chance of success in intensively cultivated 
areas. Tomato arid pepper crops are regularly sprayed with conventional aphicides (pirimnicarb,
inetharnidophos) which can control coloriizing aphids, bitt have little effect otn virus transmission
by iacoming vectors. It is well known ithat these aphicides can eert increase the level of infection
of nonpersistent viruses bN causing aphids to be less settled (Raccali. 1986). Genetic resistance 
was seen to be the best prospect for control of' PVY in tonmato and peppers. 

Resistance to PVY in Tomato 
Several sources of resistance to PVY have been ide.tified in L' colwr.s ion species.

L.wac',rmrsicon hirsuatn~ Humb. and Bonipl. Ph 247087 '"as irnilrrue to PVY. while L. 1wrvianwUn 
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(L.) Mill. PI 128643 and P1 128660 segregated for resistance (l'homas. 1981b: Thomas and 
McGrath. 1988). Lycoplrsiconhirswtttin Pl 247087 was chosen for further stud' as it was innune 
to a wide range of PVY isolates in field and glasshouse trials. The inheritance of resistance 
to PVY was studied in a cross between P1 247087 and a susceptible cultivar of L. Iycolwrsicu 
(Thomas and McGrath. 1988). The segregation data obtained for PVY-inoculate: .narentliines. 
Fi. F2 and backcross generations are summarized in Table 3. These results were obtained by 
using enzyme linked ininunosorbant assay (I.LISA I. as inl ected plants were often svmptomless. 

These data are consistent with the hypothesis that resistance t) PVY in P1 247087 isconferred 
by asingle recessive gene. The results summaried in Table 3 were obtained three to six weeks 
after inoculation. However. when plants \erc rescreened later, it \%as ftund that sniie individual 
plants of [I x PI 247087 and F, but not the Pt 247087 parent) previously rated as resistant 
were inf:Ict iriected. The chance in numbers of susceptible plants in the F, was not sufficient. 
thtugh. to invalidate the hypothesis for a 3:1 segregation ratio. 

During the backcrossing program to incorporate this resistance into L. Ivcolwsicuill. 
progressively fewer resistant plalitS itan expected were found IJ.F.Thomas and I).J. McGrath. 
1987. unpublished,. Additionall . many of these 'resistant' plants were shown to be infected 
at later screenings, indicating that their resistance %.as being expressed merely as a reduced rate
of virus multiplicatin. Afer the fifth backcross generation,uonl\ 11lly stsceptible plants or plants 

with the reduced rate of virus multiplication were detected. Wheni these plants were selected. 
selfed and grown in a field trial. th\c raclted identicall\ to ful ly susceptible 1.. Ivycolwricun 
cultivars to PVY infection. It appears that the effect of the PVY-resistarce gene from PI 247087 
is affected by the highly susceptible genetic background (f .. Ii'op',r.\icum resulting inpoor 
heritability of resistance. 

Table 3. The reaction of parents and segregating generations of the cross L lycopersicum x L. 
hirsvumir PI247087 to inoculation with PVY. 

Toal Proposed Ratio X2 
ResistantSusceptibleu e l s aoS:R probability 

L. lycopersicum 65' 0 65 I:0 > 0.95 
L. hirsutum P1247087 0 79 79 0:1 > 0.95
 
F1 2 0 2 10 > 0.95
 
F1 x L. lycopersicum 189 0 189 0 > 0.95
 
F, x L. hirsutum PI2470871 26 54 80 1:1(?) > 0.01
 

342 II I 453 3:1 0.50.0.75F2 

Numbers of plants YAll results were obtained by ELiSA. except (or F1 x L hirsutum PI247087 for which 
electron microscopy (negatively stained leafdips) was used. 

Resistance to PVY in Pepper 

Resistance to PVY is an important selection criterion for cutivars used in southern 
Queensland. The bell cultivars Yolo Y arid Mtior were resistant to PVY until 1981 when strains 
2 and 3 were dctected. These strains overiarie the genetic resistance effective against train 
I and are now endemic in southern Queensland D.,M. Perslev. 1986. unpublished). 

Most cultivars originate front cotitnercial breeding programs conducted outside Australia. 
The bell cultivar now gro%'n in st extensively. ,Bell Towcr. is resistant to strain I and partiallyi 
resistant to strain 2. Effective control of'strain 3 presents a challenge because there are few 
resistant cultivars. Two cultivars w.rith resistance to this strain are [)clrav Bell and the related 
Florida VR-4 ',hich were bred for muliple virus resistance i(.ook. 1984). These .ultivars yield 
poorly in our enmiroinient and are highl., susceptible t) bacterial sp¢ot disease caused by 
X(IlithollIollaS ctnm'WNsris pv. vesiciaor.i. 

The aim of the breeding program at the Redlands Rcscarch Station in southern Queensland 
is to develop adapted bell pepper cultivars with adequate resistance to bacterial spot and the 

http:0.50.0.75


256 Thomas, Persley. McGrath and Hibberd 

PV Y complex (A.M. Hibberd. 1). Gillespi-, G. Nahrung. P M. Persley. 1988). A sweet pepper
highly resistant itoPVI" strain I and parti-il resistant to bacterial !,pot was recently released 
(Hibberd et al. 1988). 

A ver\ snmall-I'ruicld "piquii' \pe chili. accession 1534. is highl. resistant to PVY strains 
1,2 and 3 (D.M. Persley and A.M. Hibberd. 1987. unpublished). Crosses of this line withbell type cultivars are now at the second backcross stage with virus resistant segregates being
identified. There do not appear to be deleterious linkages between fruit size and virus resistance 
in these generations.

Ifliheritance ol rcsistance to straiS (f PVY inQuCenslandI has not been inivestigated ill pepper. 

Control of ToMV in Tomato and Pepper 

spreadsoMV iairl\ b\ plan-to-plant coltac and on hands arid tools durinlu crop 
productiot. Alternate hosts pla. danegliible role ill QueeCsland and tile IMiajor soili'CCS illecltiOn
alieseed. illfctCd trash front old crops. and ctntaiininated trellises. 

t.onlrol f '\I\ inQueenisland iS easil\ achie\cd b using "clean' seed and Careful Crop)
iailaat-etilelllnd ' Hoo alellipt Iis been [litde to itcIorpolrate til' arious oNI'V resistance elles 
(lroadbent. I976j in.o ouir cnilliierCial Culti\ li,. irtintsrl,The 1 sed uned is producedf b\ aerosMein oreaiiatioi (Colillrilt(e (t l)ire.tioni ol Fruit Nlaiketinii \ili aisaiice orLlIhe 
(Queelslald l)epariinril of PIl-riar\ Industries. Seed en l inspected primr est 
and the secd is acid-C\eiraletd (Ilroad eIn. 

;psareIecula. l\ ithan.ir 
L)65) s hich is ser, ci leeCrn e in eliiinatiin e\ternal 

ToNl\ Contanlinaliti. Quiatiline rC'ulalrion liCtilre Ihalt
h\ brid arid othelrCseedlots %\hich are 
imported fromt oers',ir trcreaecd. prior to rcleasc. %\ill0I(, trisodiurin phospliale tor one 
hour. This niCliod ISsititiarl, eflectl\ e ill eliliiing ,\ernall\ 1.borne ToMV (Bt'oadbenl lQf5 

The trealliienillolItCllis post ,aid s ires I'be reCulse iaibC icc ifl oMV \N 

il i prC\ious crop. Siinilarl,. dCtrcllin of itrsh Irolii ilfecled planlts 


i"sar\ as preselt 
old crops is also 

neCessar\. We has c ioted htigh le elS of TONIV infecLion illS. uiou'r1 iiI anid olnCrr tollliatOes 
ii laild \sher aibaid it cleed crop had pIrciis been Lios, it.Severa l iniiporalll pepper cuthis ars' ate re'xsian to tire 'orIrIolti strainls ofltolbaccol arid bolniat 

iilisae \iroses tntQtieeislaid. A distin ius.capSicunl IlliOSaic 

infected all ctlhinar, tested. ocurs ill 


hllCtoanlO, Sirus. \\hIch ss steriricallv 
2lasshuItlse eroll ii crops in Ness South Wales (Pares. 1985).
 

bul has so tr iot berr reCoided in Q,)ueenslind.
 

Conclusion 
"lOinato and pepper ire iaurall\ infected \\ Ii) i s ide IaillCeof iuses itt QUeeisIland. thoughi

ilotuinaelx o0t1 less0 are of cCtlollli" illlportance. All coitniorll, coriercial1\ Vrown torilato 
cultivars are still susceptible to tihe triaior s [ses PVY. ToMV.TYTVi. Overall. PVY is tlhe 
itst datriaieng %IT',aid -Cielic ret',aillCe relitrains tie hest stratep} for its control inboth crops.
PVY is eelicrallk ;de(u.ilcl\ corttrollcd illi'pper usintg resislancC soureCes a\ailable in cominmrercial 
culti\ars,. al10tu1.ut1ilcoIsar, resisaIt lii,trains 2 arid 3 are limited laid these strains ;ireno\ 
predomrininrit Ill south Queceilslaild.

('oiiderable \ trialioi has been denilOislaled \ thini thC pI)irus Ctiriples ilfecltingCpeppers 
tn 5,rius coultttreS. It is iiipiraillt thi Ow oiinitoredl. 
strain o.irulellCC arid ai2ressis ertes. On)re itears oiassistirrg these efIrts \,Lsiuld be the provision
otna starndard el oIIipeppIer coInslais flrinletritiOilal us. 

this .ariatioi be particulails ill relalion to 

which \ould. ideally. beiairtainied 
anl distributed b\ nr instilulion. A set of irttletilonal reference culiars should illnIss SOiie 
standardization o1 straii noiieiclature. 

\tlenirpls to incorporate resistance IoI\Y iintol hI sa\csri far C'enurtisuccessf'ul. The 
reasois r tll'is lailure are riot kios ni.but abeFrant eiercatioi ratios appear to occur corninon\ 
in inler specific .ros'c.s withini.. and Mc;rath. 19881. Johnson (19841 hasL\ocr.\icoll ('holias 
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staled that HtheC(fec oreSistanIce telnes CanbeIeducCd or even CoitIplCtelV suppressed when 
backcrossed into susceptible eentrtO'pes. (tur approach is itw to re-exa aine earlier backeross 
.enerations, attempt to ideiti", resistant plants, and stabili,e the resistance in that generation. 
Should this fail. consideration na1he .iveni to apilid control using synthetic pyrethirids and 
muineral oil spra\s. 

appareillktolliatoes scents assured as lon' as Seed suppliC flrOl 

hcalthy plants are acid-extracted or treated ,it h ttistodiu ] it 
The control of oMV ill 

ii ilosplhate. There appears to be 
need. as vet. to incorporate resistance cenes into coroulrlercial tonliato cultikars. 

The effective control of CMV and TYTV will prohabl\ remain elusive until the major sources 
of infec'lion are ideniiied. ..\phid traplpint studie, Ia\ indicatC period, of o ctor acti\it\ 

Slen tCrops Call he planCId to a.oid infection. U.nriortunatle] there lewkesour+Ce, of iesistance 
t; CMV and TYTV AVRI)C. N,87: Mink cta.. "N aInd '\ith CMV the limited area o1 
occurrence irieals tha! all e cllnot bC justifiCd to the ihIndu,lraexpenisi brecding )rocr'ail as 
' hole 
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Symposium Discussion 
C. Duranton: You mentioned 3 strains of PVY. do other strains also occur? Do you have 
an interpretation about the different genes which control this resistance towards PVY, respectively 
in VR-2 and Delray Bell? Thank you,.
J.E. Thomas: At present we can only distinguish three PVY strains oti pepper. We have not 
yet conducted any genetic studWcs with PVY resistance sources in pepper. 

C.M. Messiaen: In Queensland. do you have only shoestring and fernleaf sytnptotns on 
tomatoes caused by CMV, or also necrotic symptotis on stems and fruits? In the Mediterranean 
areas these symptoms are caused by a satellite RNA of CNIV also called CARNA-5.
J.E. Thomas: In Queensland, I have noted only fernleafand shoestring symptoms in tomiato
with CMV infection, and I have not seen necrosis typical of CARNA-5. Dual infecti(m of tomato 
with alfalfha rtosaic virus and CMV has been noted to cause necrotic syniptomns in Queensland. 
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J.W. Scott: What is the concentration of HCI used to control TMV on tomato seed and what 
is the duration of the treatment? 
J.E. Thomas: We use a concentration of 3% HCI in H20 for 3 hours, followed by a rinse 
in water. 

R.L. Villareal: What other techniques are used to clean seeds in addition to 3% HCI to control 
ToMV? 
J.E. Thomas: Other methods are: (1) 10% trisodium phosphate in water for 30 minutes at 
room temperature, followed by a water rinse, (2) dry heat, 70'C fbr 48 hours. 
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Abstract 

The 	tomato yellow leaf curl virus (TYLCV) is a geminivirus with a circular single
stranded DNA genome of about 2800 nucleotides. The viral genome was cloned and 
sequenced and a quick DNA hybridization test using chromogenic probes was developed 
to detect the presence of the viru,, in both plants and insects. Tissues are squashed 
onto a nylon membrane. No prior treatment of the biological material is necessary. 
Squashes are hybridized with a sulfonated virus-specific DNA probe and hybrids are 
challenged with mouse antibodies against sulfonated DNA. Detection is with alkaline 
phosphatase conjugated antimouse immunoglobul',n which transforms a colorless 
substrate int,' a colored product. The color reaction indicates the presence of viral 
nucleic acids. The entire detection procedure can be carried out at ambient 
temperatures and results can be obtained the same day the tissues are sampled. The 
DNA of TYLCV can be detected well before disease symptoms appear by hybridization
of cloned probes from infected plant tissues (leaves, roots, stems, flowers and fruits) 
squashed onto the nylon membrane. Viral DNA can also, be detected in squashes of 
individual whiteflies. Use of this method should make the user completely independent 
of labcratory facilities. Squash-blotting provides a tool for rapid large-scale diagnosis
of infected plants end insect carriers. Squash-blots may have many other potential 
applications for virus detection, for example in quality control procedures used by
seedling companies, and as , rapid screening tool in breeding programs for disease 
resistance. 

Introduction 

TonIato production in the Nklidlc Fast is limnitcd hy a disease caused by the tomato yellow% 
leaf Curl virus (TYI.MCV. which is transinitted by the tobacco wltell, Bemisi, tabaciGerm.). 
hut which is tnt 1InsmSl ittd ii inechanic ally (Coihein and Harpaz. 1964; Coien anid Nitzany. 1966). 
The disease is actle during sutimer and autumn1. It i, believed that Wild plants IlClr tomato fidds 
(C.g. C'vl chum mruI1('i L. 1 1rC the 1altUral hosts of the virus and serve is rescrvoirs (Cohen 
n ill. 1986). Symptomns sitiilar to those characteristic o" this dis.as,,.' have also heen described 
in North and Central Africa tird SOUZ!WlSt Asia MNiak. -k and Laterrot. 1983: Green et il. 
1987). The discase seenis to be spread ing tl I,ions whlerc it wa.s 11otpreviouslV reported (Brown 
ct 	 al. 1986). 

Prevention o the disease has hecn attpClllltd b controllit ethe whitelly pu)p)lOtii . usually 
by spraving insecticides two to three times a week \\hei the whitelly poplaltioti is at its peak. 
The diagnosis of TYLCV has relied otr a long time on sVIlyptom} cxpression and transtuission 
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to test plants (Cohen and Nitzany. 1966). In the future, integrated TYLCV management will 
rely on rapid and accurate detection of infiected plants and insect carriers. 

In a recent study (Czosnek ct al.1988a) the virus was isolated from infected tomato plan!s
(Lycopersicon esculentum Mill.). The virus has a twinned particle morphology (20 x 30 nm 
in size) and a covalently closed circular single-strandcd I)NA genome, characteristic of the gemini
viruses (Stanlev. 1985; Lazarowitz. 1987). The "I'YICV genome was subsequently cloned and 
sequenced (Navot et al. 1989). The gene encoding the coat protein was subcloncd and introduced 
into the Ti plasmid of Agrobacterium tumefaciens. Ti-nmediated tomato transformation experiments
are in progress. The expression of the TYLCV coat protein in transgenic tomato may provide 
resistance to the yellow leaf curt disease. Radioactive cloned probes could detect TYI,CV nucleic 
acids in lysates (Czosnek et al.1988b) and if)squashes of infected plants and \irulifkrous whitefli .s 
(Navot et al.1989). This is achieved without any pretreatnoWnt of squashes because in the infected 
tissues most of the TYLCV DNA ispresent in a single-straihued forn (Navot et al.1989). However
because of the use of radioisotopes these assays have to be performed in specially equipped
laboratories. To overcome these obstacles, a nonradioactive color test useful I'Or field diagnosis 
has been developed. 

Materials and Methods 

Plants and Insects 

Squashes were prepared Irom field-infected L. esciuhntumn cv. M82 plants, or from plants

inoculated in the greenhouse by viruliferous whiteflies (B.tabaci). Leaves and flowers 
were
 
squashed onto the nylon memb; ane using a hard of'ect such as a glass rod or pen. Longitudinal

and cross sections (from the apex to the crown) of stems were pressed onto tie membrane. Fruits
 
were cut open aid imprinted. The specificity of-''YICV detcction was tested using leaf squashes

'rom tomato plants infected with either the cucumber mosaic virus CMV) or the potato virus
 
Y (PVY). Blots of insects prepared from either f;onale \%hiteflies kept on TYLCV-infected jimson
weed (Datura .stramnoniumL. ) plants foran aqcquisition period of 18 hours (Cohen and Nitzanv.
 
1966), or from insects collected in the field. Whiteflies were frozen at -20'0C and squashed
individually onto the membrane. 

TYLCV-Specific DNA Probe 

TYLCV was isolated as previously described (Czosnek et al. 1988a). The double-stranded 
TYLCV replicating form wai cloned as previously described (Navot el al. 1989). A full length
TYLCV genomic clone. homologous to DNA I of cassava latent virus, was used as probe. 

Hybridization with Sulfonated Cloned TYLCV DNA and Color Detection of Virus 
DNA 

The 	chromogenic test follows the following steps: 

I. The tissues to be tested (plant aihd insect) are squashed onto a nylon membrane Hybond-N 
(Amersham International):

2. 	 The samples are hybridizcd with a TYLCV-specific DNA probe tagged by inserting an 
antigenic sulfone group into cytosine moieties of the denatured DNA probe (Sverd'ov et 
a!. 1974), using the Cheniprobe Kit (version 4. I,October 1987) from OrgtnicS Lid.. Yavne, 
Israel; 

3. 	 Incubation for one hour with a mouse monoclonal :intibody against sulfonated DNA which 
binds to the virus DNA-sulfonated probe hybxid: 
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4. 	 Two seven-minute washes with 0.5 M NaCI and 0.3% Brij 35 T; 
5. 	 Incubation for two hours with gUt antinvouse imnimunoglobulin antibody conjugated to alkaline 

phosphatase which recognizes the complex and transforms the colorless substrate into a 
colored product. The color reaction indicates the presence of viral nucleic acids; 

6. 	 Three ten-minute washes with the Brij solution, incubation with the chromogenic substrates 
Nitro Blue Tetrazolium (NBT) and 5-Bromo-4-chloro-3-indolyl phosphate (BCIP) for one 
to live minutes at 37'C until hybrids are visualized. 

The complete assay, hybridization and color detection is carried out at ambient temperatures. 

Results and Discussion 
A strong color signal was obtained within a few hours with TYLCV-infected plant tissues, 

but never with tissues from healthy pla... Squashes from tomato plants infected with CMV 
ot PVY did not hybridize with the TYLCV probe (Figure 1). Viral nucleic acids could be detected 
in all tissues tested, including roots, stems, leaves, flowers and fruits of a TYLCV-infected plant 
with fully developed symptoms (Figure 2). The chromogenic probe could detect TYLCV in 
individual whitefly carriers. Whiteflies which had fed on healthy plants pioduced no color signal. 

Healthy 

Fl Fr 

CMV 

Figure I. Chromogenic detection of TYICV nudeic Figure 2. Chromogenic detection of TYLCV 
acids in a leaf from a TYLCV-infected tomato. DNA inT' LCV-infected tomato plant tissues. 

(S = stem; R = root; Fl = flower; Fr = fruit.) 
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The results of tie field test (Figure 3) indicated that for most ol the tested plants, thc Iur 
stem squashes gave an homogeneous ;answer, either positive for TYI-CV (e.g. plants A I ,B2, 
J3) or negative (e.g. plants A4,J4. C5). Some of thell,gave mixed results (e.g. plants B I,1-4. 
K5), indicating that diagnosis should rely on more than one s,,mple per plant. A few s\'nmptonless 
plants w,'ere found to be TYLCV positive. Healthy plants grown in an insect-proof greenhouse 
alw'avs tested negatively for TYLCV. 

A 8 CI D IE FIG H I I IJ IK L 

k. 0 

Figure 3. Fv deeto TYL+. -' 

-- + - +'i+ + + + +:+ )'+ :+ '+ ':+',+ ' 1 -+l+ 

Piant virus diagnostics rely heavi ly onl ELISA tests. In regions where other gemini viruses 
e.4:. tomato golden mosaic virUi infect tomato plants. the use of ELISA may be misleading 

since whitefly-transuritted gemnii ,I ruses are anltiecunicall\ related (Roberts et al. 1984: Thomas 
et1.1986). D)NA sequcIIing"datla suggests that the coat protein of many whitefly-transmnitted 
cein iruIses have related amino acid sequences Monson et al . 1987: Hamiilton e af. 1984, 

Ho~karthi et al . 1985: Stanley and Gay. I1983). SO anti Ser red11agaiSt T Y I.CV mayI)III prepaiL detect 
other members of' te whiefly-trasn iritted genrini Virus . 

The Use Of' IDNA probes [01r diagnostic purIposes is iiore versatile because probhes can Ile 
made from aily reg i ofthle v'ira Ige nomle. Hi ghIspecificity can Ile aIchieved bychoos iiig a uinique
DNA seqceLC1C 1, prob01e. The geneC encoding thie coat protein is conserved amrong the wh'litefly
transmitted gemini Viruses but difler:. from that o' the nego ns ritte gemini viruses 
Laar woitz. I987). The oice enrd ing (le ti tatoie plcase is uMr ee erIId than that cile)diing

the coal protein (Howarth Ind Goodmitan. 1986. For iaibio TYLCVeL+usin dia-salSiiad 
intergenic D)NA f';'agnierit of about 200) [iiuceotideCs is suitaible: this regu1iII is LIntliqleI to each one 
of the cmini viruses . remated 1viru Various. derces of, homo1logye aining geunceloe ha i 


,Lazarowit 1987).
. 
The chronozcenic test has many features w ichmake it crivetient f'r large-scale fied 

Iiagenost ics 

mirig sample preparation steps havc 
reparadion ofclarified plant saps). A snial iPie oltissie is Sutfficnt for analys is ard 

al entire field can lie sampled in a short tirie. 

)all time-consui been eliminated (e.g. purification oliNAy 
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* 	 the test is independent of laboratory facilities. as it can be perlormed at ambient temperature 
and does not rely oil radioactive materials. 

* 	 the complete procedue fiolm sampling to visuialization and scoring, can be perlormed within 
one day. Sensitivity 1"detection is comparable to that provided by autoradiography. 

* 	 blots of squashed samples (plants and insects) can be stored for many months at ambient 
temperature belore testing. The. can be mailed from one country to another fOr sampling 
and analysis (Navot et al. 1989). 

• 	 the niethod is alequNatc for large-scale epidemiliological studies. 

It should be feasible to predict TYICV epidemics by sampling whitcflies or plants at regular 
intervals at the he lining of' tile toinato crowing season, and to test themn Ibr the presence of 
the virus. An increase in the number of virus-carrying insects or plants may be taken as the 
signal Ior starting or intensil'ying the spraying of insecticides. 

The test procedures lit the prerequisites of simplicity and rapidity which a kit for TYLCV 
diagnosis would need. Coi mmercial development of a TYLCV detection kit w\'ill depend on the 
willitcgness of firms to carry on this \ork. 

Acknowledgments 

\Vhitllics and ercenh¢otsC-infected toiMato plants were pro\'ided by Dr. Y. Antignus and 
Dr. S. Cohen (Agriculture Research Organization, Bet-Dagan, Israeli. The work was supported 
bV BARD rant I-1110-86. 

Literature Cited 

Brown, J.K.. Goldstein. D.E., and Nelson. M. R. 1986. Partial characterization of a gceminivirus 
isolated from tomato w ith yellow leaf curl symptomns (Abstr.). Phytopathol. 76:842. 

Cohen, S. aid Harpaz. 1. 1964. Periodic. rather thanicontinual acquisition of a new tonlato 
virus by its vector the tobacco whitelly (l3emivia tabaci Gennadius). Entonol. Exp. Appl. 
7:155-166. 

Cohen. S., Keren. J.. Harpaz. I. and Bar-Joseph. R. 1986. Studies of the epidemiology of a 
whitelly- orne virus, tomato yellow leaf curl virus. in the Jordan valley. Phytoparasitica 
14 : 15 . 

Cohen. S. and Nitzam , F.E . 1966. Transmission and host ran c of the tomato yellow leaf curl 
virus. Phytopathol. 56:1127-1131. 

Czosnek, H]., Bcr. R.. Anlignus, Y.. Cohen, S.. Navot. N. and Zainir, D. 1988a. Isolation 
Of' toniato \'ellok leaf curl virus, a geminivirus. Phytopathol.. 78:508-512. 

Czosnek. H.. Ber. R.. Navot. N., Zamir, )., Antignus. Y. and Cohen. S. 1988b. Detection 
(1"tomato yellow%leaf curl virus in hsatcs of plants and insects by hybridization with a viral 
DNA probe. Plant Dis. 72: 949-951. 

Donson. J.. Accotto. G.P.. Bouton. M.1.. Mullineaux. P.M. and Davies. J.W. 1987. The 
nuclcotide sequence of a gceninivirus from Digi/ariasamngtinalisi. Virology 161: 160-169. 

Green, S.K.. Slvo. Y. and Lesemann, [). 1. 1987. Leaf curl virus on tonato in Taiwan Province. 
FAO Plant Proi. Bull. 35:62. 

Hamilton. W.D. ).. Stein, V.F.. Coutts., R.H.A. and Buck, K.W. 1984. Coniplete nuclcotide 
sequcie Oft he infectious Cloned I)NA ,tni p)oncnts of tomato golden m1osaic virus: potential 
codin,, regions and regulatory sequences. EMBO J. 3:2197-2205. 

Howard.i, A.J.. Caton, J.. Bossert, M. and Goodman. R.M. 1985. Nucleotide sequence of bean 
golden niosaic virus andt a model f'or gene regulation in gcnlini'i rusCs. Proc. Natl. Acad. 
Sci. USA 82:3572-3576. 

Howarth, A.J. and Goodman. R.M. 1986. Divergence and evotlution of geminiviruses genoiles. 
J. Mol. Evol. 23:313-319. 



265 Diagnostic Test for Tomato Yellow Leaf Curl Virus 

Lazarowitz. S.G. 1987. The molecular characterization of gemiiniviruses. Plant Mol. Biol. Rpt. 
4:177-192. 

Makkouk, K.M. and Laterrot, H. 1983. Epidemiology and control of tomato yellow leaf curl 
virus. Pages 315-321 in: Plant Virus Epidemiology. R.T. Plumb and J.M. Thresh, eds. 
Blackwell, Oxford. 

Navot, N., Ber, R. and Czosnek, H. 1989. Squash-blots for rapid detection of tomato yellow 
leaf curl virus in plants and insect vectors. Phytopathol. (in press.) 

Roberts, I.M., Robinson, D.J. and Harrison. B.D. 1984. Serological relationships and genione 
homologies among geminiviruses. J. Gen. Vir. 65:1723-1730. 

Stanley, J. 1985. Tile molecular biology of geminiviruses. Advances in Virus Research 
30: 139-177. 

Stanley, J.and Gay, M.R. 1983. Nucleotide sequenc' )f cassava latent virus DNA. Nature 
301:260-262. 

Sverdlo, E.D.. Monastyrskaya. G.S., Guskova, L.I., Levitan, T.L., Sheishenko, V.J. and 
Budowsky, E.J. 1974. Modification of cytidine residues with a bisulfite-o-methylhydroxyl
amine mixture. Biochim. Biophys. Acta 340:153-165. 

Thomas, 	J.E., Massalski. P.R. and Harrison. B.D. 1986. Production of monoclonal antibodies 
to African cassava mosaic virus and differences in their reactivities with other whitefly
transmitted geminiviruses. J. Gen. Virol. 67:2739-2748. 

Symposium Discussion 
I.D. Erinle: How do you control the TYLCV vector in the field'? 
H. Czosnek: The insecticide Senprotathrin ('Smash') 1- effective against whiteflies when 
sprayed two to four times a week during the whitefly population peak. 

J.Hallard: I. Your experiments have shown that the TYLCV was identified on seeds by using 
the squash technique. Do you have any evidence that the TYLCV could be seedborne and 
seedtransmitted? 2. Do you know of any biological control measurc against Bemisia tabaci. 
like tile the greenhouse whitelly in Western Europe?one against Trialeurodes sp., 
H. Czosnek: 1.TYLCV can be detected in fresh seeds. We do not know whether the virus 
is in tie seed itself or in the tissues surrounding the seed. It is generally admitted that TYLCV 
is not seed-transmitted, but this may be due to rapid decay of the virus during storage'. We have 
not tried to grow plants from fresh seeds ofTYICV infected tomato. 2. No Successful biological 
control against B. tabaci has been reported. 

W. Loh: Please give some more details on the 'squash-blotting'. Can squash blots be reprobed 
with other probes? 
H. Ozosnek: Tissues are squashed on a dry nylon membrane (Hybond-N, Amersham 
International). This is sufficient to make nucleic acids available to hybridization because TYLCV 
is a singlc-stranded DNA geminivirus (the DNA is probably denuded during the squash). The 
material is permanently fixed on the membrane and can be kept for months until the test is 
performed. 

B. Rowell: Do you expect that your DNA probe for TYLCV will also be able to detect the 
tomato leaf curl virus infecting tomato in South and Southc'ast Asia'? 
H. Czosnek: A full length clone of TYLCV reacts with squashes made from leat'curl infected 
tomato from Taiwan and Thailand. However hybridization signals are usually weaker than those 
obtained from TYLCV infected tomato plants from Israel which may indicate that these viruses 
are closeiy related bui not entirely identical. 
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T.A. Thomas: Have you got any resistant or tolerant gernplasrn of tomato for leaf curl virus?
H. Czosnek: Contact Dr. Shlomo Cohen, Department of Virology, Agricultural Research 
Organization, Bet-Dagan, Israel for more information. 
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Biological, Chemical and Physiological Approaches 
to Control Gray Mold Disease on Tomato and Pepper 
Y. Elad 
Dept. of Plant Pathology, ARO, The Volcani Center, P.O. Box 6, Bet Dagan 50250, 
Israel 

Abstract 

Gray mold disease of tomato or pepper serves as a model demonstrating various 
possibilities of controlling follar diseases. Because of resistance to common fungicides 
in the population of Botrytis cinerea, alternative control methods need to be developed. 
Application of antagonistic Trichoderma spp. to leaves of pepper or tomato resulted 
in decrease of disease severity. Ethylene increased susceptibility of the host tissue 
and led to development .fnecrosis. Inhibitars of ethylene production or action reduced 
disease incidence significantly. Film-forming polymers applied on the leaves of tomato 
and pepper resulted in a significant decrease in infection, necrosis and disease severity. 
The integration of film-forming materials with protectant fungicides is suggested as 
a way of improving control of this fungus. 

Introduction 

extren s idcsprcid %% 
infect imans different tissues Palti 19h I .t is the cause of blosol and petal blight and gra. 
mold of flesh, orgitns (fruits) heore and ather harvest. Gho-t spot is a disease which is kno, n 
in tonlato fruits Ind w0hich is CaLtud b%littent inlections \01th the fu11n2u, which oCcur during 
flowering Nserliocfl. 1970: 1974). The pathoge1n develop, no:,tl\ on soft, immature. llush',. 
se1nescent or necrotic tisue tBakller. 1949). To becoec aggrcssi, el., parasitie,. B. 'it'rn'ci rCquires 
hih hurnidit\ or free moisture and tMpertuCs near 18 C (Baker. 1949). InIsrael. it is a. 
C0111in10on pa.thlogen of toillato and pepper as a( otler crops l)uinlg inter. when plants 

Boit'ti.%ci l,el'aPers is an lyh t unu1t.LS. s\ ill. ide host range, able to 

v.,ellI v, 
are grok,, Under plasic ih presails d uring . theand igl hulidit most hous, of the da. Inumitis 
i,particularl. serious. 

Gras, mold Cinlll,.the e ffecti,,cl\ controlled h Cmu 1ton1funicidCs bcCIlSL of resistance 
of the pathige n ts t tIeeIt new fu1n cicides ha eto be constantl ,lnicd (Katan. 1982). ['here lier 
sought and alternatie control methods need to he de.s clpCd. 

It is knos n thit epicuticular %kaxes can protect plant parts fron p1athogens. -\lthoughiMartin 
(1964) concluded that epiculticular ,x eere not intportant in resistance to plant patllo s, 
lost reports indicaite that the outer laver of the host can a, 'ct its sUsceptibilit. to diseIsC 

(Blakcman and Szt.jncrg. 1973: Koluttukud . 1985* Skoropad aiid le\ari. 1977). Tle use 
of liltn-lrning po,,tiler,, ii ortder to estahlish a physica.l. chetnical. or electrostatic harrier to 
penetration h. ptlogenic fungi is a promising treatment against disease. Several flin-fbrning 
alitranspirants have been used Succcssfull, to control plant dieases. including B. cinc',a of 
tolliatoes Chastanger zind Ogasa. 1979). apple scah (Shaffer and White. 1985). atid septoria 
leaf blotch of whleat (Zi,. 1983: Zi\ and Lagiladi . 1984: Gale and Poljakoff-Ma'ber. 1962). 

BiologicI cmontrol ISt mlleaslre fir potelitial use incoimubint ion with tilecnventital chenical 
control iethods (Blakenan and Fokkena. 1982). The surflce iif aerial plant parits provides a 
habitat for epiphstic saproph .tic micrirainisnis. n anv of xkhicll are c!!pable of influencing 
the grmvth of pithogens and of redticig tile amid I-okkcna.iticidetce of Iliar diseases (Blakenrla 

http:unu1t.LS
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1982). Biological control of lo'liar diseases. includine 11. cim'ea. has alrcad\ been reported 
bN several workers (Windels and li IdOiw. I985). ili( th 1muspp i , a pt muhIar antaigtolist v,hich 
has IbeenI fu'nlnl 1Ilbe a suc esslul hitctnt t.l .l oIae , Cill 'll ( I I)tlht is mld Bul. I 98 : "r]llill lo 
and Raa. 1977: Wood. 195),. 

l)uring normal pliant growth the aiounl of Cth\ lcie produced is nSualh rClati\ el\ low. but 
slight peaks in plroduction occur, mlititih at 1crninatitiOn. ad during leaf atsckiioim heln the 
p)Iallt is Mature LihernIllaln. 1J97t). )isas,..s caulls all crilsC in)elh\ cit I)FOiduclion IBradl'Ord 
and Yaln. 1980): (Goodntan ct al. 198t). Fth\ lenC in the SloraCe ttttislihcrC \%as ftond it)stitittlate 
deca\ (E-Ka//a/ et 1983). 1hx0cnic Cnclt'tatit il the cll. Maintaininetls i ttlra(l atitlophere 
at <0. I IIl iterCas.Cd the ,ucpTOilit\ ftoittialotos Ito it).ectit h B. 'iotrca. v hercas higher 
coiceittration,, resulted inlesLI infectiti I((icest t l tl. It8 ). 

The ptssihilit.\ Of reduciil'u ifectitti of , ii(tcz s itlh a nItCsitncicidC. \ itlh Inhibittrs 
piodtltioll ictl\ 1t\ 1itti a s,'i.,ti" lhylenIe or 11tt i ttilti tlt acInt'lls at I t, ttlCih llmo: 


and \%ilh the o tlillse t iit ;til\ tier, tI it\,,tC.i'tted.
 

Materials and Methods 

Iiol'wis 'i '''a Pe s.. \\asi, isotd "Iot llir llitll\ t11fced (itl 1at l.c .vic'wl tt i'ul titta 
Mill.) plant, and llaintlitLd tin potatodetrtow alr (I')A ( l)ilcto. lelt p %etcts\ e're(%it 
tmll un L c.\.Natr alld /,.(o/C1i(it l It't'llt/10 \11 It . PIants tI l detached lea, s s tCl 
intocla+tCd \kJith i rc/i " the Itilltun aB. in o tl,t 	 ss , 

1, 	 detached leaves: a disk fromi the rro\ing nlargin oIfa P)A culture of the funeus Was\ IaRiccd 
in the middle of the leaf and pressed onto it. The area of necrotic tissue of' the leaf arotund 
the mvc!illn Was Mteasured. 

2. \holC p1l1tts: l ttitidial SUlSpIntt i.0' til11 1 c id i 111)frtit t o-\\cck-OIld tlltursC . 
Suipleitented %%ith (). I NI \uo.s pra. ed t thte aLtWp. . I)isCe se0 Cits \\a', recttidCd 
accordin tt a scale of 11-5. \\ hee Ihtclth l tr plant) alld 5 .. ctiittplctely destrti.ued 
caf tlr fllnt). 

Treatments 

Humidity. IItculatCd ittature leae, \\erc Ceither '1lthscd in plastic bag,, tr placd ill a des\ 
cham'ber at 98 (' relative humidity and incubated inan illumiiated gro\%th chamber at 20 + 
2 (. :tr lo\\ rClati\C hIuiidit 17(01; ctmditltot,. patits %erc placcd dircclh in the crossth 
chai!Ier l itlUt pld'tic ti\l..r tt de\ C'ltaitlher. 

Film.forming polymers. [ie tttllhins ,Mulr,,htlilice ,,er tl\scT .' ott I\ otnth-tld-plnt,. 
p1rior to ill atCLl l 1 lCa%'. , \s ilh iM\,clial plugs tI a co+i. lllr.llttltt tl"3(toltlh 	 B. tilt'Url. at 
ssith an attimli/Cr uttil r1u,1ll: \Vih Prul I\W ilt lIntl P1ro)dtcts. il.'., (re tisCh. C"l (I 83t-()28l. 

,USA I apor (ill'd (Miller ('hcnli 'ill, Ctrpl' tiattltll ald ctiltrei,. Bii\ 333. 1limtctcr. PA 17331. 
I:S.I: Ctlfit-Fungicide slicker. pi , in I etulsittit (Ja. iii . Irael): Salc PackH Yalfc. Tel A\i 
(Saic Pack Products, Pen Wal Corptratitn, Philadelphia. PA. USA): Folicote (Cr+ stal Soap 
and Chemical Co., Inc., Laisdalc. PA. USA) atd Biofilin (Colloidal Products. USA). 

Fungicides, The lactory itixed lutnicidc. istpropyl . .. 4-die thtuox )h)Iie i) carbatiate (NPC 
- dielhol'eicarb) and carbendaziin (NIBC) 50 wp (Suntitotno Chemical Co.. Osaka. Japan). 
was sprayed ot. two-month-old-plants at a ctncentratitoi of0.2 ui utitil runoff prior to iniculation 
of' all leaves with mncelial plugs of B. cinerva. 

Fungal antagonists. Fourteen htihtdernti iolatc,, s\crc collected frtiin diseased platits and 
iatutained tin PI)A. Ctlnidial suspensions alt ceCCentratitons tif 10 . Ml \\ete sprayed Oin the 
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nature. detached (12 per wiolate) leaves helire infection witlh a ct nidial suspensio fia 
B. (ci'nere'al. 

Ethylene inhibitors. L-melhianine (Sigma Chemical Co., St. Louis Mo., USA) at 5 x 10
and 5 x 102 NI, anmtnaoxyacetic acid (AOA. Sigma) at 5 x 10' Ni.,and silver thiasulfate (STS. 
prepared [rom silver nitrate and sodium thiosulfate, 1:8 inolimol) at 5 x 10 -3 M, were sprayed 
on autoclaved leaves or plants imlmediately before their inoculation with canidia of B. cim'rea. 
Autoclaved detached leaves were placed in 32 il battles (six leaves pet bottle) plugged with 
cotton wool stoJppers. ()n tile eigith da tile cotton waool was replaced with a ribber stoppet 
and ethylene was measured a day later w iti a gas chrntiatograph. 

All eperlicrnts cr\,C' t\,0 Or threllties. ranllidomlli/Cd design \\asConuLcted A completel. 

Used. Each treCatllt.nl \. ih dcta.c Idleae\s onteI.d Of 12 leplicates Mihrea,, 5 repli.ates \cere
 
used tar two-inoith lL d plants. Plants were gro, in a growth chamber. before they were
 
subjected to tie dilftferent treatments.
 

Results and Discussion 

there s\ ee 

plant, \0lich had heen erol,n iunder 70,; RII before infectihon. Mbcrea , thlse gr,, n tinder Q8 ;
 
RH \%ere diseased minde\ . 57 . It ,eles thal plredisplittill ,tf h,+ost plitls t B. I'1110,"ol .lepe.'nds 
tlpoll the goI\thl cimdil it,, II lighrhuinidits duii ire the roth seasolln., sich Is the sitnationt 
sshih piC.ails sslien plants 111Cgrs, nitindC plstic ill lie Isr.eli \\ inter. increascs tie sLsccptibill\ 
of the11hot to the di, Illis rrruioblits I ions tottile 

At one s eck after illreltit b\ . ,t 'nt'il Itb)\lshe s lu, at disease oi tile hlnlato 

n1\ be dec to l calc1inll itt.ckcd tissu.
 
0-%Il to at.cops1, ctions s drastlic,.C
l cl hlndeIrliid C011,100 1 iiblliori tI cilcililil airll,]ar';.llr 

t11o tire canropl+ l Intrre . Iorr4 1. (;lctiiriLt dcl,.enl+c\ lender' arid K iI kb\ IQ72; (lark,,m nira\ 

the plant nior[e I0 H ' piMhtehrs IStll Ce 1l. 19 5). 1l0irr ourl leslh s ill)
slcpibleCo lcLtror 
other crops ([lad and Volpin. I98), application of1'Ca at 2-3 1mM (CaNo) can reduce
 
gray mold danage. Similar results were repirted b\ Seall ct al. 1965 iliVestrgalrw 'ne effect
 
of calciLni-pliasphIrrus, balance t susceptiorility of tomato to gr. nold.
 

The ftlun,'.l dC ri\ttire NPC , N C sIra\.d ai a ratee ( . It ifitl rtIrtt tirl lea\Cs 0rt
 
torlatt and pepper shgnili;canil\ reduced nreclsiS incited s theili cCliuril ptlus h% 07'; (lahle
 
I ). Sinlce B. (lit haIs illl"'2d\ dese0liped Irsisafll'C h)t b 1irli1riidales arid dl.';lirb\iliride's.
 
it is likels thatl re.istlnce it tile lire',. fuirruicidh rnr,,1tire sill alsoi dc\clp Ill flhe hllire in Ile
 
ltnnrgtis pttptilltittii If[Lid Cl l. I1)81 Alterrati", cl tlrlt[ l irllltlids ll lie, hd\c 1.'be de\ elt ed.
 

P11tider IWrCha+cC tile dilnrCl i tire appedrAclle I resistant s,ilis,.
 
Se'\ cral Illhr-tItn lli . \kilh tiie e,\ccpiiitii ttt l \s\ iil t[iin.
pi)]ll ne sl,. Fticttt. at lrituir sl . las 

slimcd pitlrllrral hr citillirdl lit B. (Ili('TI ii1i +ppClper rid ttlllaito flablc 2). lhr\Cr. iroIne 
t the ptol\ ite'l, 0C i'ir 1 the lllrliCidc - . alle 2). lI \trrers lial.\\ds flillrcie than NI M13CI 

C Ird sshncI)! litidl lbetterl ICtt itlr1111reed ',iih 1 !'it'ctdllll ftlir .'i, ,. 

Table I . Control of gray mold' with isopropyl N-(3.4-diethoxyphenyl) carbamate (NPC) + carbendazim 
(MBC) 

Disease index'
 
Treatment Tomato Pepper
 

10' 16 10 

No Fungicide 100 a 2 50 a 250 a 3 00 a
 
NPC 4 MBC I0I-1 000 b 0 25 b 0.25 b O25 b
 

ZPRaints ere inoculated with suspensions of 105 cotida ml., "upplenCntCo With 0 1 Mlgilucose Evaluated on a scale 
of 0-5. wlere 0 = healthy plants and 5 -c oipletely destroyed plants "Days after inoculation "Figures folloNed 
by different letters within columnIs Ire significantly diffeient iP - 0 051 according to Duncan s multrple range t's 

16 

http:treCatllt.nl
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Five isolates of Trichodermna spp. isolates (502, v,180H. 28. 309) were capable of reducing 
the development of necrosis on detached leaves (Table 3). However. a difference in activity 
on the two hosts was observed, possibly becauLse of the effect on the fungal antagonist by the 
different natural microflora and nutrients present on totlo and pepper leaf surfaces. 

Silver thio:,ull'ate. STS an inhibitor of ethylene activity. significantly decreased gray mold 
on tomato and pepper by 50''( and 63,('. respectively. 

Aminooxyacetic acid (AOA).an inhibitor of ethyvlenc production reduced disease severity 
,by 89 and 45 ,.on tomato and pepper. respccticl., (Table 41. However when nethionine, 

a precursor of ethylene. \%wasspraycd on pepper lca\es at1a concentration of 5 x I0 2 N. the 
necrotic area caused b\ niyceliumn infection increased by 137"(' (Figure I'. 

Table 2. The effect of film forming polymers on gray mold' of toimato and pepper 

Infected 	leaf area (cm 2) 

Treatment' Tomato Pepper 

4 6 8 4 6 8 

Untreated ccntrol 1.8 a' 3-3-a 3-9-a 1.0 bc 3 5 a -4a 
Folicotc 2 0 a 2 5 ab 2 9 ab 2 0 a 24 ab 2.8 b 
Safe Pack 
Wilt Pruf 

0.1 bc 
07 b 

07 cd 
16 bc 

1.0 c 
16 cd 

0.4 cd 
08 bcd 

08 (d 
1.9 tc 

08 de 
24 b 

Vapor Gard 06 bc 0 8 cd 10 c 17 bc 20tc -
Colfix 0.5 bc 15 bc I 8 cd 0 5 cd 0 8 cd I I cde 
Biofilm 03 bc 0 5 cd 08 c 0 3 cd 09 cd 14 e 
NPC + MBC 
ifungicide) 0 0 c 0 d 0 c 0 d 0 d 

.Leaves were inoculated with mycelhal plugs of Botrytis ciuereo after application of the polymers or the 

fungicide 'Polyners were applied at a concentration of 31,, The fungicide was applied at a concentration of 0 I 
by spray until runoff wrigUres followed by dif'.i ent lei.ers within col..nns are significantly different (P = 0 051 
according to Duncan's multiple range test 'Days after inoculation 

Table 3 	The effect of conidial susensions of Trichoderma spp. on the development of gray mold' 
or, detached tomato and pepper leaves. 

Trichlodermd jiolateu. 	 .
l-ost Contr o l. . ... ......... . . . 
502 192 35 Y 180H 80 28 132 33 309 94H 315164 RCT 

Tomato 30 20 30 30 30 30 30 20* 30 28 i8* 30 40 30 23
 
Pepper 50 23 40 40 20, 20' 37 3? 3/ 432.8 ,5 33 40 1r 

'Presented asnecrotic area (cmn2. 6 days afterinoculation with rnycelhurn plugs of Botr)',:is cinereo 'Significant reduccon 

of disease as compared w-th noi-treated control iP - 0 051 

Table 4. The effect of AOA and STS on severity of gray mold disease. 

Disease severity' 

1"reatment Tomatc Pepper 

101 16 10 16 

AOA I2 b' 025c 20a 22a 
STS 0 50 ab I 00 b 0 5b 1.5 b 
Control 100 a 2 25 a 2 5 a 40 a 

Estirnated on a scaleof 0-5. where 0 healthy plantsand completely destroyed plants 'Plants were infected 

with conidal suspensions of Botrtis crnereo,supplemented with gliicr,'e Figure, followed by differentletterswithin 
columns are significantly different iP = 0 051 according to Duncan's multiplerarig test 
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30 

Methionine concentration 
(M) 

O--O 0 
,A --. A 5 x 10- 3 

E20 -2- D---J5xlO ,,I 

Pepper
 

z 10 

Figure I. 
The effect of methionine spray on leaves of 

0 
I pepper at concentrations of 0 (0). 5 x 

10" M (6) and 5 x 102 M ([) on the
4 y 6 8 development of necrosis caused by mycelium 
Days after nocuatian infection with Botrytis cinerea. 

1-this Icie is the first kll\ n Cudlidoielloll plant1 i.ri\ IIIrepulalor. Studies with a I1iuriber of 
plant species stlugst that ilwclasd CIII\lCnc s\ lhcsis and tissuc sene scenice are reactions to
bolh biotic and aiotlc stres, (Li.-'berrian. 1979). ]h\ Iene li-OdtCtioi is inc-CasCd ill pepperittcclcd 1w \ah,,',, mai 'sic ni, Hen Rid ta. l Pepper is %e chang es198). sensityve t 
ill Ctlh\ icC aid it r"spOiids to stress b\ leat deofliatiiun. pr"AIahl due to an increase in etlh\lene 
production. Since eth cen production is induced by infection by B. c:m'rea (Elad. 1988). andethylene in turn induces susceptibility of the host tissue to degradation 1\ the pathogen, it is 
likcly that inhibitors of eth\ lene production or activity will reduce gray mnild severity. Indeed. 
STS and AOA reduced disease level in both tomato and pepper plants.

Further studies are needed in order to develop t praclicall\ feasible and elfcCtiv, integrated
control method for gra\ mold, using a proper combination of biological, chemical and 
physiological agent,,. 
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Symposium Discussion 
J.C. Cheng: Can you describe the technology in the application of Trichoderma spp. in the
field, the tbrmula, package, and quantity applied? Is this biological agent available commercially?
Is this biological control widely accepted in your country?
Y. Elad: A suspension of' T'ichoderma spp. at concentration of l08 conidia/ nil is sprayed at 
a volume of 100 liters per 1000 m. The Trichotderma preparation is produced by a commercial 
company in Israel. There is a trend towards the use of biological products with pathogens lbr
which chemiical control is not possible or not effective. The use of Trichdernma preparations
for the centrol )f soilborne or foliar pathogens is becoming increasingly popular. 
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Abstract 

An integrated pest management program has been developed und implemented 
on Florida fresh-market tomatoes. The joint extension-research program focuses on 
insects but includes disea- ds, nematodes and weeds. The program is based upon twice 
weekly sampling of ficiris to estimate pest density and severity. Pesticidal sprays are 
recommended if actior thresholds are equalled or exceeded. Plant parts for sampling 
are specified and vary depending upon the pest and crop phenology. Insecticides ar€ 
sele ,ted for recommeidations bcaed ul " their efficacy against the target pest(s) and 
the'r toxicity to biological control ager.s, particularly parasites of Liriomyza spp. 
eafminers. Since the initiation of the program in 1976, the crop area scouted by 
professional scouts h-3s increased from none t an estimated 40% of the hectarage 
grown, although not ail is scouted using the tectiniques and thresholds developed in 
this program. Most crop area is scouted by private pest management companies 
although some larger growers employ their own scouts. Of the growers, utilizing 
professional scouts, 62.5% estimated monetary savings in excess of scouting costs 
of about US$50 per hectare. Despite these increasei returns, most growers ranked 
early detection and identification of pests and improved levels of pest control as their 
highest priorities in using scouts. 

Introduction 

During the winter v,getable season of 1976-77. an outbreak of Liriomvza spp. leafminers 
across the state's tomato growing areas threatened Florida's fresh market tonato crop. An 
estimated 90% defoliation occurred in the absence of leafniner control (Schuster. 1978). 
Subsequent investigations indicated that all insecticides registered for leaftminer control on tomato 
in 1977 were ineffective (Schuster et al. 1982). This failure of control, combined with the 
unavailability of new insecticides tor leafin,;ncr control, increased interest in an integrated pest 
management (IPM) PIegram that had beeti on tomatoes in 1976-77initiated inDadc County 
by Pohronezny and Waddill (1978). The success of that program combined with the continued 
interest of producers in IPM prompted c).paision of the program to other counties in the autumn 
of 1978. Although the joint extension-r-.sear,:h program focuses on insects, it also includes 
diseases, nematodes and weeds. 

Leaf miners are considered to be secondary pcsts: that is,they are normally kept under control 
by hymenop~erous parasites but can be elevated to pest status whe, the parasites are killed by 
insecticides applied for control ot primary pests. Thus, the goal fthe IPM program isto integrate 
biological and chemical control through the application of selective insecticidcs or insecticide 
combinations based upon pest and. where possible, parasite densities. 
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Materials and Methods 

Scouting Procedures 

Background information is collected for each Kid. This information covers the number 
of years in production, previous crop(s), slope, irrigation method, soil fumigation history fertilizer, 
type and amount, row and plant pacing, and cultivar(s). The perimeter of each field is measured 
and the field partitioned into 1 ha grids. Six 2ontiguous plants are sampled twice weekly in each 
grid. The sample site within each grid is changed every sampling date and is chosen without 
bias. The sampling proccdu,res are similar to th. se outl ined by Pohronezr.y et al. (1980) and 
Schuster et al. (1980) although changes have been made as research results have warranted. 
The number and identity of flying insects are observed as the scout approaches the selected sniple 
site. The densities of leafniiner larvae (livi, ',nd dead). aphids and insect eggs are e,,timated 
on, the whole plant (up to two true leaves present), the terminal three IL.,lets (trifliolatc) of 
the third fully ex pa ,.Led Ileaf fron the top of the main ,;tein (three true leave:, t bloon.) or the 
terminal trifOliate of the seventh leaf from the top of1any branch (postbloono). 'Whole plants 
are examined for true bugs and lepidopterous larvae with tlie exception of the tomato pinworii 
(Keifiria 1vcopersicela Walsinghanf). Searching for lepidopterous larvae is focused in the vicinity 
of foliar feeding. Tomato pinwori densities are assessed by counting the numbers of larvae 
on the foliage of whole plants (0 to 7 true leaves present) or oii one leaf selected from the lower 
canopy of each plant (Pena. 1983). After fruit-set. 10 fruits arc examiiined fromn each sampling 
site for damage by lepidopterous larvae. stinkbugs and dise;,:,e. "Thripsdensities are assessed 
by gently exhaling on each of 10 flowers sele-icd from the six-plant sampling sites and counting 
the number of thrips thus disturbed. 

The severity ol' liar idisease s ,S stiniated using the Hors fial I-Barratt rating sv stei (Horsfall 
and Barratt. 1945). The extent to which plants arc affected by soil and vascular pathogens (wilt), 
viruses, physiological disorders, nutrient deficincies, etc. is leportcd as a percentage of plants 
affected. Where the condition of the plants warrants, soil samples are collected for the 
determination of total soluble salts and pH. Sub*jective observations of the extent of" weedincss" 
are nade when warranted. Physical conditions. inliding temperature. wind. relative humidity, 
rainfall. etc., are also noted. 

Scouting efficiency fcbr sampling leafininer larvae has been increased through the development 
of a visual rating system for total leafminers (Table I) (Scihuster and Beck. 1983) and a presence
absence system for reporting living and dead larvae (Table 2) (Schustcr. l).J. and Peck, H.W. 
1984. unpublished data). 

To assess whether leafinine," larvae are alive or dead. the leaflet is excsed. field tip to the 
sun and the backlit larvae are observed with a hand lens flr coloration and mouth hook nivenent 
Living larvae are gene-':., ighit yellow. The mouth hooks of living larvae are generally moving 
in a back and forth motion, however, this feeding activity may cease when larvae are disturbed 
though it usually resumes after a few moments. Living larvae that are about to molt also c'"ase 
feeding ,, ::ivity. Nevertheless. mouth hook movement has generally been a good indicator of 

Table I. Visual rating system for Liriomyza sp. damage to tomato foliage. 

Rating Estimated no. ofleafminers;3 terminal leaflets 

1 0 
2 1 
3 2 
4 3 
5 6 
6 12 
7 18 
8 24 

Source: Schuster and Beck. 1983. 
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Table 2. Relationship betw,een the proportion of infested tomato leaf samples' and the number 
of leafminer larvae present. 

Ave. proportion Mean density Density range 

0.15 0.2 0.10-0.30 
0.25 0.4 0.25-0.55 
0.35 0.6 0.40-0.8G 
0.40 0.7 0.45-0.95 
0.45 0.8 0.55-1.00 
0.50 1.0 0.60-1.20 
0.55 ' 1.2 0.60-1.60 
0.60 1.4 0.80-2.00 
0.65 1.6 0.80-2.20 

zEach sample consisted of the terminal 3 leaflets of the 7th leaf from the top of a main stem. lateral or sub-lateral of 
a nomatoplant. 

larvae that ultimately survive to pupation under laboratory :onditions (Price. J.F. Asst. Prof., 
Univ. Florida, personal communication). Using these criteria may overestimate the number of 
living larvae by underestimating the number of larvae parasitized by larval-pupal parasites. These 
parasites oviposit in the leafminer larvae but do not kill the larvae until after it has pupated. 
The parasite larvae then pupates within the leafminer puparium. Darkened larvae with no visible 
movement of mouth hooks are considered to be dead. Dead larvae are examined for evidence 
of parasitization by larval parasites. These parasites paralyze the leafminer larvae and ovirosit 
either inside (endoparasites) or adjacent to (exoparasites) the leafminer larvae. Parasite 
development, including pupation, iscompleted inside the leaflet. The presence of larval para.;ites 
cannot be determined with a hand lens until larvae become apparent, about three to four days 
following oviposition. A larval parasite can then be categorized as endoparasitic or exoparasitic 
based upon location of the parasite larva or pupa. If there is no evidence ot parasitization. dead 
larvae are further categorized as having been killed by either insecticides or adult parasite females 
in the absence of oviposition (Patel. 198- ). This judgment is dependent upon the previous 
insecticide and parasitism history of the tomato field. Since leafminer larvae recently parasitized 
by larval parasites cannot be detected readily for several days, their numbers would be included 
in one of the two above categories and would thus be underestimated. 

The grower is provided with a summary of the scouting results. Since spraying pesticides 
on demand has not been effective for management of diseases such as late blight (Jones. 1978) 
growers are encouraged to apply fungicides preventively: however, scouting information may 
be used to advise changes in spray programs including alternative pesticides or spray schedules. 
Unlike diseases, insects lend themselves well to spraying on demand. Insecticide recommeidations 
are made when established acion thresholds are equalled or exceeded and. in the case of 
leafiminers, when parasite activity ;s minimal. Insecticides or insecticide combinations are selected 
for recommendations based upon their toxicity to the target pest and their toxicity to parasites, 
primarily those attacking lhafmiiners. 

Action Thresholds 

The thresholds utilized are largely those reported by Pohrouezny and Wad' 1(1978), Schuster 
et al. (1980) and Pohronezny et al. (1986) and are summajized in Table 3. Changes were made 
in thresholds its data and experience warranted. For instance, the threshold for leafminer larvae 
was initiAlly one per plant or trifoliolate leaf; however, this was reduced to 0.7 larva per plant 
as insecticide efficacy declined. After fruit-set, one lepidoptera egg was made equivalent to one 
larva since some lepidopterous larvae, particularly Heliothis spp., feed preferentially on fruit 
(Snodderly and Lambdin. 1982). The threshold for tomato pinworm larvae was initially one 
lar-,a per top three leaves (Wolfenbarger et al. 1975) but was later expanded to one larva per 

http:0.80-2.20
http:0.80-2.00
http:0.60-1.60
http:0.60-1.20
http:0.55-1.00
http:0.45-0.95
http:0.40-0.8G
http:0.25-0.55
http:0.10-0.30
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top four leaves in order to sample lower on the plant. Pena (1983) found that the lower canopy
rather than the top three leaves was the preferred site for sampling larvae. Consequently, the
sampling site was changed and the threshold ol0.7 larva per lower leaf (Pena. 1975) was adopted. 

Insecticide Recommendations 

Insecticides commonly recommended and utilized on fresh market tomatoes in Florida are
listed in Table 4. There are three leafniner parasfte species which predonlinate in Florida tomatoes 

Table 3. Action thresholds utilized for management of insect pests on Florida fresh-market 
tomatoes. 

Pest Crop phenology Threshold
 
Arn,-worms, fruitworms 
 Pre-bloom I larva. 6 plants 

Post-bloom I egg or larva fieldTomato pinworms 0-7 true leaves 0.7 larvaiplant 
>7 true leaves 0.7 larva lower leafLeafminers 0-2 true leaves 0.7 larvaplant 
> 2 true leaves 0.7 larva 3 terminal leaflets

Thrips Post-bloom > 5' flower
 
Stinkbigs 
 Post-bloom Presence 
Aphids Season long > 3-4 plant
Loopers Season long I larva, 6 plants
 

Source- Pohronezny and Waddill 
 1978. Schuster et al 1980 Pohronezny et al 1986 

Table 4. Insecticides commonly utilized in Florida fresh-market tomato production. 

Insecticide Target pests Toxicity to leafminer parasites' 
common name D. intermedius C. punctiventris 

Methomyl aphids + + + + 
armyworms 
loopers 
stinkbugs
 
tomato fruit-norms
 
tomato pinworms


Endosulfan aphids + + ++ + 
armyworms
 
stinkbugs
 
tomato pinworms


Bacillus thuringiensis armyworms + +
 
loopers
 

Permethrin armyworms 
 + ++ . + 
loopers
 
stinkbugs
 
tomato fruitworms
 
tomato pinworms


Fenvalerate armyworms + + + + 
loopers 
stinkbugs 
tomato fruitworms 
tomato pinvorms

Methariidophos aphids + ++ (adults) + ++ (adults) 
armyworms (southern) + + (larvae, pupae) + + (larvae, pupae) 
leafminers
 
stinkbugs
 
thrips
 

Source: Schuster, D J. 1987, unpublished data. ZRelative toxicity ranges from lo, Itot high I +++ I for adults, larvae and pupae.
Where no lifestage is specified, all are similarly affected. 
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(Schuster and Price. 1985). Two of these, Diglvphus inennedius (Giraulk) and Chrvsonoton via 
punctiven'ris (Crawford). are larval parasites with the former being an exoparasite and the latter 
being an endoparasite. The third major parasite species is Opius dissitus Muesebeck, which is 
a larval-pupal parasite. The results of laboratory evaluations of the toxicities of the insecticides 
to the adults, larvae and pupae of the above larval parasites is included in Table 4. Where labels 
and grower acceptance permit. insecticides are selected for recommendations based upon the 
densities of the target pest(s) and the lifestage(s) of the larval parasite(s) present. 

Prior to fhe implementation of the present prcizram. methomVl was the insecticide of choice 
for control of many of the primary pests attacking, tomatoes in Florida. The negative impact 
of methomy! on leafininer parasites with resulting increases in leafminer populations was first 
d,:umented by Oattnan and Kennedy in 1976 and has since been confirmed by several researchers 
including Johnson et al. (1980) and Trumble and Toscano ( 983). Applying methomyl only on 
demand might be expected to reduce this negative impact: however, reduced numbers of emerging 
leafminer parasites have been observed even after a single application of niethomyl (Schuster 
and Price. 1985). Since endosulfan has been shown to be less detrimental to leafminer parasites 
in field tests (Poe et al. 1978: Schuster and Price. 1985). it is recommended as an alternative 
for control of artnyworm lacvae. primarily the southern aryworm (Spodoph'ra cridania Cramer), 
and stinkbugs. The combination of endoI.ulfi n with Bacillus thurirginsisvar. kurstaki Berliner 
has been shown to be more effective in reducing the nu,mber of fruit damaged by tonato pinworilm 
larvae than endosulfan alone (Schuster et al. 198 1). Bacillus thuringiensis is recolmnelcd as 
an alternative to methomyl. particularly to ro wcrs wishing to apply an insecticide for preventive 
control of lepidopterous larvae after fruit-set. 

The pyrethroids permethrin and fenvalerate were initially rcconmmended for control ol 
leafminers in addition to those pests listed in Table 3. However. these insecticides have not 
demonstrated efficacy toward leafininers in small p!ot resea:ch and are not currenty recommended 
for leafminer control. Fenvalerate (formulated as Pydrin R) is recommended o%.,r permethrin 
due to its lower toxicity to parasites (Table 3: Waddill. 1978). However. due to the tendency 
for fenvalerate to cause chlorotic spotting of young foliage, particularly at higher rates, the 
insecticide has not been widely accepted by grokcrs. A purified isomer of fenvalerate 
(esfenvalcrate. Asana R) is not phytotoxic to tomato and may he more acceptable to growers. 

Methamidophos is the only insecticide registercd in Florida currently bcing reconimended 
for leafiminer control in the program. When applied weekly, this insecticide reduced leafiminer 
parasitization (Poe et al. 1978): however, when applied once, mcthanidophos resulted in 
reductions in leafminer adults emerging from treated foliage without reductions in emergent 
parasite adults (Schuster -t a]. 1979). Unfor'inately. methamidophos has not provided leafiminer 
control in recent small plot research and a substitute will be required. Two new insecticides. 
cyromazine and abamectin. have been proven effective against leafmin,:rs in lield and laboratory 
studies on tomato (Schuster and Everett. 1983). The former has demonstrated low toxicity and 
the latter moderate toxicity to all ifcstages of both D. intern'dius and C. punctiventris (Schuster. 
DI. 1987. unpublished data). Thus. when these insecticides become available for commercia; 
use, they' should fit well into the program. 

Results and Discussion 

The success of the program with regard to the conservation of parasites of leaftuiners vas 
determined during the 1977-78 season in Dade County (Pohronczny et al. 1986). Foliar ,;amples 
containing leafminer larvae were collected in tomato fields under 1PM and conventional 
management. The samples were held in cartons for adult leafminer and leafminer parasite 
emergence. In those fields receiving 10 or more applications of broad spectrum insecticides. 
leafminer parasitization ranged from 3 to 31 %and averaged 16%. This is contrasted to the fields 
receiving less than 10 applications where parasitization ranged from 24 to 53'7 and averagcd 
44%. The control of lepidopterous larvac was equ;alent under both management programs. 
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Thus, the IPM program was successful in maintaining control of prinmary pests while conserving
biological control of the st condary pests. leafininers, by reducing the use of broad spectrum 
insecticides. 

The program has also been evaluated under different cultural situations. The procedures
and thresholds were found applicable under different fertilization levels (Csizinszky and Schuster. 
1982) and different row spacings (Stanley et ill. 1988).

A "urvey of tomato growers in peninsular Florida was sponsored by the University of Florida 
and the USDA Cooperative Extension Service. It was designed by Drs. V.H. Waddill, R.T. 
McSorley. K. Pohroneznv. J.F. Price. D.J. Schuster and W.R. Summerhill and was conducted 
by county extension specialists. The surve covered about 707 of the planted tomato hectarage
in four selected counties. 

The survey %%as completed in 1986 and hasi i dicated that the amotint of crop area scouted 
by professional scouts has increased from essentially none to an estimated 40% of the hectares
produced in the four county area. Professional scouts are defined as those employed by firms 
incorporated specifically to provide scouting services, or those employed directly on grower 
payrolls and whose primary job is scouting. Not all scouted arca.s are ,;couted by firms using
techniques and thresholds developed in thi, program. Nevertheless, the majority of growers
utilizing professional scouts use scouting data in at k.t 07" of their insect managenent decisions. 
Some 85 V of these growers considered beneficial insects when choosing an insecticide and 53% 
uscd information on parasite abu,ndancC in making application decisions. Although 62.5. i of 
growers using professional scouts reported an estimated net monetary saving of USS50 per
hectare, most ranked earl) and accurate detection and identilication of pests and improved levels 
of pest control ahead of increased net returns as the top benefits of HPM. 

Thus. the program has been successful in promoting the philosophN and practice of pest
management on tomatoes in Florida. Continued re finements in the present program and the 
incorporation of new control technology as it becomes available wvill ensure tie continued growth 
and success of IPM in Florida tomatoes. 
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Symposium Discussion 
P. Rosset: (I) Have you ever f lund that weed control makes armiywortn problems worse? (2) 
What kind of data or experiments were used to estimate action thresholds? 
D.J. Schuster: (I) Spodkqtera cxigua larvae infesting Anaranilhshave been observed to move 
to tomato following weed control. Where weeds are likely to compete with tonlato fbr nutrients. 
sunlight, etc., management should be initiated before the\ can serve as reservoirs of pests. Where 
weeds are not likely to compete with tomato, or serve as refugia for pests. they may be beneficial 
as trap hosts or as sources of beneficial organisms. (2)Sorte action thresholds were derived 
wholly or partially from the literature (for example tht of the tomato pinworm 1 while other.s 
are based more on what we don't know than what we know and are, therefore very conservative 
bf'or
example that of pentatomil and culture bugs). 

N.S. Talekar: I) How do you test insecticides against leafminer larvae. (2) Are leafminer
parasites egg. larval or pupai parasites,: 
D.J. Schuster: (1)To avoid confusion that can sometimes occur in field trials, we use labora
tory bioassays to supplement teld trials. Tomato leaflets containing either leafminer or leafminer 
parasite larvae are treated with insecticides usua!ly by leafdip, and subsequent mortality and/or 
other effects noted. (2) There are two groups ofihymenopterous parasites that attack Liriomvza 
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leafminer; larval and larval-pupal. Larva parasites attack and kill leafminer larvae at the time 
of oviposition. Parasite larval and pupal development is completed within the leafminer. Larval
pupal parasites do not kill leaftminer larvae at the time of oviposition. Parasite larvae begin their 
development vithin leafiminer larvae but complete their larval and pupal development after 
leafmniner larvae exit the leaf, form the puporia and pupate. 
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Tomato Pest Management in the Midwestern United 
States
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Abstract 

The cost of tomato production has been lowered without an increase In ilsect 
damage through programs instituted in Indiana and surrounding states. E ,-hasison 
scouting for Insect presence and thereafter judicious Insecticide use, In terms of both 
choice and timing, has reduced the number of insecticide applications per growing 
season from an average of 9.5 to ca. 4.5. Key pests involved are Colorado potato beetle 
Leptinotarsa decemlineata (Say), variegated cutworm Peridroma saucia (Hubner), 
tomato fruitworm Heliothis zea (Boddle), and cabbage looper Trichoplusia ni (Hubner). 
Under conventional programs, growers often experience secondary insect problems with 
green peach aphid and two-spotted spider mite, induced by pesticide applications tur 
primary pests. Growers utilizing modified programs seldom have problems with these 
pests. Program specifics include heat unit scouting for Colorado potato beetle, scouing 
for variegated cutworm with an emphasis on treatment of early instars, and trapping 
of moths and scouting for larvae of tomato fruitworm with emphasis on maturity of 
nea(by maize fields. It Is suggested that less emphasi3 be placed on the routine use 
of the insecticides carbaryl and methomyl, and more on the early use of Bacillus 
thuringiensis and methamidophos. Estimates on insecticide dollars saved range from 
$13 to $25 per hectare. The primary obstacles to greater implementation are grower 
uncertainty and a lack of trained scouts and effective pest management companies. 

Introduction 

For many decades, several states in the midwestern United States have been growing and 
processing tonatoes. Indiana. Ohio. and Michigan have ,en the top producers amona these 
midwestern states. In 1918. a maximum of 39.4(X) ha were planted in Indiana. dtopping to a 
minimun of 2,300 ha in 198!. In 1986, 2.750 ha were planted: average field size was about 
20 ha with an average yield of 48.2() kge/ha. Yields have also ranged widely. In 1987 averagc 
yield w-as 52.4(X) ko ha. In 1923 the aerage \ l 0.5(X) k- Ila. , 0,,iparison.ld ,.,sonl . BN \%a.\ 
in 198f California produced 63.0(H) kg 'ha on 88.0)0 tha. Ohio in 1986 grew .7(X) ha with 
avcrage yields of 51.520 kg 'ha. 

Per capita consumption of processed tomato products. with the exception of tomiato juice, 
continues to rise in the US. About 6V' of the product processed in Indiana is wholepack and 
diced tolatoes, juice and juice prodtLCS: the remainder istomato sauCe and paste. catsup. pI/a 
sauce, and miscellaneous products. While the i idwvest share of IS Iroduction is onI\ .ibout 
15 ' . tornatoes continues to he an attractive alternative crop to maiie. soybean, or other grams. 
Cost of production is approximatel\ S05) per ha. Some 75 ';of the lnids est acreage ikmachine 
harvested. 

Principle foliage and fr'it fulgal diseases are earls blight. caused by ,l/erorio :ohmlu (1-I. 
and Mart. Jones and Grout. Septoria l,.afspot. caused bV STt'epbia lVcopcrsici Speg.. and 
anthruonose, caused by Coletotrichm spp. "w'\kobacterial diseases. bact,.rial spot and bacterial 
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A.C. York: No, we have not evaluated this accession for CPB resistance. Mv understanding
is that it is being developed for fresh market not processing use. 

R.L. Villi'eal: Please comment on the price difference between the processing tomatoes of 
California and the midwest. 
A.C. York: Much of thc difference in the price the grower receives is due to the ultimatc use 
of the product. Tomatoes destined to be packed as peeled whole tomatoes are worth more than
those to be used as ketchup, pizza sauLc, etc. This year in Indiana there will be a $12 per ton 
differential: $85 and $73 per ton. 
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Evaluation and Validation of a Tomato and Bean 
Polycultural Cropping System as a Component of IPM 
for Tomatoes in Nicaragua 
Peter M. Rosset 
Coordinator for Nicaragua, Central American Regional IPM Project, Tropical Center 
for Agricultural Research and Education (CATIE), Apartado 4830, Managua, Nicaragua 

Abstract 

The use of a tomato and bean polyculture as a prophylactic component of an 
integrated pest management (IPM) program for tomatoes in Nicaragua was evaluated. 
The polyculture overyielded significantly, with a land equivalent ratio (LER) of 1.72 (P 
< 0.03). Beans as a companion crop did not affect the yield of tomatoes in the 
polyculture (relative yield, or RY = 0.97), while the intercrop bean yield was 75% of 
the monocultural production (RY = 0.75). The use of the polyculture greatly leduced 
the incidence of three principal tomiato pests: the Heliothis spp. ILepidoptera: Noctuidae] 
fruitworm complex (P < 0.015); the Spodoptera spp. [Noctuidael armyworm complex 
(P < 0.10); and Liriomyza sativae Blanchard IDiptera: Agromyzidael, the vegetable 
leafminer (P < 0.005). A large-scale validation trial, conducxed in 1984 in the 
Department of Managua showed a similar pattern of strongly reduced incidence of 
fruiiworms and armyworms (> 90% reduction in damage). There was no effect of 
intercropping on tomato diseases. An economic analysis showed that the polyculture 
was between 1.1 and 2.2 times more profitable than the tomato monoculture depending 
on the wholesale market price of tomatoes. Overall, the results of this evaluation and 
validation In terms of yields, pest incidence, and profitability indicate that tomato and 
bean intercropping should be strongly considered as part of tomato IPM In the tropics. 

Introduction 

The purpose of this study was to evaluate the potential of a tomato and bean polyculture
as a pmophylactic cotflpnent ol an integrated management program tfr tomato pests in Nicaragua. 

A related objective was to evaluate the yielding properties of this cropping system. 
As reported by Rosset .t al. (1984) this cropping system has excellent yielding potential, 

and a review of the literature sg,-ests that it might also diminish peSt populations. In particular, 
other studies have shwin that the attack of' several tomato pests may be reduced, including 
Mahluca spp. (Lepidoptera: Sphingidae: Vanderineer Ct al.).. Spodolptra .sunia Guen&e 
(Noctuidae; Rosset et al. I985) and possibly aphids (Rosset at al. 1984). Prcl:nitary. 
nonquantified observations in, Nicaragua by this atthor also suggest that attack by the cotton 
whitetly. Betmisia tdbahi (jennadius (Ilomoptcra:AlcyrodidaC). on tomatoes tnav be reduced by 
the presence of heans. 

A mllajor foculs Of re sea rch iinv lvi\ g polyCures has been the effect of pllnt cotummu nity 
diversity on1the populations of herhivorous insects. Recent reviews have cited many basic 
ecological studies showing decreased herbivorc abunda,ncc with increased plant diversity (Alherri 
Lt al. 1977: Andow. 1983: Atsatt and ()l)owd. 1976: Cromartic. 198 1: Dempster and Coaker. 
1974: Kareiva. 1983: Litsinger and Moodv'. 1976: Norton. 1975; Perrin. 1977: Perrin and 
Phillips. 1978: Risch et al. 1983: Stanton. I )83; Way. 1977). A number of'basic mechanisms 
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leading to lower herbivore populations emerge from this literature. They can be grouped into 
three general categories as follows: 

Attrac' lon: A wide variety of factors can reduce the attractiveness of the crop in polyculture,
including greater percent ground cover, physical barriers, high diversity of' chen;ical cues, 
presence of diversionary hosts, complex crop architecture, etc. 

Tenure t!,ne: In the case of highly mobile pests, the length of time that thcy renmain in the crop
may be ieduced by such factors as contact with non-hosts, chemical repellents, increased shade, etc. 

Mortality: A higher natural enemy abundance may lead to greater mortality in a polyculture. 

Despite this abundance of promising basic scientific work, however, there are few examples
where intercropping has actually gone from basic research to pracical application as an explicit 
pest managen,ent strategy (for a theoretical discussion 0, how this might be done seeVandermeer. 1984, amd Vandrmeer and Andow. 1986). The major examples reported in the 
literature are based on strip cropping which differs significantly from the type of intercropping
reported here (Swezey and Daxl. 1983: Stern. 1969).

Chemical controt of tomato pests in Nicaragua is difficult because the source of two of the
key pests. the Heliothisspp. complex (Lepidoptera: Noctuidac), and the Spodoptera spp. complex
(Noctuidae) is the cotton producing zone of the Pacific. \%,here the\' have acquired powerful
resistance to most insecticides in use (Vaughn and Leon. 1977). A third pest. the vegetable
leafiminer, Liriomvza sativae Blanchard (l)iptera: Agromvzidae) is widely known as a secondary
outbreak pest provoked by excessive insecticide use (Oatman and Kenncdv. 1976). Within this 
context, therefore, it is imperative to develop non-chemical alternatives such as polyculture:, 
to reduce reliance on insecticides of doubtful effectiveness. 

The Heliothis complex in Nicaragua is lade lp of twO species, H. cea Boddie and /P.
virescen." Fabricius. with tile former being predominant. I hey are considered major pests ',A
cotton, tobacco ald tomatoes. They attack corn too, but are not considered of major econo'mIc 
importance on that crop. They are present throughot tile year,. with major population peaks
in May-Juinc and September-January (Conit5 de Control Integrado. 1979). Tley do(t)not oviposit
on tomatoes until flowers are present, at which time single eggs are deposited on terminal leaflets 
near flow :rs or fruit. After eclosion, they move directly to fruit if available, or to flowers. They
bore deeply into the fruit, where they are difficult to reach with insecticides. The larv: le'- e 
deep watery cavities in the fruit that are contaminated with feces and cast skins. Such frui- usuall 
rot and fall to the ground. When the frits are small, each larva may damage several of theil
 
(1PM Manual Group. 1982), Wolfenbarger ct al. (1971, 1973) reported that H. zea in Nicaragua
 
was 44 times more resistant to methyl parathion than in Texas. 
 and 23 times more resistant
 
to endrin than in Mississippi.


The Spodoptera complex on tomatoes in Nicaragua consists of S. eXi',,a Hbn., the beet
 
armyworm. S. sunia and S. /at/sciaWalk. They arc pests of cotton, beans and tomatoes. Peak 
adult population)s. as estimated from light trap dali. are in January-March (Hellpap. 1985). Thev 
are highly resistant to insecticides and are knowi, as secondary outbreak pests in cotton. ,,ith 
an explosive potential for pOpulation growth (Vaughn and Leon. 197"). Eggs are deposited on 
the leaves in masses, and the newly hatched larvae fed on flbliaee. Thev soon move to tile fruitwhere they excavate shallow holes that characteristically scar over (IPM Ma nual Group. 1985).
In Nicaragua, thev f'eed at night, 1and spend : e hot daytime hours shelltred in litter on tile ground.
As a result of this habit, they' more frequently daniae those fruit in collact with tile ground
than those higher up on the plant. 

Liriomvza satirva can attack tomatoes at any point during the growing cycle, althughl damage
is most common between the seedling and the flowering stage. The larvae make characteristic 
serpentine mines in the leaves, and can only be controlled with insectividcs that have some 
translaminar action. In California. it is resistant to all available insecticides except Monitor 
(1PM Manual Group. 1985). There is some confusion in the literature as to whether or not L. 
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'ativae actually al'fcts tomato yields. l.indquist (1974) in Ohio and Rosset et al. ( 1983) in 
Nicaragua found no relationship between leaf inecr populaitns and Vield, whilt Wolfenbarger 
and Woll'nbarger (1966) found a possible relationship. It seems that only' when the density of 
leaf mines is so high that severe defoliation occtt's does tile Icafiiner depress yields (IPM Manual 
Group. 1985: Schuster et at. 1980). Tomato s can ttlerate significant defiOliation. and in tact 
indeterminate varieties,are o'ten 1'-uned because excess Ifliaie depresses yields ([IaNI Manual 

Group. 1985). 
In this StLd'. ill" Otil tomatoeS cltSC.d b\ li'liot/li.t. Spod(1olra atvradL. siiv\atwas 

Monitored ill po0lvcuhtures aid illon1oculltures. to see if tlC dllia,1C Wis indeed redlccd bv 
intercropping. 

Some i,.o kers have suggCstCd that PtIvcuhIt rCS111a\ ZIso reduiceCdisease spread. by decreasing 

the i rotion of* susceltible hosts in a field. Ol tile Other hand a lveyCuhlure may improve 
the uticroclinlate (temllperaturC. humidity ) IObrmicrobial pMituges, and leIad to creater problems 
(\an cler Plank. 1963. and Zadoks ind Schein. 1979. I"or reviews). A secondarIfeature of" this 

stud' \w.s therefore to monitor pathogen attack. 

Materials and Methods 

Study Site 

This experiment was conducted at tile STbaco Valley Regional Experiment Station, near 

San Isidro. MNiagalpa. Nicaragua duritig the 1982-83 dry seauson. The Cx perimICtntaI field hiad 

been prCio,Il cIiUltivated with rice. and therelore had t hih dens ty of th weed p)urplC nutsedgC. 

C(vlwrits rottndus [. (Cy1peraceacl). kno\ .n locall\ a, r'volilo. Table I shows an analysis of 
soil samples taken flrom tile field shoritl bclore pliltinc. 

Table I . Soil characteristics at the St3baco Valley Regional Experiment Station, near 
San Isidro, Matagalpa, Nicaragua (I 982). 

Texture: loam 
Sand: 4600 
Silt: 340 
Clay: 2000 
pH: 6.8 
Organic carbon: 0.990o 
Organic matter: 1 71 0 

Total nitrogen: 0. I 0o 
Al: 1.6 me t00 g 
P:27 itg ml 

Exchangeable ions. me 100 g: Ca, 19.50; Mg, 6.84; Na, 0.31; K, 2.25; H, 5. 
Cation exchange capacity Total = 33.90; NH 4OAc = 30.5 
B,,e saturation; Total = 85%, NH 4OAc = 950o 

Agronomic Practices 

SCpate inonocultUreS atLnpolt-Cultures of benS MntI totoC weCe dil'ctt-seeded during 

the dri season tin 14 Jauar \. 1983. A determinate tomato cultitar. UtC-82. was used. which 

is th1e standard processing variety utilized in tile SOb-aco Valley. The bean culti at used was 
Rc\olucion 79. it red bean vari[iom110 The crops plautetd ol 'aiS ctic Con\tl inNicai';lguta. were 
bCles that were I .2 Il \\ idlc .nt11.4 in apart. \which is the ilrnial conuncrcial practice for largce
scale irrigated Ipl'tcuictitii t1 both beCnS iid ito.iIocs i Nicilalaa. Ten (toma1ito seeds or t\o 
bean seeds werc plhntcd in shallo\\ holes ( 1-2 ciii in depth). and the tt0itoe \\ere later thinned 
ito te Iplmnt Per littC. TwO hunidiccl aunl ,ixt\ kc ha of 12-30-10 NPK 'ertili/er was applieCL 
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in bands adjacent to the rows tile anrd twotonato at time of plantiig, additional broadcast 
applications of 130 kg/ha each oflurea (46' N) were made at 38 and 62 days after planting
(d.a.p.). No fertilizer was applied to the hean rows at alltime. 

The plots were weeded by hand at 10. 19 (block I onlh). 39. and t7 (toniatoe; only) d.a.p.
Earth was hilled around tiletomato plants at 3 )d.a.p. The experiuent was irrigaled by sprinkler
approx'matel orice every eiglit davs. The insecticide I-a iinatc (against Diibroj(U sp. attacking
tlie seed ling s olf both ,crops)and tile (against I'hvthionn)were applied at 12fn gicide Be nlatelt 
d.a.p. No other pesticide applications were made during the course of the experiment, so as 
not to ititerfere with insect and pathogen populations. 

Expee'imental Design 

The size of each e\pe ri net: il plot ,,as I0 illx 6 beds (9.6 l), w ithan unplanICd h)ut eeded 
border hetweriI plot', of 1 111or I hed (1.4 In). The experiiiiental design consistcd of live 
raldorniied bhlocks \itlh the 'olloing three treattents: 

Tomato monoculture. The planting coisisted of t\o rov:; of tomnatoes on the center of each 
bed. \ ith 0.4 ill them arid 0.3 ni hest\,eci each rosy and t1e edg.,e ofltle hed. The plantsbetwee1un 
were thinned alog the ro\ss to One every 0.25 in (50.(00 plants; ha). 

Bean monoculture. The plantig consfsted t'I'trl ro s tofbans on each heI. \\ith 0.4 i 
between the center ro\s. ai 0.3 II,betss ell each cellellr ,o\r aId the adjacent outside rs\\ 
piauitcd oilthe edge of the hed. The hearn Seeds sscre planted in holes that wee spaced 0. I Ill 
apart along the rows (two seeds per hole, < 250.000 plants/ha). 

Polyculture. The planting corisled of' ceteCro ros ofl:OltltOCs anld two CdC IOwS 0f' 
heans oi each hed. pilanted at the sat r \iithirs dCrisities as ri1e respCcti iC r1cultures (50.(AX)1t 
plants 'ha of torliatoes aild <5 125.00) plants hIaof beans). The tloiaio rows \cre (0.4iniapart. 
\\itli 0.3 ilheienc] each oliato lt+O\ its nCighhoririg row.arid heart 

Data Collected 

The heans \erc harvested at S)d.:.p. In each plot. dry weights adjustCd to 15i huriidit\ 
were taken 'Or the rss center heds plu the interior hal\es of the next two hods. Data were 
itt taken front a I illborder at the end of each r\ow to eliminate edeC effects. 

All tomatoes \ere harvested at 88 d.a.p.. arid the \sseight ard riurnller of cotrlUercial frtiits 
from the four center hed& of each plot \\erecrecorded. once again leav iig a I in horder at file 
end of each r'.. A':rndorii sample of 1)00recjctCd, or(ltconirt1llllel'Cial. fruits \\'Wistaken f'rori 
(Ile tollates harvested Inl plot. was Cordinrg ca tegoriesca,..h alid triled to Of darla e 
il'ahle 2). 

Table 2. Percent unmarketabie yield by category of damage, in polyculture (P) and monoculture 
(M). ' 

Block Late blight Bacteria! spotPM PM VirusPM Insect damagePM Total
PM 

1 .3.2.6.1 Itt1.1-16 
II 09 2.6 8.3 7.9 
Ill 2.5 1.2 5.3 43 
IV 1 1 2.6 5.1 7.5 
V 1.2 0.9 3.9 3.8 

Mean 1.8 2.7 6.7 7.0 

'The difference in means is not statistically significant 

10,1 16.51 
7.4 14.3 
5 7 5.9 
34 6.1 
48 3.8 
6.3 93 

53.6.1 
93 6.9 
8.8 7.4 
T+ 7.9 
7.9 7.0 
7. 7.1 

29 .740.4 
26.0 31.7 
22.3 18.8 
16.8 24.2 
17.9 15.5 
22.5:26.1 
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Pest insects and plant diseases ver_ sampled weekly on the toimato plants. Foi insect 
sampling, tour sa inplillg stations were chosen aid arall ldtll!V 1I inrked with plastic flaging in 
each plot. Each station consisted of five adjacent plants along a row. laOr a total of' 2(1 plants 
per plot. The oIl\ insect pests that ifapCred in anal\'zahlae nuln.1hers \were L satiit,. Heliothis 
spp.. and Spto'doln'ra spp. The cotton whitefy. B. fabrwi. Wa, OhsctCd attacking the beans 
in low nUnlherS, hut ntoine \wc recorded in the to llato sapl ihng . Bcani peSIs \ere not sa )]CJ. 
The following datal \,rc 'ollcteCd lor the plants sampled ill each plot: 

The ntumhcr of .. sativa, ilitnes ontainin \ On all of the lealCtS of theivine lars ac I'tlrth 
full, expanld compoLund leaf frlsm the lop of the plant (motdifiCL from Rossct et al. 1983 
and Po e ;11. I9t)0).throcznv al 
The nulber of fruits damaged by the Iau.ae of Heliothis spp. and Spodojpera .spp., 
respectively. The damage caused by each was distinguished using pictures and descriptions 
in an IPM manual fromi Cali fornih. U.S.A. (the niost recent edition of this is 1PM Manual 
Group. 1985). 

l)isease salpling \was carlied .uit \\eckl\ and consisted of detCrniinine the pfc.ntage Of 
Ioltato plants al f-e.ted bv wilt diseases ill the I'ourlnCiltral hcIs of 'ach pltt (ica\ in- a I in border). 
Samples sent to the Plant Patlloloev l.Ihorator\ of the Nlinistr\ of \griculture IMII)INIZAI in 
Nanaetia indicated that all of the ilfec'iCd plants %\Clcinfected \ith Ittsaritl \\ ilt. The lotal 
iitinetr otf1I'tlil per planlt and the pefCerstae2 afl'ected h\ fI'lal and bacterial paithigels was 

detCrlinCd in a randoiin samnple of 1) plants per plot on \eeklv hais beginning at 'i1 d.a.p. 
All al'fccted frui lad spilt..mh ossioM t . sI'A'.it tlo'ia.ecwept at ha r'estIacterla! /m) /7%PV.P ' . 
Mhen late blilght1 u, /Iah.\thlho i/'IttiA. aplpeared. 

At 53 d.a.p. . eight elan plalits \cre Chosen tll randoill Irol each plot aind the lullihe.r oll 
root niodules was cotelitCd oil each plaiit 

Results 

Table 3 gives the relative and absolute yields fo"r each crop for caich ltock and fur the entire 
experimetnt, a.lo1g With Land IEluiVafCnt Ratios. or lERS. The I-ER is definted as. 

LER = 	 PI ,.\I - P2"M2. (I) 

where P1 and P2 mre the 'lelds Of crOpS I And 2 in pl\culttrC. anld NI I and M2 arc the yields 
in inonoculture (Vanderniecr. 1981: Sanchez. 1976: Soria et al. 1975). A 2 x 5 sreatmients 

Table 3 	Absolute and relative yields (kg hai of polycultures and monocLiltures, and land equivalent 
ratios (LERs). 

Monoculture Polycuiture Relative yields (RY) in PolycultureBlock .	 ------.-7. 


Tomato yield: Bean yield' Tomato yield Bean yield Tomato RY Bean RY LER 

I 5,426 717 6,445 662 1 19 0.92 2.11
 
If 6,566 347 7,253 223 1.10 0.64 175
 
Ill 11,628 779 8.372 336 0.72 0.43 1.15
 
IV 10,022 594 12 430 728 1.24 1.22 246
 
V 11,633 1.080 7,077 567 0.61 0.53 1.14
 

Mean t std. 9,055± 703_ 8.315t 503± 0.97' 0.75' 1.72' 
Deviation 2,897 268 2,403 216 

'Marketable yield. Y15%moisture content. 'Tomato RY is not significantly different from I. WBean RY is not significantly different 
from I or from 0.5. YLER I P < S, Schultz's LERTest (Schultz).is significantly greater than 0.0U 
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x blocks) ANOVA of tomato yields showed no significant difference in means between 
polyculture and monoculture. A similar ANOVA for beans also showed no difference with regard 
to two null hypotheses, that polycultural yields equal monocultural, or that polycultural equal
50% of monocultural (because bean density in polyculture was 50% of that in monoculture).

The null hypothesis that the LER = I was evaluated using a transformation developed by 
Schultz (ins.). In each block a transformed irionocultural yield (TMY) was calculated, 

TMY = Tin + k (Bin), (2) 

where Tm and Bim are the respective monocultural yields of tomatoes and beans, and k is a 
constant, 

k = Tm/Bin, (3) 

where Tm and Bll represent means for the entire experiment on this occasion. Similarly, a 
transformed polycultural yield (TPY) was calculated for each block, 

TPY = Tp + kBp, (4) 

where Tp and Bp are the polycultural yields and k isthe same constant. With the values calcuated 
in this way, the null hypothesis can be rewritten as. 

TPY = TMY/2, (5) 

where TPY and TPY are the means of the block values, which is equivalent to LER = 1. 

Any paired comparisons test (randomized block ANOVA. Wilcoxin's Test, etc.) can th in 
be used to reject the null hypothesis. In this case the Signs Test (Siegel. 1979) was used, and 
the hypothesis was rejected (P < 0.03). Thus the LER was significantly greater than I. and 
the polyculture overyielded. 

Table 2 presents the percentages of noncommercial fruits rejected by category of damage.
The damage encountered was graded as due to late blight (Pivtophthora infestans). bacterial 
spot (Xanthomnonas camJestrispv. vesicatoria), virus (not identified), or fruitworms (Heliothis 
srp. and Spodopt'ra spp.). The unidentified virus had symptoms that included stunted plants
with a broom-like profusion of branches, and an excessive number of small fruit that never 
enlarged or ripened. None of the differences between polyculturcs and monocultures for these 
categories of damage were significant. 

Figures 1, 2 and 3 show the population dynamics of the three tomato pests that appeared 
in analyzable numbers. l)ifferences in mean numbers over the course of the season were tested 
using repeated measures, randomized block ANOVA, (treatments x blocks x sampling dates),
eliminating those sampling dates with zero values (Brecht and Woodward. 1984). L. sativae 
attacked early, in much greater numbers in the monoculture than in the polyculture (P < 0.005. 
Figure I). The number of fruits damaged by Heliothis was significantly greater in the mnonocultures 
(P < 0.015, Figure 2). The same tendency was observed for Spodoptera. but was not significant 
due to the high variance (0.05 > P < 0. 10. Figure 3). Although not explicitly sampled for, 
a number of Spodoptera egg masses were encountered on tomatoes during the sampling of 
leafrniners. A total of 10 were found in nonocultures, and two in polycultures. This difference 
is highly significant according to the Mann-Whitney U Test (P > 0.001) (Siegel. 1979). 

Bacterial spot peaked early in fruit formation, declining as harvest approached (Figure 4).
There was no difference between polyculture and monoculture. The relatively constant number 
of fruit per plant over the time period sampled, combined with the declining percentage damaged
by bacterial spot, indicates two things. First, most affected fruits must have fallen to the ground 
before harvest, and second, the plants must have been producing a compensatory number of 
ncw fruit. What is unclear is whether this was in fact compensation, in which case yield would 
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not he depressed. or if these nw 'ruits would h, 
would have been drastically reduced. 

istalrill wihIt ikffetlcd a latge proportion 
pc)lycUltures. Figllc 5 shows the CpidClthiolo\ 
differences observed. 
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C beken iroduccd an a . in \which case yield 

ot Io11ato1 plants inl both 11100CtlIlCltes lild 
Lllil I ,t.sasoln.There wCrc no significant 

caon. No siguiticant differcnces wCre noted. 
Overall root nodulC number o)n hans %ere e\treelich lo in all blocks and trcatments (Table 

4). There was 111)sienificant difference bemteci plctlyeullurC and illoltoculturC. and there was 
no correlation between nodule num1bers ald final he;n 1 ield. 

Discussion 
Plant Protection 

The creater than 50'1'( reduction in Uciothi%daniage in tie pjol\vltutrC suggests that the 
pclyctlture liliht effectively be used ts a prophylactic control mieasure for this pest. retucing
iverall ppiu lations and thus a1SO the need to spray (Vatideriicer and Andow. 1986). 
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Table 4. Mean number of root nodules per bean plant.' 

Block Polyculture Monoculture 

3,98 6.63 
I 10.13 5,75 
III 5.88 9.63 
IV 5.13 3.13 
V 2.75 3.38 

Mean 5.55 5.70 

'The difference inmeans ;s not statistically significant 

Although this e\perimentl was not designed tonexamine mechanisms reducing altack, it seems 
likely that reduced oviposilion tlhe key factor. The nltural enemy faunai at the [Ixperinent 
Station is dCpauperate lrCsuralbll due to e\cessive pesticide use. ind few\\ predaceous insects 
\kere obIserved during this c\)crirncnt. Also Ic'lid.is larvae ire not likel to moveCreat distances. 
and lh'/oithi. is not know0n as a bean pest ill Nicaraetui. TherCefhre it seems Utlikel, thai reduced 
tenure time Oil tomatoes %\iaa 1aijo, factor. The beall rows were in ph' sical Conlacl with tlhe 
lollatoes. loumng s in Since Ih'Iiohi.c o ipsits on feal)les nealr \lmIwS.sort i' eenrible. wall. 
and since there are I'\s%or [io flo ers on the uppertot .youngest)Ibrches fhat e\Iend above 

tile heensl, it nrai. be that the beals blockd access to . iposition sites. I:ggs \%cre not sampled 
'r. and only one a.s ellClllCled b% CllilllCc, so this h\.pothesis Cannot bie Cxplicithl lested. 

It ikpossible that L til\ asia alfected h\ it Similar mechanisim, although it is qestionable 
whether the reduction in ttack h\ till, pest iflf'ctCd \icYl (see earlier discussionl. A related 
species. L. bri-ontdac. Ihlt attacks urcenhtOuLSC tomat11l1oes ill linelalld. o iposits on votlng lateral 
foliige in preference to apical lhOli,_Cge I LediCt, and I-leChCr. 1985). In this experiment casual. 
iolnquantihied obscr\ationl of. s,/ivoa' illllitto nuin0CutlttlrC reveilLd .i silllal pItten'll of 

hoverin, near latcral tloliace. Thus, it I.!' he that preferred ovi)ositio~n si(es were blocked in 
the polvcuhure. To the etelll that L... 'irW' is a rCil pest. the polculture applar, to bie , hili 
eflective prOpllctic lCLhrnicluC. \VhehiCl or not it al'fcCs iCld. ho\Cver, flariers directI 
consikerahlc amounlts of insecticide toward it. in both Nicaragua and in the Ulnited Slltts. and 
it i difficul to coni\'nc,' them riot )personal ie\\S: al. Oatnian and1 tointer\ Schuster ct 1980: 
Ken ruL . 1976). iTs a rC(liction ill density 1rma\ lead to reduted Sf)[ii\ ilrg and asSici atedICfItCls. 

Althouh tile difference., III\%cii pOlycutilir and inonoculture ecrc 1101 sirinificantl for 
Spodo1 tcr ,. tile Ireld toward reduccdlattack ill tile pmlcIitturc eCrCO ilacs tttire inrvestigcationl. 
To the extent Ii,. tthe piltern siriav be real. the ureater nuniber of'egg ruasses in the mon ,culturC 
also points to an o\losition mechanissn. Since all three Spodoponcra species are bean pSIs. it 

http:Ic'lid.is
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mav be that tile beans act as a di \'ersion arv host or trap crop (Rossct et al. 1985t. The grcater 
percenlt groutIld covCr in the ptdVcutilttlCs 1a1v ZISOt factor in rd attlactoll ofIhIve been a 'tllcing 
adults of ally of these species (Cromlartic. 198 11. 

A1lottti no advanltatgc was noted for tile olVCtlyutirc ill trIs ol tonitato disease reduction. 
the fict that there wceC no dilr'l'reiccs lie.ns that control stratcliCs would not hal\c to be modifled 
\ith the use of this cropping systtmi. 

Yielding Properties 

The ILk of 1 .72 means that the poIlvcultuic had a total yield GI'tolatoCS a1nd bcans 72 ', 
raltrIlper unit arei tile sepatelt n ttirIl I t that tile reltli\e \icld of *tltttOCs1ha1 I al . Ill,a' 

\\Is not siL'nicfiCltl\ diffeent trorll I (RY = 0.97) sum.eests that it is possible to plant beans 
w\ithin a tlitlato field \\ithotlt iICeti\cl\ tlTeCtine tomato \icld. At the same little 75"; f'a 
Illtolltiall ein vicld \w itobltaine'd trot l Ie 1)l\ culturc WY -- t.75). these rclativc iclds 
are imprcssivc ill light of' the Cxpecialtio tl thie incased oM cral deinsity inlthlepl\,Clltuirc 
sIOldtl i-CLttCC \icldS throtUhIl COrrIpetitix.e ilntraCti-ris (a,,umning that the I-Cent.lllllClttdcd 
IltotocIttiral de.nsities, are op~timl). Ittwe r. Clati\ icld's and Its repICsent the lSOIno" 
Variolls inliteracltills. "()file I ,ctixe and otle po,it\s.e. The beanIs erltailn Colpllete ilh the 
tomtnatoes fr celtaill resources st.cll as S\teC. arid tlitrtsCIIt. alnd this must be ncttelight. MliUc 
t0 . the totllloes (ilnldelllcer. 19811. Yet there are Other pTssib~le interactions \ith positix e 
,let . Vandelrtncerl's *iiriintental Nhodificatior PrincilelC" potlate th,t thesc iP,.itie 
elfct,s r1iaV outwcieh the nct alxc l to oxe'".eldin (Vanderitcrcr. For.)ties. ladine 1984). 
CxaIllplc. althotugh not qtlntilCd it a)lpealed dtluriI this', C\prinilltn thal the hean I'O , prttctd 
the tomatoes flomln the desiccatine m ciucect, x fo r eXalll!il.l damalli, Of the i ldke aiid 
Hatst;oli. 1976). Shade flom the beansilu st aIso dudc Ie soC tulnlM .taturc. xxh\Ii,. ,Cn 'imitC, 
tomato production in the tropics Villareal. 1982). Plant protection effects ma\ also contribute 
iii this way to overyielding. 

In this recard. there x\Clc nio siLtlinfiCllt dilferuclCCs hCt Ceipol\ CutltturC an oIIt ture 
ill ter-ills of, the pcen'Mllt fruit rejeCtCd C',li.C Of disCtC Or. iiISCt damac (1 ahlc 2. Fiwture 4. 
It-ixCvCr. nan\ frtiit, dlllmageCd h\ iisCCts dltoppCd 1'ro1i the iaInts a coInsidCralic time helIc 
lai\Cst. and thus are llo litkenfill, accoutl h\ I harxcst-tite aalx sis. The ureater ittellit\ 
of attack in ilo01n0cLIttlturC h\ lh'hohi.+ and S.j'odocr,I ;i\ iti baC colntributcd to the relati\ el\ 
strotng po\1CUltitir ICrlfIIillCe. '1112 Io) x an tmitrol Irl"culture ,, allso etfectix c ieasut L. 
vuivIle. althouch. Since delolitioil) did 1101 occur. t I,. unlikeh tthat this lffctcd xicld. 

The RY oltl.97 I" tomato s is coisidlcrablx locwr thall the I .(,2 repor;ted from) Costa Ricu, 
(Ros st cit. 1984). First of Ill it shitUIL be iotCL that the plantine dCi2i \\if, dileCrent. Ano0ther 
potenttial line ofc\plamintioln lie, itl the totollil culti rs"used. C-82 . lusCd ill thi', CxpCriltillt. 
is a dctcrtiimttC arliCt\ . x hilC topic. allindeterminate arict\ . xas used ill the Cost:l Ricall 
cxpeuliment. Another differcncC is thatIt ilerate t nodtultilli of the hcals (tible 4) \las much 
loer tIhall ill tile Coslta Rican c\criimCtS Icasal:ll Obser\ atiol/). Ittt crc possibleil tle bealls 
Ill )ilIte x\Iato suI litrogen to the tomatoes. (,r itthe bcans coiltpcte Is., lor a\ ailalelitroen 
when they nodulatC well. this could explain the difference in I+ERs (3otihcr et al. ns.). Tiis 
could be tested for in an experiment x\ith diflerent le\c s of Initrogtn fertilizer. with arid without 
inoculation with Rlhizobiun. 

It 11tist al.-o be notCd that the mIeIln totot iclds in Costa Ricl x\CrC lo.Cl tbhtiill Nicaraynua: 
it illIp iS)hat atthe11 l. culurC nla\ ill soic \\a\s protcct tom lt s Irom panticllirl dxllse 
conditionis. Absolute tomato \ icl, ill both Ipo\ ttllure and iiottocnttu weyoreIow\\. althiltOUh hiehCr 
thatt ill Costa Rica. The 9.055 kLhaiii the lonoculture arc equim itlent to 50) ha,,kets ilianzalla 
hocalltIraSU-t.I.nt. I il/aral - 0.7(25 ha,. arlithe Natiwtal l)c loprilnt Baniik bases its 
crop bIdgets lfor iri'igatCd prOcCS.sirlg trlliatocs o)ll ill expected yield of, 8)) haskets mnt/illnl 
(BN). 1983at. As discussed earlier. this lo\ ield maxi heeen c attack h\ bacterialc ditfe to Iarl\ 
,po t. "Fhe hica v usatritum Irid hI iortalitv also utI ol-ttbtlv supprel-CSsCdwilt attack tle tti'gplant 

x\e'all yields considerahly. Another possihlc explatlltiolt I'ithe o\ \iClds is that no0 isticidhcs
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were applied during the major part of the growing season, which was done so that the effects 
of pest attack could be studied without interference. Nevertheless, if n1o fruits had been rejected
for disease or insect damage, the yields would only have risen to 12,000-13,0M) kg/ha (projected 
from the figures in Table 2).

Finally it is possible that available potassium was insufficient for optimal tomato production.
Mg isantagonistic to potassium, and the ratio of Mg to K was 6.84!2.25, indicating that it 
have been limiting (Corey. 1973; von Uexkull. 1979). 

nay 

Economic Analysis 

Preharvest and harvest costs werc estimaied for the polyculture and the monoculture, based 
on the inputs and the labor required. and their costs from the National Development Bank's 
estimated crop budgets (BND. 1983a: 19831)). Assuming a bean price of US$390/45.45 kg,
the nininium price guaranteed to producers by the National Basic Grains Corporation (ENABAS).
relative value totals (IRVT) (Schultz et al. 1982) wcrecdctermined for different tomato prices.
The RVT was calculated here as the ratio of' net profit in tilepolyculturc to net prtIIt in the 
tomato monoe0culture (because this cropping systern is directed at tomato producers, and because 
in general tomatoes are the more valuable crop). A range of tonato prices was used. from the 
US$20/ 11.36 kg that the National Development Bank bases its budgets on (1BNI). 1983a) to 
US$80/11.36 kg. the highest wholesale price recorded during 1982 (unpublished CIERA figures).

The polycultturC overyielded economicaly (RVT > I at all price combinations (Figurc
7). The RVT = 2. 19 at a tomato price of US$20(/1 1.36 kg Ineans that the polyculture was 119('
riore profitable than a to iniiato miii nocuI lire, at that price. The RT falls front !hat high vaIut, 
to 1.09 at the higheit tomato price. US$8(V ! 1.36 kg. However it is unlikely that a producer
would actually realize this price for the entire hrvest. die to problems with transportation and 
resultant spoilage. At no price, the monocultture is more profitable than the polvculture. From 
an economic perspective the polycuIlture is an effective buffcr for the f'armer against fluctuations 
inthe price of toniioes (and in th.. yield of tomatoes). 

Validation 

The or.-Ifarn validation was conducted in January 1984 under an agreement with the members 
of the Luciano V ilchez AgricuLtoual Cooperative, located at kilometer 13 of the Old Le6n Highway
in the Department of Managua. Nicaragua. 

An approxirnatcl\ 4-la field Was divided roughly in two. with half transplanted with tomato 
seedlings onlv (deteriiate pr(cessing variety "Roma"). in rows I m apart with I in between
 
plants. The other half consisted of alternate rows of toiatocs and beans (direct seeded 
on thesame date that the tomatoes were transplanted), and the rows \aried betwee, I rn and 0.5 rn 
apart. with the result that the average tomato density in the polycLllre was lower than in the 
rionoculture. 

Insect sampling was (arried ocit on a regilar basis during the season. The urilV pests that 
attacked after transplant in analyzable nuinibers \were the Sphdopt'ra aid Ihliothi. complexes.
The pen,. nt fruit camnaged bv each \skas recorded inthree to six 5 li sections of row randomly
chosen in each treatment. No statistical analysis was perfirmed on the d ta. bey'ond calculating
standard errors and graphing the results (IFigures 8 and 9). At the peak of Heliothis danage
(45 days after transplant, d.a.!. )there wias a 14.4-tines greater percentage of damaged fruits 
in the nionoculture than in the polyculture (7.2/(:0.5' ;: Figure 8). Peak S')odlopera damnage 
was also recorded at 45 d.a.t., and there was a 12.5-fold increase ill the nionoculturc over the 
patyculture (6.25'(:0.5 :Figure 9). In both cases. the percentage of fruits damaged dropped
considerably before harvest, as damaged fruits presumably fell to the ground.


The results of this validation thus confirm 
and support the conclusion )f the sinall-plot
experiment that the polyculture cropping system strongly reduces fr itworm and arm\ywoni 
damage. 

http:US$80/11.36
http:US$390/45.45
http:6.84!2.25
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Symposium Discussion
 
A.L.H. Dibyantoro: I have been working extcnsively on Spodoptera and Heliothis both on 
pepper and tomato. (1) Do you have any experience with IGRs (insect growth regulators) such 
as triflubenzuron or chlorfluazuron which control these pests'? (2) Is there a possibility of setting 
up a similar type of program as yours in Southeast Asia, particularly in Indonesia? 
P. Rosset: (1) No, I do not have such experience. but I would be very interested in seeing 
your results. (2) You would have to speak to US-AID or other funding agencies about that 
possibility. 
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Propamocarb-HCI, a Fungicide Suitable for Integrated 
Pest Management 
T.H. Wilde 
Schering Agrochomicals Limited, Chesterford Park Research Station, Saffron 
Walden, Essex CB1O IXL, United Kingdom 

Abstract 

Propamocarb-HCI the active ingredient of Previcur (R)N (registered trademark of 
Schering AG, Federal Republic of Germany) is a fungicide that controls Pythlum spp., 
Aphanomyces spp., Pseudoperonospora spp., Phytophthora spp. and Peronospora spp. 
in numerous crops such as tomatoes, peppers, cucumbers, etc. It is also safe for the 
crop and does not exert an adverse Influence on symbiotically living mycorrhizal fungi. 
On the basis of these properties, the compound is particularly suitable for use in an 
integrated pest management system. 

Introduction 

In an integrated pest management system, the choice of an appropriate pesticide to control 
pests and diseases, not only depends on its performance against the target organism and safety 
to the crop but a!so upon its specific properties, particulariy the effect on beneficial organisms. 

Propamnocarb-HCI (Previcur N. Propyl 3-(dimethylamino) propylcarbamatehydrochloride), 
a fungicide developed by Schering AG. Federal Republic of Germany, controls P'thium spp., 
Aphanonmvces spp., Phwphhloraspp. and other oomycete fungi in numerous crops (Pieroh 
et al. 1978; Cohen. 1979: Colbaugh. 1987). This paper presents trial data which demonstrates 
the activity of propamocarb against P 'thium spp. in tomato and pepper and Ph*vtophthora capsici 
in pepper. its crop safety. as well as the safety of this fungicide to vesicular arbuscular 
(VA -mycorrhiza. 

Materials and Methods 

The activity of propamocarb-HCI against Pvthium ultimnu in a seedling nursery of pepper 
(Capsiculn atnnuutn cv. Yolo Wonder) and tomato (Lycopersicon esculentuni cv. Grosse Liese) 
was checked in an air-heated glasshouse at an average tenmperature of27°C. Each plot consisted 
of one tray containing eight small containers (three replicitons/treatment). The soil used was 
a mixture of 50% peat and 507 washed river sand. which was steamed at 64°C for 30 minutes 
before sowing. Except lor the untreated control, all plots were covered with I cm of soil containing 
P'thiwn ultintum (mycelium and spores) altem fungicide treatment. 

Propamocarb-HCI (72.2%1 SL) as well as etridiazole (245, WP) were applied as a drench 
with a concentration of 0.2'/c a.i. and 0.05% a.i., respectively (I liter solution'plot). 

Field evaluation of propaniocarb fo, ,e control of Phvtophlithoracapsici in pepper (Cap.:ictin 
annttum cv. Export) was carried out in Romania. Pepper was sown in an open field and treated 
with proplamocarb-HCI at it concentration of 0.25% (drench with 4 liters solution/i '2)at the 
time of sowing. For comparison, captafol (80% WP) was used (0.15% concentration). Four 
replications of each treatment were used. Plots were assessed 21 days after sowing. 
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Under practical conditions (trials conducted by farmers), propamnocarb-HCI was used as 
a seedbed drench in pepper against Phytophthot, capsici in the Republic of Korea. The fungicide 
was applied twice (four weeks after sowing and four weeks before tri.nsp!anting) at 0. I % 
concentration (2 liters solution/n2) and compared to foliar treatments with captafol (975 g
a.i./ha) four weeks after sowini and mancozeb (2,475 g a.i./ha) four weeks before transplanting
in Ansong and with thiophanate-methyl (910 g a.i./ha) and chlorothalonil (2,475 g a i./ha) in 
Haman. Plant growth and yields were evaluated at harvest. 

Greenhouse-pot tests to investigate the impact of propamocarb-HCI on VA-rnycorrhiza on 
cucumber and maize were carried out by Dchne (1986). 

Results 

Trials in the greenhouse with artificial inoculation clearly showed that a seedbed drench 
with propamocarb-HCI resulted not only in a high percentage of surviving plants, indicating 
a high efficacy on P'thiiut tdtimin. but also in improved plant growth, expressed by enhanced 
height and fresh weight of tomato and pepper seedlings (Tables I and 2). 

Table I. The performance of propamocarb-HCi used as a seedbed drench on Pythium ultimum in 
tomato seedlings (artificial inoculation). 

"1r,.'mert Surviving 	 Plant Plant fresh 
plants' 	 height2 

weight' 

Inoculated control 10O 100 100
 
Noninoculated control 122 100 
 103
 
Propamocarb-HCI 125 158 
 152
 
Etridiazole 120 125 112
 

Zln Oo to 	the inoculated control 

Table 2. 	The performance ,-fpropamocarb-HCI used as aseedbed drench on Phythium ultimum in 
pepper seedlings (artificial inoculation). 

Treatment Surviving Plant 	 Plant 
plants' heightz weight
 

Inoculated control 100 100 100
 
Non-inoculated control 131 100 95
 
Prop~mocarb-HCI 151 118 
 105
 
Etridiazole 	 132 106 	 106 

Zln°oto the inoculated control. 

Trials in the open field confirmed that propamocarb-ICI is also active on Plvophthora
capsici, another important pathogen in pepper (Table 3). Applied as a drench at sowing, it reduced 
infestation to 5%, compared to 181,, in the standard treatment with captafol, and 40.5% in the 
untreated control. Trials in the Republic of Korea (Table 4) showed that, following repeated 
treatment with propamocarb-HC. plants grew more vigorously and increased Vields compared 
to those treated with the conventional standard treatment. 

Tests carried out by Dr.Dehne at the University of Hannover. Federal Republic oh Germany 
showed evidence that propanocarb-HCI did not have any significant adverse effIct on the 
beneficial VA-mycorrhiza in the roots of cuLumber and maize plants in contrast to the other 
fungicides tested, i.e. captan, benomyl and meta'axyl (Table 5). 
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rable 3. The performance of propamocarb-HCI used as a seedbed drench on Phytophthora capsici 
in peppers. 

Treatment Dose rate Diseased to control
(00 concentration) plants (06) 

40.5 	 -Untreated control 
Propamocarb-HCI 0.25 	 5.0 88 
Captafol 	 0.15 18.0 54 

Table 4. 	Effect of 2 applications of propamocarb-HCI on growth and yield of red pepper at two 
locations in the Rep. of Korea. 

Location; Plant Leaves/ Fruits/ Yield
 
Treatment height (cm) plant (no.) plant (no.) (kg/ha)
 

Ansong 
Propamocarb-HCI 14.3 8.4 20.4 257 
Standard' 	 14.1 7.8 15.6 220 

Haman 
Propamocarb-HCI 35.4 19.4 22.3 296 
Standard' 	 32.5 14.6 18.6 231 

ZCaptafol and nancozeb. YThiophanate-methyl and chlorothalonil 

Table 5. Effect of fungicides on the development of VA-mycorrhiza on cucumber and maize after 
a single drench application. 

Root infestation with VA-mycorrhiza (0o)of infested roots
Treatment
 

Cucumber Maize
 

Untreated control 41.3 	 60.7 
Propamocarb-HCI 39.0 	 56.2 
Captan 	 12.7" 15.5" 
Benomyl 	 3.5' 7.3" 
Metalaxyl 	 22.9' 26.5' 

Source: Dehne 1986. 'Significantly different from the untreated control (P = 0.05). 

Discussion 

These investigations showed that propamocar,-FICI effectively controlled important 
pathogens such as P 'thium ultimum in tonato and pepper and Phvtoplthora capsici in pepper. 
In addition, applied according to the instructions for use. treatments with propa'.iocarb frequently 
led to an improved plant vigor and increased yields. 

Although propanlocarb-HCI belongs to the group of fungicidaily active carbarmates. he mtode 
of action has not vet been clarified. the very narrow activity spectrum, the high systemic properties 
and the often observed low activity of propamocarb in vitro in contrast to its excellent activity 
in vivo may indicate differences to other compounds in this group such as mancozeb or maneb. 

The narrow activity spectrum increases the safety .f"dropanrlo,iarb-HCl against noitarget 
organisms. In particular, in an integrated pest managetn..nt system, the choice of an appropriate 
pesticide should not only depend exclusively on its performance against the target organism. 
but also on its specificity. particularly its safety to beneficial organisms. 

Propamocarb-HCl does not interfere with the development of the symbiotic-living VA
mycorrhiza, . which occur on most crop plants and in most soil types and sites (Winter. 1951; 
Dchne. 1981). Their usefulness to crop plants, resulting in improved nutrient uptake and increased 
resistance to stress factors and pathogens has been demonstrated (Dehnc. 1982. 1987; Hall. 
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1987; Sch6nbeck. 1986). Hence, if fungicide treatments against soil-borne pathogens are 
necessary, care should be taken to ensure that they control only the target organisms and not 
injure the beneficial VA-mycorrhiza. 

The demonstrated eflicacy against important pathogens, crop safety and safety of 
propamocarb-HCI against beneficial VA-mycorrhiza. combined with the great flexibility in 
application, including drip irrigation (which should bc used in preference to large-scale treatments 
for ecoogical and economical reasons), leads to the conclusion that propamocarb-HCl is an 
apprapriate compound for the control of soil-borne pathogens within an integrated pest 
management system. 
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Symposium Discussion 
I.D. Erinle: How does propamocarb compare with metalaxyl?
T. Wilde: According to the investigations by Dehne (1986). metalaxyl treatment (as a drench) 
causes a decrease of the development of VA-mycorrhiza in the roots of cucumber and maize. 
In contrast, propamocarb did not show an adverse effect on .his beneficial organism. 
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Abstract 

Tomato is a universally grown crop because it is a recognized source of vitamins 
and minerals. It can also be used as a fresh vegetable, or can be processed and stored 
for later consumption. Thus tomatoes can raise the diet quality of many developing 
countries. Nearly 50 million tonnes of tomatoes are grown yearly in the world on over 
two million hectares of land, but less than 20% of the yield comes from the tropics.
Adverse climatic conditions and soil characteristics are primarily responsible for the 
low productivity of tomatoes. Excessive rainfall often restricts access to the field, 
impedes soil aeration, leaches nutrients from the root zone, enhances weed growth 
and diseases, and reduces the efficacy of fertilizers and pesticides. Constant high 
temperature and humidity conditions and the sensitivity of tomatoes to water stress 
and poor soil aeration also inhibit the development arid growth of tomatoes. In this paper, 
we will review the fundamentals of water management and irrigation. We will discuss 
water and nutrient management techniques which can be used under tropic~al conditions, 
and we will review and describe recent developments in some systems and procedures 
which can be adapted to tropical conditions to improve tie productivity of tomatoes 
and other vegetable crops. 

Introduction 

"'onato (L.copersicon escuth'n,1tnt Mill. I is the nost widely grown vegetable crop in the 
world, mostly because it improves the income of the growers, expands export potential. improves 
the supplies of vitamins and minerals inhuman nutrition, and can potentially generate emiployiment 
in urban and rural areas (Villareal. 1980). The versatility of the tomato crop contributes greatly 
to its popularity as a Iood product: tomatoes car he processed dld canned asily as a \, hole 
Or as paste. juice, sal.e or powder. or eatne ra . a.lOne orl in combination w%.ith othier foods. 
The tomlato was the first vegetab'e crop to be processed ir cannine in the I8th century )\1 the 
Frenchman. Nicholas Appert. 

'o this day. the tomato remains h\ far the orld's Most important vegetable fOr processing
in terms of tonnage and Value, and the production for processing varies betm\ece 16 and 20 nillilon 
toinies. about one third of the world total tlnlo prodduction (Portas. 1987). The processing 
tomato tonnage in I I iiportant producing countries was lorecast h)r 1987 at 14.9 inillion tonnes 
by the US Foreign Agricultural Service (Table I) which is up h\ three percent over 1986. 

Water plays acrucial role in deterurining the yield oftomato ( Rudich and Luchinskv. 1987). 
and it is no wonder that average yields of indeterininate trellised tomato are in excess of 200 
t/ha are achieved in the Nethcrlan& under precise water and nutrient controlled conditions in 
glasshouses iVan de Vooren ct al. 1987). 1Ii arid and semiarid climates where precipitation is 
not a factor during nmost of the growing season, irrigation mianagemleat reqluires knowledge of 
tle crop water requireinerit in relation to tile soil water ctmapacil I tile atinospheric deland aid 
the plant physiological water status. 

In tie tropics and otiler luiiid reg inns, the prohleins of norimal irrigation nianagenicit are 
aggravated by erratic rainifall which nay exceed the soil storagc capacity, causing nutrient losses 
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l'romthe root zone and deficient aeration Wa-Cluant ct al . 1975: Phene and Beale. 1976: and 
FCddes et al. 1978). 

Boyer (1982) tried to determine sMhich environmental flactors were responsible l or Crop 

productivity talling short of its genetic potential: Table 2 Show s an area breakdown of the soils 

in tile US subject to environmental limitations of various types (USDA-SCS. 1975). The area 
of US soils affected hy water manaclenent actors such as drought (25.37' ). wetness (15.77 ). 

an111dsalinity a.nd a,lkalinity (7.4'7' ) IaccouLnts for ne.arly halt of, all tile agricnltUral land (48.4/ ) 

bu, the cost of crop losses IssociaLted \wih tile abov water nianatgellent problens, estinated 
t'ror, insurance indmnlitiCs fron It39 to 197,8. i 59.3'" of all losses (Thle 3 USDA-Agr. 

Stat. 1979). 
Hence. inmpr wenents in crop produ tivit\ Can be achiCved V iniprin \ in water Il;anagement 

practices to allcviate problems caused h., drought. ,alinitV an1d :. and waterlogging ofalkalinity. 

tile soil. The problems associated \ith soil we.tness cal be solveL-d b\ rowing tomatoes iin 

greenhotuses (Kratkv et al. 1980). under narro,\ plastic rainshelters (Kratky and Roan. 1986) 
or protective plastic tunnels IBrtrochier. 1979). Good results c,1n also be obtained h\ raising tile 

beds in comhination with the use of compost, h mulching with rice straw. and hv selecting 

sandy soils which are better drained than hoaml or cla \ soils (Villareal. 10I 1 ). In the hunlid 

southeast It'the US. Phene and Beale ( 1976) sl\cd tIle pr)bIeinls generated hw high precipitatiol 
and waterhgling b. uiniiiing the use oflthe soil as a storage reservoir for \\atCr and nutrients. 
frcqtuent small lutaltities of irligation \\atcr llnd nutrients, w\ere ,applied dircctll to the root Zone 

by subsurflace drip irrigation. These frequent al)plicalti0mis p)rovided tile ater aid nutrient needed 
1, tile crop. at least on a dail\ basis. lcas ing considerable ,oil volune available for sloring 

Table I. Processing tomato yield for 1986 and 1987 (estimated) and percentage change between 
two years for I I important producing countries. 

Processing Tomato Yield (t year) 
. . . .. . . . . . ... . . . .. . . . . .
 C o u n try . . . . . .. . . . . . . 

Estimated 1987 1986 o Change 

United States 6,775 6.707 + I
 
Canada 475 474 N.C.
 
Mexico 370 300 +23
 
Italy 3.150 3,240 -3
 
France 290 242 + 20
 
Greece 1,180 1,149 +3
 
Spain 761 618 +23
 
Portugal 500 545 -8
 
Turkey 900 700 + 29
 
Israel 220 186 + 18
 
Taiwan 310 384 -19
 

Total 14,931 14,546 +3 

Table 2. Area of farmlands in tile United States with soils subject to environmental limitations listed. 

Environmental limitation Area of U S soil affected ('o) 

Drought 25.3
 
Shallowness 19.6 
Cold 16.5
 
Wet 15.7
 
Alkaline salts 2.9
 
Saline or no soil 4.5
 
Other 3.4
 
None 12.1
 

Source USDA-SCS 1975 
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Table 3. Proportion of insurance indemnities for various types of crop losses in the United States 
form 1939 to 1978. 

Cause of crop loss Proportion of payments (%) 
Drought 40.8 
Excess water 16.4 
Cold 13.8 
Hail 11.3
Wind 7.0 
Insect 
 4.5 
Dis ease 2.7
Flood 2.I
Other 1.5
 

Source: USDA-Agr Stat. 1979.
 

water from precipitation, reducing leaching losses of nitrate-nitrogen, improving soil aeration,
arid significantly increasing yields and quality of sweet corn, tomato, pepper, potato, and tobacco.

The objectives of this paper are to consider the water requirement of tie tomato, describe
basic irrigation scheduling concepts. discuss tile various alternatives introduced above, and 
propose a management method which integ rates several of' the concepts above. 

Water Requirement of Tomato 

Haise and Hagan (1967) defined tile main objective of irrigation as the application of water 
to provide plants with sufficient water to prevent stress that may cause reduced yield or poor
quality of harvest. The frequency and amount of applied water is a function of climatic and
weather conditions, crop species, variety, stage of growth and rooting characterislics, soil water
retention capacity and texture, irrigation system and manageient factors. Man, other factors 
ma interact and affect irrigation ttr I,riuiremlents illdileCtCv (Table 4). but thes' are nore 
difficult to quantify' precisely (1Phene. 1986,.

Irrigation requirements can be determined hy using several different mlethods based on soil
water measure,,lents, plant water or water stress measurenments. atmospheric teat and mass
transfer and combinations of the above IBIurtntan et al. 1981: Stegman et a. 1981). With the
advent of computeried weather tation ne1trks tlecolinwliCation, and personal computers
(PCs), Much attention has been devoted to calculations of water requirements of crops, based
0n evapotranspiration ot reference crops (IDoorenos and Pruitt. 1977). Lsinimetric Imeasurements 
have been used to determine the evapotranspiration (Ftc) of !olnatoes in semiarid regions, and 
crop coefficients (Kc) were dens ed with respect to a grass reference (Etol (Pruilt et al. 1984:
Phene et al. 1985). Table 5 shows the FEtc of processing tomatoes measured in California forthree years using a precision weighing lysinieter. Thse data indicate that Etc of' high-vielding
tolatoes is about 710 rin for tile semiarid climate of' tie Sai Joaquin Valley of' California.
Fihe yield of large red tomatoes was 220 t, ha and the water use efficiency VWU FI)was 2.1 t/ cm 
Of water evapotranspired. 

By contrast, .in et al. (1983) reported water added for tomatoes in Taiwan ranging from
280 to 580 nmm with corresponding \\ UFEs r'anging from 2.3 to 1.0 t/cm of' water: hmever,
there was an additional 75-85 m of precipitation and the water table varied between 1.4 and
1.8 	 in frorn tile surface so that the crop could have extracted some of its water from tie soil 
above 	the water table. 

In Tunisia, Van (otegem et al. 11982) ,tudicd the tomato response to water application
and concluded that the water requirement of tomato was 525 mi11 when tile ma ximun yield was
113 t/ha, and a maximum WUI- of 2.95 t/ cm of water. 
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Table 4. Factors affecting irrigation water requirement. 

Water Factors 	 Soil Factors 
Water availability (amount and time) Soil structure 
Water quality 	 Soil texture 

Climatic/Weather Factors 	 Soil depth 
Ambient 	 temperature (day/night) Mechanical impedance 
Solar radiation 	 Infiltration rate 
Wind speed 	 Drainage rate 
Rainfall 	 Soild aeration 
Humidity 	 Water retention characteristics 
Day length 	 Hydraulic conductivity 
Length of growing season 	 Water table 

Plant Factors 	 Soil salinity 
Crop variety 	 Soil fertility 
Rooting characteristic 	 Soil temperature 
Drought 	tolerance Soilborne organisms 
Growth 	stage 

Management Factors 
Harvestable constituent 	 Dates of planting! harvesting 
Yield and quality 	 Plant population 
Length of growing season 	 Irrigation system 

Salt tolerance 	 Critical growth stages 
Nutrient 	requirement Fertilization 
Stomatal 	mechanism Crop protection 
Canopy architecture 	 Cultivation 

Table 5. 	Water balance of processing tomatoes grown in a lysimeter in 1984, 1985 and 1987 

at Five Points, California, USA 

Components 	 WaLer balance oi lysimeter treatment 

of water balance 1984 1985 	 1987 

Planting - Harvesting 
dates 	 67-208 53-214 56-219 

Number of days 141 161 	 163 
Reference ET (mnm) 1008 910 	 940 
Water appiied (mm) 692 811 	 723 
Drainage 	(mm) 0 28 29 
Soil water content 
change (mm) -+34 + 19 	 -17 

Crop ET (mm) 653 764 	 711 
Application 

efficiency (0o) 95 94 	 98 

,eference ET isthe evapotranspir ation of well-irrigated, short-chipped grass. Application efficiency isthe ration of crop 
:T water applied 

Rudich and Luchinskv ( 1987) clearly demonstrated that tile water reqilirenient of tomaloe:, 

aflected by tile cuIiva" used and ShiWcd that the crop production functions (yield as fit nction 
)1 evapotranspi rnionI varied vidclv. 

Phene (1987) ,I m, ,d that the llthod O1 itti ation also allets the .tc r'qui rentent Of a 
:rop (Figure 1) and that to ilailliz.c WE aand iCl. one must ilaxmilie crop transpiration 
ind minilize evaporation from the s\ stern (liguui_ 21. Hence. either the water reluirements 
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Figure I . Effect of irrigation system and irrigation frequencies on relative 
marketable yield (Y,) of tomatoes. (SD = surface drip; SSD = 
subsurface drip). Yr = marketable yield + potential yield where 
potential yield was assumed to be 300 t/ha. Relative ET = crop ET 

potential crop ET and potential crop ET = 900 mm). 
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Figure 2. Effect of irrigation systems and frequencies on water use efficiency 
(WUE) of tomatoes. 
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For acrup are site specific and the specifics of the soil-plant-at.mosphere system play allimportant 
role indetermining its water requirement, or the methods used Ior determination of plant water 
requirements need to be refined. standardized and better understood. 

Soil Water Balance Method for the Determination of Evapotranspiration 

Water is lost from anl irrigated fiehkl ssavs: evaporationin se\eral from the soil and plant 
surfaces, trans[)iration I'ron tle plant leaves. and deep percolation below the root zone. The 
combined evaporation and transpiration is referred to as Lvapotranspiration (Etc) which is tile 
a tmunt its water requiremenint.of water actually used by' the crop to sat isl- Water is added to 
a field by rainfall P). irrigation (di) and by contribution from aIshallow water table (Wt), when 
one is present. hithe process of deliering water to the farm11 and applying it to the field, water 
losses are incurred by leakage Mid spills L. runoff (Rot and calial seepage (S). Furtheinore, 
since. con\veniioall.,. oil water is allowed 1t tiuctuate. the soil water content will change 
drastically upoit Irrigatit t\\ if ecasured h\ weight or A0) if mIeasured b1v0'olume) tid this 
change inILst be accoIutn ted Ii .I n sctiiarid anid arid areas. rainfhall is not sufIcienl to Ieach the 
salts added to tile soil to preventsoil by irrigation and additional water must be applied to tile 
a build-np of salt (sainit\.' This term is rel'ferred to as the leaching requirement or leaching 
traction (lr). Dp is the '.%ater percolating below the toot tone in excess oflr. Figure 3 scenatizes 
tile water diverted for irrigation at tilefarti. t1unla t1. ( 1981)partitioning oI tile etl have delned 
tile Iact"or the ratio irrigation f'orulnit efIiciecn as of' the depth or. \olllle of \ater reqtJircd 
bereIlciali U (dbO ill specified irrigated tile ortile :ia it depth volmC Of Water delivered 
to this area (di): 

di = Etc + I)pI- Ro - lrI - . - ()- Wt Ill 

v,here di represents tlie ttM depth of \ater delivered to the area and required for irrigation 
iall units are in miii except fOr Ei which is a diniensiomless fraction). The terni., )p,Ro. and 
.cal be lumped into tile of water so be rewritten as:nonbenclicial uses that the eq. [ I cal 

di Etc Er- Wt A).4- P - - 121 
Ei
 

applicatin, frost protection. 
cltiate modification, soil teniperature and dust suppressionI l(Burnman et al. 1981.I. 

NMasurtnenllt 0f" water reqTiireinent variables is difficult and requires time, labor, and 
instrunentation. Theret'ire. irriga till s\steins atid Ieasuretlent methods which ninimize these 
ineasuretilents are desirable. For instance. Dp iin of leaching requirments salinity 

Other water requiiirements iticlode: seed germination, chemi ipical 

excess 1fo1 
control (Lr). Ro and L. all v,asic ssaicr and usual require additional inatiageient. Those systems 
which are ,iot d.ICpeident to transportlI the \.lem , thc hield. (sprinkler, cenler pivo't.on '.Oil . I 
lateral Imove. and drip lllcall be iimtflilied so that Ro and I. arc tIulntilitted Or Illimilated, s 
and DI)can be reduced to lr. ULndcr misaline conditions and in the ahsence of a water table 
.rand Wt can be ignored. IIigh- frCquIenicy irrigation applicatiois cart laintain () constant, 

so that At) - 0. and tinder saline coiIditiotis leachinie can h per'ortlIed coitinuously during 
the irrigation scason hy applying tie Ix plus Ltc or h applvitg one large amounlt 'or leaching 
before or afer tile rOin e,as solthat during the groking satmi. 

Etc --Er - P 

di = "- 131 

Thus. under high-frequenc. irrigation regimes. Etc. Ei, Er. and P are the prihcipal flactors 
indetermining irrigatiot s ater requiremetits. Precipitation and .rcali be measured and Ei can 
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be measured or estimated based on design or on previous years' experience. Evapotranspiration
is the most difficult factor to quantify and utilizing lysimeters is the only direct method fbr
quantifying Etc. Indirect methods include: the combination method (energy balance and mass
transport), evaporation parc, the constant soil matric potential method, measurement of canopy
resistance, and dynamic plant simulation models. 

Evapotransp iration 

Rainfall 

Evaporation 

Wate divrtedRunof ffor irrigation
 
at the form
 

Operational I
leaks A E) Changes in soil 

Canal I"I water storoqe I 

seepage I Bottom of the roct zone I 

ri Deep IIContribution from , percolation 1 I,
the water table v 

Figure 3. Partitioning of the water applied and used in the determination of irrigation 
water requirements of crops in irrigated areas. 

Basic Irrigation Scheduling Concepts 
Irrigation scheduling involves two decisions: how much water to apply (volume or depth),

and how often to apply water (frequCeCy ). Irrigation tining is usually based on either soil water 
measurements (Phene et al. I973: PhenC and Hwell. 19841. ph nl measurements (Hiler and
Clark. 1971 Jackson. 1982: Steiman ci al. 1976). soil ss.ater accounting usine climate, crop
and soil data (Jensen et al. 1971t, and weather data l)ooren os and Prutit. 1977: Pruiti et al. 
1984). or various combinations of these methods. Irrigation quantity is usually based on the 
type of irrigation sstem, plant response to %%aterdeficit, plant growth stage, soil infiltrition.
salinity control and soil water lefici':. These decisions are critical to the management of any, 

mli'r arin '.',ti hifl 1'" i, 1 ,I Iti . ' ith dip iriltIIl lh.c tC p lii .i\ objective tf dr 
irrigation is to maintain a small portion if the soil profile at optimal soil water potential with 
relatively small and frequent application, "iiwater. Therefore, the concept implies that irrigation
frequency increases as the soil tcture becomes coarser, the soil becomes shallower, or the 
probability of rainfall is hili (iPhone and Beale. IT96 . Similarly,. oC needs to know preciscl,.
hkow much water is applied to the fiheld and how lils walr is distributed ill the soil profilc
throughout tihe ICl. 

There are ti potential obijectivcs ftir sCdtling irrlIalions: Itautlasiiun yield per ulliit 
of land area. and 12(2)toainin i yiel per tnit (t applied .'kalter. 

Most na ragers hope to achieve the first hcctisc: howver. a. irricatin costs increase 
and water supplies diminish. noire will tend to adopt the latter it cclive. To maximnize yield
of many crops. planl water poential should he naintained at hieh levels that are conducive to
maximnum seasonal net photos,,nthesis. -lsiao I 973) suggested that ,tresses are mild when 
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midafternoon plant water potentials are not less than about -1.2 kJ/kg, moderate in the range 
of -1.2 to -1.6 kJ/kg, and extreme below 1.6 kJ/kg for many crops. (1 kJ/kg - I bar) 

Irrigation scheduling methods based on evapotranspiration and soil water measurcments 
are becoming very popular because of the increased availability of computers and sensing 
equipment. In the liture, methods based on plant and water stress measurements may also become 
more popular as the instrument'tion becomes more available. In this paper we will restrict the 
discussion to irrigation scheduling based on evapotranspiration models and direct soil water 
measurements. 

Irrigation Scheduling Based on Evapotranspiration Models 

Irrigation scheduling models based on evapotranspiration have been widely used worldwide 
(Jensen et al. 1970: 1971). Esscntial crop evapotranspiration (Etc) infrnmation required for these 
models and the irrigation decision criteria inc lode: 

1.a climatically estimated reference evapotranspiration (Eto): 
2. an index for relating 'expected' crop \Valr use to Eto (crop coefficient curve Kc); 

Etc
 
Kc = Eto [41
 

3. an index for estimating the additional soil water evaporation from a wet soil surface: 
4. 	 an index for estimating the effect of soil water depletion on the actual Etc rates: 
5. an estimation of extractable soil water anounts by specific crops from specific soils; 
6. 	 a relationship between 'expected' crop yield and crop water use. 

Many of the input variables needed to operate the model are still not well delined and need 
to be estimated. Although the model can predict irrigation icquirelnCnts accurately for low 
frequencies. it is not presently feasible lor schedt ling high freluenlcy drip irrigation since hourly 
input data arc needed. 

An Etc model which employs an hourly version of tho Modificd Penman equation (Pruitt 
and Doorcnbos. 1977) has been used in Cal ifIrr a for three ,'ears on a stltewidtC network of 
approximately 60 automatic weather stations. The prograin. California Irrigatioti Management 
Information System (CINiIS). proviies reference crop (grass) evapotranspiration (l.to) lata tO 
growers on an hourly and daily basis. A telephone modem, keyboard, and termina! are needed 
by the users to COlioniUnilte with a cOllu)Llter located illSacrlamento. Californi a. through a Melnu
driven software package. Daily, at midnight, tilecoInpute r a utont icall v callIs each weather station 
in the system, transfers all the weather data into its storage medium, and calculates Fto for each 
hour Of .th lepast 24 hours. The _romcr usess the prC ins tl*,\ ,or sttcral da\ s"Fto \%ith I'quatio 
4. and makes the essential irrigat1ion decision Of when how 111UCh irrigate.I aidll to Normally 
a,well trained irrigation advisor. employed either fItll-tinme or hired on a consuIlg basis, will 
schedule irrigation on a large farm. 

Results from statewide field verifications hv (l'IIS field stalT with cooperating growtrs 
indicated that: 

1.Various CIMIS-slplicd Kc's needed adjustlents downward: 
2. growers were olten applying too much or too little ir:igation water: 
3. 	long-term average irrigation schldcles are inadeqlCuatc for meeting ntonth-to-tttonth and day

to-day changes in the evaporative delands even illthe San Joaq uin Valle% \%here the weather 
changes relatively little from one to nest during the spring and sut1mer m1onths;day tile 

4.CIMIS-based irrii:-lion scheduling could imllprove crop producti\'ity. 
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In general, the application of this method rei:.uired relatively uniform climate over large
irrigated areas in order to minimize the number of weather stations required; even under these 
conditions the effective radius of a weather station is 40 km at best. 

Irrigation Schedu!*ng Based on Direct Soil Water Measurements 

In areas where the rainfall distributiw,- is erratic, irrigation scheduling is more reliable if
it is based on specilic field site measurements of soil water Scheduling frequent irr~ga.ions can 
be accornplished with automatic feedback control based on soil water potential. With drip
irrigation, the storage capacity of soil is dc-emphasized and water isapplied to supply tile water
potential continuum and match tile evapotranspiration rate: thus, there i:s less margin for error 
and 	timeliness is important.


Irrigations based on soil water potential are 
 iong the oldest irrigation scheduling techniques
used. Tensiometers (Richard.s and Gardner. 1936). hernial methods (Shaw and Bayer. 1939),
gypsum blocks (Bouyoucos and Mick. 1947) and thermocouple psychronteters (Richards and 
Ogata. 1958) have all been used success fully. Recently. Carv and Fisher (1983) used 
microprocessors and soil water sensors to simplif' irrigation decisions. In one system, a
microprocessor-based circuit, coupled to a programmable calculator. provides an on-site estimate 
of the allowed time until the next irriuation. hased on fiel data and an operator-supplied 
parameter. 

A ,nermal method \t[ich measures soil niatric potential independent of soil tcxture, 
tenperature or salinity is based on frequent measurcnients of the ability of a porous ceramic 
sensor to dissipate a ,mnall aniount ol'applied heat iPhene et al. 1971: Phene em:i. 1973: Phene 
and Howell. 1984). With proper calibration. tic sensor can be used to mon it(r soil niatric pot,.r'tial
and contrc+ irrigation automaticallyN. In addition to water availability, soil physical properties
such as oxygen diffusion (acration) and soil mechanical >trcngth (imnpedance) are used to define 
the range of soil niatric potentials (\il optimal lor root growth and activitv. Figure 4 shows 
an example of the optimal *i'm t r a Hantford fine sandy I' an. Within this rangce, soil matric 
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potential is defined at which irrigations are to he started (threshold). The optimal il'm should 
be about -25 to -35 J/ kg and has a range extending between about -10 and 60 J / kg. The optimal 
'I'm has a range which increases as soil texture becomes finer but is extremely narrow in 
compacted coarse-textured soils. 

Theretore, physical characterization of sandy soils is usual necessary, whereas the optinal 
Tim for fine-textured soils can be approximated. 

For close loop feedback autonated irrigation, the soil sensor should be placed near the center 
of*tile root zone. In this hcation the mal oritv ol +tile root zone is never allowed to dry belov, 
tile soil llatric potential threshold betie the sensor detect' the drying trend and triggers another 
irrigation. 

MNonitorine ,oil inatric potential and controlling an Irrigation system autoiatically requires 
equiplment to: 

I.sample autoIatically ,everal sensors sequentially: 

2. Colpalre each sensot.r outpult to the threshold \Ilue: ind 
3. have ctiPtLter outputs capable of Cnt rolliri a11d mniitoring th irrigation sy;tem. 

Desktop compLterS and licro[ ;ocessorS have been sItccessfull \ applied (Phene and Howell. 
1984) and commercial equipment is also available to measure soil matric potential and control 
irrigation systertis autotiaticallWPhene aid Pheine. 1987). 

Alternative Water Management Techniques 

Tomatoes require large aiim iits Of wIvter for growth and development with adequate 
dis:-ibution in time and space Villhreal. 1980). Usitg tie 1987 data reported in Table 5. it 
w-, calculated that 32.3 kg o! water are required to produice I kg of red totnatoes tinder tile 
climatic cond itions of the Cal ifornia Sal JIaqu ii Val leV. Itt order to maxi mize productivity (where 
productivity is defined as yield inputs a, opposed to production which does not take into 
cotII ,deration the inputs toriatoes also require adequate soil aeration (well drained soil). solar 
radiatioli. \,Illll day tenlperaturc and nioderatel\ cool night temtiperatture. Water iniaiagenmet 
o0 crops subjCctcd to large precipitation which :ausCs satCrlog int of the soil is much illore 
difficult than umanaging irriwation in arid or semiarid areas where the probability of rainlkll is 
low. Itn this section. we \' ill address the ksater managenlent aspects of irrigated crops under 
rainied conditions. firstl\ %kith theIuse of protective shelters, alld secondly hV selectinrig ctiltural 
practices which iniritnie the effects of rainflall ithotut proltectsie shelters. 

Greenhouse, Rainshelter and Protective Tunnels 

Protected clti\vti tiont to(tnttOes can be achieved with a wide range of technologies ranging 
from a simple plastic turnel to a complete enviroitnentallv controlled greenhouse. The objectives 
are usually to, control the cliitate. iisects. root environment. and leaching of fertilizers, and 
to enrich the atlmosphere with carbon dioxide. 

Kratkv er al. 11980) conducted extensive varietal restirti to select the best tolniato cultiV'ar 
lor intensive greenhoulse piduIct io inl three f I-law aii'S ve getiible-produci rIg areas. Ui tortuinnately 
the grading standards were nor utilhran ,er tile three locations. Although its performance varied 
na rkedlv die !o differences in Soil. er pe ratu rei liHt cultural procedures and gradirg standards. 
tile cultivar Tropic yielded il excess of 10 lb./plant total yield irt all tests aid up to 16 lb. 'plant 

the Puleihu trial no. 2. Since th1e greenhiouses were riostlv used its rainshelters rather than 
as controlled ernv inirtmnit syste nts,. tile ftull benefits of tile practice cannot be evaluated accurately. 
although these results indicate ttan Velds could reach levels approaching those observed itt The 
Netherlands (Van de Vooren er al. 1987). 

i 
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Kralky and Roan (1986) grew trellised toniatoes with narrow rainshelters at the Asian
Vegetable Research and Development Center (AVRDC) in Taiwan. Two AVRDC heat-tolerant
cultivars were used. a large-fruited type (CL 5915-206-2-2-0) and a small-fruited (Cl
5915-553-D4-3-0). Trellised vines were protected by 1.75 in-high x 0.8 rn-wide plastic covered
rainshelters during the hot rainy sunmmer season. Grade mber I ( fruits of good shape and appearance with diameter greater than 5 cm) yields of the large-fruit and small-fruit cultivars 
were respectively 0.96 and 0.5 1kg:/plant higher than unprt):,:cted plants grown under otherwise
similar conditions. 'he beds vCee furros -irricated durine, the dry part of the growing season.
Other benefits ot this pr:ictice included: inipro, ed early estahlishinent of transplanted scedlings
during high rainfall, less fruit cracking in the laree-fruired cultivar. and lower occurrence of
insect damage due to the prolmnged persistence of insecticides not washed ofIf b tihe rain. Results
from this study suCest that narrow plastic rainshelters cal infpove tonmato Iproduction fOr hol
and humid tropical areas but that fturther invest igatitns should be conducted. 

Brochier ( 1979) described the use f tuIInet structures with gal\ Inized traiicvo, k . ,.onrusteted
without gable-ertds and oriented along the liredtliriant direction of the viid. These tunnels
have been used successlllyv in Gabon and iii French Guvyanla. I haVe observed tIIarn of' these
in Algeria. and particularlv in tile Sahara desert. w~here the\ are used to [-lCteet tie Crops against
the blowing swid and hot rinds. These tunnels are 54 ii lone 1w 7 to X in wide and 2 to 3 Il
high and polyethylene is stretched tightly Oset the standard Lalvanized fraitnevork. The structures 
are niore resistant to high wind than Wooden StIucItres. h to deteriorate s. iti tule, Ittetiend 

and eventuallv collapse. 'ornadoes \k ith \%ind speeds of up to1 20 kill 
 I oriented ahle [he length
of tile structure have been enCtounteled ill (abon without C,.ausitI daia',,c either 1t tihe crol or 
to the structure. Because of the inipossibilit% of rotating hertaecnils Species to control turngal
diseases. ieniratodes and bacterial iniestatflioriS. Soilless Cullivaltion reCihiques a.re es,ential v itlh
the use of protective structures. Various sbLIhrate IIttriaands anidt I for irriatiorn andtechniques

fertigation are described, 
 hut one which is easily accessible and can easil he maintained frotil 
year to year is sand. In Gu.ana sea sand is used while in Gabon. sand t fIuvial oriciri frn
 
a quarry is used. The sand is sterilized against all diseases and neriatodes 
usitit a t.vo percent
solution ot ftorialin 40'.; hy volme. The yield gro(ssi under these tunnels have reached 3(1
kg/niK year. There is no laborious ss ork, and ole faniil, cart cultivate 20)0 Ill with additional 
labor at certain peak labor reqitIretierit tlie,. The author .oncl1des, that plIsticultu:e hit',
developed in the equatorial regions and is being ,closely. bibsh. cd h\ the adoptit1 ot siriplified
 
hydroponic techniques.
 

Management Without Protective Shelters 
Villareal (1981) described the constraints encountered when gro\ ig tomatoes durin tire

rainy season: -Land is muddy or hooded. which restricts entrance to lant inrigs: weeds 2ros 
vigoiorsly: disease, thrive above and w,ithin the soil: applied chericals are washed ofT plants:
fertilizer is leached: the bight water table prevents the rtu::. ,,rring oxygen: and light intensitN 
is low. All this makes vegetable plroduction risky . it riot impotssible, hut itr' have been several 
sigriificant developments tossards coitibating these hatards in the tropics." Several tct,,:. which
significantly improve tonnato growini condition-, ill the tropics include: I ndising beds 30 c,-.
with compost (2()-40 tlha) in the center covered by rice straw utulch ( 11-20 t ha:1(2) selectiri
sandy soils tor planting toniatoes . which impros es drainace and aeration of the soil in the beds 
but requires rloe trequenti tertilizer applications: and (31 selectirig insect- and disease-resi:.!;,nt
varieties combined with appropriate chemical and inarageticil practices.

Pliene and Beale (1976) desigicd a water-nutrient nitariaerierilt system tor sandy, 1o:01i soils
in hunid regions to prevent plant water and soilnutrient stresses and to ruaxiitize available 
wvater storage to accommodate rainall. This method. based on s,'Ibsurtacc drip irrigation.
minimizes the need for the siil to act as a storage reservoir I'or latCr alld nutrients h frequeitI\
irrigating a small portion of the root zone with sintall amuntlltS of water and nutrients. 



"roniatoes: Water Management in the Tropics 	 319 

Measurements of soil oxygen diffusion rate (ODR), soil strength, water desorption characteristics 
and unsaturated hydraulic conductivity Were used to determine the high-frequency irrigation 
schedule and threshold soil natric potential for initiating irrigation (Figure 4). When colmpared 
to sprinkler and furrow irrigation, the subs ilace drip irrigation system reduced the losses ol 
N03 -N fron the root zone, increased yield and quality of sweet corn and N uptake efficiency. 
Similar results were later obtained with potatoes, tobacco, and tonatoes when rainfall in July 
and Augu:;t averaged 245 nun/inonth. 

Proposed Water Management Method for the Tropics 

The water nianagc enintconstraints on high produtctivity outliincd in tile prCVious section 
should be used as basic criteria for aincw'method to increase productivity. This niethod should: 
(1)Iiniize waterlogging conditions inthe soil heds: (2) control weed growth: (3)cmtrol liseases 
within and above the soil: (4)p-ent washing of cltcnuicals front the plants: (5) prevent lcaching 
of fertilizer: (6) control level otfwater table: (7) improvC .sunlight intcrcCptiin by the anop 
twe cannot control sunlight intcnsity): (8) ininimizc plant wrater and nutrient stresses. The various 
nliethods discussed abos e need to be integrated into a total water iallrnilcment svStet. Water 
imanagentent constraints and sticestCd sv,,tCN alldprocedures for correcting or prevcnting tleh 
[)robleills are as tol lows: 

1. 	 Control waterlogging of soil bed: 
a) select coarse-textured soils 
b) raise bed with organic []ttle! (colnpost) 
c) LusC organic tmilching (rice stra\y 
d) install plastic Mulch (where possible) 
e) install subsurface drainage systcm 
I')level !and to a given slope to primte suirlace drainage 
g) irrigate with high-trequcmc. subsurfacC drip system. 

2. 	 Control growth of weeds: 
a) use organic nnlclhin, 
b) install plasti,. mulch 
c) ftuiigate soil \it'ImsubsutrfacC drip system and plastic mulch 
d) maintain dr\ soil sumrface On bed 
e) use herbicides. 

3. 	 Control diseases within soil and ab'ove soil: 
umigate with 


b) apply pesticidei %Oith electrostatic sprayer
 
c) install rainshcltc rs
 
d)practice integrated pet itanaemctit.
 

a l soil sutsurtacC drip s~stCmIt and plastic mulch 

4. 	 Minimize chemical wash-off from plants: 
a) spray pesticides \ith oil-based carriers or with chemical sticking agents. 
b)spray with electrostatic systein fIor adhesion to bottom of leaves 
c) inlstallrainsheltrs. 

5. 	 Prevent leaching of fertilizers: 
a) use plastic mnLlch 
b) fertigate with subsurface drip irrigation 
c) use rainshelters. 
d)use slow release fertilizers. 
e) use organic fertilizers and compost. 
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6. 	 Control level of water table: 
a) grade soil surface to promote surface drainage
 
b) improve irrigation scheduling and use high-frequency irrigation
 
c) install controlled subsurface drainage system.
 

7. 	 Improve sunlight interception by canopy:
a) space anid orient beds for maximum sunlight interception
 
b)adopt plant population for incoming sunlight.
 

8. 	 Minimize plant water and nutrient stresses:

a) irrigate and fertigatc with high-frequency subsurrce drip system.
 

Except in a lew cases, existing techniques of organic and plastic mulching in con'unctior 
with land grading. installation of subsurflice drip irrigation and drainage systems. high-frequenc\
irrigation, and fertigation and fumigation and cheinigation practices should be sufficient to ra is
the productix ity of tomato cropping in the tropics. Installation of plastic rainshelters and tunneh 
may be required under extreme conditions. Figure 5 shows a schematic representation of thL
s\'stemi visualized. The advantages of subsurfhce drip irrigation have been discussed in detai 
by Phenc and Phcne (1987). 

100 Reflective plastic mulc - Soil surfaceufc~-70.-	 ol 

......
-- ........... .::.:: ..-.
 

0 oopu/
 
Rice straw mulch Subsurface drip tube'l"
 

120 

-//f 	 30 mn I...corrugated plastic drain 

50 cm 

Figure 5. Proposed integrated water management system for growing tomatoes in the 
tropics. (Shaded area around drip tube represents wetted soil volume from 
irrigation water.) 
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Water-fertility Management for Subsurface Drip 
Irrigated Tomatoes 
C.J. Phene, K.R. Davis, R.L. McCormick, R.B. Hutmacher and J.D. Pierrc 
USDA.ARS, Water Management Research Laboratory, 2021 S. Peach Ave., Fresno 
California 93727, USA 

Abstract 

Different water and fertility management regimes for drip irrigation were compared 
at Five Points, California, in 1987, in a study conducted on Panoche clay loam soil (Typic 
Torriorthents) planted to tomato (Lycopersicon esculentum Mill., cv. UC82B). The 
experiment was designed to test the eff,.cts of irrigation frequency, fertilizer injection 
of P at three levels, and surface versus subsurface drip irrigation, on crop productivity,
harvest quality, and water use efficiency. The main irrigation treatments, high-frequency 
subsurface drip (HFSSD) (several irrigations each day), high-frequency surface drip
(HFSD), and low-frequency surface drip (LFSD) (irrigation every two or three days), were 
arranged in a randomized block design and replicated four times. All treatments were 
irrigated with the same volume of water. Fertilizer variables consisted of three levels 
of P injected daily: Po, P1 and P2 equal to 0, 67 and 134 kg/ha of P, respectively.
Mean yields of large red tomatoes were 206, 190 and 179 t/ha for the HFSSD, 
HFSD and LFSD treatments, respectively. The mean percentage of culls in each 
treatment were respectively 2.2% (HFSSD), 3.2% (HFSD) and 3.8% (LFSD) of the 
total fruit yied. The water use efficiencies (WUE) of the HFSSD and the HFSD 
treatments, respectively 0.33 and 0.32 g yield/g water, were significantly greater
than the LFSD treatment (0.030). The lysimetric measurement of evapotranspiration 
for the HFSSD treatment was 711 rim for the entire growing season and drainage
collected from the 2.3-m deep lysimeter was 29 mm. Results show that subsurface 
drip irrigation can help conserve natural resources (water and fertilizers) and the 
quality of the environment (minimal deep percolation and leaching losses) while 
achieving greater crop quality, productivity and long-term agricultural sustainability. 

Introduction 

Irriiatio n hal, played a ,trategic role in the continuos procc, ,, of" hln1n eVolution and cultural 
,J.\eop-'i jnel . 'nu'I, ,f) Inc cls i\ iii/atlr. i* in inri. o" hoda , i[itio s.irrig;lled aLricnltnre 
ha.1s providCd a1rid CIIt1LICn S to prtivide ilie il'rarian basis of society (Gttlatli and Smith. 1967). 
The control of i relurces for the esta lishment of hiighlv productive auriclhural systems 
iLndth. sUbeIquent .'ni)o1,,itn of htiunan Imp, itior in ireis 'here rainfalll is 1LiaduCLLaC in\volVCs 

tihe .)p ratiJn of' ctnlple\ irri lion s, t s ith _clrairll techno lgical antl Soc il coIntlintS 
M lichf. if inurcd, mlas le'ld to cofloLical disaster. trhle , arise when irrigaition i, practiced 
wivthItlt rcstraint or e bsic, o1etlrV 'soil. irrl'iat"tn0 n re.uirenents.knrok of h actors rn, ,'iat 

salintt, and plt ater Lse. 
I')rce.ssinc toriito ( Ir,tw\ -'.1 'AI I/(lawl Mill. ) is n111 )rirnt FiroIn Californiai 'Ahere 

it Ianks 13 in Lnnnioditk lu !Ualitornia Crop,, and liestock Rporri g Service. 1980). 
-\pprominrar''l 85.000) lira oft prcsil tcs, kkerc grown in Calihforia in 1987 (83 t:; of' 
total iarea cropped in tS pr(otducin1 871; o() iftI total U.S prtduction (l'able I) (CalifOrnia 
\ericultural StistiH, Ser, cC. )87). 
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Table I. 1987 area and yield of processing tomatoes for the major producing states in the USA 
Harvested 	 Percentage Percentage

State area Yield of total contracted
(ha) (t/ha) US area by processors 

('0) 
 ('000 t) 
California 85.000 70 83.0 6,070Colorado 251 36 0.2 	 9Indiana 	 2,590 52 3.0 136Maryland 	 607 29 1.0 	 17Michigan 	 2,064 57 2.0 	 121New Jersey 1,214 43 1.0 53Ohio 6,475 57 6.0 378Pennsylvania 1,255 37 1.0 47

Other states 2,578 
 39 3.0
 
United States 102,019 67 
 100.0 6,938 

Source: California Agricultural Statistics Service 1987 

Procassing toato production in California is dependent upon irrigatiom to supply most ofthe crop's water requirement. In Climates where wrater is the primary growth-limiting factor.
optimum irrigation managIement rCLuires knoe%led,_c of' the crop water requirement in relation 
to the environmental conditions. Ioloever, once tile %ater-liuiting flctor has heen eliminated.
precise fertili/ation in time and sparce and contr ol" insects and diseases hec i [ithe 1lost liilit inc
factors ill the productiVit. of' irrigated procssinu tomatoc. 

TraditionalIl,. tocc.,siue toiatocs ba\C bCen irriuated h% sprinkler (Vittuiti etl il. 1958)or lurrow irrigation (Aljiihur. and Nlav. l97/): ho'\kcevr. 'C\cral tests hase been imaide with
drip irrigation (Rudich et al. I,977: \,ai ()otesi et ;el. 1t982: Pruitt ct at. 1984: Dasis et al.1985) and with sIhsurf,rce drip irripation IPhenc et al . 1982h: 1983b: 19 8 6a: 1987). Drip andsubsurface drip irrigation have impro cd %ater mananctinnt of toliato,,i with correspolndg

increases in productivity and in water use efeiencv ()asis et al. 1985: Phiene 
 et al. 19 85a:
1985b). The importance of' precise irri,,catlion scheduling t tomatoes to :!\ oid water stress ha , 
been demonstrated b, Cannell and Ashbcll ( 19741. Rudich et al. ( 1977) and Phene ct al. ( I9 82a)I.
Il contrast, excess watel applications ha ve c CsddCfICiCiiciCs i soil acration, leaching tf
nutrients and subsCqutL yield teCdliction, (\WacqItuant et al. 1975: FCddes Ct al. 19781.

Bar-Yoscf et all. (I198) have ho\l that the soil-rot volumC with drip irrigatioin issubstantiallv smaller than with sprinkler irr'(gation and ha\c stated that large water and nutrient
gradients can develop rapiuly (as in a grCnhousc pot) unless irrigation and nutrient applications 
are frequent. This is especiallv true of' phosphorus (P) w\'hich is adsorbed qu icklv by the soil.Phene et al. (1986a and 1987) demnsisrated th; it Jail in jection of P through the drip system
in addition to conventionall' halided P under the seeds at piating sienifica;tntl\' in.cIsed the
yield of tonitsics. The icte salinit\ tllt drainaLc \'.iter disposal probletms oi the west sidC
of the San Joaquin Valley and the incrCatL cost of fertilizers necessitate that on-larni irrigatiuon
and fertilizer efficiencics be optimized \with respect to x icld. The poteltiall\ high application
uniolrmitv ol 'v.ater and niutricits k%ith drip irrigaltion (Phene ard 13eale. 19761 atnd the cli inalio
of leaching anti runoff losses call increlasc irriation and fertilizer efficiencies. miniil/.c draiintae. 
conscrve soil. and tminiiiie the degradation Of surface androlundwaltr supplies (PhiC t al,
1988). The abi1i6' of scheduling frCqtLenIt irrigations and fertilization tosprecisely icel
evapoitranispiration aid tertili/cr tlintd aRsbeet demilslrinstrated ()dvis el al. 1985; HuntiluaCher 
et itl. 1985: Phene et al. 19 83a: 1985b. With proper consideration st oil infillratiotn atd water
hodlding characteristics, crop Water alld intrient I'requireills can be precisely Supplied, pr ducIilg
nlot 	 onl' high yields but IllaXinlniiiig Waticr uisC eficicncV.

The ohbjectives oft his paper are ti repsminlte pre liiinary resulits of a drip irrigtiin(i cxperitlent
where three rates (i' P injections were used to fertilize itnlatoes, and tsoevaluate the elfecls 
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of this fertilization ol crop evapotraiispiration, irrigation and water use efficiency, and on yield
and quality of the crop. 

Materials and Methods 

Processing tomatoes (cv. LUC821B) were grown during !987 in a Panoche clay loam soil
(Typic Torriorthents) at the Unversity of California, West Side Field Station. The treatments 
were arranged in a randotmized split plot design and were replicated four tinies. The miain 
treatments were high frequency subsurface drip (tHFSSI)): high frequency surface drip (H:SD):
and loss frequency surface drip I -ESI). The subtreatnients were 0. 67. in 134 kg /ha of added 
phosnhorus (P) b.' ijection in the irrication water. ELch main plht was 91 l lon1L atld containCd 
I0 beds spaced 163 cm fromncenter to center. The 12FSS) laterals were pernaientl in,,talled
in 1984 in the center of each bed at a depth of 45 ,:in frolt th,. top of the bed. The ['([SI) and 
LFSI) laterals \kcre installed after planting in the center ofeacl, !,-d. All drip irrigation laiterals
consisted of in-line turbulent flosw emitters Netafim Irritcation. Inc.. trade niames are i\en for 
reference only and do not impl\ endorsement by the US )epartnent it*ArIculture) ssith it los. 
rate of14 I/h and spaced 0.91 nl apart. Additional details of thC field installation of lhe irrikatiol 
svsteln are found in Davis ct al. (19851. 

A large weighing lysimetcr was used in ;i feedback iiodC to schedule irrilaions atitiaticalls 
in the ItFSD anld HFSSI) treatments ater I ri o! crop c l had beelap atranspirtiol (1:")
measured by the lysimetcr and 25 mml was applied to the LFSI) treatment alter 25 nun of F 
was measured (25 mm is the auttount usually applied commercialls for drip irrigaled tomatoes. 
The lysimeter was irrigated by suhstrftce drip irrigatioli at a title xactl\ corresponding to ile 
HFSSD treatment. l)railaec was lleasuliied \k tilt the 'simlecr and \k.1taISIICd to he /tet illas 

the field based on liUlpssard soil mtatric potential gradiit:11 
 and no increasC in -.aler coltent. 
Precipitation Was Measured with an autoillatCd rtiait auve froi ztnCahv Cather St:ation; irrit.ation 
\.ater applied wis ineasurt't dails witlloI] t-es; and F, WaS Calculated froll tihe sater
baance equation fir the field phlts and nleasured directly b the lvsinietr. Detil of the lvsitteter
 
are availahble in lIoss ell et al. (1985) 
 and the I sinetcr control systemll in Phene el il. ( 1986b).
A soil fuligant (vapalli. ICI chenliicalsl weas applied through tle urface :1nd tubsurface drip
s\ stems at a rate f aboul 346 I la w% 25-mili irriiation about 25 da\, hel'ore plaintingtilt onc 
it order to fIlniate tihe Moil atid Con'trol CCLs and pes,., Nitrogen aid phosphorus!, fertilizer
 
I 11-48-0)3 was applied il tihe rate if 112 kg 'hi at planting dirctl\ belii. 
 the sccds. TI'c renmillin
 
fertilizers V.CrC applied throtgh the trickle irrigation s steli. startine oi di\ 120. Fertili/er ,
 
InIjeted wece potassium nirate (KNO) ,lid 17-0-() CAN-17. calciunl-anuttiimniurn iitrael. Ilie 
applications of N and K froti KNO were 136 kg N'ha amid 381 kg K lia. respectkiely. The
CAN- 17 provided 165 kg N hi. Total aiotults of N and K injected were 301 and 381 kg, ha.
respectively. The subireatment 1P(phosphoric acid) applicition of 0. 07 and 134 kg Pha (Po.
P1. and P,. respectively'I were ilcledIthrough the drip irrigation ,\ste iis. Sprinkler irrigation
(18 nin aid rainfall wvere used to germuinate and esiablish the toitiato crop. Twkvul-iine days
hef'Ore harvest. irrigation applications in the field wecrc.rereduccd progressivcls to about 60(' of
tile water ;lpplied to the lvsilnlcter to iIncreaCse solubl' solids. ProceSsinei toimlatiic,, were directlv 
seeded in iwo o\sS per bed at i dcnsits of 25 seeds'i ol Fehrlars -5 (day 56. emiered on1 
March 20 (dit\ 79); illd .Cre harvested illainall,, fron1 AuLiust 3 (daV 215) oi lul.,t 6 (dav 
218). A 10 lu- area wis italuall\ harvested it each of three field replications in order to
determiie toimttatio fresh wcight yields. Twenty-seven 3 itt-long ieiron pribe access tubes were
installed in three replications: tihe soil ssater ciinent was iteasured every so weeks, and these 
were used itn water balance calculations. Lca'f petile samples fromnthe fourllh 1ilatUrC leaf down 
froit tihe terminal (a standard position for ttmatoes) were obiaitted before 10 ANI sseckly' (to 
present depletion of stored NOi-N) from lMay 12 (da. 132) :' July 23 (day 204) and w re.ialvzed fitr NO i-N. P and K. Harvested toniatOLs were miluallal v separated into four itajo r 
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categories: (1) large red (diameter > 4 cm), (2) large green, (3) small and (4) culls (rotten. 
sunscald, cracked, etc.). 

A random subsample of tomatoes was used to determine soluble solids. The tomatoes werc 
cut and pulverized in a blender, and the juice was analyzed with a hand-held refractometer. 
and the measurements were adjusted for temperatures according to the NTSA Standard Table. 
The mean weight of the red tomatoes was obtained by weighing a bucket full of'tona es and 
counting the number of tomatoes in the bucket (approximately 200 tomatoes per bucket). 

Results and Discussion 

Evapotranspiration 

Two levels of water stress severity have been defined by Hsiao (1173): ( I) "Stress is too 
mild to close stomata and inhibit photosyntheS., but sufficient to affect expansive growth: and 
hence leaf area expansion will be reduced and total field C), assimilation and transpiration will 
be reduced permanently, although. on a perleaf basis. CO, assimilation and transpiration will 
not be affected, and (2) Stress is severe enough so that the leaf water potential drops belo\ 
the threshold level for stomatal clhsure, leading to reduced CO,assimiiation and transpiration 
both per unit leaf area and for tile stress ceases, photosynthesistotal field. However, when tile 
alid transpiration recover.'' Hence. irrigation should replace crop evapotranspiration (E1 -)to 
avoid mild stresses and achieve a maximul rate of leaf area development. We have used high
frequency irrigation scheduling in all of our drip irrigation tests: and we have shown that even 
in a fine-textured soil, growth and yiCld Of tollato and cotton were increased sienilicantl\ by 
high-frequency irrigation (I nin of'crop evapotranspiration replaced by each irrigation) henll 
compared to low-freqLeCt\ (25 and 5(0 in of crop evapot raiispiratio replaced by each irricationw 
however. .yields were significanty increased only Mihen the crop evapotranspiration \\as satisfied 
precisely by irrigation and tilefertility was managed adequately I)r the root zone cne -;ted b\ 
the high-frequency irrigation systems (Davis et all. 1985: Phene ct al. 1986a). 

The e vapotranspiration of the HFSSD tomato treatment was measured h,urly with tie 
computerized, precision-weighing lysinieter: hourly measurements were accumulated daily and 
are shown in Figure I . Table 2 shows the com-ponents of the water balance equation for 1987. 
and these results indicate that crop evapotranspiration of thte three irrigation treaunents were 
similar to that Measured bv the lysimeter even though irrigation in the field plots was gradually 
cut back over a three-week period to 60); of the %ater requirement and terminated one week 
before harvest, while iirigation in the lvsinIeter continued unrestricted until harvest. The P 
subtreatments did not affect the Cvapotranspiration of Ile crop. )ifferences in water applied 
between the lysimeter and the field plots were imade up b\' soil water extraction in the field. 
As in the lysimeter. drainage in the Ileld was assulcd to be negligible below the root zone. 
Data in Figure I indicate that even in a nearly uniformn climate, precise irrigation scheduling 
based on long-term avcraces i not iealsil\ achieviabe beciuse of \rltions in lrp 
evapotranspiration and Kc. 

Figure 2 shows the miean of three \olumeICtl'ic soil \waler content profiles oil days 135 and 
173 and the end of the 1987 experiment (d.iy 212i for the toliato plots irrigated by the HFSSI) 
system at the P I level when 67 kg/ha was applied. The differences betwcc.,n the lines represent 
the change in volunetric water content 1A() at each depth during the gro\% ing season. The o ,:r 
measurements taken every two weeks during tie season are not shown in Ficulc 2. but their 
values are bet\\cen tilevalues for the profiles for da\ 135 and 2 12. When tihe soil watler contellt 
differences between days 135 and 212 ire summnled over the entire 2.85 inlsoil profile, the SUlll 
is 44 nium of water depleted from tilesoil profile during the season (Table 2). Because of the 
precision of' the management of' irrigation and the Ineasured upward gradient in soil natric 
potential Inot shown here), we can assume that there was deep drainage in tle field. Theno 
time courses of the mean volunetric water content for tihe three treatments, sumimed Over a 



Tomatoes: Subsurface Drip Irrigation 327 

14 

I
 

E 12- EVAPOTRANSPIRATION 

0z lo- TOMATOES 	 cK I 1 K < . c 

8-. 10. 


. P 1.0
 

l'6 1140p ,
~Start 	 Drip 

First Bloom 

Ij 1.0 .0 
55 65 75 85 95 105 115 125 135 145 55 165 175 185 195 205 215 225 

Figure I. Evaootranspiration of high-frequency subsurface drip (HFSSD) irrigated 
tomatoes between days 55 and 218 for 1987 as measured hourly by a 
precision-weighing lysimeter at Five Points, California, 

Et,:
 
(P = precipitation, Kc is the crop coefficient, where Kc = Err 

0 I 

0.15 

0.45 -	 0 

1075 

1.35 '0 

0 

225 

Da 13t5 	 Mean volumetric soil water content profile at 
2.5 - 0 Dy 173 the beginning (day 135) and at tile end of the 

A Dy 212 test (day 2 12) for the tomato plots irrigated 
; 5 I L Iby tile high-frequency subsurface drip (HFSSD)

0 	 0.1 o0 oi.3 04 0.5 0.6 irrigation system when P was applied at 67 
MEAN VOLUMETRIC WATER CONTENT (3/m 

3 )  kg/ha (P, treatment) in 1987. 

soil depthl of' 2.85 Il. arc presented in F-ig-ure 3. The Ilean1 volu.metric soil water content of 
[lie HFSSD treatment at fihe P, level was 0.33 1_-+0.0162 ni3/nr froni day 135 to ,lay 191. T'he 
three ire'anients decreased to nearly, tile samne profile wa;ntr content froin day 191 to day 2 12 
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when irrigation was decreased. Figure 4 shows seasonal changes in soil water content profiles 
for the tomIato plots in the HFSD treatment at tile level. rhe results are similarPi subtreatnent 
to those obtained lor tiltHFSSD treatments (Figure 2) xcept for the typical drier soil in the 
top 45 cm o"the HFSSD plots and a slightly drier profile at 1.65 in depth. The mean volumetric 
soil content of the HFSD plots was maintained at 0.3',8 + 0.005 in3 /n1 3 from dav 135 to da,
191 with slightly less precision than that of the HFSSD) plots (Figure 3). Results for the LFSI) 
treatment are shown in Figures 3 and 5 and Table 2 with soil water content profiles very similar 
to those for the HFSD treatment. 

Table 2. Components of the water balance for tomatoes irrigated by three water treatments 
(HSSD, HFSD and LFSD). 

Soil water Irrigation Evapotrans-
Drainage depletion Precipitation Sprinkler Drip piration

Treatnentsz (D) (A) (P) (I) (Etc) 

_______(mm) 

HFSSD 0 44 65 18 581 7081 
HFSD 0 30 65 18 582 695 y
 

LFSD 
 0 66 65 18 560 709Y
 
Lysimeter 29x 17 65 
 18 640 71 1w
 

HFSSD = high-frequency subsurface drip, HFSD = high-frequency surface drip Irrigation, LFSD 
 = low-frequency surface 
drip irrigation lrrigation cutback from day 194 and no irrigation afterday 212 'Drainage occurred soon after 
sprinkler Irrigation 117 7 min) was applied for germination and was followed by a large precipitation (44.7 mun) WNo 
irrigation cutback or cutoff 

0.450 1 1 1
 
E P
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1- 0 400 
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Figure 3. Changes in the mean volumetric soil water content (Aft) of the 2.85 m 
soil profiles for the plots irrigated respectively by the high- (HFSD) and 
low-fr .quency surface drip (LFSD), and the subsurface drip (HFSSD)
irrigation systems when P was applied at 67 kg/ha (PI treatment) 
(1987). 
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Figure 4. Mean volumetric soil water content Figure 5. Mean volumetric soil water content 
profile at the beginning (day 135) and profile at the beginning (day 1351 and 
at the end of the test (day 212) for at the end of he test (day 212) for 
the tomato plots it:gated by the the tomato plots irrigated by the 
high-frequency surface drip (HFSD) low-frequency surface drip (LFSD) 
irrigation system when P was applied irrigation system when Pwas applied 
at 67 kgha (Pi treatment\ in 1987. at 67 kg/ha (Pi treatment) in 1987. 

Irrigation System Efficiencies 

The choice of the best irrigation system for the conditions and ohjcctives to be achie%.cd 
will, in conjunction with proper irrigation water imanagement, play a major role in assuring 
that crops receive the desired water quantity and/ or quality with iimi.mtm nonbeneficial \watcr 
:osses occurring in the proces.. One of the first goals of water managenient should be to select 
and use irrigation systems which allow the application of' water at frequencies and amounts 
necessary to achieve high water use efficiency levelS. 

Performance of irrigation systells call be evaltlated thcorcticall\ \ sc\c tlcriteria: one 
of' them is application efficiency (Al). which is CxpreSsCd its a percelntage and defined is: 

Application Efficiency (A-) NMean epth.......idded to (1)
of root /oie .00 


Mean depth of applied water 

where the water stored inthe root zone is available for unrestricted ewapotransjpiration. This 
definition .ISSUlIes that the root zone isconstant and definable which isnot an easy task in practice. 
The application efficiency of the four treatments, calculated using cluation (I). are show,n 
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in Table 3. The efficiencies of the field systems are above 100'4 because irrigation applications 
were decreased below plant water requirenrents prior to harvest, and soil water stored before 
the beginning oithe ,-,ori was extracted by the crop to satisfy the evapotranspiration process.
This indicates that it is possible to irrigate Without the systemwater losses it' is well deigned 
and managed.

Another criterion for evaluation of irrigation systems is tiledistribution unifOrnity (IDU).
The distribution uniforirity indicates tile of Ire distribution problems of irrigationmagnitude 
water within a field (Merriani et al. 198 1). Generally. )U9is defined as the ratio of the average
depth of irrigat:"i water infiltrated in tilequarter portion oftle field receivinigi the lowest aimolunt 
of water to tilea. rage depth of irrigation water infiltrated or caught. It is expressed as a 
percentage: 

Mean l 11qua1rter depth of infiltrated waterDistribution UnitfOrniit\ 1I)LI) = __ __--~x I ()I
Nian depth l+ililt rated ater 

A low AE can result from soil evaporation. rurolfiand deep percolation iuleto poor water 
management. In the presence of a low DLI.deep percolation will also be caused b ,ver-irrieation 
to try to nmake tip for the low DU.With drip irrigation, DU depends mrostlv oi emitter dischar,,e
variations and tilehydraulics of the pipe network (3ralhs. 1986) which arC a function of the 
slope of tile pipe length and diarrerer, aId tile citrter. Wict al. (l979) and Braltsfield, tile 
1986) have treated ill comiplex evallation i' drip svstein enission urniflorit, EL1)detail tile 

and tile
nmai VIactors \\ hicl al'tect the1n. ThroughIout the last tew vcars. tileanth irs ha, e Illlca.Irlred
 
ELI of surface drip s\,stenis and ft'oIItd that tile\ are abo\e 95 11 uriforni .hlen adequate design

aid riia ragenierr t procedt res arC foll owed . \Vliell Usi Ilif'requentcy. one Must conrsider tile
iig Ii 

hydraulics of tile to insure that EU is not reduced b\ the frequent on.i oi control of the
systei 
water. It was not a signiriucarnt tactor in this experiment: however. ilsonic cases. where long,
lines are used on sloping Soil, pressure-coipensated svsterinS should be used. In addition. llilli
frequency subsuru'ce drip irrigation can iaxiriize AE becaIlse (I ) soil evaporation is riiniial
 
(6 to 8'/' of grass-referenced evapotranspiration with bare soil). (2)there is 1o rurIlo'f, (3) the
 
spatial variabilit, of infiltration at tle soil s isir'facenor a lir iiniririfactor. termiporal
(4)tile 


01'ribieni 

discharge uniformity iselirriiated lPenig 1986). aId (6) hiiiiied
 

variability of water application is nearlv elirinated. (5)the clel if tCliperarurc Otl 
et al. deep percolation can be 


with good irrigation scheduling isinrr high-frequerncv Iretihods. In our past research. a portion

of the yield increase with HFSSD has been attributed to an irulproved CrOp Lir over the
iforrlit\ 
wtile field. Howsever. in fields where infiltratiin is not a problert. factors 3 and 6 abose can 
also apply to I-:ESI). 

Table 3. Application efficiency and water use efficiency calculated for 1987 data for each treat
ment. 

Treatments Lysimeter HFSSD HFSD LFSD 
Application
 

efficiency (1o) 98 107 105 I0
 

Vlater use efficiency
 
(g yield/g water) 0.039 0,033a' 0.032a 0.030b
 

'Row means followed by similar letters are not significantly different at the 950o confidence level as determined by 
Duncan's multiple range test on separation of means 

Fertility, Yield and Quality 

The application of plant nutrients through drip irrigation systens can be convenient, safe,
and efficient (Bar-Yosefet al. 1980: Phene et al. 1988). Tile use of drip irrigation Without direct 
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injection of fertilizers isoften inefficient due to suboptimal matching of root volumes with available 
nutrients, often resulting in limited crop performance and reduced yields (Bar-Yosef et al. 1980). 
A drip irrigation system managed for Illaximnizing yield and water use efficiency will usually 
cau.se a limited root system with a high root density near the source of water so that total nutrient 
uptakc and the uptake rate increase greally per unit volumC of soil irrigated. Rooting patterns
and nutrient placement -cquirements under high-frequcncy drip irrigation often do not correspond 
to typical fertilizer distrihution and rooting patterns for convcntionally irrigated row crop 
production (t+ar-Yoscf. 197-1: Bar-Y-t ef et al. 1980: Phene et al. I986c). The fertilizer distribution 
prblcm is furtlier masnitied with ph .Aphor1us and sonc minor elements which ma.y be strongly 
adsorbed and ininobilizcd closC ,1the placCmCnt Site. This is particularly true in fine-tCxtured 
soils with high p1-I \ here lamlee water and nutrient gradients can develop rapidly Ull'css irrigation 
and nutrients are applied fircLtuCntly to the rclativcl restricted loot ztone. A though irrigation 
nefclcnt lust he orlC tihtly controlled, the application of' fertilizers through drip systems 

usin the irria-ttion %\atcras th0 carrier othcr\isc reducesIlabor. energ) and cquipmCnt costs 
as Compared to ConIvent ionaIl application practices. 

The N-P-K injection schedulC are S1ho\ n in Figture 6. From prC\i0us studies of plant nutrient 
status ;A this field and soil (acl.tlaml), it \kas determined that residual N. P and K in the 
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Figure 6.Fertilizer N, P and K injection application schedule for tomatoes 
under the three irrigation treatments when P was applied at 67 and 
134 kg/ha (Pi and P2 subtreatments, respectively) in 1987. 
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top 30 cni of soil supplemented by a siall application of N amnd P at planting were sufficient 
to meet these nutrient requirements of tomatoes until first bloom (day 120) (Phene et al. 1986a). 
This differs from the uptake rates rep rted by Bar-Yosef (1977) who used a fine sand in his 
studies. During the rapid growth period following first hloom. demind for N is great and by 
peak bloom (day 163) hall' of the N requirement (150 kg/ha) should be applied. The demand 
for K increases after bloom mg 'plant/dayV) hut seems he the greatest (155first (103 to 
ing/plantldayv) when fruits are setting and Ievelopi ng (Bar-YoscfI 1977). Similarly. the deniand 
,1')r at peak bloomn (1 7 ing/plant/day) and slowly decreases followingP reaches its ina\inltlliu 
pemqploom IfBar-Yoscf. 1977). Fiwure 7 shows the pet iol Ccentiration Of P0 4-P for the three 
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irrigation treatments and the three P-fertility sulbtreatments. Subtreatment P,, shows that the 
petiole concentration of P0 4-P is above the deficient level of 2 g/kg for the HiSD and LFSD 
treatments until peak bloom (Western Fertilizer Handbook. 1975): this i.spresumed to he due 
mostly to greater Pavailability to the shallow roots early in the season for these two irrigation 
treatments. However, this was not tile fkOr the I-FSSI)-P,, treatment.case presunmably because 
-IFSSI) rapidly stimulates deeper rooting where less, resiuual P is,available. Continuous injection 

of P at P, an1d P levels maintained the peCatole concenttion of P abov,.e the deficient level of" 
o 'kg lfor all irrigation treatments until peak bloo0: but Sooll after peak bhloom, petioles in 

tile and I.FSD-P ,the dCicicnt level. Again this presunrabiI-iFSSD-P tomatoeS dtroppCd 1eh 
ma have to do \with rooting voluiicS and roo0ting depth in hoth of these treatments. In tileLFSI)-
PI3treatment, larger \\ater application volumies 125 min) with each irrigation create,, a deeper 

uetted volume of soil. ow pothsCi, that in the I.FSI) treatments,, appliedIt iS ll\ uch of' tile 
1) is adsorbed near the surface,. \\ hile tileroot s\,stCi is spre_'ad outt over a ouch greater area: 
resulting in lo\\er average 1 tvailahtilit\ per unit ot tileroot zone than illthe Ih[FSSI) or I-IFSI) 
treatments. These data AlsO ShM that tollatoes lertili/ed at the 1), level had higher 
concentrations of 1)in the petioles man those fertili/ed at the P1 level: ho1vver. this increace 
illP -ollcentratioln in the petiole did not prdtitdcC a ,icld increase: perhaps other limiting or 
interacting I'actors pre,.ented it or perhaps exce.s levels cxistCdI. Seasonal N and K lcvcls ill 
the petioles of these \cv satisfa0t the \ht." aIL \,tl'C nottllatoes 1t1hrutlghou.t holes.ait 
significanl> zt three P treatment,,.alfte'tCd h, tile 

The yields ofllar+e red tottiatcs ObtainCd 1t11 the2,1 irrilaotiO aid fertilit\ treatinctits arc 
Shoswn in 'lahle 4. ThCC data indicatC tlhal n treattilent producd a significantkl',tie II FSS) irriualii 
greater red tomItot ,iCld than either the I-IFS) o I.FSI) treatitients id that maxituni ', ields 
occUrrcd with P fertilizer injected at least at the P1 lc\el ol 7 kg ha. The cxtrrnels high 'itllIs 
Of tomliltoes achieved illthis stud \,crc otnly po,,siblC hcause Of tileprCcision iand accurac', 
of the irrigation and lertilizatioln mCthods uLSdC: at',er\ unl1ifortit irrigation ,ystei app[l ing '\,atcr 
and nutrients ol inearly ho r-h\ -hour basis to replac , the water lost b evapt ratspirzmtiomt and 
laintaining verv constanllt soil %\aterand fertili/Cr fe\ls, ill the root /one. Components of' tihe 

yicld increase in the I-tFSSI) treatnelts inclided sotllltllat larger I'ruit siCs althotgh not 
statistically signi ficant). and a greater marketable percentage oftto mato sthan in the HFSID and 
[FSI) trcatments tlahles 5 and 0). Sinilar results 'S same%ere ohbtaincd in an experiment at the 
site conducted in 1985 IPhene ci al.I9X6a). 

Water Use Efficiency 

Water use Cflicin." (\VUI )has important implications ',vhn (owidIering irrigation. soil 
id water coner\ ation. producti it.,. and s,,,i.inabiit\ oft i[,':ned t.,ricuture. .:\lIhughthere are 

Table 4. Yield of red tomatoes from three irrigation treatments (HFSSD. HFSD and LFSD), and 
three subtreatments, 1987. 

P-Level treatments (kg hal 

Irrigation treatment' 0 67 134 Means 

Red tomato yield (tha) 

HFSSD 1842 2200 2149 206.4a 
HFSD 176.9 200 7 191 8 189 9b 
LFSD 1689 186 7 1825 179,4b 

Means I767b 202.5a 196 4a 
Lysimuter 
254 9 

ZHFSSD = high-frequency subsurface drip, HFSD - highlrequency surface drip irrigation LFSD Iow-frequency surface 
drip irrigation Column and row means followed by similar letters are not significantly different at the 95'o confidence 
level, as determined by Duncan's multiple range test Irrigation treatments and P-level sUbtreatment differences are significant 
interaction is not significant. 
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Table 5. Mean weight of single red fruits measured from a sample of approximately 200 tomatoes, 
1987. 

P-Level treatments (kg/ha) 

Irrigation treatment' 0 67 134 Means 
Mean tomato weight (g) 

HFSSD 62.9 66.1 67.8 65.6a 
HFSD 60.5 62.3 64.2 62.3a 
LFSD 58.9 62.9 62.3 61.3a 

Lysimeter
Means 60.8b y 63.8a 64.8a 61.0 

ZHFSSD = high-frequency subsurface drip; HFSD = high-frequency surface drip irrigation; LFSD = low-frequency surface 

drip irrigation. lColumn and row means followed Ly similar letters are not significantly different at the 950o confidence 
level, as determined by Duncan's multiple range test on separation of means, 

Table 6. Cull tomatoes as a percentage of total fruit yield, 1987.' 

P-Level treatments (kg'ha) 

Irrigation treatment y 0 67 134 Means 

Damaged and rotten fruit, percentage of total yield (0o) 

HFSSD 1.4 2.0 3.3 2.2a 
HFSD 2.7 2.8 4.0 3.2ab 
LFSD 2.3 4.5 4.7 3.8b 

Lysimeter 
Means 2. la' 3. lab 4.Ob 2.3 

'Total fruit yield includes large red and green, small, and culls. YHFSSD = high-frequency subsurface drip; HFSD 
high-frequency surface drip irrigation. LFSD = low-frequency surface drip irrigation Column and row means followed 
by similar letters are not significantly different at the 950o confidence level, as determined by Duncan's multiple r-oge test. 

several definitions fOr WUE, it is usually defined as the ratio of dry matter yield (Y) per unit 
of water evapotranspired (E + T) where E is the evaporation from the soil and wetted plant 
surfaces, and T is the transpiration from the plant: 

Y
 
Water use efficiency IWUE) = T (3)
 

Hence, the variables Y. E and T are stated explicitly. It has been shown (Feddes et al. 
1978; Ootegem et al. 1982) that harvestable dry matter and often crop yields increase lineaIly
with T but that E is generally nonbeneficial. Irrigation systems such as subsurface drip (HFSSD) 
should therefore improve WtJE since E of HFSSD systems is minimal. However, it is recognized 
that tile following other major factors affect Y as well as T: soil: climate and weather: water 
management; fertility management: crop variety: crop management: pest management: social 
and human factors: and economics. Water and fertility management are the two most limiting 
factors over which growers can exercise some control. Water use efficiencies of the treatments 
are shown in Table 3. The WUI: of the HFSSD and HFSI) treatments are greater than that 
of the LFSD, most likely because these treatments minimize mild water deficits and thus increase 
total photosynthesis on an area basis. However. since iv this experiment the WUE was calculated 
by dividing the total fruit yield by the E., and the Ei,'s of the major treatments were not 
significantly different, the inLrease in WUE of HFSSD and HFSD was due to an increase in 
fruit yields. It should also be noted that these WUEs are much greater than usually reported 
in the literature for processing tomatoes. It remains to be established to what extent increased 
photosynthetic productivity or changes in photosynthate partitioning to fruit are involved in 
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increases in fruit size and number and total production. The high-frequency irrigations (several
times per day) replenish the rhizosphere by mass flow of water which decreases the water potential
gradient between the leaf surface and the rhizosphere and minimizes mild stresses (Phene et 
al. 1983a). 

Conclusions 
Drip irrigv, ion provides many advantages over other irrigation methods (Phene et al. 1987).

In a test designed to study the effects of frequent phosphorus injections or. tomato yield and 
quality it was found that ovapotranspiration of tonatoes, measured by a weighing lysimeter. 
was 71 I mm and that it was not affected bv the mean irrigation treatments or by the three P
fertility subtrd,'eatments. The nican \VUEs of the HFSSD and HFSD treatments were 0.033 and 
0.032 g yield/g water. respectively, and were significantly higher than that of the LFSI) treatment 
(0.027). Mean yields of large red tomatoes were 206. 190 and 179 t/ha 1or Oie HFSSD. HFSD. 
and LFSD treatments, respectively. The large red tomato yield of the HFSSD treatment was
significantly higher than those of either the HFSD or LFSD. and the large red tomato yield
of the HFSSD-P 1 was highest of all with 220.0 t/lha. Soluble solids were not affected by any
of the treatments or the subtreatmcnts. The mean percentages of culls were 2.2% (Hl-FSSD) and 
signilicantly lower than 3.2c; (HFSDI) and 3.8'7( (L-SD). respectively.

In general, complex irrigation systems require high-level skills and intense management
in order to achieve high irrigation efficiency: however, most of the functions of the control systel 
are easily automated. Subsurface drip systems provide tile means of by-passing the spatial
variability at the soil surface which is one of' the dominant factors controlling the distribution 
uniformity of surface irrigation systems including drip systems and one of the limiting factors
in achieving a high application efficienc. Where subsurface systems are installed deep below 
the surface (35 to 60 cm) runoff is also eliminated and evaporation losses and salt accumulation 
at the soil surface are minimized under good management. Since the HFSSD system is installed 
permanently, it is not subject to, manual or machine handling; the aging of the polyethylene
due to ultraviolet radiation iseliminated and emitter discharge uniformity remains more constant 
with time because variations in temperature are damped out. Since the water and fertilizers are 
applied directly to the root zone. the roots can intercept all tile water and nutrients if these are 
added at rates equal to those needed for growth processes. Hence, losses to the water table can
be treatly reduced or eliminated, and the potential for drainage reduction is highest of all irrigation
sv'stems because spatial and temporal nonuniformities (ft water application are minimized. 
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Symposium Discussion 

Y. Halle: W\hat i,, the \%ater reLinit-'niit ol toniato under f'Crtilizcd and lanured condition.S 
is not a constant. For the conditions of the 

San Joaquin Vallc\ of Clilorni,. Win2 L'('-82t ariet. it isabout 71(0 - 50 mm iseason. There 
are many tactors attecting crop \klater retlliirettinCts., ce'rtainl\ loo illa\ to list here; hots\ci. 
the\ are listed in Tihle 4 of tile pilper entitled 'Water Mlla cilleiit of"'oliaboc ill the Tropics". 

C.J. Phene: 	 The %sisar rclrClCint of.ltonaito 

D.M. 	 Hegde: IIi It a crop ICuinilil lrnt ,paing i,, to be gro if. suhsurface drip ll\ 
L I rcqtiiri'sno11b use ul..Such 'rnCiii t..i "lace dril S still necesarils liolitCliMt 01' ClorPo 

\k ith the alle- spiling. What dI s1o tuihink is the ultilt poeCntial of 1iidcr(1 n eiCld itoat-oes 
field ct.onlitiOis,. inde'r iceal coniiolinOs.' (3)Whilt %ss, lhe reasot IOr beItr perlhriiitce ofU 
high-rtl't-CCIL1 \ S1uburi'iCC drip as, coilipared to high- tlcneiic%surlac (lip!.? Were the differeinces 
sic niticant? 

C.J. Phene: lI Crop spacing call b. slaiardiCd -in ll soils iilh high capillaritV. the 
spacling of the line is not critical. (21 lroha l\ aboLl 25(-3() t ia. (3) Yes. tile difflrCnce.'s 
are :,igniicant. One of the explanalions i, that \\ atlc'r and rinillent, are MioTi iilmrils diStiistrbtCd 
Wsith SuhSUrLice drip irrigat il M'ich restilts in ii bettir crop.aiiimmrlh 

nrs (iino lppl)k 
subsurl'ace drip. lomk ,itipl' is it to cirt a blockace.' 
E.S. Lim: Have \oI ¢\periCnCCd roots g the drip inl//e_ alld [eile %ith lhe 

C.J. Phene: We pr c\cnt root :romilh into the cmitteirs and suppl\ i bi\il11l lr.anlaglillt 

process as Iolo\ s: I ear i\. 30 days before planting ke tuiii.C tilhe t.lii smtll \apalilh' 
to control hacteral rossth. neijialtode et,,Ctc. st rate 1f auhlt 300 I ld (21 

Ve irrigate \ery trequeltl il.ltain i Oo C 1ti01ind tile etlltel", (31 Weto lia saturated 1one 
ilionitor Iloss rate and pressulres toLdetec i\ plugille prohleills. (41 After liar\cSt \%-Iiligate 

\s ith Vapain at 501 ha. 
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A. SaJlapongse: What is the minimum pressure required to run the subsurface drip irrigation 
effectively'?
C.J. Phene: Pressure requirements are dependent mostly on the type of emitters or drip tubes
being used and the s)stem design characteristics. For example, some pres.ure-coinpensated
emitters can operate well at pressure ranging from 0.3-3.0 atmospheres. 
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Abstract 

Rainshelter-protected tomatoes growing in methyl bromide-fumigated soil were 
irrigated with 53 to 374 liters of water/m of row. Yields increased with increasing water 
application rates from 53 to 267 liters of water/m of row and the amount of water 
applied to produce 1 kg of salable tomatoes increased from 7.4 to 20.8 liters, 
respectively. Daily irrigation was superior to weekly irrigation. In a trial where the soil 
was not fumigated, rootknot nematode (Meloidogyne spp.) larvae increased 51-fold in 
the soil as the water application rate was increased from 49 to 487 liters water/rn of 
row; also, severe injury occurred to the plant roots, salable yield was reduced by half 
and water was clearly wasted at the highest water application rates. 

Introduction 

Nloisture is the most important factor contributing to high neinatode populations in soils 
(Norton. 1979). Yields of' ficld-gro%'. i tomatoes resistant to rootknot nernatode (Meloidogvm' 
spp.) (Gilbert et al. 1969) increased with increasing irrigation rates up to 47 cm (Sammis and 
Wu. 1986). Bower et al. (1975). obtained 14 '; higher tomato yields in plots maintained at a 
soil-water tension of 0.2 bar than those at 0.6 bar in t plastic covered rainshelter. 

Tomatoes arc- gr ni in plasic-covcred rainshelters in Haimaii's higher altitude and high 
rainfall areas. The water source iseither a rain catchment reservoir or expensive domestic water. 
Thus, the limited nature of water supply requires carefal water managemnent. For this intensive 
culture system of growing tomatoes in rainshe gers.grOWers have chosen cultivars with shorter 
internodes and other favo; able characteristics.hese cui tivars often hute lower resistii-ce to 
rootknot nenatodIwes. but meti,vl bromide fuinigation between crops has largely controlled root!not 
teniatodes. However, fumigaLtion is inCOnvreient. C nid subject to regu latorl laWs.-tl 

The purpose of this study \was to determine the effects of a wide range of irrigation rates 
on the yield of rain shelter-produced lomatoes with and withonLt methyl bic iiide soil furmigation 
in an eftort to learn whether water mianaciment can be used as a tool for controlling roolknot 
iielnatodes. 

Materials and Methods 

Experiment I 

Tomatoes (c, .GS- 130) were seeded on July 7. 1983, and transplanted on August 18. 1983, 
at an elevation of 800 m in the Glenwood area on te island of Hawaii. Tomatoes had been 
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in continuous production for about eight w'ars. The Akaka sillty claN loam soil (Typic hydrandept. 
thixotropic, isothermic) was furnligatCd with methyl bromide prior to transplanting. The entire 
plot area was covered with a plastic ra irshelter it) prIotect plants fromn the 5(K)-cm annual rain tll. 
Plant and row spacings were 0.3f and 1.02 in,respectively. 

Approximately one centimeter of water wasapplied to each treatment at trainsilanting. No 
additional water was applied in the lIllowing 42 das s since somC subsurface water was present 
due to heavy rains. Then. water was applied at scven rates ranging from 1.86 to 13.02 liters n1 
of row/ ,'cek. Thewe rates werc increased bv One-third t2.48 to 17.30 literslim of' row weck) 
from December 21 to March 23. Total amounts ofl%\atcr applied for the crop +_3, )were 53, 
107. 1 0. 214. 267. 320, and 374 liters ili of ro%. 

Water \%as applied either once per sseek \kith I 'Sutratic" irrigation s\siCer or ,ixtiues 
per week %%ith a ')rip In 2 1L irrigation s stem: tie latter isherea fter relrlred to s,di il irrieation. 
The exl)erimnllt rallr'Lda,a CotliuOUs flunction design wkith three replications. 11-Vest
 
yield data were collcCted froim single rI,-(\s,, I ill
long. between 26 October 1983 and 30 March 
1984. 

Experiment 2 

OnC-month-old tomato seedlings (c . Tropic) \crc transplanted (o November 7,1986 tinder
 
a plastic r'linshcher at illlevation of 801 in the Mealani area oiltile
a i11 island of* Hawaii where 
the average annual rainfall is 165 cni. The Maile silt\ clay loam soil -lydric l)vstrandopt) which 
was not fumigated prior to transplanting v.as last treated s,ith Tehoe for lelnatodC conol,'( in 
I985. after which similar continuous tLnctiiol irrigatiol trials CIc perIbI'nie'd on cUCUmnbe1r and 
toinrato crops. TreatIlenS consistCd of v,.ater application rite!, of 49, 109, 243 and 487 litcri in 
of,roms.The initial %aterine rates wcre ().3 0.71. 1.42 and 2.84 liters litof row0\kdaV for the 
first 83 days of the experiment: ratcs \were altered to (.21. 0.57. 1.42 and 2.84 liters 'ur of'row 
for the neXt 88 das, s bCcausC \%ater strcss \N no0t obs'rtVd at tileplant as liwest \watcring rate. 
Water was applied daill With ')rip In 21.' irrigation tUbine with 30-cm emitter spacings. Plant 
and row spacings were (0.45 aid 1.00 1I1.resp'cti\ ly . The pl)1t was arralned in a continuous 
funleti osign \ith three replications. Tormatoes \sec harvested from Februry;V 18 to April 
24, 1987. Nernat ide rat its of riots ard neln;it de pptatiu ,crc evauted aftt he exreriiiit 
was termirratLed. 

Results and Discussion 

dais 
rate increased froin 53 liters/in of r\ It,267 liters in of row (iure I ). However, yields fron 
the 267 liters water'inl of ro\ treatrient \cre csscntiall 0,; same iswhen 374 liters water!nn 
of row kscre applied. This is consistent with the resultS of Saillllis ald Wu (19861 and Bar-
Yosef and Saeiv (19821. 

In tire weekly irrigation treatments. \'ields of salable fruit increased with increasing water 
rates froi 53 liters/'i of row to 374 liters/ii Otf Yields were lower in the \%eekly application 

Yields of salable tonatoes in tile irriation treatients increased istie water application 

row. 
treatments than inthe daily irrigation treatrenits. Foir examiple. at an irrigation rate of 267 lilers/in 
of row. tomnatoCs 18 5/higher intile\icleCL daily irriea1irrn IiC;tnmielrt than in tire %sceklyirrigation 
treatment. Thus, torriiatoCs reCsponldCLd fIir\-ablV tol siriall freueCnt applicatioil-s of wat.r: apparenlly. 
water \as consisterItly more a\ailable to the plants in tire dailk water application treatni than 
the weekly water applicat ion treanrillllt. Clearly. t illat iolds were responsive toboth wkater 
application a1i1otirn1t and tining itithis trial. 

InI xp)eritnetit 2. liato yields dckr'eased (Fieure 2) anid rootknot iellatolide gallig beC'alle 
More s.evere with increcasing s ater appIication rates (Table I i.Rootknot neinalide preseice \%-its 
low and irnciatodC alls weCI'e int)iIspicuO-tS at the lowest irrigatioin rate of 49 liters of waterltnl 
of row for the crop. Hm-levr. wherr 487 liters of w.:el /n of row were applied, riotkrot riellatode 
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'GS -130' Tomato Sclable 
offgradewith methyl bromideSoil fumigated15 

Daily irrigntion Weekly irrigation Grade 2 

012 	 lGrade I 

012 o .1...:... 

.."" .. 	 :1 

X- C5 xC 

ioP-0 	 '- r-- - 0 h- 0 r-.- 0 

Liteso wrterapplied /m of row 

Figure I. 	The effects of seven daily and weekly irrigation rates on the yield of GS- 130 
tomatoes growing on a soil fumigated with methyl bromide. 

Table I. The effects of irrigation rate on, soil rootknot nematode larvae population and nematode 
damage to roots of Tropic tomatoes growing in a rainsheiter-prorected soil bed which 
was not treated for nematodes. 

it:ers of water applied ii of row 

49 109 244 4187 LSD 5% 

Meloidogyne spp.
 
lLarvae~liter of soil) 25 260 1210 1270 764
 

Nematode rating of ioots' I 0 2.1I 3 9 4 5 13
 

SI no root damage, 2 smasll antd inedum galls present. 3 = small rnediumi anld tarp. galls present. no swollen roots; 

4 o ;.ny galls plus two large delormed roots present. and S mlanly galls plus free or torle large deformed roots presenrt 

lars ac p'opultion inlcreased.'c 5 I -lold ini the soil. sec rc root-gal linez \s as pr -!cnt and salahle \'ield 

s\as recced he one-hIv, l 
Tlhis is coitntlcl \ ith ihe ihscr\atii{ins of (Godflrey t) 26l v ho foutnd lss r'ot-ealline frnl 

IIEI(,jd+Lr,.'jl' ', ;iis 5ilt hli,_h hut ot-ealli1rwatp and \cr\ so il inriinItre/ Ilee. llna.Iilltlnii ati the 

irimlll it utre ranee fh r tomat~io erow\vth . Sii ihlrl,. ILillod Ilt)4l) fou tilchat r'{otl darintag 
froml Ih 'ic','d'ro,,,,niri a er wiltine of soil. a. ira;irutntP;i, lir.i', het_ point rea.chedl arlounid 

the fl.td caipacii) point, and declined in wettecr so>il. 
Wa";iter usec as ciTicicut dhe futigaiTitd espeeiall\ ratesCs,;ls sen iii tria.l atialppl icatitil ristiltliilr 

in siMd iic.rea.se. Thc a.mlouttl ofl satelLr applied to prodluc sit kilrarri of salhlc [O;ltoirto 
increased froln 7.-4 iii !/I.8 lite'rs ofl s,atet as, Ihe applicatiion rate inlcreaisedc l'oni 53 to 267 litcrs tni 

I
utI row. respcctivcl\ I Fieure 3}. Watelr ssasi cleanir ss *isted in the norli'tii iated trial ati the hirih 

aipplication raites where Inenlna.tlude psupuhliori aid damall~ge to plnt was greatest'k. Tlhe allloutln. 

ol1 watelr aipplied to lrtiul.onei kihoiraint of salhlc toriatunslc 67.6} aridt,W I{XIiters of' water 

it application rates, ii 244 and 487 liters in ofl r' 1A .,epeeclx d. Aln optimlal inlput culltural 

http:iic.rea.se
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'Tropic' tomato 

no soil fumigation 

0
Salable offgrade4

0 Grade 2 
E
E4 Grade I 

4-. 

"2
 
0 

1 

127 o LSD 5% 

0.. 
49 109 244 287 

Liters of water applied /m of row 

Figure 2. The effect" of four daily irrigation rates on the yield of Tropic tomatoes 
growing on a nonfumigated soil. 

180 

P14J 
."0

100 I 
- Non- fumigated LSD 50 

o 60 

0 
0 100 200 300 400 

Liters water applied /m of row 

Figure 3. The effects of irrigation rate and methyl bromide fumigation for rootknot 
nematode control on the quantity of water applied (liters) per kilogram of salable 
fruit produced. 

20 

500 
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management system for continuous cropping of tomatoes in a rainshelter would consist 
of an optimal daily irrigation rate. use of a neinatode-resistant cultivar and nemiatode treat
ient of the soil after every crop. However, if the latter two options are not possible, 

even a moderate irrigation rate will clearly decrease rather than increase production and will 
waste water. 

Growers would be advised to apply an optimal daily irrigation rate following ftu migation 
of the soil. Alternativelv, a low irrigation rate should be applied to tile succeeding crops if the 
soil was not futnigated. Additional research is needed to develop an irrigation management schemie 
which Woutld result it tie lowest nenHIatode daLMICe and tile hiehest CulahtlivC to111110 vield 
omer a prolonged continuous-cropping cycle. 
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Symposium Discussion
 

I.D. Erinle: What type of soil did ou tise in your second experiment, in view of the critical 
nature of soil type in irrigation scheduliing alK level of nematode infestation? 
B.A. Kratky: Maile silty cla, loam (1-lydric Dystrandept . Note: this is indicated in tie 
'Materials and Methods' section of tie paper. 
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J.M. Meunler: One of the sources of resistance to Meloidogyne incognita was discovered in 
Hawaii a long time ago. Many varieties have since been developed with rootknot resistance. 
It isdangerous to promote the use of methyl bromide in tropical countries when western countries 
.ire going to stop rising it. 
B.A. Kratky: I agree that resistant cultivars should be used whenever and wherever possible. 
rhe main point of this paper is that control of soil moisture by drip irrigation in a rainshelter
;9rotected environment presents an alternative nonchemical control method fOr Meloidoigym, 
,laage to tomatoes. 
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The Influence of Shade Nets on the Growth and Yield 
of Sweet Pepper 
F. EI-Aidy, M. EI-Afry and F. Ibrahiem 
Faculty of Agriculture, Kafr EI-Shelkh, P.O. Box 84, Egypt 

Abstract 

The effect of different shade levels on sweet pepper production was investigated. 
The shade levels were 40, 55 and 63%, achieved by placing black polyprobolin nets 
on solid iron framed tunnels (7.5 m width x 40 m long and 2.5 m high) provided by 
Tildent Co. Shading increased plant height, leaf area, plant fresh and dry weight, total 
yield and fruit quality and reduced the number of nonmarketable fruits. The highest 
number of fruits (17/plantl ind yield (562 g/plant) were obtained with 40% shade under 
field conditions in the Kafr EI-Sheikh area in the north of Egypt. 

Introduction 

The total area cultiVaiCd .%it' VereCltihle crops in Fg\ pt wa, about 503.031 ha;Vear during 
1985 and 1986. The miost imlportant vegetable crops \were ltollo, potato. WaeloCCn. Iqulasl. 
cuctmber and sweet pepper which represented abotl 3 1.9. 15, 10.9. 5.3, 3.8 and 2.V'(- of the 
total aret of' \+.:,.etablCs. respcCtiVl\. Duringih SnC period, the total prtOducli tionlofile vecetable 
crops was approxillaltel 9.772.429 t \ofa. o%which toato110 IeprNtCnLed 41,. potato 11.31" . 
water melon 12 1 CUcLbCr 3.3 c. sqlash 4.9; . ; aid s\\%pepper 2.2' ; (Ccntral Adnministration 
for Agricultural l-komtuics and Sltistics. 1986). The aelaiC area culItivatd with pepper during 
1985 and 1986 \\il lsbout 13.078 hi \car. with an annual production of iiore than 214.146 
i'\ear (,Nlinistr\ of Aurikulture. 1986). \Iore than 67(:o tohis arei wa, IrIiilSplaiitcd in lyNl-
ALILISt. This is Iocali'\ kno\kl ina noel\ ' crop. 

Work ''ondctLd on toliato in Kafr HI-Sheikh. northern1 ,-g\l (I'-Aidvi et il. 193i showed
Ihat shaded pl (ls shade p)ltlccd the higheC fruil . iChl, although(55"7 ieItotal solible solids 

(TlSS) of the fruils dccrcasCd. Shading studies w ith pepper ill the West IhtLdiCs indicdited thai shade 
increased leaf surfAce area. cell division aind cell expansion. and also lhe ovcrall dry iatter 
\wciht nIw thaln 40'; tSchoch. 1972) . I northernl li,tll shading of ilure 30('f wasmore s lhall 

loulld to decrease the nuuiber in coimparis(ln to ill lighl (Quaglioiti etal. 1974).
LfIowe1rs 

[)e\'olnimCnl Of tiC ruiti both in iUmilber and liean i hl as Most Ias \\hen liuhi intensit\\CiI -orablc 
waS reduced h 30; .lik'\ver under Korean colditionls \icld of red i'ruis decrclscd as shadilu 
ilncreased, anW walCr, su contlts of tIe \C' laffectedif.aliino acids and capsaicin I'i'tiIs 
1w shading (.oeri and Chiig. N82). 

The illlill Of this stud\ \\Zas to ilivesticate the effect of shadine onlohbcCive rowtlh and 
Nield of ',\CCt pepper grown drilg the Stliliriel pCli-dL il nolrtirnCI Fgypt. 

Materials and Methods 

Experiments were conducted iniWe late srlllllnrin May 1984 and 1985 at the Exlperiimental 
Farn of' the Faculty of Aericulture. Kafr .i-Sheikh. Egypt. The swct pleppei' culhivar California 
Wonder aILd oI'utr were ued: 0. 40. 55 and (3' shading. Black shade netsshade treatments 
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(Tiident Co.. England) w, re placed ol solid iron I'raire shipI tigiinne Is, at one mieter hei 
fronii the soil level Ior the purpose of xcntilatio. Transplanting was 60 la's alter sowing. Shade 
nets were appliel oai15 JunC. ;11arde'rmoved tin 15 Sepie rube r. aId the plants left to plrodurce.
unshratl,d. for ", -4l; da's Lip to the end of harvest season. A complete fertilizer (N:P:K 1:2:1)•wa, a',)plied at r ol 268 kg /ha t%%ice. at 30 and 51 Las al'ter transplating. Fhood irrigatior
wUS I+veI 10 to 12 days throu,.ghott the groutll season. All oilier Ctltural practices \% re those 
practiccd by local growers. The f'rlits Were picked at the mature grCCn stage at 10-days interval.The experimernt was arranged is a randoriized complete hlock \i1h I'Mrr replicates. Plot size 
was 2..6 x 7.0 ir wiith a pllatit lCnsit\ of 6 planitr i. Tle ,Cedlirigs were rtran sph tud on pai red 
rows with 80 cm between pairs., 40 cnr beween row . ard 30 cin between plants.

The leaf aret \ZaS calcILIuted accofrdliri to the ftlhOwirig f rlahk (Delicux et al. 1973): 

l)rv w cit of* lea\es (l 
ealr area (c weiht of leaf disks (-)I) -x area of eal disks (crim) 

Leaf disks had a constanr area 0.988 cr. At 6( days alter transplanting the leaf pigricirts
(chlorophyll a, chlorophyll b and carotcnoist) were rrreasured speci rophotorietrcallv as described 
by Wettstein 1957). Leal samples \\crc taken f'rori the tip of the fifth cal (10 disks/plot x 
4 replicates - 40 samiples). 

The climatic conditiolls during,,' the courrse ol tie vegetativ e arid pductive growth period 
arC sllnriiariZCd in Table 1. 

Table I. Climatic conditions during the experiments. 
. ..... . . .. April Ma y Jrun. July Aug. Sept. Oct. 

1984 
Air temperature (C)

Ave. max. 
Ave. min. 
' ax. 
Min. 

Relative air humidity (0o) 

26 
II 
33 
7 

66 

32 
Is 
40 
10 
64 

32 
17 
37 
15 

63 

33 
20 
36 
16 
72 

31 
19 

36 
17 
75 

32 
17 
36 
14 
74 

31 
15 
35 
13 
75 

1985 
Air temperature ('C)

Ave. fax. 
Ave. min. 
Max. 
Min. 

Relative air humidity (0) 
Solar radiation cal cm2-day 

27 
II 
38 
7 

65 
950 

32 
16 
38 
II 
62 

1100 

33 
18 

39 
16 
62 

1120 

33 
19 
36 
17 
72 

1100 

33 
21 
36 
18 
77 

1010 

31 
18 
36 
15 

71 
920 

28 
14 
31 
10 
68 

690 

Results and Discus!..on 
Plants grow inunder shade grew nore i gtorousl. tiharn ihlic in lie tPepcn Iield. They exhibited 

greater plant height and plait f'resh anrd drx wci.dlt and leal axi \x crc soiniflicativ incrceased 
(Table 2). 

This may be attributed to tile s iriilifthitm o1 cellular cxpansion anid cell diVisior Underl shaded
conditions (Schoch. 19721). The rallcr platihis were uhlincd ulder the 63'; shadelcx el Iollowcd 
by plants tuvder the 55" ; and 4("; hade level. 

The htrvxcstine Lur'atitn x.\.as 81 a,,s (t 'rri 2 Atuust to(22 ()ctoher) in 1984 arid 71 datvs. 
(froin 15 Argust until 25 ()ctoher) in 1985. Toral lruil yield arid ae\'rae-i rut'ie lit x\ as grcat'crf'ro i the shalcd pIariis (Table 3). Tt al vit.lIis , ,:rcasCeI as shlladi ri increased. II has bcell 
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Table 2. 	 Effect of shading on plant height, fresh and dry weight and leaf area at 90 days after 
transplanting during 1984 and 1985. 

Shading Plant height Plant fresh wt. Plant dry wt. Leaf area 
(00) (cm) (g) (g) (cm 2/plant) 

1984 
63 78 a 196 a 38 a 3038 a
 
55 78 a 150 b 27 b 2650 b
 
40 66 b 125 c 29 b 2490 c
 
0 (unshaded) 43 c 76 d 18 d 1475 d 

1985
 
63 84 a 191 a 37 a 3980 a
 
55 69 b 129 b 30 b 3620 b
 
40 62 b 124 c 28 b 3404 c
 
0 (unshaded) 54 c 102 d 18 c 2476 d
 

Means followed by the same letter are not significantly different according to Duncan's multiple range test (P 0.05). 

Table 3. Effect of shading on sweet pepper yield and fruit quality in 1984 and 1985. 

Shading Fruit yield Average fruit wt. Marketable Nonmarketable fruit/plant 

(00) (g/plant) (g) fruit/plant (no.) fruit/plant (no.) (00) 

1984
 
63 367 bz 34.2 b 10.7 b 1.5 c 14
 
55 400 b 34.8 a 11.5 b 2.0 c 13
 
40 617 a 33.9 a 18.2 a 3.7 b 19
 
0 (unshaded) 436 b 234 b 186 a 5.5 a 32
 

1985 
63 383 c 31.8 b 12.0 d 1.2 d 9
 
55 531 b 35.2 a 15.0 c 1.5 c 12
 
40 567 a 33.7 a 17.0 a 35 b 21
 
0 (unshaded) 327 d 20.7 c 15.8 b 6.3 a 39
 

Means followed by the same letter are not significantly different according to Duncan's multiple range test (P =0 05) 

Ii)stulatCd that Shading incrcases the qtia ntit.\ 1chlI r sphVII and thus inclcases the phi t0sVnthct ic 
cl'fiincv of the plants (Collard et al. 1977: t-I-Aid\ et al. 1983). Similarl\ . the number of 
iionliarktable frnlits increased with lccrCasinhe Shaline. The unshaded plants prOdUccd 
,.iimficatl' mtore iinmarke hle fruits than plants 2rosM ill' under shade. The highest yield was 

ohtained from the 40,' sdLC tCatmcnt in hoth WCilrs. While the Iowcs asyield %N Obtained 1'ton 
the unshaded treatments. The chh1loohN 11and ct.'rettoid CoHtCll of1 lCaVC S . td t 1be 

increased 1w shadiltC Ilable 41. 
It is concludld troll these trials that the l)tilllnltl shadc IC\ cl lfor hichest nd1uidtIcti\ it\l 

[Irtit quality tinder the ell\irometitall conditions prc\ailing itt KaIr I-I-Sheikh is40'' . The effect 
i loss er shade Icvcls w\ill be tested. toUcether with it cCont ic evaluatio l, l eorc recoinlienda
lons arc made to lthe rowrs. 
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Table 4. Effect of shading on leaf pigment content at 60 days after transplanting. 

Shading Pigments
(00) 	 Chlorophyll a Chlorophyll b Carotenoids Total(mg/g fresh wt.) 

1984 
63 
55 
40 
0 (unshaded) 

0.52 at 
0.40 b 
0.38 b 
0.40 b 

0.31 a 
0.27 b 
0.23 c 
0.23 c 

0.49 a 
0.40 b 
0.39 b 
0.32 c 

1.32 a 
1.07 b 
1.00 c 
0.95 c 

1985 
63 
55 
40 
0 (unshaded) 

0.53 a 
0.45 b 
0.39 c 
0.38 c 

0.32 a 
0.27 b 
0. 2 2 c 
0.21 c 

0.51 a 
0.41 b 
0.36 bc 
0.30 c 

1.36 a 
1.13 b 
0 9 7 c 
0.89 c 

ZMeans followed by the same letter are not significantly different according to Duncan's multiple range test (P = 0.05) 
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Some Aspects of Cultural Management in Tomatoes 
at AVRDC 
A. Sajjapongse, Y. Ota, Y.C. Roan, and C.L. Wu 
Asian Vegetable Research and Development Center P.O. Box 205, Taipei 10099 

Abstract 

To evaluate the effect of cultural practices on yield of tomatoes, various studies 
were carried out at the Asian Vegetable Research and Development Center. Narrow 
spacing and high numbers of plants/hill reduced the number of fruits/plant. G1ven 
sufficient water and plant nutrients, transplanting shock had no significant effect on 
yield. The crop tolerated weeds for 28 d.a.t. without significant yield loss but the critical 
period of weed interference was between 28 and 42 d.a.t. Metribuzin gave the most 
satisfactory weed control among the herbicides tested. The yield of the crop was 
increased by 67.5% when plastic mulch was used. The yield was also increased by the 
use of methionine, an ethylene precursor, and Crotonyliden-Di-Urea (CDU), a slow-release 
fertilizer. An optimal furrow irrigation schedule for the crop was to apply irrigation three 
times, i.e. immediately, 30, and 45 d.a.t. A simple, inexpensive low-pressure drip 
irrigation system for use with the crop has been successfully developed to economize 
water use. A bed height of 30 cm was effective in protecting the crop from the 
detrimental effects of flooding during the summer season. 

Introduction 

Yields of tonatoes in the tropics are generally ver. Io%% when compared with those in the 
temperate region. In 1985. erage yield %%4.5 t, ha in Thailand. 4.9 t/ha in Malaysia,the a% as 
9. I t/ha in the Philippines. 52.6 t ha in Japan. and 50.0 t ha in the United States (FAO. 1985). 
The yield differences betM een these countries are not only due to different environments, but 
als to differences in the cultural practices applied, and in the le'.el of their application. While 
high production inputs such as \%eed control. irrigation and fertilization are used in temperate 
countries, low production inputs are practiced by farmers in tropical countries. L.ck of 
information isone of tie facturs preventing the larniers in the tropics from using nian.,beneficial 
cultural practices for tomato production. 

Many studies have been carried out at the Asian Vegetable Research and Development Center 
(AVI DC) to improve the cultural management of this crop to increase yields, particularly in 
the lowland tropics. 

Effect of Spacing and Number of Pl.nts per Hill 

One of the management practices hich great ly influences tomato -ield is population density 
and spacing. Various intrarow spacings with one or two plants/hill were tested during the autumn 
season using the determinate cultivar Tainan No. 2. Plant survival rate, marketable yield, fruit 
size. and fruit number are presented in Table 1. Although spacing and number of plants/hill
had no effect oi plant survival rate and fruit siZe. they affected yield/plant and fruit number 

significantly. Planting one plant/hill gave higher yield/plant and more fruits/plant than planting 
two plants/hill. A similar response was also obtained using wide spacings when compared with 



350 Sajjapongse, Ota, Roan and Wu 

Table I Yield and its attributes as affected by spacing and number of plants per hill.! 
Spacingy No. plant Plant survival Yield Fruit size Fruit number 

(cm) per hill rate 1%) (kg plant) It ha) (g'fruit) (no. /plant) 
30 I 88.9 1.9 cd 56.8 65.0 29.7 cd
30 2 92.9 0 9 f 56.0 62.0 14.6 e
40 I 94.9 2 4 c 56.0 65.1 36.5 bc
40 2 93.6 1.2 ef 56 8 57.9 21.0 de50 I 88.3 2 9 b 51.5 67.0 44.2 ab
50 2 86.7 16 de 565 57.7 28.4 cd
60 I 896 3 5 a 51.2 70.0 50.7 a
60 2 89.6 18 d 53.9 64.3 28.0 cd 

Means within columns followed by different letters are sigi ificantl- different at the 5% level by Duncan's multiple range

test. Ylnterrow spacing was I in for all treatments
 

narrow%spaci ngs. Based oinhectriltc. hosMC%r. .ields did not di ffer whcher the crop was planted
one or two plants 'hill with \s idc or narro\ spalcing. due to the population dcnsitV differencc.
 
Taking into consideration the icld and numbetr Of plants inlolved. planting the crop ittwo
 
plantshill is not ad\,uataceous. 

Seedling Nursery Methods 

To avoid the transplantting shotck as, ciatcd s ith plantine sccdlings in flats, or beds. the\
 
are usualls raisCd in ,ttall tS, . and tillC-COnsurnitl procedlure. In most leafy \ecetables'.
p a Cost 

like Chinese cabrace. tranllanlt ni Shock tI I Caus Si,-enilicant \ield loss. Al e\lcrilcnt w\as
 
carried out to determine sshcther trMSplntine 
 ,h2ok also aft'CtS the leld tl" toimato. The 
deterllinate lile Taina lNo. 2 sas used, A tlhe e\crilneCnlt \\s conLucted in the aUttL11n seasOll. 

Plants vros, n fro1 SCCdlin.s raised in Hllt\ere the ShorteStd all; s Ct. lnlhld the smlallest
 
root si/e. There \%e rc sieni ficant differences illhiciht, plant and rooIt 
 %seightibetemccn the pitt
and slot treatments. I)i Ir'lencIC i ldiLtiOtL treat nts how c\I . sscrc not sienificant (Table
2). The Nsield a\ tel'eId ito6s.t) ! ha lor the lat icthlid. 71 3.. h lir tie ,lot tiethoL. and 73(1
 
Iha Ifor the pot mrethod.
 

It was oh\ ionS hl thilroolts o tiotiatoes, ro \ IIri ili sedlins ris,d LntCr lte pt lind
 
slot IthUoLds deselpcd iiire qit.kl. thill did the roots iltPlants 
 frim Seedltil 

under the Hill method. Thc\ 


,'ros\11i alinlsed 
uld thus be a lc ite\plhtit tllrients nd siiil molisture more

effeCti\Cl\ thaln Could the roots t plaltl gros I.O 'Cdlin,'s raisCd Sil tilte flat method.
Although there %%ias nol icld diffterence llnd..-r th., prc,,ent trial,. \where plantthe Conditionsllo 
nutrientandS lltSoilo moi'sturC .ere not limitinu. %iclns root['0 . ehlllllt Should Iead aInaLCLeous
under conditions sshere ,il is drst\ and infertile. Th ere lore. s\%concludC thalt transplanting Shock 
hts no sinillcart eff,ect on\ ield iif toilato k\ gro I an 
nutrient and \aler Supplies are Sulficient. 

hen l[Ile crop i,, itit en\ irotinent \\here 

Table 2. Root fresh weight, plant height and fresh weight at 30 d.a.t., and yield of tomatoes 
as affected by secdling method," 

Seedling raising Root weight Plant height Plant weight Yield

method Ig plantl (cm) lg plantl It hai
 

Flat 5 I b 39.5 b 92.5 b 68.9
Pot 7.4a 45.6 a 138.3 a 73,0

Slot, 7.3 a 
 45.0 a 137.5 a 71.3 

Means within a column followed by different letters are significantly different at the 50 level by Duncan's multiple range
test, YFlatspartitiont:d into slots 15.5 cm x 6 0 cm and 7 cm deepi with PVC strips 
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Effect of Weed Competition 

Farmers in the tropics triaditionalhN ccd tomatoes b\ hand. This practice is becomiin1g more
 
expensive, due tothe Ihiin,'i period of weed comlpetition.
cost of labor. Studies On the critical 
and in particular oi the tinliit' of nianual \,cCdihl required to prtovilC the best control \\ith 
the least labor, can help famters to utilize their iahor economically and efficiCntlh. 

The t pical \% t re lthchroadlcala COds ..	 ('hut: qpit,dincceI encointered 	 Imocm1u.A Viridi.. 

ficifiliuml, Porrulma olericea and the grass Elhusin, indica. The critical period of weed 
competition for transplanted tomatoes, i.e. the period during which weeds must he removed 
or yield or growth would he reduced. was determined during tie autunin season using two 
cultivars. i.e. Tainan No. 2 and TM 103. Treatments included weed infestation for 0. 14. 28, 
42. 56. and 70 days after transplanting (d.a.t.) and absence of weeds for 0, 14. 28. 42. 56, 
and 70 d.at. 

Yields of both cultikar .kcrc as hi1h a,, the s ee1l-lrCC check xM ien the platiing,+%\crckept 
occi-trcc for 42 d.a.t. ilable 3). Controlling \ cedS for oniger periods did not incrcase 'S ld. 
()n the other hand, the icl of' Tainain No. 2 \%ts reduced 29,.9' ; and that o l TM 103 b\bL,\ 

2 .5'; . Mhei plot, \ crc kept \kcCd-frCC otrotlh 28 d.'a.t. 

Tomto \ iclds %ere reduced ,igit ica tlI. 1 11 ced-free check. \%eedilpared %ith the %k ,. he 
competition as lonr than 42 d.a.t. for Tainai No. 2. and 28 iia.tl.fr Tainan No. 3 (Table 
.).Yield reductioti ,,a, 3.i1espcct\l,and 33.6'.3l.t or TainTman No. 2 and TM 103 ,hcn 
,ccds %%ere v ith tle crop ht2boLIt 11nc anll.e h't t colpctc thItrlo tle ill 

lhe responlse in tcrl1is of Ililbcr itIruit', prtducd In relation to Iclith fl nlitteto V\,cCd 
interference %\,Issili.r to rCsl)olsC ilCLurCd b\ lrtitiCld as repotlCled lbo\e (lable 3). 

The ,,icld data SlIotv ed that 1tuato to0leratecdCed inl'statiton f0r 28 d.d.t, tI'M 103) and 
42 d a.t. Taiiit No. 2)\% IIcli the terl hand. cro p nledd toitItoum t Si2niticant Loss. ()[t the 
liekept free of \ ecIs for 42 .iiat. to a', hielh a'the CCd-trCC Check. 'hIcrehOe. the criticalicld , 

period fl ced compeitioin as,bt\, cen 28 and 42 d.a.t. Ihis sugcsts that one or tO ,o
.Cedeilnus 
,luring thIis perio-d iS adeC.lua.,tC to pre,,ent eil l12ss.1.\ Stud\ conducted earlier CptortCL that the 
critical perioi l Ithet\ cn 24 and 2f( d.a.t . u 1)7Q). \Ca er aild Tln I1X3). ho ,e\ er. 

Table 3 	Effect of time of weed removal on yield and fruit developmei of two tomato 

cultivars." 

Duration of weed Yield it ha) Number of fruits plant
 
interference iDATI Tainan No 2 TM 103 Taman No 2 TM 103
 

Weed-free
 
0-14 18 4 d 65 4ef 15 2 f 74.4 cde
 
0-28 26 0 bcd 70 I cde 21 0 cde 82 8 bcd
 
0-42 32.2 ab 84.1 abc 24,0 a-d 94.2 ab
 
0-56 32.7 ab 78 5 a-d 24.9 a-d 89.4 abc
 
0-70 37.4 a 78 4 a-d 280 a 93.0 ab
 
0-harvest 37.1 a 89 3 a 27.1 ab 99.6 a
 

(weed-free check)
 
Weed-infested
 
0-14 35.9 a 85.2 ab 267 abc 96.6 ab
 
0-28 37.9 a 81.2 abc 27.2 ab 94.2 ab
 
0-42 30.0 abc 72.8 bcd 21.8 b-c 83.4 bcd
 
0-56 24.4 cd 694 cde 16.6 e 81.6 bcd
 
0-70 22.3 cd 57,2 of 19.6 de 72.0 de
 
0-harvest 22.6 cd 54 0 f 174 e 63.6 e
 

iweedy check)
 
Means within a column followed by different letters are significantly different at the 5% level by Duncan's multiple range
 

test
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colnclLdCd that this period \was hCt\CCn 28 :iULl 35 d.al.. and weeding once during this period 
wast C10.h to aoid sitnificant xieldiOss. Yield rdtL¢io. tider the present study'. was 
manifested b a reduction in the nuibCr o1 fruits perI" phlnt. This sug.gCessIhat xreed interlcrence 
suppresses the dl¢\ehopnient of the fruit: the longer the perild t \ed interfelcrnce, the lower 
the nubnher of fruit, PCIr plat. 

Selection of Herbicide; 

In cases Mht labor i, lackin, or labor Cost is hich. lianld %xcCline11a1\ 1iot he possiblc. 
lld chemical \.t.xd colIoll Calahe A 1od althrnaix e. Irials hae heen conducted at AVRDC 
to idClrifx eflectixc heirbicide,, thalcan c0nttml \\ceds and arc safl'otrthe crop. 

iiflit h1rbicid,. it.. alaclIlr. diphenaiid. ON\,l\flr'Cn. netribuin. lpeldiinllhalin. 
triluralin. F\ [1.-52 I ) x1010.,li %rc c ;dalIIcrl 1ot xxetl cotltroll in tiansplantc tlointtatloc. 
All IlCl'liicilCs ;Iplieid lo ,-iLuad hlllato The raites I\\ crc pi eel]tic bel'ore tiraiisplatinl,. 
ap'-li'iioll x lliCd i10n11 hclh\\ 1t l-cotiuiedclltld rates 1t lie.2lll lnll thie icolltICIItiCdedt tIl". 
irillrahin. r n. 1.52 It);.nI, pcldiuCthialul catused SCri u c'op iler. . hereas lacIlilo 
rsC,,LtCd in n1tode,. .c 11111A. ,pctall \o1i1h hith application raltcs. The crop \%as not affcctetd
bh m tr t u/ n d ij hlIll~ lll i . 1 I I C I Alt11110..Zilld, M\\ Lth 211d il hIM',il tid d id n1 0tCZ.tL,,Cll.\t 0It \iCit \ 

it tlh crop. it \xas soticx hat weak i contirol ti both ras lld btadllCti xxceds Iable 4i. IasCl 
0n IhCsC findlinls. onl\ iiict ibuINin, o\'\ fluorlen. and alZchlot \\Cie sClcIctd I lurther cx aluatioti. 

l:trthtl c ;allatllioll clx\ lit o\%Iluorle'n alatlhho cused cro I ji. . as iithiCattCdcalCd nld1 
b\ a rtCLuctiti ol plai1t 1iciC2ht stalute Irmll three \xccks ahltcr ttant,,uliiins.hircas icttiblu/in 
cUtl'oCd liciut rIctlilto I .h 0\x Ih ]).td not CausthLl ltop iltiut\ in ailabe 5...\lthllts1Ii lri 
plCx iouns trial, the sex crc phttotxicitx of+ox Ilthirle ii this c ase xas attriluted to lhcax\ rain. 
lcittellldl'ctl at121)dl\s Iol' traIsplaitiI,2 dt Ra1ii sllIllilgl CaulSCth the top part ol the 

to .. particles \pilcdx 0\it It Iha,Itoitiatl plait 1r0lbe o1 \ithi Noil alrcatld u\xlluotrll. been 
s lxxth ,,1s 1 \pLlu to to\\ I1Lo-II1 is Ittot'c injurious Ilan itoot e\posZtl¢ Fadax ottli and 
\Varrcn. 1977). 

Table 4 Weed counts at 50 days aftcr the application of various herbicides.' 

Herbiode Herbeide Weed 2
lpO~~n Cop Weed counts 0'no Cro1 count 100
.:) Cro, Wress-----------,apphu,1tonl , a.. . . . . . ..,pphc~lhon . . . .. 

rate ha r. Glass Broaidl l a 11 ury Grass Broadleaf 

Weedy ,I, 00 C 453 3a 0a Metribuzhn 
050 OQ 733 c-f OOc 

Weed free check 0 0C 0 0 f 00o: 0 75 0 0 e 533 ef 00 c 
Alachlor 

20 00e bed146.7 333b 
4 0 33 t,e 531 ci 00 c Pendimethaln 

07s 3 cde 867 :1 67 bc 
Diphenamid 1 00 0 3 e 1133 b-c 6.7 be 

30 0oe 153,3 bc 200be 125 30bed 600 d6 00 C 
60 0e 1867 b 133 bc 150 50b 467 ef 00c 

Oxyfluor'en Oryralm 
0 24 10 de 33 3 e> 0 0 ( 50 8 0 a 66 7 c 6 7 bc 
0 29 0 3 t 333 el H C 2 00 8 7 a 1000 cde 67 bc 
035 1 7 cde 46 7 e 00 c 2 50 90 a 733 c-f 133 bc 

EL 5219 T,fiturahn 
2 00 9 0 , 60 0 def 0 0 C 2 00 8 7, 60 0 def 0 0 
300 9 3 a 400 el 00 c 2 5g09 0 .16 7 ef 00 C 
4 00 I0 0 400 ef 0 0 33 00 9 , 66.7 c-f 67 bc 

thm coiuri v cnoji iMeans . . !'o ed by P'rem er, Ire s. diffceru thi 5 Ic., b Du narrs i tuiip!t rifit teS 'For crop 
Oiljj, art, 0 rli (rop nury 10 . Complete r ik(rop 
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eLi'cducCdherbicide application rates increased. 
OxNtll uo rfen and niitribu/ill t0 hrtbiiila' \Weed kontrol, while alachhlr gave good 

Table 6 shows that "eed inlestation waS aS th 
pvided I 

Control of' erasss,,. Yield 'ion o\\floln lt2il'atIlt. a.a res.u o 'sTeer co illuC.1t0')\were 
the lowest of all .reatilnel",. Sield of 31.6°he hieliestx iha cameine'l'0l inlletribuin I111en1111t 

ati 1.00 ke a.i. ha. 

Table 5. Effect of herbicides on tomato plant height at different times after transplantingz 

Herbicide application Height (cm2) 
7
rate lkg a.i. hal 2 wa.t 3 w.a. 4 w.a.t 5 w.a.t. 

Weedy check 14.2 a 22.6 a 32.5 a 40.1 a 
Weed-free check 13.0 a 20.6 ab 29.8 ab 35.0 abc 
Alachlor 

I 00 14.4 a 19.1 b-d 248 cde 30.5 cd 
100 12.4 a 16.8 c-e 22.3 de 28.1 de 
4 00 13.4 a 15.9 de 21.1 ef 24 2 of 

Metribuzin 
0.25 14.2 a 20.3 ab 28.0 bc 35.6 abc 
0 50 13.1 a 20.4 ab 26.2 bc 33.8 bc 
0.75 14.1 a 20.1 abc 25.6 cd 32.8 cd 
I 00 13.4 a 20.0 abc 280 bc 38.2 ab 

Oxyfluorfen
 
0 059 10.9 a 16.4 de 18.0 fg 20.4
 
0 118 11.1 a 15.7 de 16.3 gh 16.6 gh
 
0.176 113 a 160 de 17.7 fg 177 fg 
0.235 12.7 a 17 2 b-c 17.3 fgh 18.9 gh 
0.29, I 0 a 154 e 136 h 140 h 
0.35 I 0 a 16 4 de 17.8 fg 15.9 gh 

entletters different by DuIIcans multiple 


test 'Weeks aftertransplanting
 

'Meari within acolumn followed b> ciffer arcsignificantly atthe 5% level range
 

Table 6. Effect: of herbicides on weed fresh weight and on tomato yield.' 

-
Herbicide application Weed frr,'i,weight ft hal Yield
 
rate (kg a i ha) Broadleaf Grass (t ha)
 

Weedy check 3.8 bcd 26.6 a-d 6.1 cde 
Weed-free check 0.0 d 0.0 f 28.2 a 
Alachlor 

1.00 16.9 a 7 6ef 112 c
 
200 6.8 b 67 ef 9.5 cd
 
400 6.6 bc 6.6 ef 10.0 cd
 

Metribuzin 
0 25 4.1 bcd 36.1 a 9.0 cd 
0.50 I 4 cd 27.7 abc 18 7 b 
0.75 0.2 d 23.0 bcd !9.3 b
 
100 0.3 d 18.9 cd 31.6 a
 

Oxyfluorfen
 
0 059 06 d 32.8 ab 5.3 de
 
0 118 0 d 26.3 a-d 1.9 e
 
0 176 0 d 30.4 abc 2.7 e
 
0 235 00 d 200 cd 1.6 e
 
0 294 0O d 15.0 de 0.5 e
 
0.352 00 d 23 6 bcd 2.6 e 

Means within a column followed by different letters are significantly different at the 5% level by Duncan's multiple range 
test 
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Mulching 

Mulch controls \vCcds . conserves Soil WatCe and prOVidCs a favot'ablc root environment for
pl".it growth. A field trial cOlldLctlIat AVRDC dLring1 the autumn season icvealed that Vield 
of nonstaked tomato was increased 67.5 '; when the crop was ruliChed With black plastic arid
hy 15 i when it \%as rirulched With rice straw (Table 71. The high \ ield of the plastic mulch 
treatmiient was iii ternis of a high nurI ber o huits plant. Plastic ml.Uch stimulated root ,roth. 
as indicated b\ the highest root wecht in Tablc 7. This helped the plant, to e\ploit plant nutrients
and soil moisture more effective than in the other tiCatmCnt. rcsuhlin, in hiCh ld.This is.
ii agreement with the results ol' other \orkers (Jones etlal. I977: Jones atd Jones. 1978: Sweeney 
et al. 1987: VandCnbere and Tiessen. 1972). The high yields Under muIlch obtained in these
earlier Studies w\Cre LuC to inClCasCd nitlubers of'clulstCrs. llo\\srs., (ruit t plant. adil earliness 
(Vamidencrg ZLId Ticsscn. 19721. lo\Csr Soil moistur lluctuattltion (Jones et all. 1977) increased 
nutrient uptake (Jrnes et al. 1977: S\wenc\ el 1.1987). and improvCd fruit si/c (Schalk. 1987). 

Water Management 

Tomato isscisitise to flooding. I-ICl\\ ralinfall during the growying period canl b detri incital 
to the plants. atcolnon problem ill the tropics \hre tomatoes are c1"on11 ill the sulllliCr seIison. 
Trials wkerC conductLd wkith AVRI)C line CI. 9(001. a dleterinate lcitheat-tolerant line. The total 
rainfall for the c'ros\inc season \was 1221 mlli. Afrer one hoav\ rainfall, it s\sas fosund thatt IhC 
lop 15 cmr of soi! in hi2h bcls 3(1 and 41 cinlos soil nioislurc quicker than (te tlop soil ii
lo\\ beds (15 eral(Table 8). '[his resultedi inl I lait1 r1 ival ratw. arnd at hlichl icld ftiii
tIe high beds. The o id from tIe loss beds \,s iue toa Iamifruit ntilli ier per plait
and snialler fruit si/c. Since there \%as no \iCld difference bct\\ccii beds 30 and 4(1 ciII high.
I bed height of 30 cr is conisidcred Opltiial 

Durin,! tIe dr\ lirrmers tall\ irricattC 

imethod which rrra\ hac a lo\s 


eason. Lautumn toatoestC b\ l'turt,\ 1rri,.2aton. t 
kater uset elficirs. I o%ecoorie oilnssfa Use ill this I110ho0d. 

a studv,\was Carried out ill Itilllllll detCmi ophti lNIuiciri1the 0116111..Ih ,chdCleh.. Th bC,I irrica.tion 
schedule giving high .icds, ,llSatoVirri'rc the crop three times. i.e. inircliateChs altr
 
transplanting. and 31 adl 45 da 
 1,alter tralIplitiri2 TlablC 9). hlIe IeLdIlourll ti, llc;trlaltt 

Table 7. Effect of mulching on yield, parameters and dry root weight.: 

Treatment Yield Fruit size Fruit number Root dry weight
(t ha) (g fruit) (no plant) (g plant)
 

Black plastic mulch 38.9 a 44.7 a 
 523 a 117 a
Rice straw mulch 26.8 b 41,6 a 38 6 ab 8.5 b

Check 23.2 b 
 420 a 33.7 b 8.6 b 

Means within !'column followed by different letters are significantly different at the 5: level by Duncan's multiple range 

test
 

Table 8. Effect of bed height on soil moisture content, yield parameters, and survival rate of 
tomato grown in summer.' 

Bed height Soil rroisture' Plant Yield Fruit size Fruit no. 
(cm) I 5 (10) (t ha) (g fruit) (no. plant) 

4 00 a 22 7 a 39.1 b 1.9 b 18.7 b 10.1 b
30 37.2 ab 157 b 9 64 a 11.4 a 25.9 a 18.9 a
45 363 b 156 b 9 78 a 13.2 a 28.0 a 19.9 a 

ZMeans withi. a column followed by the same letter are not significantly different at the 51o level by Duncan's multiple 
ange test YMeasured at I and 5 days after one heavy rainfall of 84 8 mm 

15 
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was as high as those of the tretnients which received irrigation four to five times. High yield 
was LIue to a I ig her mitiat ber 01' fruits, plant and \%as also fosund to he associated \with small fruit 
size. By tpp!ying \ater alt 0. 30. and 45 days alfter transplanting ll.a.t.) high fruit yield was 
Otuited becau se th1e treanllent co\'ers the flo\VCrill andilfruit de01eloptunet1t stages of1"the crop. 

rhere was no need to irrigate the crop after 45 d.a.t., since at this time the crop entered the 
fruit mtatIt, nt staUc and rotts had crowll extclsi\ely and could exploit soil water vry 
elffctively. 

Table 9. Yield. fruit size and number following different furrow irrigation schedules.' 

Irrigation Marketable fruit
 

application Yield Size Number
 

(d.at.) it ha) (g plant) (no. plant)
 

0, 15 52.7 ed 58.9 a-d 54.8 fg 
0. 30 66.7 abc 57.0 cd 73.0 b-c 
0. 45 60.2 bcd 57.1 cd 65.0 c-f
 
0, 60 59.4 cd 62.8 a 57.6 efg
 
0. 15, 30 59.1 cd 59.1 a-d 62.9 def 
0. 15, 45 58.0 cd 57 2 cd 63.5 c-f 
0. 15. 60 62.1 bcd 62.4 ab 59.9 ef 
0. 30, 45 79.7 a 54.6 d 91.8 a
 
0, 30. 60 67.9 abc 60.4 abc 70.3 b-f
 
0. 45. 60 71.4 abc 59.4 a-d 73.4 b-e 
0. 1S, 30. 45 71.4 abc 54.8 d 19.5 abc
 
0, 15, 30. 60 662 a-d 58.1 a-d 710 b-c
 
0. 15. 45, 60 773 a 57.8 bcd 82.7 ab 
0. 15. 30, 45, 60 73.8 ab 583 a-d 79,0 a-d
 
0 (check) 42 0 e 61.8 abc 42.9 g
 

'Means within a column followed by the same letter are not s,gmficantly different at the 51o level by Duncan's multiple 
range test 

Low-pressure Drip Irrigation 

To flurther econotize ter use. a l \V-p~ressure drip irrigation systcit was dev'cloped at 
AVRI)C. The s%', con,isted of atwater tank with the maximum pres:;ure head of 7 k Pastem 

innected to PVC pipe,,, which served as laterals. The othor end of the system was connected 

a water hose. hich \%as raiSCd vertically hilher than the level of \ater in the tank to prevent 
x ater l'ro*m hcdt. diSChatl-ed thtuch the eln end. Holes ( 15.0 mill in diaeter drilled a.lon 
the laterals set-\ d as drippers. : '2'es of low-ahsorhenc\ sptnge. 1.0 x 2.(1 x 0.7 cm in si/c. 
were iniserted into the hlels tot .,ttV. do \ti the \\;ater disch+targe rate. The detertmittate tolnato 

\ariet\ TM 103 ts used. LHM1,'ioni 1.5 nt-v. idC and 16 tn-long heds. Throughout tIle gr'owing 

scasen. the pressulc ill the \watcr tank al'iedI from 7 k Pi to a out I k i'a deLCnding oil th,: 

v.ater !cvcl in the tank, and it took fro0m f1o1ur ilnutes to 1.5 hr1s to dischMgC the required amllount 
of w,em The precipitatiotn for the whole gro\N ing period was 130 min aand tihe average eaporaiion 
was 491 S ml. The reult sltov. edl that icld frotmt tile drip irrigation \\ is as high as that frotn 
the fturrw irrigations. l)rip il rlrJtit ti Sa\,L it, much ais 66"(' of the water used ill furlto\\ irrigatiotn 

ITaIe '0). Since wilting (it plants \.as ttt ohetvel and crisp yield was ,as high a, vaith furrow% 
irricationt, it is ctnCludCd tha' the drip irrigatittn system \vorks satisfactorily aind delivers sutfliciCnt 
v.ater for plant glts th at different staceS. 

Effect of Methionine and CDU 

Arl epertten \.a, Colldllcted during the autuniv,'wilnter of 1987/ 1988 to evaluate the Cfl'ct 

of' Croton\ liden-Di-Urca (CDL (on tomato yield, a slow-release fertilizer. and methionine. ant 
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ethylene precursor. ThC stud\ was caU'ried Oit illa1randomized CoiipleeC block design \with six
 
repliCalinnIs durine
L he cool dIV season. T\wcn\ -si\-da\ -old seedlings of oilnllt) TKculisar 

No. 10 were transplanted onto ibS I S Iasuriri x 4 ii ol 21 (ctoler. Plallts ss\Ce planted
1.5 inl 

in a single ros\ and were spaced at 50 cm resullilg i i plais nIed. Inidi\ iuoal phlOs consisted
 
of IOUr beds. Trelatmnts consisted of: 
 ratie kg N 

basal application, and (t ke sidC-dressCd at 3 anLd 6 .a. i. 21(1 ke P'O 135 kL as basal and
 
15 and 60 ki side-dressed ill3 and 0 at. respcctivelt plsI) ()kg Kg(, ) hl (01) k,each
 
isbaSal aid side-drssCLe at 3 and h % t. Iof (1)i thsilal m eiiC: 


icttiplete ferilizer :,Ithe ol 211 19(0 kg as 

rIIaltCild o 1.()0 plii ilicthilnince 
I;li. sprays itlIc Ih'atf1.5(1) I ha ill w,. and niiehiiiin iasc hihcr \ iclds Itan4 ('I) 

Itn11ill leitili ti-.ih-, .icldsS sscr d t i'htcr nuiim s plalt Iable II).Frlito1 r'iit,, 

si/c wls itt I same illr-calncilts. The IliiltcSt iMld OlF ha obtaIinCd From0
,ii for 05.9 Oas 

the Itthinnine In
teatm. neilltlit.l..Illililoic iior0'1 irsha \e initiitLd l1o\ and leilC" mor01-e 
IrUits: plant. The soss -r.lease fterili/cr ('1)' piro ided a1stcid\ supply 01 nutlie tsIhiroluchOul
 
tilegl'osing piiid. Mhichii\ ,i-ccontl For 
 ihC hilih iMd of t1his lt-callllt 

Table 10. Yield and total aloulnt of water applied, including rain, by different irrigation meLhods. 

Irrigation rncthod Yield: (t)a Amunt of water applied
 
fliters bedi
 

Low pressure drip 110 3 3546
 
Furrow (3 times) 96 5 8496
 
Furrow (4 times) 
 I00U 10496 

'Differences between the treatmsienits ate not signiificant 

Table I I Tomato yield and its attbutes following CDU and methionine application. 

Treatment Yield Fruit size Fruit no.
 
It ha) (g fruit) (no. plant)
 

Normal fertlizer 55. I c 835 52.4 c 
CDU 59 2b 825 57 5 h
 
Methionine 65 9 a 82,8 63 9 a
 

1Means within a coluHn followed by different letteir a s ig ficant lydifferent at the S: leel by Duncan's multiple range
 

test
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Hydroponic Production Studies on Lowland Tomato 
in Malaysia: The Effect of Pruning System and CHPA 
Application on Yield 
E.S. Lim and S.T. Chen 
Department of Agronomy ind Hortir-ulture, Universidi Pertanian Malaysia, 43400, 
Serdang, Selangor, Malaysia 

Abstract 

A production study was carried out on five selected determinate tomato lines 
obtained from the Asian Vegetable Research and Development Center (AVRDC). The 
plants were grown using a two-phase substrate soilless culture system at Universiti 
Pertanian Malaysia. Acontinuous recirculating nutrient flow was maintained throughout 
the study. Comparisons were made between the lines for productivity under single-stem 
and double-stem pruning systems and flower treatment with a synthetic auxin, CHPA. 

The lines varied in the degree of response to the production treatments, but in 
general yields obtained from the double stem pruning system were superior to the single 
stem system. The application of 'HPA to the flowers also resulted in increased yields 
generally due to the production of larger fruits and an increase in the fruit-set. Lines 
CL 5915-229 and CL 5915-223 were found to respond well to the double stem pruning 
system and the CHPA application and produced yields equivalent to 62 and 50 tonnes 
per hectare respectively. 

Introduction 

'he yield of tornIto L'rown in tile low. Yields ranginglolands locally has been generall' 
f'rim 16 to 22 t/lialve been reportd for Promising hliar-toleralt lowland selections (N'lor. 
1986). iuto ields are b manlV flactors a1ong s hich the genoinfli.ned he lt\pe. groing 
environment 111nd cultural prl.ctiC! tile e nse ofa(dapted high .vielingce11- More imiportant ones.hill 
material, provision of' opdtiniuni cross eenvironent Mnd the Adoption Of snile cultural 
practices are considered in thiS studh. 

In aIPrCliininr\ stLdv yiClds raigiwn fron an ,qn:Ialent of" 18 to 43 I'ha were oltained 
from0111V\aimti' sAVR)DC detcrnlilte-type lo\laind toallitO SClctiOlls (Lilll. 1986. unpuhlislld). 
Five of' these selections 'ere chosen for further evaluation of' cultural practicc's. 

ThC usC of h diropounic en ltUr Ssli ,rtheIproduction of Ilto a llincrease tle Crop 
yield. It has been reported that toliat) ygrowil iln hydroporic units prodUcd yields of 50 t.iha 
which isapprolil ltehv lur tils rlhe yield ol tollalo grl\\n inder field contdilions (\a1n aMid 
[.in. 1984). hdroponic produclionl syste1ri wa a t0 _blide neir opntirnllllll hrowiTeli SSClll 
conlditions. Besides C1nsurll a g xood. ofitiilhl the glass-ielo d 'rowinie,ipplv pllt nu rienitIS. 
Units also pro\Iled protection f1 "-tihe s.'ether lldSevere pest infestations. The isC o1' 
hydroponics cain he co,:isidcred as ail apect of1cuIlturil practice that can increase yield. 

Another culIuraIl Practice for corisidertillon is tile There hi\ve been variouspruning S\'Sterll. 
reports oillte ad'aitage of Patil ( 1977 reporte th InlItipIc StiinS. titdsilrign CseriirCtid Plkts vieiL Cdd 
ntore high-quaLliiy fruiits thaln mnult1iple sleinriCd plants. However. in ;. series of" trials ws'ith 
dete rinilnate- type to al ri that tolliato hilo. Ztheldiiaind Gasco (I9771f(In plants with do blliSteis 
grown at a i5 iiPrllduced ligher yields ta1illlltle-sterinl plants. 
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The use of growth regulators to enhance fruit yields is not new. A synthetic auxin, CHPA 
(4-chloro-2-hydroxymethyl phenoxy acetic acid) has been recommended as it fruit-setting agent 
fbr tomato grown at low temperature ;,nd low light intensity. In Japan, the application of CHPA 
at 100 pptn was found to be optimum and applications from six days beore to four days after 
anthesis resulted in 90,% fruit-set (Kyowa. 1982. personal communicatin). 

In this study, the response of some lowland tomato selections to the pruning system and 
auxin application under tropical conditions using hydroponic culture w'its investigated. 

Materials and Methods 

The experiment , as conducted at Universiti Pertanian Malaysia using a two-phase substrate 
system o soilless culture (Lim and Nan. 1984). A split-plot arrangement within a randomized 
complete block design with four replications was used for tile experiment. Five AVRDC 
determinate-type lowland tonlatc selections were grown in the imain plots (cultivation troughs). 
The main plots were divided into four subplots for factorial combinations of the pruning system 
(single stem and double stems)and flower treattnents (x%ith and without the application of CHPA 
on the flowers). Plants were arranged in double rows with 0.65 m between rows and 0.50 il 
between plants in the row within each trough. Each row of cultivation troughs \ as separated 
by a one-ateter ,,'jde path. 

Pregermi nated tolato seeds were planted into planting baskets within each trough. Pruning 
to allow one or two stems to develop was carried out as the lateral shoots appeared. In two
stemmeld plants the first lateral was allowed to develop into a second stei. The application of 
CHPA was carried out on opceed flowc s. A rate of 100 mg CIH PA "liter of solution was sprayed 
on newly opened flowers in the early part of the day. 

During the growing period of tie crop. the air temperature within the glasshouse recorded 
i mean daily nri);mum of 23. I'C + I. I " and a nean daily maximum of 39°C + 4.20. The 
temperature of the nutrient solution was automatically regulated to between 28' and 29°C 
using a heat exchanger mnit located outside the glasshouse. 

Harvesting commenced nine weeks after seeding and continued for eight weeks. Fruits 
ranging from ycllowish te reddish green were considered ripe. Harvesting and weighing of the 
fruits were ca-tied out every third day. 

Results 

Significant differences were observed amiong the various tomato lines for the various 
reproductive characters measured. With a few exceptions, significant differences due to the 
prunitg system as well as the treatment of the flowers with CHPA wcre also observed for the 
various reproductive characters. However, in most of the characters there were interactions 
between tomato lines and the application of CHPA. The effect of prt'ning system was less 
inluence,' oy the particular tomato lines. For each reproductive character the response to treatment 
of eaci', line is given below. 

Flowering 

The number of flower trusses produced differed significantly among different lines, pruning 
systems and flower treatments. Although all lines produced more flower trusses with double
stem pruning, the level of increase varied with the line (Table I). Flants on whi'h flowers were 
sprayed with CHPA produced fewer flower trusses than ahl;c on which no application was carried 
out (1 1.3 and 13.0 trusses per plant. respectively). 

The mean number of lo\ ers per truss was also significantly affected by the various 
treatments. Plants not treate, with CHPA produced more lowcrs per truss for each of the lines. 
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However, with the exception of line Cl. 1131 -0-0 there was no difference due to tie pruning 
System (Table 2). 

Fruit-set 

The proportion ol flowers setling fruits differed sienilicintly nlign tile lines and between 
the various treatments lable 3). A higher proportion ofl lowers Ilorined fruits when the flowers 
were sprayed with CHPA. Some lines were 111 rIepeIIdenlt oln the applicatoniof CHPA haii 
others fbr good lruil-sec e. Cl. 5915-136 illd Cl. 5915-229). All lines set more fruits when 
the flowers were sprayed with CHPA. Plants ha\ ine doubhle stems sl i\ed an overall lower 
priportrion ofIlo'\ers flu'in ii2 lIru ils bU iis w\'asIarge l tile effect of (lhe higher ntll1itber of llowers 
produced (Table 4). DOuble-stelim d plants actuall produced More fruils ihnsinele-stimmlied 
plaiils. 

The fruit ' s I0 1%i wal111 influen1cCd tie pCin systemili but wais siIliicailtl ilcreased 
h\ Ihe CHPA tr mient. Althouch the lines vafried in tie aveaesite of, fruits. the application
of CIHPA increaise'd the averia0C fruit sseiet in Sonic cases to more hall twice tihe si/C of that 
li'olli UnllreatCd lhsers. parlicularli for tile lines w ith silllier fruils iTable 5). 

Table I. The effect of pruning on the number of flowering trusses produced per plant. 

AVRDC line Single stem Double stem
 
CL 5915-136D4-1-0 
 9 3 b 18.6 e 
CL 591 5-223D4-2-1 10.1 bc 15.4 d
 
CL 5915-229D4-1-3 9 2 b 
 17.6 e
 

L 1131-0-0-13-0-6 6.8 a 
 15.8 de
 
CL 143-0-10-3-0-1-10 68 a 
 12.0 c 

'Means followed by the same letter are not significatly different at P = 0.05 

Table 2. The effect of flower trear.-nent and pruning on the number of flowers produced per truss. 

Flower treatment Pruning 

AVRDC line With Without Single Double 
CHPA CHPA stem stem 

CL 59; 5-136D4-1-0 5.7 a' 8.6 c 7.6 ab 6.8 a 
CL 5915-223D4-2-1 6.6 b 11.1 d 8.8 cd 8.9 cd
 
CL 5915-229D3-1-3 5.4 a 8.4 c 6.7 a 7. a
 
CL 1131-0-0-13-0-6 6 2 ab 10.8 d 9.4 d 7.5 ab
 
CL 143-0-10-3-0-1-10 6.6 b !0.7 d 9.0 cd 8.3 bc 

Means within each pair of treatments Iflower teatuient or pruning) 'ollcwed by the same letter are ,ot significantly 
d,fferent at P =0 05 

Table 3. The effect of flower treatment on the percentage of flowers that form fruits. 

Flower treatment
AVRDC line ... With CHPA Without CHPA 

CL 5915-136D4-1-0 70.8 d' 32.5 z:
 
CL 5915-223D4-2-1 80.6 e 
 63.4 cd 
CL 5915-229D4-1-3 80.J e 45.8 b
 
CL 1131-0-0-13-0-6 81.9 e 61.8 c
 
CL 143-0-10-3-0-1-10 83.2 e 57.2 c 

ZMeans followed by the same letter are not significa'zzy diftrei at P 0.05" 
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Table 4. The effect of pruning on fruiting. 

Pruning 
Flowers /

plant (no.) 
Fruit 

set (0o) 
Fruits/

plant (no.) 

Single stem 70.2 a' 67.7 a 35.1 a 
Double stem 123.2 b 63.4 b 54.2 b 

zMeanc within each column followed by the same letter are not significantly different at P = 0.05. 

T-.ble 5. The effect of flower treatment on fruit weight (g). 

Flower treatment 
AVRDC Line With CHPA Withou. CHPA 

CL 5915-136D4-1-0 29.5 b 14.0 a 
CL 5915-223D4-2-1 46.9 c 17.7 a 
CL 5915-229D4-1-3 51.5 e 40.3 d 
CL 1131-0-0-13-0-6 29.8 b 17.2 a 
CL 143-0-10-3-0-1-10 35.3 c 14.2 a 

'Means followed by the same letter are not significantly different at P = 0.05 

The increase in the nuniber of flowering trusses with double-stei pruning anti the better fruit
set and development obtained with the application of CHPA resulted in significant improvement 
of the overall yield (Table 6). With the exception of line CL 113 1-0-0 all other lines produced 
two to three times the vield of singli-stenined plants not treated with CHPA. 

Fruit Quality 

The fruit of plants with blo,,sonm-end rot (I-IER). and fruit which is misshapen or poorly 
formed (MSF). are not marketable. The incidence of BER was found to be related to particular 
lines and to treatment with CHIPA (Table 7). Lines Cl 5915-136 and CL 113 1-0-0 were totallv 
free from BER v hile CL 143-0-10 had the highest incidence. Treatment with CHPA caused 
an increase in the incidence of BER in -.ome lives (CL 5915-223. CL 5915-229 and CL 143-0-10). 
The increased fruit-set in these lines when CHPA v,as applied nay have caused nutritional 
imbalance resulting in the condition. 

The formation of misshapen fruit (MSF was observed to be a varietal trait and was more 
frequent on lincs with low untreated yields. CL 5915-229 had the lowest number of MSF. but 
lines CL 5915-136 and CL 143-0-10 had the highest. The application of CHPA to the flowers 
greatly reduced the proportion of such misshapen fruits. 

Discussion 

The effect of pruning and CHPA treatment on the liowers needs to be viewed together with 
that of fruit set, as both are interrelated. The plant produces flowers progressively upward and 
along the trusses. r,uit set begins a few days after llowerine coninii :es and continues throughout 
the tlowering period. Plants that have poor fruit set compensate by producing more flowers. 
This was evident from the large number of flowers produced on each truss when CHPA was 
not applied, and constitutes a plant response to poor fruit set. CHPA stimulated fruit set and 
fruit set inhibited the formation of more flowers. 

Double-stem pruning was found to be better than single-stern prulining. With two sterns per 
plant there were more flowering trusses produced. This increased the fruiting potential and 
provided more sinks for the ample supply of carbohydrates. Fruit size was not restricted by 
the larger number of sinks, indicating that the source was more than adequate. Although single
sten pruning of tonato has been practiced in many temperate countries where tomato isgrown 
under soilless culture, its advantage under local conditions needs to be evaluated. In cooler 
temperate climates the indeterminate type of tomato is grown and the stem is allowed to grow 
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Table 6. The effect of flower treatment on the fruit yield per plant (g). 

Flower treatment 
AVRDC Line With CHPA Without CHPA 

zCL 5915-136D4-1-0 1,119 c 376 a 
CL 5915-223D4-2-1 2,255 e 949 bc 
CL 5915-229D4-1-3 2,471 e 1,354 c 
CL 1131-0-0-13-0-6 1.354 c 953 bc 
CL 143-0-10-3-0-1-10 1.472 d 674 ab
 

ZMeans followed by the same 
letter are not significantly different at P = 0.05. 

Table 7. The effect of flower treatment on the incidence of blossom-end rot and misshapen fruits. 

No. fruits with Percentage of 
blossom-end rot z misshapen fruitsAVRDC Line-


With Without With Without
 
CHPA CHPA CHPA CHPA
 

CL 5915-13D4-1-0 
 0.0 ay 0.0 a 1.89 a 58.64 c
 
CL 5915-223D4-2-1 
 6.0 b 0.5 a 2.88 a 26.50 b 
CL 5915-229D4-1-3 13.5 c 0.0 a 2.08 a 6.74 a
 
CL 1131-0-0-13-0-6 0.0 a 0.0 a 
 3.20 a 27.15 b 
CL 143-0-10-3-0-1-10 74.5 d 1.0 a 4.41 a 76.56 d
 

'Tests of significance based upon transformed data where x =417_x
-05. YFor each character, means followed by
the same letter are not significantly different at P = 005. 

and bear fruit over a long period of time (up to nine months). Under hot tropical conditions. 
the tomato plant scnesces after four to five months. Locally grown tomato is also topped after 
reaching a height of about two meters in order to keep the plants manageable. Under such 
conditions, high yields must be obtained in as short a time as possible. i.e. within four months,
and with a limited plant height. The double-stem pruning system provides a means to increase 
the fruiting capacity of the plant without the need to increase the number of plants in an already 
narrow plant spacing of 0.65 x 0.50 il, using soilless culture. 

The application of CHPA resulted in increased fruit set and in the development of larger 
fruits. This, together with the increase in the number flowering trusses resulling from double
stem pruning, contributed to the yield increase. The use of soilless culture may have contributed 
also to yield increase because the nutrient supply was less likely to be a limiting factor, which 
is not the case under conventional land farming. 

The effect of CHPA on fruit quality was considered beneficial in spite of the slight increase 
in the number of fruits affected by blossom-end rot (BER). The susceptibility to BER was restricted 
to certain lines. All the lines were grown using the same recirculating nutrient solution and any 
difference in BER incidence is unlikely to be due to differences in the nutrient supply status. 
It is also unlikely that CHPA treatment alone caused more BER. Among the lines, there were 
those that responded well to CHPA treatment that had no incidence of BER (lines CL 5915-136 
and CL 1131-0-0). However. in two other lines. CL 5915-223 and CL 5915-229. there was 
an increase in fruits with BER. Line CL 143-0-10 had a much higher increase in BER incidence. 
In the affected lines the benetit from yield increase was greater than the loss caused by an increase 
in the number of affected fruits. The varietal susceptibility to BER is considered to be the more 
important factor. 

The beneficial effect of CHPA on fruit quality was evident from the reduction in the 
proportion of misshapen fruits for all lines. The larger size of the fruits when CHPA was applied 
could also be considered as an improvement in fruit quality. Lines which normally have very
small fruits produced fruits more than double the usual size. Fruit marketability could, therefore, 
be improved with the application of CHPA. 
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The highest yield, which was equivalent to 62 t/ha, was produced by variety CL 5915-229 
when pruned to produce double stems and when flowers were treated with CHPA. This was 
followed by CL 5915-223 yielding an equivalent of50 t/ha under the same treatments. Although 
no direct comparison with field trials has been made, the yields obtained were very much higher 
than those generally obtained locally. In addition, such yields were obtained over a shorter growing 
period of four months compared to the longer season of the indeterminate types that were grown 
locally (six months). The studv has shown that determinate tomato lines are capable of high 
yields when managed under proper cultural conditions. 

Conclusion 

The AVRDC tomato lines grown under soilless cultivation were significantly affected by 
the pruning system and by treatment of the flowers with CHPA. Increasing the number of main 
steins to two allowed a larger number of flowering trusses to be produced. The application of' 
CHPA increased the proportion of flowers setting fruits, increased the size of fruits, and also 
improved fruit quality. These two treatments (double-stem pruning and CHPA application)together 
resulted in an increased fruit yield of all the lines tested. Under these treatments, lines CL 
5915-229 and CL 5915-223 gave the highest yields with good fruit size. The modification of 
cultural practices to include the double-stei pruning system together with the application of 
CHPA to the flowers can improve the yield of' determinate type tomato. 

Literature Cited 

Lim, E.S. 1986. Department of Ag;iomy and Horticulture, Universiti Pertanian Malaysia. 
43400 Serdang, Selangor. (unpublished.) 

Lim, E.S. and Wan, C.K. 1984. Vegetable production in the tropics using a two-phase system 
of soilless culture, in: Proc. Sixth Int. Congr. Int. Soc. of Soil Sci. (ISOSC). Wageningen. 
Pages 317-328. 

Kyowa. 1982. Kyowa Co.. Ltd. 1-1 Shimotatmabe Takatsuki, Osaka. (unpublished.) 
Melor, R. 1986. Six promising MARDI selected tomato lines fbr lowland peat. Teknologi Sayur

sayuran, Malaysian Agric. Res. and Dcv. Inst. (MARDI). 2:1-7. 
Patil, V.K. 1977. Physico-chemical characteristics of tomato (Lyco'persicon esculentum) as 

influenced by pruning, mulching and nitrogen levels. J. Maharashtra Agric. Univ. 
2(2): 167-168. 

Wan, C.K. and Lim, E.S. 1984. Growing vegetable crops in pots containing gravel chips by 
the recirculating nutrient flow technique under tropical conditions. in: Proc. Sixth Int. Congr. 
Intl. Soc. of Soil Sci. (ISOSC). Wageningen. Pages 751-762. 

Zubeldia, A. and Gasco. J.L. 1977. The effect of spacing and the number of stems on the earliness 
and total yield of the tomato cultivar Valenciana. Anales del Instituto Nacional de 
Investigaciones Agrarias. Produccion Vegetal No.7. Pages 73-97. [in Spanish.I (Cited frot 
Hort. Abstr. 1978: 8250.) 

Symposium Discussion 
Suwandl: (1) What was the temperature regime in you, glasshouse? (2) Have you done 
an economic study'? If so, how can it be applied to farmeri in Malaysia'? 
E.S. Lir: (I) Air temperature within the glasshouse ranged from 22°C in the morning to 
over 40'C in the at ernoon. Only natural ventilation through the windows was provided. However, 
the culture solution is maintained at a temperature of 280 to 30'C using external heat exchanger 
cooling units. (2) An economic study was conducted separately by Lim and Wan (1984) 
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Presently, studies to further reduce the cost of production and to simplify the system are being 
carrt'd out before this method of production can be used by farmers. 

R.L. Villareal: Why did you use determinate tomatoes instead of indeterminate ones in y'our 
greenhouse experiment? 
E.S. Lim: imitations on height imposed h, the h~xdropon ic culture s\stemn is one reason. 
Topping at a height of 1.5 meters is necessary for indeterminate types to prevent excessive vine 
growth. Deterniinate fo(rms alst) have a shorter growing season and can produce multiple stemi 
if unpruned. 
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Irrigation and Nitrogen Management for Bell Pepper 
(Capsicurn annuum L.) in Tropical India 
D.M. Hegde 
Scientist S-2 (Agronomy) , Division of Soil Science, Indian Institute of Horticultural 
Research, 255 Upper Palace Orchards, Bangalore 560080, India 

Abstract 

Studies conducted from 1982-83 to i984-85 at the Indian Institute of Horticultural 
Research, Bangalore revealed that irrigation at 409o available soil moisture (ASM)
resulted in maximum dry matter production, fruit yield, nutrient uptake and water use 
efficiency (WUE) in bell pepper although the difference between irrigations at 40 and 
60% ASM was not significant. Very high or low-frequency of irrigation at 80 or 20% 
ASM had an adverse effec'' on productivity. It was also observed that scheduling
irrigations when the soil matric potential at 15 cm depth reached -65 kPa resulted in 
higher yield and WUE than at -85 kPa: differences among irrigations scheduled at -25. 
-45 and -65 kPa were not significant. Imposing soil moisture stress of -85 kPa either 
up to first picking or thereafter significantly reduced the yield and WUE as compared 
to uniform irrigations at -45 and -65 kPa. Alternate and widely spaced furrow (100 cm)
irrigation with 20 mm water/irrigation saved up to 400o water without any adverse effect 
on the productivity as compared to irrigating every furrow (50 cm spacing) with 40 mm 
water/irrigation. A quadratic relationship was observed between yield and ASM and 
between yield and evapotranspiration (ET) during all the years of study. Based on the 
pooled data, the ASM and ET which gave maximum yields were found to be 52% and 
464 mm. These gave yield levels of 15.62 and 15.24 t/ha, respectively. N fertilization 
increased dry matter production, fruit yield. nutrient uptake and WUE. and 168 kg N/ha 
was found to be optimum for bell pepper. 

Introduction 

Bell pe,, I)pC(C "PAN1(1) (llfuulM f 1" '1 IiIipIH'Ill(r Clltit in) pa ll.. c'tahi e ld J11l111% t 
India. Soil intI Iure 'Ind :c ili/cr XI,,' aii0 .h 11C, lllite piJdtlti\ i\i: llli)co 
lhell pepper 1.11t\ iad Cf al 19h2. \Ilhrcc't,IQ7 l: Ikliitl'Ind Siitth1e. It98 I hiecc ctil. I 952: 

Srini\i .i , lrailiakar,in,, lIe IICIediII L' l f82IrfLiIlId1 Ill1liLrih %MC uppI il i larid and 
\10ii1irid r'c11101o Lh11llIcl k 11b e'C"kalittnw, ol I '10, l liIte upplw ,,t N lliliie/' callk l lllir
11"Itltl,.i~ l" 1l c ,v+ 0thmtl( 11llpatll III,2' pit d(l \I \0 '" .1hC(I11., I[t Iumtll tl l | 4)) ,()1[ 11tlt1.,I a 1( 11lltl~ 1lllt 

I'.12i1111PL l111 I lt.IlJIV n lfthiill,+.'tlllLIIiC llfS IIL ,' e ten1t Ofl kICt'lleu'\"hlflei It.C ale;it 
,iii1 C\ilpo 1tl\ c ,+.' dlllfl(f\ kiiiJ itL t lhe IItllC -I I t ill )C ill I jI I, JdtheC t \il lIl 11iie.the 
Ihe iiftit Lfi!ll pi f1111\k rILl tlh U L'I M '-'l Ill M ,ld \J IdIt' lt r l.LI .t it, i .lhl 0.. i1 \ \ti, 
\.wldL.( hhL,. ufll (iiliff. il(Chlt)iL. Il fif\L~ff .lll Ilh ()jlllltftflll ,liLlC iJ .lliIIellCliiill dI c ll'plpCI 
't dilllc nt plhlscuL of I'. uh'. tl .L'll Ih\ IfICl k1.1ip Il ,ille il t 'til i11"t111Ce ,til,+',e' dtiliIi.
 
ac gro\%th phase. There is alo a nced I det,, lliplc hut ,\ltetiic s a\ s of, alpl\ ing \%atcr
is', 


2llIIllI/C llill \V .Ir I 0 he ll p hlp&'ri,o tlit \ i', I 1 11 if st' ll la fI Wii Al,lilIIlCII l ,'Ci\ (L 
Jfrui1tiL il,, ill tt,.ttnl i in Indlia 

Antofli t ,,I N l t o titll hii1 Il111e C,, \ SC iiUl tl l i111Mei es Iel . te l ecC
,HIl no(H r ,tl'lctcd h\ ,I kcl'i,.il N -.Ulp lk an~d l It} lt d dCl)rC',,cd .\iCI,+ ., 111C dIC iFI C1l Ct 'I¢lCC(, 

http:kcl'i,.il
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teexcess leaching and dcInitrilicatit. Therefore. a series 0f field eXperintlls were condutelCd 
!1)1fid out the optilitlUil soil Illoistlre reginle. witer requtireCnlCii. critical stages tar soil moisture 
stress. ICthod aid WaluInle t ir,'iIatitr and N rCquiirenlcn of hell pepper. 

Materials and Methods 

The feld expClirrerilnts %%ere carried oUt t0ar three cars trant I982 to 1985 at the Indian 
Insittel ' 1-0atticUltUral Re.search. Hessaraohatia. Bml~nealoc altitude 868 hi: latitude II'-58"N) 
in tropical South India at 'aiZ ar1ail dic llaplustalfll of lo\%fertility I ,l+aallicd\ clal issit, C. 
t.47 : total N. 0.05' : isailhle P. 9.0 kg ha: a\ailahle K. 132 kg,'ha: pH 6.8) .The sail 
had te capircl\ to hold ill)a\ Craic at1 1(8 i t a~iilahle ater in the top 75ci profile icaskUred 
IerIce n 3(1and I51( kPa. The %%iat.r tilC \ is dccpCr lhain't)l Cit during the croplpi kI,iseoir 
1!:cach ot the ltvrc ears and hCIC'C oltdltelllCr Corrtribuirn to tre \%nieh-,011 1i s COlsidered 
ItCe1iih.. The er\ tirorrtreital corditins ptc\ailing diii-trg tlr three cropping sasorts Msliel 
the epcriliicil \%;I,, are r I.cO ILdticLd ,lit( illable 

Table I Mean monthly weather data recorded during cropping season. 

Air temperature ( Ci Mean relative Pan Total 

Month Year Mlaximum Minimum humidity evaporation: rainfall 
J' I i1 m day) Imi) 

1982-83
 
October. 1982 31 0 17 8 64 5 
 60 148
 
November. 1982 28 0 18 4 71 8 4 8 65 0
 
December, 1982 264 15 6 63 4 
 54 00
 
January. 1983 282 14 8 57 4 64 00
 
February. 1983 32 3 190 48 2 7 2 00
 
March. 1983 34.6 21 0 488 84 00
 

1983-84
 
October. 1983 28 I 19 2 
 737 44 77.6
 
November. 1983 27 8 !6 3 66.6 5.0 2.0
 
December, 1983 25.4 17 71 0 4.1 512
 
January, 1984 26.7 16.7 62 9 49 0.0
 
February. 1984 27 3 17 7 62.5 53 24.0
 
March. 1984 308 187 51 0 7 2 374
 

1984-1985 
October. 1984 27 5 19.0 690 5 3 126.2
 
November, 1984 27 6 17 4 67.0 54 
 24.4
 
December, 1984 27 6 15 3 61 0 5.8 0.0
 
January, 1985 26 7 15 2 628 6,1 0.0
 
February, 1985 30 t 15 0 47.3 70 0.0
 
March, 1985 33 0 183 47.4 
 78 0.3 

'United States Weaterci Bureau Class-, 

Experiment 1 

The e.eprirtient ainied to establish the atirinutII s 1lloisture regimne and N rCqu ieielllt 
at hell pepper. Ihe treatiernts corsisteiofl ol'all calrinalatins olfirrigalions at flaur availahle sail 
roisture (ASN I reginres 8I. 6(. 40 and 20(1; ASM in the top 3(0 in .soil la\cr which \as 
cquivalernt to -2). -510. -70. aid .t3 kPaland ftllr lvels tl'applied N ((. 60. 12(1 and I8) kLhal. 
Plots were arraired itna ratdOrrilcd block design wtth three replications. Soil iritistire *it 
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Imtonitored graVilIetricall\ lto ,ch:dulitlc iollst . lk.o Soil saiiples \sCrc taIii per plot Iromu
 
,
the top 3)0 .n i ill le IIct It t rirri.allot. irrialitI vas us d.TileI cr to t min u Iin Ilur1\
 

a+lltollt 01" irril2ion depe.ndIed i thle thotal nloH0,Iur, dic-it illthe i0t0 1./ncde'pth Of 75 c1ii.
 
A sallipl. of ik e hell pe.,ppeCr pkills In each re-piIalte d plot a, raiMoiil\ col-'lecd ,lthle
 

liltill o illalliars e tNIf ileli drs iil
tt l the iIItt+i alld n cillic 'llition Inl leae\ S aIILI
 
steims. )r\ llits durin 
 Ii,,rAlldlll.-d plals
 
illelc.h p ltv,t+Used to ,Still;lte dr\ I1111ltc. tll
 

s\vi otl tits, h1rs11s-1d ih-knIIcee01 
dtlil l lll Ilr [ lt. 


(Iutillld OIII j)O1tl -CS c sedsiiiiil \,,+u li eteri.uiiti N. 1) aild K 01iiltrdtII. iits aWCI-dillc 
0 iiethod di Cd h\+-ri+-dl. s I 9ii (' a lnd M L.+-it iratoli 

al ontiliii lih t itIall \,SCa 


1a+k,71 - lll"' c%.cdtrtllllill.d h\ ailllic 
s[.ct+-'loihtei+1tlikc th utriil ts .al.Cula til+Siu2 .lat.1 ilIhhir 

Co,. lll'illhi Ills:dll+-Lit \ lI.: l-' s .lt d , lll!IC d 

Experiment 2 

ilie C\pe itlcil \s,, ,iCS1nteto find lhit tile 0pt1tu in1sil lillatriC pIol'ltial id il it:.al sic',,
 
Jor stil til ,ist'l:,tress ill bIell pepl'r. IHriLitins, \%ere ,C .dulh.ld Iitn t1he Noll Illl i potl'itial
 
ill1i Cie ITti1 r1-A'hied -25. -45., h aid ,0 K.Pa thrFU2chlout lthecrop .ii aross\hitniplants

\'CrC ,trSSd 1t N5 kla ihCI 1ipto lirt, p 'kiiL, i tl71 da\ sAltm rtil.int in,2)c M
orlte' 
first pickinu 7 1() 135 da\ s I ithl the othler peiodl helilc ctllt Iliioutl\ Ir Ica' d 1it P I lit) 

s rlIlarIll 

.let till I",tHIiorS'ic-c ill .'illS I soil 111,111 


'tressI l'I ir-delIIlit, rIell d d raIIdoir IId lNock tI+'lii 11il ll Ic.epliiillolli 
CI C Il ,iilL 15 kL-pth tllo o Itlh I pOtIiit11,I1 il d s1IIc dule
 

II licalltoil .
 

Experiment 3 

Ihi's lll+-'l itas\i ii, i t l to 1t11ita Iiti.tl .ie'\j " ehll 1 heter..' itl 1, pIt'tlIII ild the illItiiiILIIII
 
\tlulliil tic[,.tl iir2.ltitii lot liellp~rei lIi tiCiiiiieiits COHiisisteIlOft e i l\
per dl aiIid %% 
S,,acd ( I) .Ieu lurross irrigation \wilh 40. 30 Mid 20 min \\ate.r, irriaiotin. alouc i ahIcontrol
 
, iere eers, luirrs 5(1cut S1s, \0ith 411 ut
spacing) irrigalitioi pratctice'd \\ater irricltill. 
lurris \ pCned atis,crc Or 5-cinl distaile spMCe \hich e'tiUld hold abotl 4()111111iater: and 
henceU it \'as hlu ,-, ciorl The Ireatiln.its re.'plicatedl ur tiii. iiis :CdI the Irallire.nt. vs+-rc 
,I randoili/ed block design. WI pIutet.,lialinthe soil malnel. t IS cii depth reached --5 kPa -,N
mes.:ured h\ irrigation,., \%C1 Ihl[l sidpl\a let-lill tenlsionicter. crcchedldl. \ iit ad ItL-rfurn\, 
irrigation treatmiIent. turross %.erropened er 11(ct and Iss o rss ,sl dlit ,is cic planted
 
,inthe raised bed to lilainlaitI a spacing ot 51 cil btsccll ro\s,.
 

Ill 1l three espe+- i ilt,h it lie \\ i' urea itil a lil11h01li 2 k1..-il,imlC+,l (1125 P , 
ikL,K %' app-li•,1i)ei plsll ,iie ind 41) hi+ iK( vI t Iss d pilo It Irl,pl;illt11i'. nitidthe I rlIltit.2 

hlil the N \,is+ ,ide dresse.ud 30 d\' lOCI Iill't e scond id, lhirl epe-rltItitS. I L111h ll 
;escl of' 12) kg, N ha %kas applied ill t\eA) ,iqual SplitS. Fi\C-\scek-oL health\ ,cCdliuS of hell 
''ppcr cs. ('alifornia VodIetr \rc trans'flant.Cvd r 30 ,i ini ajiart 14 Octoberto\\ss,1 .in on 
1982. 2 Nosember I 83. and 1) )ctoiber 1984. The phil si/c \\as 14.4 ii-14 it , 3.0 tin. 
Flulli matured greei tIruis \%ere har\ested at regular inlersal I from1 an area of 9 tli'and the 
total niarketahle fruit ,ied sas CiMipuled. Hlarvests hcgan (tta\cragc 7(0da\s alter transplainting 
(d.a.t.) and wcre completed h 13.5 d.a.t. inall three ycars. 

Ill ill theC C\lIeiIiill . ' tll' tahi er iiiti al" tiIIIIIi tr\e.iltiiieits , it- 'l ter 0iiicI i0i 
+, 


i,] 1111111C 11 iplid tll l 

)timit,C L t I i kr ' 1 ia lie chance lli \ktI rieItl 


t.;Iir tot ,~iI\ - til, LIC or1 rusIlititit", diid stlihl t.I i ili iSIleC 
%;Is I t tnd l i 1V i Cr \%1111lttl Il tile 
r(ot /iiie (hiim It it I 5 :Iii depth andt the itiotiti i I i IlIrl )II ti dt I t dk-d. Ihi .actu'll 

5dpit.\ iis",ii+tili It tle .lolp lsei l i \;a 11illatedh.\ ihe p I"ic.ih u -1'\ ii h\ I ).still+- I19071.] 
,It \ t Ias.LII l that ii t'd IM ltfIIIl ir ds er ause sidiitiilt I t.+-'iir rkdriiiic Ulss di'i-l il 

illthe eStliq.atc oi FI. Water ue, tici.ti cll\ I i\ la,k calcutlated h\sdis ilitic the narkelable
 
Ild h\ FA .
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l'o establish the relatitmsi h'\ .een%ield and ASN I and V'OLed and F.T. relgressiOhi equalions 
\,Cere Itted f0r indi duadl \'ears as \\e lI as l)lL'ldta, and ysied-nI\imi/inw ASM and FT \,'er'I 
estitated. RenMse ealtios lltrr N w1'e fittl a des.'ribe 1y NClubson and Doll (I 95)) to 
iud\ i'u relationshilputmt0uput . 

Results and Discussion 

Effect of Irrigation and N Fertilization 

Dry matter production. Itrigatrii at diIrCltnt "oil tn,'islurc reemnietS had ilIenlicrtt iluen'e 
oI drA lllaltlr ll p.lpii e'c.pt dur ILa-83 "hhe 2). Ne erthels,,,,. Similarlrtoduti.o0ni 982 
tresLI + hNc 2 AlltIre three \car .sld" +IIreI+Iditrr rIItr ltir' r Wcr ,s r\,d d,.tir ol ,. il't'leltn 
4)'; ASNI ,.2¢errrall\ prodcle,.o.d ru111',rN.I dit nall,\ chIllh l. hlo 'd h. illicaihIh iat(M(W;ASNi. 
Ilr iCtin at 80,+ ('; ASNI reilted ill rud'o dr\ Bell pepper er[)1 20'". Matter pli odut.Oi. .\th 
I" lI\0'dtI h\ ruodlIe rir0r1ire. h\ licetLII II wIIts 198 1rile eCiliel rI'r Sad(\ klo\ and NI ikhle.. 
or lirr.2. sotl ir L.osirrd litc+It', f ir ,it 1" arid I la r. '483) ha l t l ' li\\ I toll t Il ad\ r"Cl\ 
1t11\\ tl aliLd drt\ rrr,1rcl prIlodr I 11 lioai affectedt.iiti I lie N lerirllh/ittr iceCaSed Lr\ ltl'r prtni d alld 
paitntitine ,i lai dt\ rn Lter ilt,, lea\ ,s. "ters,a li rlulls +t LIes nip) t) 180 k N Ia. lie,.llil.-C cil. i 180 k+,-,2 Ia \\as;s not s . \ in OIL' ,,t.1 1, dill I- 9 3 '4.tv, 120 da d N I ,nii.tc .l 

C.re\p.',:teI t h)\\ 
e\Ierrrrlltdl held lhere V',t.a rO I'IcIraII ICL,1h1trrI br\. e ,solIrrsIHIe arid N tol dr\ 

I hese reult, ' beC.als iitial N ,iahus iital N )5)§', til the ,oil Ilr tIre 

Table 2. Dry niatter production and distribution in bell pepper on final harvest date as affected 
by soil moisture regines and N lertilizaton 

I'82 83 1983 84 1984 85 

f (MIiTlIM', Lcin St,:m F!,Ht kta.l Lti4 Stnm Fu I I "t,,l Lif Stin Fruit Iorl 
ltI + 

Aoilablc %011f 
pltint 4 ~plu pi.intI 

11l0lSNtIC 

80-,, ASM 3 I 803 1071 21 0 360 784 1000 2144 308 745 1182 2235 
60- ASM 369 195 1248 23 68 3%b Il 11 59 2316 321 196 1302 2419 
4V ASM 4 30 785 1244 24 59 411 7 10 4I88 2369 345 8 14 13 19 2.178 
20 A i .118 719 1064 2201 3 80 713 70 2063 300 714 1122 2136 
LSD P 0 05 0 51 NS NS NS 040 07.1 1 48 233 NS 057 097 099 

N CIiS iKh 
0 222 494 667 4383 241 453 611 I 1305 1 9 o 519 657 1372 
60 350 102 1141 2193 370 767 10 68 2205 321 708 1271 2300 
120 4 tI Q05 1333 26 Q9 ,151 83 1296 25 84 377 9OC 14 8Q 27 00 
180 495 960 1486 2941 485 17 43 42 2804 380 942 1508 2896 

LSD IP 0 05i 0 51 0 87 4 90 262 0 40 0 74 448 233 0418 057 0Q7 0 99 
:NS Not %'( ci,t 

Fruit yield and its components. hell ',,'r \ icul. tIre iruihibe ill rtut, lkirl iiLIa'neid;,
Ifruit %,12111111 \\1,kC ii tl. 1.,L LL LeL'-IIliL"s (d1rin.L': SIV ,,'aCM ilIILICII,,'¢d h, -Io'L~ lLI at dillclrCit Still IllIttl 

t\%i tilt if thlec \ei+.ars, and a ,iriilar trlid \ nitticel t htlhiril tei.ar rIFalll .3 .. \lrrrrniIli 
ieM u'l".red at all irleatliui at 4)' ,\SNI . Clos ltkltmlhed h\, rriyatir at OW1 .\SN. linii 

\%Ct a cinnlilii I ) .\.II orIlii toil a coI[-\iitor 2t)'; .\SNhI ,iunilicaitlk ldute'd \iCld. 
\"ulh ill, ( 19)824 tItrIhl tIre irhlr', hell pqpcr \ ields \\ ilt iirrimints scleduled *it 34': ti 41' 
ASNI. mid ther,1ha% eAlso lItild that "\Cei C Irrnatr'', alsl a\ s, rn,.e pe'pllr piidnictis it\ 
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(l~epori intd Gennari. I979). ';'he ditlercii,.,s l Md tiiiiii!iIri.,;i.tiin tedtllitit, could h: treCC 
toisilli s 1 lll101l12111t like lftimt', plaii C iltllt ti:-lit (iTble.nt \;riallill, Ill C' 1 Md a\ eI" \. 3). 

he N lertili/atiu nerea,,etcd the iruit ellup iit) I. ha altlhoi-h the dil rcnc hetv,eenkg l 
applicatiun r:nte\ ot 120 and 1I k, lii vsi n0t "'nifii,.e;tit. CI.)tOn,+. t) N s.lhC ,,ttiiiig t e\lCetCtl 
hecause of It)\\ nit, N lit lie MIii the \pIii,..itunaIl ield,I. TIle tlctiieCn'Ce,tait,thil In SiL.l 

ainom N t\el, \scic tl ic1c.tcill i l ttillCie, illItilk1pint1And the a\¢tae 
eilt i Suill i.iiC i',illliltit \, h . fliherie li O te 0t11,hets. C n iiuih i N Ad itt M lrlil \ ieI 

RP,< ' ,C 1 Il !t,. It' the \1, 1 I,.I 01a111IndI \¢aI' l dIhCI ld L d1 (111N11lt,,.d L ldal M ild 11Cdll linIk 

iiitt latIaII il li I ',poii 'ciIl \ h\ l lI I ' alit 4i \ ill ,cii, c cII'i ,.1IltC iu7. I hi', a helsh ,ltcw il 
1l..'ii'tlltiut 1i iI Ilhe optl iii.li l ,,il', it) \i[S ill15," andN ILOt\ t,11i1il bct\\ IN" kye li :ii 
dlilItclit ,cai't, d ditl. I S'ku N lii , ;i,, liidI lt be 0ii !iliiUiI i1l I'1,tiltlcd iiIi'cl ili It,,Ii 
\ I(IN II I't I lit N I c c cll t sl\,l ii:qlh uiij \ S litiltli \il Cet1)<7 iII 

7
I tlI I I . kij, Ill Iw I tI 1

k,2 kith 	 Ili t\ciwc' 1i It)- k, t N k, \ 

Nutrient uptake. iir "121)unl., ld 11riili li h\ I I ahlC,1uliic_iil_ iun i It lt i ik I'ell ptliltCi 
SI . 11llt!,tll -it P , \.\M iLlil tLic t i i lttlic m i llil i.' t IllIl ,11 'l m Imt ilh.il ti akl le lhe1'dNC 

itK sst \a' hhlich't t 1iirliu'aillll it 01" \.W. Ilith ii his rin irrii atill athieh 	 lreqluei\ 
tit)[l~t-<'hell ' IllcilllS(1 ,t 2W , .\SNXI I lCll.d 11h1 n11111CIl h\ PCl)l+CI b;+tittk U',(Iitill: c'CLICd 

Uiptiic Ihlm i._h i Il ll ' ;)I()&d t l li Ill l 1lIHll IJ 	 II St;,illl l iI, (111 1 110 111,1 CIIil Ihil l \ IlltltCN,, 
' 

11I NIH" S(Ji t- AlICLIN 1,IILh ilth 01 II1 l'Cl ,llld \ - heItlC	 I ll " ll Ml.2-111l, AIlICJllC Ill ullq,ikL.,u1ll 

Table 3 	Frtit yield and its conipoients inlbell pepper as affected by soiliiOIS reLilmes anld 

N fer-ilizatioii 

1illt i 

1982 83 	1983 !82 83 1 8.t 1982 83 1Q84858.; 118; 81 1983 8- 85 I81 84 
! iAo<dl~bl,.-sw mo c+t 

80 ASM 1357 12 1 3 6b 2 1 I. II 04 280 313 
0-, ASM 1)10 14b2 15 92 8 3 7.1 75 28b 301 33t 
40' . ASH Ii 31 1483 1S ",1 85 70 77 275 306 340 
20 ,.S1 1309 1207 1271. 7 6 6.8 6.3 266 28.1 305 

LSD (P 	 0 05i NS 2 Ib 196 NS 1.0 0.9 M 1 7 1$ 

N Leewls(t hl
ri 


0 858 685 /83 S56 2 38 235 213 22.2 
60 1400 1311 ; 1- 7 7 774 4 283 303 310 
120 1640 Fte: /8.1 80 8 ] 39 l 331 371 
180 181 I 'l1 1821 9s 80 86 297 337 385 

LSD iP 	0 051 2 48 2 Is 1 6 I I 10 0 9 18 I7 I5 

Table 4 	 Fitted response functions of bell pepper co N for fruit yield 7 

I ril 	 1 N ( Oi. n(Yri%i R1f, 'r 	 N N 11 t~mwn NflILt 

1982 83 Y 8 / 0 9117 0002 s ,u 18! 18 07 97 

1983 84 T s8 . 0 12606 t,4 0 U0030,s r" , 10 1)3 106 

1984 85 f 782 0 13230 N 0000411 N' 100 158 1846 117 

Por.FOI Y 180 0 ,1867 N 0000345 N' 0 99 168 1800 107 

( r i ' l,I . K . ' + r ' . 2'000 1 O .101) R, 1303HN 	 .
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Table 5. Nutrient uptake by bell pepper as affected by soil moisture regimes and N fertilization. 

Treatment 
1982-83 

N 
1983-84 1984-85 1982-82 

P 
1983-84 1984-85 1982-83 

K 
1993-64 1984-85 982.83 

Ca 
1983-P4 1984-85 982-83 

Mg 
1983-84 1984-85 

Available soil moisture 
80% ASM 
60% ASM 
40% ASM 
20'. ASM 

41.4 
46.5 
47.4 
43.7 

390 
44.2 
456 
39 7 

375 
417 
437 
38 3 

116 
I19 
II I 
102 

1161 
11 6 
117 
9.5 

16 
11 8 
116 
9 6 

65.2 
686 
646 
54 8 

650 
680 
648 
55 8 

500 
677 
650 
56 5 

168 
I82 
200 
18 3 

162 
170 
182 
14 5 

i58 
164 
i69 
14 5 

145 
is0 
196 
17 5 

142 
16.3 
178 
16 I 1 

136 
155 
174 

I 
LSD(P = 0.051 5.4 4.8 3 4 1 4 1 4 1.6 7 1 8 1 73 2 3 2 1 20 1 8 1 7 i9 

N levels (kg
0 

60 
120 
180 

hal 
23.9 

41.4 
53.6 
60.2 

229 

42.1 
50.4 
55 0 

206 

393 
499 
51 2 

7 7 

109 
127 
13 6 

75 

II 0 
i2l 
2.1 

7.7 

113 
128 
129 

427 

631 
733 
74 0 

403 

631 
710 
724 

408 

656 
737 
730 

99 

160 
228 
247 

90 

169 
202 
222 

9 2 

156 
184 
200 

10 6 
14 5 
197 
223 

94 

147 
195 
21 3 

88 

152 
182 
19.2 

LSD IP= 0.05) S.4 4.8 3.4 1.4 1.4 1.6 7 ; 8 1 7 3 2 3 2 1 2 0 18 1 7 1 9 
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expected with increased loisture stress (Colman and La/enby. 1975). Since P nuo,,es to\ard., 
loots by diffusion, and K. Ca and N11! h both difftusion and nilass flos\ (Barber. 1900: Pill and 
Lambeth. 1980) . their uptake is governCd larigl\ 1)) Soil mo10isture status. The dilI'rCences in 
nutrient uptakc observed ill the present sttdies Ilas%. therefOrc. he attributed to trtillelt clfcct,, 
il both tliesec p rces.+cs. 

The N lertili/iation increased nutrient uptaike during all three %ar,', up to ISO kg hl although 
tile difference beteen application rates ofi 120 and I( ke N ha \\ as not ignific:ialt in Ilost 
cases. Ihese differences in nutrient uptake,,. ilostl\ I'lIowed tile diflerlucCS in dr\ Indattl 
prtoduction. Thc interac+tion effect b',etvssen sOil nlroiture recinuc, and N s\sa not sienificalt. 

Water use. IriiLatior treatments had a consicuIouLiS etfect on lhc ater of(1 setl.. bell pepper 
(Table 6) . l)ecrasin._ tfrequcnC\ of iIig'tioll reduced FT. perhps bccausC Of aIcoluhlibiation 
of both reduced surface sOl C,, apot"ion , itlh loss er irri.a tion f'rCquenc and grCater lit \. ater 
deficits ill low, .\SNI treatnilentsl. \0hich then reuLlted il lra'cr storirtal lcsistance arid reduced 
transpiration. Wil'F. hoss es er. incase.d \\ ith irriatioli at dcreasirMe soil moittr. tip t 40'; 
ASNI as uht f imarked dc:itnc lI a Sililiicilt inC', ,C Ill f'tlil i\ hd.a rl o a in ctouplCd v, ith 
The N applic'ltion increased FT. probably becausC higher leaf areas increased transpiration Iosse. 
of water. As the increase in ET wkas smaller than tile yield increases. WU F increased :onsiderabl\ 
with N fertiliation up to 120 k, ha. 

The 'egrcsionl equation hctsecl clop responsC ifruit ,, cliLi aIril ASNl indicate.lCd :1 tLradr'a.ttiC 
nature of the rcepons , ith I,,i ki \,OLuc Il'hlC 71 ill tll three ears asJ scll as, Iit pOIiIed
dOta. Russo (19831 aIso o),,r c,. a quara"Itic ,ltdl oisinpil ss cern icll and soil \\ atr piittnial 
in hell pepper. The ieM-iua\inni/ine ,5a aoUld SI , icldl I sar\.SNl t 1t 52 \\ ith tile ls ir 
hetsseen 15.03 and 16.25 t ha indifferent \Cars,, 'Ih. ptoled ilaa indicated the ihct oltainahle 
icd of 15.02 t ha ',,6th irlation at 52.'" ASM. 

There \\,as ;iso a '.cr clisc relationship bctCccii eid aid atF Uue iLl' 'and the llaturC 
Of' iCspoilSe as I quadr10 lale Ili nnaiiiirllr obtailaIc sicld u 14.69 tohiuId to be itI ,. i, 

Table 6. Water use of bell pepper as affected by soil moisture regimes and N fertilization. 

Irrigation water applied Evapotranspiration Water use efficiency 

Treatment (11m) (im) (kg fruit in of water) 

1982-83 1983-84 1984-85 1982-83 1983-84 1984-85 1982-83 1983-84 i984-85 

Available soil moIisture 
80o ASM 5,42 513 562 578 543 77 2 35 2 35 2 37 
60'o ASM 
40o ASM 

432 
398 

418 
386 

469 
438 

456 
429 

*)62 
442 

480 
450 

3 31 
3 58 

3 17 
3 36 

3 20 
355 

20%c ASM 328 323 347 365 327 356 359 3 69 3.58 

N levels (kg ha) 
0 425 410 454 43.1 402 422 198 f71 1.86
 
60 425 410 454 474 428 446 295 3 07 3,59
 
120 425 410 454 448 469 488 3 66 3 55 365
 
180 425 410 
 454 471 476 508 385 3 70 3.60
 

Table 7. Relationship of yield to available soil moisture (ASI)in bell pepper. 

R2Year Regression equation Yield ;-aximizing Highest obtainableASM I yield it hal 

1982.83 Y = 923 1 024414 ASM - 000238 ASM 2 098 51 1549 
1983-84 Y = 7.30 + 0 29982 ASM - 0 0.291 ASM 2 099 52 (503 
1984-85 Y = 7 14 - 0 35040 ASM - 000337 ASM 2 0 98 52 16 25 
Pooled Y = 7.89 + 0 29881 ASM - 000289 ASM1 0 98 52 15 62 
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Table 8. Relationship of yield to evapotranspiration (ET) in bell pepper. 
Year Regression equation R2 Yield- naximizing Highest obtainable 

ET (0o) yield (t/ha) 

1982-83 Y=-26.88+0,1778 ET 0.000187 ET2 099 477 5 15.39
 
1983-84 Y= -24.94 + 0.1794 ET 0.000203 ET2 0.99 442 14.69
 
1984-85 Y=-35 14+0,2149 ET 0.000226 ETI 0.99 475 15.95
 
Pooled Y=-28.27+0.1875 ET 0000202 ET2 099 464 15.24
 

15.95 t 'I a lonid to I , associated v, ith 442 to 475 im of ', ater use io differcij ,:ars. The 
pooled data indic'ated a .ilM-liaxiiii, ', atr use olf414 nl. which could produce 15.24 t/ha. 

Effect of Different Soil Matric Potentials 

I'i hnth at itIllc tSoil niatic pteutals had a signilicant elfect Oil(ruit Vield of hell 
pepper eXCelt d.inc I!982-83 (lahle 9). hIri.atint the crop when the soil n.ltlic poteintial rCached 
-65 kPa resulted in the hiChest fruit CLI \%hiCh \, with the ield ob1tainCd wi\h rr'la'itiOn 
at -25 and 45 kilt but v+',ificantl, hieher thtil that olbtained at -85 kPa . sirjalcohs and Dada 
119831 ohtaind hSt , cuts v, ith tenSionS bCtwCCn 15 and .75 kPia tinder i p~la tic greenhoseL. 
whilt' TCdeS.hi and /chri, 1984) iibcr,,cI a biL rICution ill ,icli ,,hen soil mtiIVtti, stres, 
\ias hi.eher than 1(1( kla. Imnposin a st st" o -85 kPi either until first pickine or therealter 
silnfificatntl\ rCduIe,+d thC i- Id as citllpared to those irricateCd co1ntinu ousLl at -45 or -05 kl~a. 
It 11.1a\ be frther tit ret..itC I.ILtitin ill IccurrCd'CT.l, hll the' v,,s hich lloitull that the ,re.C 
Stress alter first v, hich tl th findinS iil Nelsont l162) aitid Vulva(s 11982).jickin. lnfirii 'h 

l),- :casiu, lrejuuitcn otf irrication at lox,,Cl oil iliatri+ piitential reduced IT. \'IE increased 
with irrieaioit at ilctreasill soil illatric plteliils l;tinls becaus otf a l'arge dccre.%as,. in FT 
coupled ;' ith some1C illC',lSC ill \ il. SIIess. either up t first picking or' thereafter, also reduced 
WI!I+ as reflected in liiuIcI dec leises i ield. 

Effect of Method and Volume of Irrigation 

NiethOd anid \tltin,1e t" irri.cation had no significant effect Ol frLlit yield Of hell lCppCr inl 
anl\ of the tlreec ears (Tlable I) . Both alternate and \%idel\ spacCd flrrow. irriation s\'stelns 
\, iti diff'rent IfuMtitiCs of' water rco_'Crded Sijilar ', iClds IS,,,lien evCrt fttrrowv xaS irricatCd. 

,The,. nutinlb,..er of ilTi e.til rIClnired xxas also the Sane ildiffcrent treatilit , vi/. 21. It) aid 
2() durint 1982- 8 3. 83-84 ad 84-84 respct.tixcls . I IO.\' er, the iitotin of irri ;ation altr utseI 

Table 9. Fruit yield and water use of bell pepper as affected by moisture stress at different stages. 

WaIer use efficiency 

Treatmen t Fruit yeld It hat Evapotrainspi rtion (in/i) (kg,fruit on of water) 
1982-83 1983-84 1984-85 1982-83 198384 1984-85 198283 1983-8.1 1984-85 

Soil marc potentil (kPa) 

Up to I After I 
pickingpicking
 
-25 25 15 89 1553 14.68 581 533 556 2.73 291 264
 
-45 -45 20 58 17.26 16,48 491 452 479 4.13 3.82 3.44 
-65 -65 18.16 1742 16.58 437 418 452 4I 4.17 3.67 
-85 -85 15.83 14,13 13.24 366 342 346 433 4.13 3.83 
-85 -25 18.72 14.59 13.66 418 389 426 448 3.75 3.21
 
-25 -85 17.85 14 16 13.30 399 380 407 4,47 3.73 3.27 
LSD (P = 0.05) NS' 2 41 2.12 _' - _ 
N Not si nificant 'No stjst,cl analyss was Co ui Cted 

http:TCdeS.hi
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Table 10. Fruit yield and water use of bell pepper as affected by method and volume of irrigation. 

Fruit yield Irrigation water used Water use efficiency 
Treatmient it/ hal (ram) (kg fruit/i of water) 

1982-83 1983-84 1984i85 198283 1983 84 198485 1982-83 1983-84 1984-85 

Every furrow with 40 rivi1 1721 17 78 15.63 810 760 800 2,05 2.34 195
 
Alternate furrow ,.ith 40 mnn 15.84 1691 1506 840 760 800 1.89 2.22 1.88
 
Alternate furrow wi'h 30 ni 17.29 1782 1554 670 610 640 2.58 2.92 2.43
 
Alternate furrow with 20 em 1518 1688 1495 500 460 480 3.04 3.67 311
 
Widely spaced furrow with 40 ni 1476 17 2.1 15.15 810 760 800 176 2.27 1.89
 
Widely spaced furrow with 30 mnin 15 .18 16 47 1 61 670 610 640 2.31 2.70 2.29
 
Widely spaced furrow with 20 nin 1392 16 52 1. 5'1 )00 460 480 2.78 3.59 3.03
 

LSD (p 0.05) NS NS NS 

r0,can.ll[ in,:NS Not q 'No t~ , 1 ,Ys~b¢, ,; (onlduc(ed 

aid \Vl.i- Varied rCatls a1tt0it dilficr1 t titethods and \OIlIttcs oi' irrigation. Alternate and ,idcls' 
spaced litrrnov irrigatuntt with 20 tint water per i:igatioll required about 4() ; less irriattion 
,'iiter as Cotiart.L 1( irrik!,tittg cr\ flurrwM, \\ ith 4(1 t water. "lhs,' rtteatttetts also had 
v:,xinttni WL'.. minih hcausC his1\\r Ir i,111011 atcr uIsc resuilied inl no0 sillilficti rcductiott 

in fruit yield. I a.,ct td a\ituiii Ucs lternte'lltCl. It )75(I.lso rcl) tIC 55atcr tuc eli'cic utde urto\ 
irrigation. 

"hesc flinling2s sh10\ clcarl\ tat l 1tCrnatC furrx irtigatiot; ard %sidlcl Spaced fitu\ow 
irrigatior, .vith - .atcr can as atuit % per irrigation I)ttltcc yields of hell pClppcr high when 
everv furross is i: . iiatcd. \ ith about 4('( ,a\ 12 irlication \\ater. The tital-itudC of water 
savings using these iiCILodS,. \%ith1ut an, rCductiol cIS. Sl1.uld find al)plicatiun itlin ,tldIc e 
nIlnv of tile slliarid 't2;)llSoit" Indi' cspccial. on SOils \ ith 0od lateral ItoveltIetll of \ic. 
Since lltost vegelable crop,. in India %%ill continue. to he irrigated bst.n\onnlional luriss irti,.itit 
,s,,stems. alternate and s idol\ spacCd lttrrss irri. la e lpotlial application \alic v.hicti 
could rsClt iltsUbstantial Sat\vines oit irrication watcr with higher \L !I. Moreover. these s ;tems 
alSO haVe tie in-built advantage OftICducing Mnver-irig2ati ni whi,.h is genceraly ]practiced h, most 
of' tile Ve2ctablC farmers itn ltd,,i. 

Literature Cited 

Albrcets. -E. 1971 . lEffect of nitriteCn atid potasiutlt ott hell pCpller growitn1llUnder pIlal)ert ulch. 
Proc. Ili'ida Soil Crop Sci. Soc. 31:1 1-1 l18. 

farber, S.A. 1966. Internantio al .\lonic hIncrg Agetnc. . [cchnical Repor Series No. 65:39-45. 
Vienna. 

Batal. K.M. Iand Sinittle. I).A. l9 1l. Rcs)MosC Of hell pCpperit rrtg:ttitt, itrogen and plant 
lputUlatiOIt. I. AMr. Soc. [lort. Sci. 116:25)- 262. 

13eest. F.. [Hortotn. R. andI Wierctie. P... 1982. (Ios\\il atid ild re't,llse f"chile pepper 
to tricke ir ti,tton. .1\t. 1. 74:f156 5Wi. 

Coltan. R.. i~tnl laictih, . A. 1975. IfelCCt of iitoire ttl gut tlt nd itroe2Cn I'e,[1tls. of 
l.oliun perette. Plant Soil 42: 1-13. 

l)aslane.CN . !907A Practical Matil for Water :,,c ,esirctiii AericuhturC. Nv lash/arat 
Prakashan Putt:. 1210 p. 

Jackson. \I. 1, 1)(67. Soil Chciic~i Aal, ,i,. PriutticlC I-all nif India l.td. . Ness Delhi. 437 p. 
l.al. RB.. Bta us. S. S. and Ra\ . 1975. Eflfecol o nthods oi irriuation int the vield andS.S. e 

stlr use ol diffetCnl crimps, Uinder diflerent cropping S\ stems. Indian 1. A2r. Sci. 45:4110-42 1. 
Lepori. 	 G. and (jenna'i. MI. 197. Inlractmon hcmecen gnrelot\ ). and eCtvironnient (it certain 

characteristics aflecling the salouo't iit A.".' della Facolta di Scicnte Ararie della 
Univcrsita dlcli Studi dli T0ttink. I: 153-167. ( in Italian. I 

http:l)aslane.CN
http:r0,can.ll


374 Hegdc 

Maynard, D.N., Lackman, W.H., Check, M.M. and Vernell, H.F. 1962. The influence of
 
nitrogen levels on flowering and fruit-set of peppers, Proc. Amer. Soc. Hort. SJi. 81:385-389.
 

Munson, R.D., Doll, J.P. 1959. Tile economics of tertilizer use in crop production. Adv. Agron.
 
11:133-169.
 

Nelson, W.E. 1962. The efect of soil moisture stress at critical stages of growthMt some vegetable 
crops. Ph.D. thesis (unpublished) . kutgers State University. New Jersey. 272-315 p.

Pill, W.G. and Lambeth. V.N. 1980. Effects of soil water regime and nitrogen I'Orm on blossom
end rot, water relations and elemental composition of* tomato. J. Amer. Soc. Hort. Sci. 
105:730-736. 

Russo, D. 1983. Crop yield irrigation relationship in iypsifcrous sodic soil. Agron. J. 25:427-434. 
Sadykov, I.M. and Mikhael, Z.Y. 1981. Irrigation regine in direct sown capsicums. Trudy

Kuban S. Kh. lit. No. 197/275. Pages 114-1 18. (in Russian.) 
Sirjacobs, M. and Dad.. %.S. 1983. Localized irrigil'ion of gl'-en peppers crop in a greenhouse

in an arid region. Practical approach to the mam:gc ent of the water supply. Bull. des 
Recherches Agronomiques de Gembloux 18:137-148. 

Srinivas, K. and Prabhakar. B.S. 1982. Response of capsicunm to nitrogen. Veg. Sci. 9:71-74. 
Tedeschi, P. and Zebri. G. 1984. Flowering and fruiting courses and yield of sweet pepper

(Calasiculn annuum . ) plant grown in lysimeters with relation to diiferent water regimes.1 
Riv. Ortoflorofruttiottura It. 68:.323-329. 

Vuelvas. C.M.A. 1982. Effect of differenl eveIs of available moisture on pepper (Ca psicum
fnnuum L.) yields. Proc. Trop. Region. Amer. Soc. 1lort. Sci. 25:399-405. 

Symposium Discussion 
A. Sajjapongse: Since you did not have high nitrogen rates (higher than 180 kg N/ha) to 
cause yield reduction due to N toxicity, it was not valid that you fit the N-yield response into 
quadratic equation.
D.M. Hegde: It is no' necessary that we observe yield reduction due to N toxicity as lone 
as the equation gives a good )-t with a significan regression coefficient. 
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Abstract 

Nitrogen (N) is one of the most difficult fertilizer nutrients to manage properly
because of the role that micro-organisms and weather play in determining N availability.
Because of the unpredictability of these factors, a quick, field-administered test for 
N sufficiency in plant tissues during crop development would be useful. Nitrate levels 
!.)mato and pepper petioles are sensitive indicators of the N status of these crops,

and fairly simple sap nitrate tests are sufficiently sensitive to indicate whether N 
fertilization is needed. Field-grown fresh-market tomatoes yielding 35 t/ha contained 
petiole sap N03-N concentrations of 625 mg/liter at flowering, 696 mg/liter when the 
plants had small fruit, and 539 mg/liter when the plants had large fruit. L.ower sap 
NO3-N levels may be associated with maximum yields when N is supplied frequently 
than when it is split-applied. Sap nitrate levels vary substantially from plant to plant 
even under well-controlled conditions. Reliable indications of plant N status can be 
obtained by observing trends in petiole sap nitrate concentrations in 15 to 20 plants 
on a weekly basis. The cost and time required to conduct sap nitrate test on the 
somewhat large number of piants dictated by the high sample variability can be kept
low by analyzing composite sap samples. Greenhouse tomatoes fertilized with solutions 
progressively higher in N03-N concentrations produced maximum marketable yields of 
3.2 kg/plant by adjusting external N concentration to maintain about 1000 1pg/ml ir, 
petiole sap. 

Introduction 

Nitrogen I(N) is tre of the m st rportlant I'rlilizer nultriCnlts to nanage proper. in vegetable 
production. 13ecause tuch of the N absorptior of many \egetah;' crops occurs dulring the last
three to !u r \wceks helfOre harvest (ILorcni and Ban/. 19 68b). .ied-t-ducing N deiciencies can 
dC\C lOp ra;uidllv during this period Grmers overlertilize to reduce tilenma\ risk ol'N deficiency 
de\eloping in their crops. but this can lead to other probleiltr. Besides k asting costl\ lertilizer. 
e\cess N availahilit\ caIS,. p)( stand e,,tablishrttctt. reduced grovwth. and undesirably high
niCtate levels in \ c.etals aid drair+rac v,ater Scaif and Ste\ Cns. 1977). In lomatoe,,. excess 
nitrocen can cuse, d(Cla d fluIlit-set. slo, ripen,linle.ani a inll ,Cillfritl defects (COltilill. 
1988: Loren/ and Bat. 190). 

l1act tntrolcn requillrlcnts ofcrops are dillicu: Ppredict before platnting. Both N denrand 
h\ crops and N suppl,\ (t crops au+ sensitise to et\ iroIntrntll influences over hich ,rowers 
have little or no control. including liciht intensit,,. tdpenrtur., ald rainfall. These factors can 
cause significant changes it crop N status and corrsCquentlv can influence crop yields and tll 
recover\ of applied N unpredictablk . lr efficiency of N Tco\ er\ front applied ler itiers (about 
50'; for'field and r'ow%crops) is thlerule rather than ire ,cepl0 (Mavnard and lore'nI. 1979). 

Plant tissue anal si, is a ueful tool f dennrining ,hether N supply to a crop is keeping 
pace with N demand. While comventional tissue testing procedurcs airecapable of accurately 
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identifying tissue fron plants where N deficioncies or excesses have occurred, farmers rarely 
know the results of conventional tissue tests in time to allow them to respond to N deficiencies 
or excesses bef'ore those condition: cause irreversible yield or supplementary fertilizer N losses. 
Field-administered tissue tests of N sulficiency in vegetable crops cou!d improve N fertilization 
practices by allowing farmers to provide only as much N as is currently needed to support 
maximum yields. 

For many vegetable crops, the NO3 -N concentration in plant tissue is a very sensitive indicator 
of plant N status (Scaife and Stevens. 1977). Nitrate N concentrations in tomato leaf blade tissue 
increased six- to seven-fokl as N03-N fertilization concentrations were increased from levels that 
produced only 75%'( of maxinmum shoot dry%weight to levels that supported maximuml shout growth 
(Gomez-Lepe and Ulrich. 1974). Because NOi-N levels in many vegetable crops change greatly 
when N deficiencies develop, only scmiquantitative accuracy is required of NO3-N tissue tests 
to detect N deficiencies. Rapid field tests for NO3-N in crop tissues have been available since 
tile
1920s (ScaifC and Stevens. 1977). However. previously available procedures u':nerally were 
unsuitable for routine use by farmers for reasons of convcnience, reliability, simplicity, or safety. 
Several ''ears ago scientists in England and New Zealand began to evaluate a convenient NO.-N 
test strip made by Merck (Darmstadt, Fed. Rep. of Germany) as an analytical tool lor determining 
the N status of vegetable crops (Scaifc and Stevens. 1983: Prasad and Spiers. 1984). The test 
strip consists of' a thin plastic strip with a paper square on one end that produces al az/A dye 
when contacted by solutions containing NO;-N. No external reagents are required, and a N0 3-N 
determination can be made within two Minutes at a cost of abutUS$0. 1 5. The dL:curacy of 
the test strip analysis was declCd satisfactory for use in monitoring crop NO3-N status on a 
routine basis (Prasad and Spiers. 1984). 

These sap NO3-N test strips have been tested fOr the past three years in evaluating the N 
status of tomatoes and peppers in Hawaii. The objectives of the three studies conducted were 
to determine the mininmum levels of NO3-N in petiole sap associated with maxinum yields (i.e.
'critical NO 3 levels'), and to assess the usefulness of quick NO 3 tests fOr monitoring and 
adjusting N fertilization rates. The results of these tests are summarized below. 

Materials and Methods 

Determination of Critical N03 -N Levels in Field-grown Fresh-market 
Tomatoes (Experiment 1) 

A well draining Oxisol was prepared for this experiment by cropping twice with maize with 
no added fertilizer to renove residual nutrients. The soil was then tested and amended with 
dolonitic limestone. trip)e superphosphate, potassium sullte, and zinc sulfate to bring tile 
availability in the soil of Ca. Mg,P. K,Zn, and S to recommended nonlimiting levels. Treatments 
consisted of I I rates of N as 50"( calcium nitrate-N: 50',%potassium nitrate-N (0-365 kg N/ ha 
in 36.5 kg increments) using a completely randomized design. Four-,'eek-old transplants of 
the semideterninatc tomato cultivar Celebrity were set in rows 107 cmiapart with 60 cm between 
plants in a row. A plot consisted of five 4.9 i rows. Data were collected f'rom the 21 interior 
plants. All plants were staked and pruned to two main sterns. Weekly fertilization through the 
irrigation lines was simulated by applying a small volume of' soution ccntaining nitrate N to 
the base of each plant each week. Irrigation water was applied to maintain 5 to 20 kPa soil 
moisture tension as measured by tensiometers in the root zone. One thirteenth of the total amiount 
of N was applied weckly. A large proportion of plants inthe 110. 220. and 257 kg/ha plots 
succumbed to bacterial wilt. and data from these plots were omitted from subsequent analyses. 

Petiole sap nitrate concentrations (mg NO3 -N/liter) in rccenty' fully expanded leaves were 
determined biweekly using Merckoquant nitrate test strips. Petiole sap was extracted by rolling 
and pressing a pen barrel toward the 'ut end of tile was withpetiole, which placed in contact 
the reactive paper square on tileend of the test strip. The time required for color development 
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color chart accompanying the strips was The following 
labotratorv-derived re the altqtIeous N03-N concentration (rig/lier) and the 
to the highest level on tile recorded. 

lati oinship between 
time t (in seconds) required for full color dcvefOpmett of the test strip wits used to estinmite 
petiole sap NO;-N cmcentrations: In NOC)-N = 10.68/(In n1 1. Qudratic lunction., reltting hnal 
marketable \vilds and sap N(O)-N concent rat.ions at 4. 0,and S'weeks after transplanting were 
exaLitcd to deterncii qip NC()-N concentrations Lss.'iated with 75. WA). (X),and ofI maximunt yield. 

Determination of Critical Sap N03 -N Levels in Greenhouse-grown Fresh
market Tomatoes (Experiment 2) 

Ninety-eight Ccl,.'rit\ tomato plaits \\ crc groo. n rih0t1 seed in 25 cut diameter plastic pots 
that contained 0.013 t f az2 I " I pelit• 6 scriiculite tlw ote) mixturc amended 
\%ith 4.8 kp dolomite in> 1.4 k, .,xpsutn nt111'.and 0.44 kg P)1inas triple superplhosphate. Slow 

'
release iticronutrients and 0. 13 kg K per Ili,\crc intorporated ais1.I ke Micronta\ mI ;tnd 
()stiocotc KS0 4. rcspctti cl\ (Sierra (i'hcn,ical. MIilpitas. Califltrnia). Trctments consistcd 
of five N levels (20, 40. 80, 160, and 240 Itg NO3 -N nml) with 14 replicates in a completel
randhLizCd C\pCrimentatl de iCI. Nitrogcn x.as proportionCd into Lauch o1' the live irrigation 
s\,tetitsf'roli stock solutions cottainni 00"i KN(M-N: 4()"' CalNO -N (b\ \ocieln. Pots 

',.crc (o \'css three tithes aeda to keep concentrations of NC) -N in the toot Zoneirlri.icd 
sltble. P!ilts "crc staked but not prlllicd. 

Validation of a Proposed N Fertilizer Management Scheme for Greenhouse 
Tomatoes Based on N03-N Quick Tests (Experiment 3) 

.nmutxiint
yields in F\pcrit.icttIt 2 wCrc Ijlund, to be Zassociated with relativel\ stable or slowly 
dctaCsCcSI In ls ofpetiole sa;N()-N. )a\ v-to-da in sap NO-N levels \\ ase x'ariamilit\ high. 
indicating that sap N(M)-N tcstin necds to be reli'l\rcq ient. e.g.. weekl. 1t idcntil 
sin~tificattt trends. [a'lsed ott these rCsutlt,, the Iolloo\mg approach it ianagin NOi-N 
lcrtiliiatiot of greenhouCt x s s',e',s, t)aamnple 15 platts x, atId Ntotoes lte: 5 to eeklv. 
ucrease N conceitttliotls b\ 501' sap NO;-N re ilS l\Cr than dcsiraleIcIertiliatiot,. \let.ll 
ICls hl\C beetI otainCd for to or C ottsectt:ui\C ltmiplitigs. The ptirptS, of' thi, stldy 
\ias itotest this approach to NO+;-N iintnt. t of' renhtose tollatoes. 

Plants ofl'Caruso. anlindeteriniatc. Iresh-miarket toiato cultiia. \were I',iSCL uinder cuRltutral 
Conditions similalwr I those illx,lpCriieCn 2. llit;, \\Cre pIUitcd to sinlc stetins and Irainld ol 
strins. Treatments coti,,isted otf li\ ,,+l NO;-N target Ic\cls 20(1. 4(00. 000. )(0. lnd 12011 
m N- -N liter) in scen rcplicatims. The fix.c,ap N(O -N talrgeot-lscI' treattments \%ere 
ferti':ted initiall\ \x,.h fic No)-N fcrtili/atin concenttatimiis 14. 0. 1). 13. and 20 me 'liter. 
respecti\el\ ) in the ttig:tiot s\,steins as in F:l citnettr 2. Sap N ) -N cotncetrations illtile 
petio)IesCS0 m01.tg1. C\plndcd leacs s, tI1100 I-IR bCIttitmei,,ItlL. sxcrc deterinitued ccklx four 
\sccks altcr planting t,decribCd ii lxperitettt 2..-A',C lrditlg to tile piopo,,cd N tttanttclilent 
utlidelinCs. the NO -N lrtili/tatiott cont.centtation fr trt.tl'1ent xasmiICs 5(-" x;htne\er 

the avcrage petiolc sap NO,-N hc\cl fr a lrcItmeCtt \\x, ultd heM target sap NC 1-N Ic\elas ihe 
irtlit trcattient ,rt ,,ctic, t ixs,,\e .,eks. (C e \C til thes n.idClittCs \kas aileLI.BCCILISC 
itnitnitediaitt respotse Itothe first subtaret-lc\cl readlings \\as dcsirable to control the tapid 

decline in sap NOz-N Ic.els fMnL in IEpitcincnt 2 11ut.ring the fit-st 1t1 to0siX \eCks alfter 
plantimte. N 'ertili/atiti CMcnitratints sLt.,c i ctui,,,Iv iicreased 50'; xheil petiole sap 
NC) -N droppeltbhlo\ taret IeCis.levels firl d 

Results and Discussion 
Experiment 1 

Fresh-it-arket field tomatot~cs (c\. Celebrity) prUCluced a Imaxiutut yield of about 35 t/ha 
Mxien applicd x,,ith N at the rate ot about 221 kgi/ha (Figure I).Sap NOI-N readings associated 
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with various levels of maximul yield M pc in TablePresented I. These sap NO.;-N levels are 
soniewhat lower than prcv iousl reported f' r Ileld- I0% 1ntomahoes by Prasad and Spiers (I l'5).
The ataiimlletl of nnityiuillm \ields in the experimnent hy plants ith these lower sap NO-N 
levels may be r'Clated to tile more CtinuoLus suppl of' N b\ the weekly applications compared 
to the peaks of N availalilits pro\ ided h\ tile conentionil split applications of N fcrtili/Cr lNel 
by Prasad and Spiers (1985). Thus higher levels of sap N0 3-N may be associated with 
maximum yields tnder split -application N management. but these higher levels may not be 
required to support maximumi yields. 

Experiment 2 

Maximu m marketable yields o"f reenhouse-grown Celebrity tomatoes of about 3.3 kg / plant 
w\erne obtained in all treatine;is \\ itli N Icd cocentrations of 411 jig No -N ml tor higher [Fable 
2). Although a sharp incraCsC In tonwtIO elds, rCsulted fromll increiisine N Ieed concentrations 
1ron 20 to440 pg N()-N ml. tissuc lecl,, of total N increased oil\ narinall\ Ict\'Ceun these 
treatments. and all tissue N ollcclltrittions s,ere %,ithin t rlange considered nlormal. eXCept P. 
\which may have b ln elinatl. dliciCnt. 

In cotlllast to total N ;-'-,'tratiim,. sal NO -N concentrations \sere \er\ different ill the 
N-del'icient 210 lig N()-N 'ini ticm,,iu,:i: conllipared to the iax\inllsl . iclline 4), NOi-N -nil 
treatment ) Figure 2). Petiole sap N(;-N lecl,, of the 20 pL N(; -N mil treatment plant.,
drolpcd rtapidl\ to less thaa 21)1)1ppi ', the l)lnt irldCil fruit. s\shCrCeas in the idequatel\ 
fed 40 p N()X-N ml treatment blt\cee 5(1) and 7501 ppiii of No;-\ wa, present in petiole sap.
When the plants \\Crc fed More thi the\ reqlirClt~ lfor\lmlanuml\dis (801). 1601. 240 pg 

"
-. . . ! . . ..... 

7+ment I..- i b r e n 

+.I-. 

Figure I. Marketable yields of Celebrity Figure 2. Sap NO3 -N levels in tomato 
tomatoes in response to applied N in Experi- petioles from plants grown at five N levels 
menit I (Coltman. I1987a). in Experiment 2. Verticaf bars represent 

standard errors of the mean (Coltman. 
1987b). 

Table I. Sap NO3-N concentrations inpetioles of field-grown Celebrity tomato at various times 
after transplanting for plants producing various percentages of maximum yields. 

Weeks after Yield level )ouof maximu)nl
 
transplanting Phenology 7. 9. 
 .o 

mg N0 3-N il- ----------------
4 Flowering 464 or 787" 517 or 733 625 
6 Fruit 2 ro 5 cin dia 411 or 980 478 or 915 696 
8 Fruit 5 to 9 cm dia 28 or 1051 167 or 912 539 

Source: Coltman 1987a lReductions lii yield were associated with sap NO3-N levels beng both too low e,- too high 
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NO1-N" nil). petiole sap N(;-N ievcls, \.cr' conside rahi higher. Thus. N-star\ cd. N-adequate 
anrd N-excessi\e plain, Comld easil\ le\ hut n1oth\lcent ifiCd h\ Cantinht- sap No; -N buls 

iIair'in'e total N concentrations in the tissue. 
l.\CI1 of N() N iii somtie Crops hake been shto\\ n to fluctuate dtlll.! tic (fa\. Ithis11' \scc
 

USltsI2 tests. he itt1 tat.1111 ,tanda.rii'/ 
the titt of ,dl\ lotrSiniltfiLo. .hlt2 thcre \, ot sap) N()-N Ic, 
tIe fort thle cropt he c\aluatcI sap N();-N it s\mnId to 

a;a tcitdcncsl els to hc highest
 
M nl' ill (,ltti\ . 't tatiticill.t
theoet tlltiddctt hi ti,cIllef \\a n s ,itlliicllt. 
Ne\ettheless,. t is pmihahl.\ orthihue precaution timat"tIple :it \ers idl\(Scaitea \,, 	 Ihc Satilc t111C 

SlIC\ ells . 3. 1.en 
()ther aispecls oft,ap ,aimipltiri Ii.tlmdilhl\ Asoi \\tec commparcd it L\pcrimcnt 2. Scailc 

iLI Scvc\itS (19 83) reptted thalt lptimolc sap N();N t.nccitlattins \aicil reatl atttnmtni 
.al~ha¢C llttIS unde tieldtC tthItli. ICetiU,. co ticllts itt \;II;itioll ii tlmachCd 40' . the\ 

,lantt, hlI a,i ,''cstcdtit at lea. 20 .,lhI hc testcd t0 itaill i Itrtsl Mllrt\ tI\ eraIe Concelttration 

i tlic. ('o ctici.sll tf\araiint , pla ts ilthe ru',cnho selotrtp N( ):-N k.+itcittratIloiis ;itionsl 


,tuLics ,cie la.c.,'e iut hmis,thanise h\ -tild
(.30); ) soC,1 tl,..ht cr reported Sclite Stckens 
Tlahle 3). lt., is uinicrstindilc sin tte,,r ,control of N supplies can he ichics\cd ulder" 
2rtellhonsc conditions thian it the ticlM. Estimated pctiole sap N(oz N \alie,, did ri1t difftr \\lcti 
,,apl K ldut the Cut end (i nit atpen alrrel a, oppoINsed Ito-,ii\as caretulh iud of the petilC \k, 
,'rudels C\traetcd I1rolt1 Cotlpa.utleCpetole einCels+uit S irlic "les., despilte thc ttoticcahh 
hi sher ehhorm mh II ,Cotetcnt oi ui. the latterl, thdcilbd. auldnti a Conmpomsite,:p etractCd Hi\ 
Sap satle' tromtthie petiotes at a line. ctunpllthmce1an lland oil\s"lihtls s i e1r tliltidence 
intelvalls s.crc ,cIL' sip test', o t I mIallt', Illi . enlall t tie 15 plants \kla,tieh'd %kilh tI*\c ,S e c.th 
tetel inlis iduadl\ I0 sit inu ll le.it .CClOf ot. cleI ic it1 indlt ial pla ital\ ses,.\as 


Table 2. 	Fruit yields and nutrient composition of recently MatLre whole-leaf samples taken 
during late fruit production from Celebrity tomato p. nts. 

LiqL d feed rate Yi.ld (kg plantLi Leaf nl ,,uilt concentraton l%1
 
ig N0 3-N ml Total Marketable N P K Ca Mg
 

20 1 5 1 4 2 6 0 31 33 4.4 08 
40 3 8 3 3 2 8 021 4 7 3t1 0.6 
60 3 4 3 0 3 0 021 49 2 7 0.4 

160 3 8 3 4 3 4 021 48 35 0 5 
240 3 8 3 4 3 5 0 18 56 30 04 

Normal levels' - - 2 5-40 0 3-06 3 0-4 0 3 5-2 0 0 6-1 0 
LSD 5% 1 7 1 6 - - --

Source Caitman !Q87b "Ge'.:i1ino' et 1! 1973 

Table 3. Average coefficients of variation (C V.), sample number, and 950o confidence intervals 
(C.i.) for NO3-N sap or pooled tomarto petioles eitherifn extracted from individual 
by rolling with apen barrel (*roll' methodi or by crushing in agarlic press 1'press' method) 
on five dates 

CV(,- I Sample 950o
Sample Sap extraction x 

method ijg N0 3 -N mrli 	 no. C I. 

Individual petioles
 
Roll 2251 30 15 ± 171o
 

Press 2117 30 15 t 171o
 

Composite sample
 
from 3 petioles
 

Roll 2022 20 5 ± 2200
 

Press 1893 19 5 = 220o
 

'There were no sign.ficant differences between knd of sap sample and sap extraction methods 
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about seven composite samples frol 21 plants %ould hive been required. Thus. the use ol 
composite sap salples alliwed about a ) a\ il in tile a.Id Cost over sampling plants 
individuall. 

Experiment 3 

l N Icc 
results %%asquite lTectiin lla ll l -tal'el petioule sap No -N les els -jntir .31. and
resuited ill tolu\lour to l'i\ adLI usitnients iI N teed concentration o\er a 27-s cl crop .\ lic. 

Adherence to the propose d itletllt d tmetnhdal.l contcentriatius, baseLl oil Ltick test 

Total f'l t \ ICld., re pndI Cd It stixcl. t) in tiolll lle sap N(;-N c loncentraltio s ip to the 
hilehe st tar t les CI in the e\perilnt I120(0 !ieN();-N mi. lut i tkCtable frnit Ie+ldss\'rC 
niaintained in the )( t I (1l-iN()-N ml ran,'c 0ierc 4. lhis appriuchli toinanaging, siap
Noi-N Concnlltrlln diIrc.ill\ It Illia\lIllinin )[kh Ars and .lfectisC.Atcliies eld ap feal 

)ther crops unrn del other cultural ,oliltionl ; h11 il t Oplllltill palternsd) trll 
tit' sap N()-N. Leal.f\ e chkips, reu hi,'h Ito p~lidtltc 0ptilliui.1l \ ieldsscgetbl rite N a\tilalilil 
and qtalit . tlos e\' c hi2h l'h,e 11nitrate, in s,0i1C ot taCes crops at ha \Cst are lndekirable 

cu ts h \ lllil\ CadIto pi'uhlell, tllllri and-ll.LstOrilC. a lilll ItlI bei:C'iltlnCusel n 
of']Iih lesC]N I1'nitrates, is, haadtLl, to humllan he'alth Niaii,, tard c\Ial. 197)T. B\, nonitorin,, 
sap NO-N ICleI ctop dcclpnenlcl. 'iosers llia\ becable to actiseh tailor theih Ndoting1 
l.rtiliation lrt.irant to nia ttii/c crop iclts andii I aliIt\. 

. *4 . . -. 

- . • , - '+. 

• . .. .. . . 

Figure 3 Petiole sap N0 3 -N concentrations Figurc 4 Total and nlarketable fruit yields of 
over time in a max mally yielding treatment Caruso tomatocs with N0 3-N fertilization 
with N0 3 -N fertili..ation concentrations concentrations managed to maintain specific 
managed to maintain 900 /Ig N0 3 -N ml in petiole sap N0 3-N levels. 
petiole sap." Vertical arrows indicare 
when NO 3-N fertilization concen-rations 
were increased 50% to the ;ndicated levels ) 
Data are representative of patterns exhibited 
in treatments with other sap N0 3 -N target 
levels (Cultman 1988) 

Practical Recommendations 

Intadequate iir ,\c',,si\e N fertili/ation iltn priet greenhouse atnd Ield titlltics froll 
Sieldinl optitll.il The sill.p 111iitt" quick test call be tused eflcleh to monitor crop NOi-N 

slatulS. BecUflse the resulls t tle test arC killot'il rani.Il\ . all tlerate approach to N leutilicr 
Illatifla TCIlent Iitle ,.rol i, teasible. These e r\-irliils suggest that critical sap N( )-N IL'S\l,, 
lir lfeld and 'reenhiiuse . ;le appri\ittih 50)and I()i t11g liter relspcti lek . iltidtoi aies arie 
are lut partiCLiaiil'l.i I.'nd In l.,rop ',t. 'hcu ,il No ; N c: t.e.'l t ins Correspond l ll 

http:optitll.il
http:0ptilliui.1l
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,the quick \ ci-l'+. 

\6ithpetoie sap hihr ,'rillikal th.I cACCIIIIOLS-r dut III 
.olo'r de-,'chltlent Otil tetSiiP int ahtLut MIIati 14 ,,t-t1nd,. reL, ti alter cottlact 

Tih It\cl le ''iO)s1 PlOb' hi part t 

thei culture itt a hi h uihtt\ 1 ltCldIut+ (IttS1 .. to)\,do t lrtilit/llitn1rtitAcil iitit,I 
maniageittent asd Off sap N(); N illothi t Id,\trit ,ttd tesl i c- s, , \'ltlti2. ig,\ 

I.miti20) lit, lt ., A_\patllli ea \c,, Itilt 1 ecki> bcpintsit .y,t li lil t.eks ,titer pi.i iti . 

,,ttti t cst Of a oip sItcN,'tp sattiic Ittlti t h t l,tillpIttliNastite pitm, ,,1uild Ih' idcLUttit . 

tretlItt ias \\eckl\ 
It 1111 COtIhu LIC\ 'hltll~lil111 C tClNI ,,(Iticl .i l \+t dtp lonit..cl,II I 111L.NAP , llc t,ikc', 

tit iOle . ,i 1,1tllt Ile ti,'ie sh,,uid be ,pplied. ,' 

011,, lls,it,,itI \it sl l N Ic.I 'll ill 
than 14 ,eoti ds litIsif] t til . d ,,t l 

t)I.,N hi.ti ,T1111 ,i-it n:L'dl pl ,.s i l lil till.. ititll 
J Ilick.li ithil l C W IIi,+'d 'tt \k, 1tplil ld ,,ipitl-I;U ,.-;all t Ih t .p.'kl tltl lInI 111HIIi. ul ,I, V( + 

tt i \( l i,, tl, 0n e'i i ddltie it.1i11sat'N hold I ' liliklk ik' h i .i I. I\ x>l,, i ., t1 I CA t 

: rtUlteJ It IIIIt Ii.. 

anld itiititialltit tates atelos Vip111is 01 ic iiiIlf cii Ai It ll0t 
itI\11 IItIItItI'N I ttt, pC iIds liti, i, ie kIt.,tii , 11lIIIi Il III/CetiN d 

ddi tiia 1111,0 o i 5t1i be l 

thl'e s\ck ilitrt\ils uttil tariret sap Noi; N ic cia,, ob-iinti q O tit uilloti 0l 

thlellr\ ,,tpe1ri d.IlltIIIltic I (i05(,) i N ccee ii h ,1, 
d I)cpcud lhottt 


(i i1111)1) t ilt. ,ap \t) lta ln 


I,'tIItI ,+,..Ill,,.1 t.,)l \ . It li\ ii tl ,.1"01,0 i IciItt.tiat i11.eItt
l it K ' II it h st 

Ittid i/atoitiPlttIlL.t ii i ioct+ i\ I dIIttul, IL 'It .'l Ille t s .1iIL'tds ,,. 0i1" Ih%ll 
' 

,ind,. ~' 1,2 I ",It \ ( ). \ ]L'%C '. ,I IM Yit1' c'tnd IIll IIN. c'\pcI+,nll]cmllIll'%o l ,.1111cI ,r 1,1\\c. , II t.'[I I Ith 

,,t ici li tillt I I,,t Ir'lld I H lll.. ItIIII ,illd I IlCk. It+ I it. iti)I~llI I I/ li I N , it']l,'l o, Itc.,11t,olc :t. '..\cIIl,,.',I 1,p"-. 

,.t'~II LIIIJ .u t,. w isu,illtthum ill 

1i LIAIIC', tha.tlhth.I I):- IMi il~ y,thICIT I~ I uNIII,L.'\I,.+IlIilI Sill)Id',IIII 
B:l.",itINCItI'O I , _rt\.rtI\\ \I (11l,,tili,,, It \ \allI ..

tIIIl',,. iM .. U Ihilt-d N
 

It II,.I ,i. :, k lli..
lilI/dOill~ I C IiOL+_'Ot,I1g' IllI\ r ,I,,(I\.: , h I I',',I, ., ,i \ ':. 
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Symposium Discussion 
G. Grubben: Could the quick test \ith soil samples be more accurate or practicable.' Are

there good prospect, for application in tropical lo% lands %%ithhigh 
 rainlall. h\ illiterate small
 
fiarmers? IS mUch tllaiining nccdCd for C\lcnsion officcrs.
 
R.R. Coltman: I bCliCe quick-te.,ting the plant Sap is i. more ;IccuratCand iCliblCprocdure

bectaus1. it is ineasuriig the current balance hew ct
u crop N dImand aid soil N suppl\. not .ust
the ahsolutc mgnlllittlde of otie of these important llantiNie. 
 The procedure is particulall\ well
suited to high rainfall areas, \ here leachini,, losses of N can be sieIiicanCIt aInd difficul to predict.

Because the )il\ skills required to appl\ the 
 test are kiin , lio to mneasure clapsed tiic
 
and compare nulitbcrs on a chart. a high level of literacy is not 
 required. 

W.J. Ho: Is our NO,-N test for planti N stiaus still reliable \hen Ni' .- N isapplied aS
 
fertilizer''I
 
R.R. Coltman: I have lot ins\estigated this. hi rcasolnabl w\arm, \kell draiined soils. rates 
o1 nitirification .ire hig h lnougzh So thait much o1 the planit Uptake of' N is in tile NO;-N forili.
 
I1colitiillS are such that significant NHa-N is heing absorbed b\ plants., hler sap nitrate

levels will be associated with niaxilnuni :ields. Rlutii itiolitoring of' sap nilrate Ileses could
 
pro\ ide farniers and researchers suf'ficenlt data to beginilille 
 Moreunilig on their O\%mm ceilerall 
recon itendations iotheir local praCHCCS idCollditioll". 

E.S. Lim: ('allou cxplain \whether the quick test for nitralC \will be intluencCd h\ Clarits of
the pilit sap? What is te effect of' nilk\ sap (latex) or sap containing resis or LilP,. Or 0Csen 
pignilns?
R. R. Co!t.,iain: Nis data has sholit that the clarit\ of he sap did not affect the niralc

uCternilnation. Itlie excess sap is shaken off the paper square alter saturatine it. ver\ little 
green color renlailis. ald it does nt confuse tie determination of the purple elld point. 

N.S. Talekar: IS the nitrate strip specific to NO,'? Do other ion, interfere \with this ',.st. 
ce'peciallx ollici N cillpuiid ,.
R.R. Coltman: The nitrate test strip is specific f6r nitrite and iitrate forms of N. Ievue!s of' 
interlerence of' Other ions flurid i planli 1sap are rt sienificalit. 

S.J. Tsou: LO1cal alrmeiirs tend to) oscrfertilizc tIe crops. What actionll ould \on sugcsl if
the sap NO level is too high? A; what stage %ill this too high le el hurt tihe sicld?
R.R. Coltman: First oI all. ins reconintinded approach of' routine sap nitrate tuonitoring
accompanicd h increniental fertilization should t'it lead to scrious ex.csss of'N. Once excess
N accumulates illthe soil. little can bC dolie ccpt to leach the nitrate out ol the Soil. I have 
not exanined the elTects of episodic N excesses. but I Suspect the yields are likely to he affected 
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on hyit N exccsscs ,rc niaintaincd o ,rc\ cndcd periods of g owth. xcesses or deficicncies 
iI carl y growth appear to have the least effect on yields. 

R.L. Villareal: Would \OU knox it similar quick test is being d 'cxlopedfor other celeents.' 
R.R. Coltman: Quick test strips are a\ailahle lorpotiIssimn 1tid calciuLm. and a nunher of 
heatx metlelceients. in aIddition to nitrate. No quick-test strip is available for phosphorus. 
lhc suitabilitx of thc K and ('a strips IM plant sap aildI sis i,, as et. hut the\unde.'tCrm ined off 
ate clearl\ n0 as coM ini ta.thc nitra c tL',, because dilution of the sap is re uired. I still 
teel procedures 'an he dcxCloped Iu their practical use. 
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Tomato and Pepper Production and Research Status 
in Australia 
D.J. McGrath 
Horticulturist, Department of Primary Industries, Horticultural Research Station, P.O. 
Box 538, Bowen, Queensland, Australia 

Abstract 

A total of 100,000 tonnes of fresh-market tomatoes are produced from 4,000
 
hectares in three major districts in tropical Australia. The same regions produce 12,000
 
tonnes of fresh-market peppers from 900 hectares of land area. Cultivation of staked
 
tomato crops in Bundaberg. as opposed to ground crops at other centers, results in
 
higher average yields. Pepper yields, however, are similar in all regions. A large increase
 
in Bundaberg tomato production since 1982 has caused real prices to fall. This followed
 
the reduction in international sugar prices, the dislocation of the established sugarcane
 
industry in that region, and a consequent shift to increased vegetable production. High
 
summer temperatures are the majcr climatic limitation to production. Cropping from
 
November to March-May is therefore impractical although in Bundaberg late harvests
 
may extend to January. Winter temperatures in this district are sufficiently low to
 
prevent cropping from early August 
 to November. Bacterial spot (Xanthomonas
 
canipestris pv. vesicatoria) is the most damaging disease of peppers. Bacterial speck

(Pseudomonas tomato) and bacterial spot (Xanthomonas campestris pv. vesicatoria)

of tomato can inflict severe damage on Bundaberg crops, but are sporadic in other
 
districts. The most serious disease losses of tomate 
are due to potato Y virus (PVY)
and Fusarium wilt (Fusarium oxysporum f. sp. lycopersici Race 3). The latter i3 
responsible for yield losses of up to 60'. and' has contributed to a substantial reduction 
in Bowen's tomato production. Breeding programs have developed tomato cultivars with 
concentrated maturity and bacterial wilt resistance. Advanced tomato breeding lines 
with PVY and Fusarium wilt Race 3 resistance are now available A Pepper program
is incorporating resistance to Race 1 of bacterial leafspot, conferred by three genes 
as well as highly effective PVY recistance. Cultivation of both tomato and pepper crops
using plastic iw'ulch and trickle irrigation has improved water use efficiency and yield
performance in all regions. Future ..xpansion of tomato and pepper industries in tropical 
Australia is critically dependent on access to export markets. 

Tomato 

Current Crop Situation 
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Figure I. Growing areas of tomato and pepper in tropical Australia. 

Table I. Production statistics and gross value for tro,.ical tomato production 1985/86. 

Gross value 
Location Production

(t) 
Hectares Average yield

(t/ha) 
of production
(US$ million) 

Bowen 37,000 2,300 16.1 21.7 
Bundaberg 59,000 1,600 36.9 35.0 
Carnarvon 6,000 160 37.5 3.2 

Qucensland isthe la;Jor supplicr of winter tolmatoes to cast coast statcs. Historically, Bowcn 
has .hipped a very large proportion, in excess of 8() * of the State's prodta,.'tion. between May
and Novemher. In recent years, however, its production has declined. whcreas that from 
Bundabcrg has increased sign ificantlv. This trend reflects a ,aor change in the local Bundaberg 
ecI)iony. Reductions in international sugar prices since 1982 have dislocated the sugarcane 
idust rv in that region and CncouraIged a diVVersii cat :( into vegetable producti in. "lomato 
production has therefore risen. 

In I985/86 the total value Of" iletoImato iidUtStr\' in Quensland was SUS76. I million, of' 
which US34.X milli,n was grown in Bu,idaberg .and US2 1.9 million in Bowen. The remainder 
derived frionm smaller centers ill subti ,pical districts of the State. The to mato indusltry represents 
approximately 40'/' of all horticultural prodductitm in Queensland. Apparent per capita 
consumption of tomato in Australia has risen from 13.0 k /year in 1958/59 to a current level 
of 18.6 kg/ycar. This trend towards increasing consumption has plateaued and it is tlikely 
that any viable expansion of the industry can he sustained by domestic demand. 
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Climatic data. Both Bowen and Carnarvon are located in the dry tropics aid have a marked 
seasonal paltern of lainJall. Typically. 75:, ofannu.l;.aI ra infall in Bowen is distributed Ct\eCn 
)eceitber and I arch, and only II.;isrecorded inthe prodilClt period of Nav to Novemnbe r 

with a total rainfall of 1,018 nimm. Carnarv'on has summer ,ainfall (30"t ) and another peak in 
Na\ to June (4(),);)with a total raini'all of 231 nun. ilundabero also has isummer rainfall pc;,k,
hutiarelativel\ rcrater proportion of the total of 1.145 iIlu laillsthrotolh lwi Ier.High sumn cr 
temlupe ratures frin November to Niarch are a priia rv deer illinaintof cropping periods. In Bowe i 
and Carnann. l nl ,1dalyl' tCmpC'Itures of 31 °C or more and high niuhtl\ tllilliilIuttts ahvC 
22''C are norulni . adverselv af tnillstlit-se.Ct aidL uaIIlJi. A re(iilrCinCni for Iowe r telpe ratures 
anld Ipreference for drt-\ l Cconditionls ll ai c pll of' Matrc detelrmines tig pe..rIiod 
to Novemllber these centers. l Ilundcabri. both ItlmilIILIIll ald Illilill tellpIelIrattlr'S reiln At B,. 
Illlrcl;.tlalv lowe,:r and 11a1\ allowv C\tCndl CruL in oph.la Winte Iltllilitlll elliperaturlsWir 
frolltl June to Au:,lst arC Ceneraly SlfvCiendv Iov, (0 i'duceL iollinatlonl and lruit-sl. 'Aitha 
c011SCotlCnt [rOLdiuctiol froM'alV A\lst to ilte ()ctobcr. tropical Centers therchiregapl> Botil 
enjoV a cliittlatic ad antagC ovei l3undaeLVrI ill this period. Meat 111tthh11 tlla\itunlll and miilill 
tetllprattures are prcscntecl in itre- 2 and 3 respectively. 

Cropping systems. Tomatoes are r'OWn1 bth11 ill ro;d lnd staked clrps. 1o. various 
'CtlS.n differlCnt it)l)le.C Apartrc. iOllS Ilare ado1ptCd crtopping s\,ienls ap)l to0 local COtlditiotns. 
fr*tlll atsillall pliportioll otf stalkLd ill a OIl. r't)dtiLCliu ill A+.\'l'O)'.Ca l tl tile tlra lilill tropJ'ics is 
based otl tile ground. 13\contlast. Bundalberg produtionl is,hltcl tel'li-cro,, "l.irtiihitiottnal!. 
crops are growli OiOtIopn dand tirr, irrltld. Basal te-tili/el is incorporated preplantinu 
ar11td ltm,criIic. Weed ColltIol isachieved h\ ole \%ell llled culitside-lressing isapliied after atiOll 
ald jUdiciOLuS ItSe o1 lerbicide,, sch as Il'eblate. Nletrihnin and Paraluat. 

!itrecetit 'eairs. trickle ItricatOll luS Ih)cOtltC Wide,,li'ead. It ;,often installed ill cOljtilictioli 
Aitlh plastic t1il-lh. AhiCll providesc'ood ekeel c0lt0l..\thoughle0,2 C l\lpnt. hiltOlcltttoloc, 
allows c'realer flexilility ill tile frilCnlc\ of iricaolit. facilitates nutrient applicatoilo. ilcreasesteLr tuse elcrid\ .icpros' ides a.c'cs,, to a Ailder itntc olf ilp',.ti¢Lllci chfttt 

\kl~*ueettficietlc\ . atl l~-\ie ICS 0i \i~'Iaco'Soil t\ pes. M\orec tfe'cti\ e exploitatioll 
of' oil islture Cilnces .icls,. DespitC lleCe Ma\ ailltaeS. its high1et Cost illi\redceL' 
groilartnis. particlirly for cottd crops. Trickle itrcaitls a.litost ttllti',ra itl QICtlCSlatld. 
bUl '0r ettlonic reasoi , l.,'tilOl)litl f pla tilllLlclh is Ieltative. 

Mean monthly Maximum temperatures. 
a-,Bowen j
•--- Eundoberg 

30 -4--_ . - *---- Cornarvon 

25
 

20
 

C 
a.15 
E 

Of
 

.0 I I I III I I I 

J F M A M d d A S 0 N D 
Month 

Figure 2.Mean monthly maximum temperatures. 
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Figure 3.Mean monthly minimum temperatures.
 

Fruit isharvested by teais of pickers alld processed directly inindividual grovers" packing 
sheds. In BundabCrg. Semiripc fnruit is harvestcd fronitrellis crops at three-day intertvals, graded 
Itr size. cooled and consignled to market. Up to 90t() of fruit is harested in this manner. At 
other productiocim ccnte rs. g1round crops are harvested m1atuLe green, sized and ripened bv trickle 
ethylene injection. Crops harvested in this %%av Ina\ he picked ip to three titles. but often fewer 
har\ests are taken becaZtulse of tiledmLa.igC sustailed b\' pl.iants anld the associatCd loss of fruit 
quality. Ihe major difliculty with this s\stCm is the harvest of immiIlature f'uit I\ inexperienced 
pickers. resu ltiug in tlInacceptable truit quial itv. 

Marketing. Fruit is Sold throtigh agents at wholesale itiarkets illBrisbane. S\ diev. Newcastle 
and Melbourne on the cast coast, and Perth in Western Australia. Ten-kiloruni cartons ar.
uniforlm f'or size. grade and color. There is an increasing trend to standardization, so that pallets 
contain onl,, one size grade and cclor. A recent development is direct selling to retailers \%,here 
waholesale mrkets are bylvpasscd entirely. Quarantine regulations require disinllfs,ition ol 
Queensland fruit for fruit 1ly before marketing in the southern stales. Fruit must be certified 
hy an authorized Government officer at the point of harvest. 

Cultivars. The most widely grwn o peni- plintMted cUltiVIaIs are Contender and Floradade. 
The latter is fiavored h\ some growers fOr trellis crops. tnt it has been sup.rseded by Contender 
and a rane of Fl brids lor g r'tnd crops. Seed of these openi-pollinate' ; lines is produced 

41statutory authority of the Queensland Governnent (the Committee of) Direction of Fruit 
Marketing) at reasonablC cost to the industry. A range olf F hybrids marketed by seed 
companies is available. The most widely grown "these hybrids are Sin. . l)uke. Red Chief 
and Cherokee. 1 hvbrids suited winter where showI- are to ir(uLI,.tiomi they superior 
perlorniancc to ipen-pollinated lilies. 

Foreign trade. I-.xport of reshI-nmiarket tonmatocs has been linited to markets in New Zealand. 
Pacilic Island countries. Papua New Guinea and Sintigapore. Some increases iil trade have occurred 
cecently. particully to New Zealand: however, exporl markets have been poorly understood 
bv.Australian growers and the prospects of large increases inexport volmes are, iti the short 
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terml, poor. In the last 'etw years significant quantities of Queensland tomatoes have been 
airfreighted to New Zealand inlthe winter mionths. Quarantine restrictions against 1ht entry ol 
fruitlty have created so1m. difficulties ili accessing that market. In 1986/87 1,292 toltines ofIrit 
valued at US$ 1.25 million, and 307 tonnes of processed product worth US$ 0.38 million, were 
exported. 

Constraints 

The overriding enva'i Establi ishdronme ntalhi lititation intle AIstrakl iidry tripics is water. 
production centers depend on irrigation supplied 11 local aqui fers, In Carnarvon stringent 
regulation o'available wa;tCr resources effectivel' iimiits tle arta u tder cIiUltivlation. In Boaven 
aquifrs haa'e becit critically deplctcd Ihllhssitig an eight-year period ol'ahnOrllall 10W Sutiimcr 
rainfall. Water qualityv hals bCn lcClining and tesercs are now so low that sea'cre restrictions 
will certainl\ be ilnliosCd in1988 unless soiie relie' i.,obtained. Pa radoxicall1 . there i.,vastat 

supply 0'water aMaii the 13ur1-dekin <i'er Dat. to the north, which \sillultimiatel
Iablc f'roii I00 ktil 
prosvide irrigation l'45.()0) lt which are excel lenthecta re.,f new COIIttra . IClst 8.0)0 hectares o'l 
horticulturatl soNis. It is possible that atrClocatioi of'the iiidustrv will occur inthe medium terto 
if chronic \wter stpplv prObietns continue. Although there reniain serious iiarketing problems. 
wV'ater shortages should not tllmatel\ he seen as itcheck to c\p:a''ion. 

All tomtlito pioducttitll cMtCr hit\C Iraige of pest and diseaISC problemlis for \ hich controls 
are generally available. Those which are usually associated with humid weather conditions arc 

ll-lw lli..tldo/muollos 'i,v.
incited 1w .. 'mt-ia s /h hlulm o 'and V,1i\11lulOI A 'im/i/)(,sr ' '('. i( '7'. 
The OSI Scriouls endemic asC is Fusariiiil kilt incited h\ 1". .s.i)o 1'. I. '.~ io r'to Sp ' "iseC 
Race 3. The orgnisl, ais idetitified in 1979 atid ht, t'apidlV illfeStCd niost i1' the soils in the 
Bowcti small crops area. It is uikviwn clsewhere iti Australia. Yield IossC, up to 6()0%' (oncertaii 
fal'tis have forced 2ro\crs to produce itithi- crops. ahIIznIal.Ir ctlt isatC tew land. The expense' W 
o1 such nianagemeut strategies. the declitie in producti\ity. and por lility of' affecCd fruit. 
ha\e inllicte'd sevsere finiaicial losses. A resistait cul ti\ar ha,1SCCtideveloped \itli excellent 
agronoiic ':haracicristics and this \sill he teleased ill 1988. It is anticipated that a large increase 
IllplOtui (Psttlfdofli( is .mhvoclta'alton ) of ll.ito is ati elle retilcl;on will fllow. Bactelial \\iit 
problcm r,.Buntdaberg. .Css thtan 5%,;of the cultiVated aIrCl is infested bult more intensive tomato 
production is likel' tile SeCral hlc:illv 'tltivsars as theto0exacCrbatC disCase. evele\hpet, such 
open-pollitiated Scorpio and RCdlIaldCr and SutiitiiertastC FI but:) dcmonstrate giIod tesustancC 
this is ineffective atttemperatures above 32 C. 

From alt industry irspecti\ ctie most serious Iilitittion to h0intt productioni isthat iltoposed 
b\ domestic markets. For liLiCh o1' the \'ealr f' fruit elSuIrS thalt prices lessai oVe'supplv are 
thani. or otlts' ma;rginally Abmsc. the cost of'pt't,.'ion. Histiii'icall . grossetrs haVC relied upoit 
a short period of'a tew sceks wshen climatic ad\nai aes allowcd tie it cotfctition-tre4 pCetid. 
This is l)hoiger the ca.se, a p'idetLCCrS in Other districts extend thCr normalllill protduction sCiaso 
and increaset lie ti ol toc ,)I' fruit supplied to tle market. taberg IpriidiScer, illti particttar. 
have ci(nt ributed to this strplus. thCrelv depessi tiig ndoubiCdIV aln exportinarket priccs. "lhcre is ti 
iiiche for riwers who are prepared to research tlie rcqtiret of, t1o-ci eniets markets and wio 
can find soluttiotns to tt'nspiirt and iiarketing difficultics. At present these a-re forIllidablC atid 
it is unlikely that tlargc increasC iti C\port Volimine, will be aclieVed ill the near futlre. 

Research and Development 

Varietal development is coilf'iled to public ittstitti s. prinicipally State Departments (it 
AgricuIlttire. These bodies have traditionalI' esal uated breeding lines from local progritls and 
F1 hybrils ituportei by seed companies. There is currently tii sari(tal deClopiettt work by 
private seed companies whose actis'itics are limitcdloItm porting and selling__ Fi hybrids derived 
frot programs intc'riationatl co iii panties. The Q ueensland Departi ent ttfPrinmar.tof seed 
Industries is the tnl\ instittutiot in Australia \kshich conducts anl active tonato breeding progratii 
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for tropical prtiductil. A state program generates breeding lines adapt,:d to specific regional
requirements, and in tci of*tie progranm'ls restoLIurces haye hCell devoted to tile unique needs of 
the iiunstry ill Iaweln. 

The most si giiticant developmtet prtoject has liow produced a cultivar resistant to ,1sarit+, 
OA.'V)I'or Race 3. dUCI r IelCaSe ill 1998. This pathtogen has been resptnsible ot. sev ere Ni I d 
rediiction., in 6(0'1 tl s)ils in the Boweln small crop, district aiid 's direl y rCsponsiblC Ior declitiing
It Od nct ion in recett years. Gctietic resistance tt Race 3 %,,asIocated inl Ill 414773 at'L.iapcrhsicmn 
If'li/i .llad 1i:, Cli transfIc rrcd to L. CH'ii111 tl1.t21ugh a1backcross prograil (McGrath eta /CI 

il.19,;7). Ge;netic allalvsis of Pt 41.1773 ilCntiCied oIe dtniitt ciene, 1-3. rctllating resistalce 
to Race 3, til]d tw independent dotinanit genes lor Race 2 resistance, ine oF which is the well 
known 1--, locu, thether locu>S is. as et. ulilideltilied. Le first coiimercial release of the 
resistant liaileriatl is strtnly deterilinatc. ctncelltrited in lllturi.,. I.re-'ruitC d atdtirin Iruited. 

Resistance Itoplttat i irLis VY ) is a rquirlilCHtI rllprdUictitl ill (,)UtlSand 1t1ilitilittV 
hris tC It0tlnld ill Nt 247087 ot '.. Lhirtl'A1 .1 ctMiCsentiitnal ss breClill iP0rialland bhickcr 
to transter resistallCe is tnderway IThotia,. et al 1988). Analysis tf breeding polmtIations has 
sugeteCd that iaj t ' r ecessi\C gene. pILLs geics of ilitar eti.ct. ,ottntol resistatnce. These 
stUdiCs atre not utlcLiivOCal, ltsee.h. Sitice secreettiii is aknrtttilal and hcritabilil is low. 
l)iTicultiC, ill rcit e\rie resistant ,Crcuatcs" lls C de.las\dCL plrtl'CSs %\iti thiS p.rloglal. A 
cittitin.ilrtprtgrtll ttt dC eloptiell Itr i tacteril \\ lis hit ats. s,sriesIt bctn ill place s cttl A 
ofi iilbred antlI cLltivars, Ihas Cd iillpltlt t atectcI Sil,. I3e2caLsc tl lilited,llh cl ptlhtOicLtitC tt 
rCLtttir etrilt',S these ClItiatirS, this i)-2td h, Is tItOr ltil ibCedLiceC pririts. 

The Queentsland )epartmientt ol' Pritllit\ tndt,,tlie,S is C01tini1ittd tt tile dcltltlllneil tt 
'uplet'iOtr lual iv tlft',reh-liiarket tomttties 1r1iii A\us'trallia. StitiC Clitrts, ha\c beti tedl.\OCt 
Iv \orkers ill vao.itlti tiltittlioli, tt identiy au'rlOt it c. iititili allilMtid pt,I lAs ., 'tct01s which 
C0itrtibuiC to the tIit .Or .l ttlliatocs, Him\ r. it is clear that there are trii"c\ i1t CitititieCall cs 
ciCtic ditterClcCs Fr tlia\tr ii(n 2cnt\ pes. icli 0tl s hich is rla.itL t IlCClS 0t' solllsoliids. [Hich-Sicar bCCdile linisC ha\c Icce imported ..h\ r-kir ill CSIR( and the Nes\ South 

Wiles l)epariiicnt Itt,.\ct{ulti'. Pl-iiiinlr C\ luitihii itt thi ii;it1ria.l stl sC, hllilt athol.h 
ellitlvp b etllvirtolllilliiiteracti tnscil be kil c,. Stticicill ctleic intittal lulseL., Solids-inii l slit 

is pi""ible to .iarranl active hrc.ditie. 
Tie intiodLctiiii if trickle irrigatiou and lslitic Muilch tcChnttlhtv ill I98( led to iareapplaisal 

t ar2lonlili c practice, t0r tollialo lpri dcIitil..-\l the itite. reealh \sas directL towards 
the CTCCIs tt' populatitoti dtCsit\. IlirtiiiiCr IppliCilionl Mid iriitiOn frClellC, Oin yield 
pIetlt'ltICa C Research ctticerlIeLc rapid iSSCSSiiiteliiltler this ieeilii-, is titi \ \kitlh tt plani
nuitrienl Status ill the field'Ci that del'iciuicies nias Ibe quickl cttrected b\ tertiliier inectihn. 
It uluStIlbe tielntittlcd thit dli ohbtaiedit tL haiie n '(llidlated the claimiis 0t Cnlhusiastic 
)i'itpitiClitS t 

demntstrated. 
tilhe tcclMititlILad the e tivei'i e ittlC' urich erlp inaigelieCli hais, t. to b0.e 

Priblemt"ti 1top lotptstllharsC1 tLt,;iliviv a cnetalls b Celievd tl be ItMw buthilSeCatilul.S ill 
the najoir Austrililln \Nhllesatle markets indicate liiaC aiail illi t1ualityc i1t ftuit. A lone-
ICii lp ect seeks itt ideniti ft\ It e thall tctur ill tilae Mrketing ch.lili. the quality Of fruit ple2setited
il iarket. the ILICLUac\ t "p, a e'a iiiel1icieic. ill the tsCrill ,uitlabililty 01t thei reiis. itll 
iiiarketiml s setil. lBililiini/inie intclTiciencies ii is hoped thilal sirilicatil illCtCiseS in pl'Ofit 
CIll he ac!ic\C l. 

Future Needs 

The rtIVest dit ticuilt\ taci'ii the tttat0 iinstr,, ill Au.stralii is the ittballaicllCC 0t'slppI'l
adtletlat.'lild O1 uli ltlCtilic n1tirkets. The illidustrV ileeds all l'leci\'C n1lcCialliSil Fat1rclCatanice 
itl itlitrittr qua.ilitv fruit coupled ssih g\eater i-I'arket ileitat. Access to toreiin Itmarkets is casibh 
ol\ if grower ll iilipra\e their tmarketiiig skills and arrrie rtegular trallsprt Services. 
the absence at olltlianaged nears t rcilailinc ii'kl itcsC tihe ilndutriy\ \will be restrutreliCd 
harshl\ b\ econtlilic firces. 

I 
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Pepper
 

Current Crop Situation 

The major pepper production areas in tropical Australia are Carnarvon, W.A., Bowen, 
Burdekin and Bundaberg districts, Queensland. Table 2 presents production statistics for pepper 
production in each region. 

Table 2. Production statistics and gross value for tropical peppers 1985/86. 

Production Average yield Gross value of production() (t/ha) (US$ million) 

Bowen 
Bell types 4,990 350 14.3 3.3 

Burdekin 
Bell types 5,200 380 13.7 3.4
 

Bowen/Burdekin
 
Chili types 360 20 18.0 0.2 
Bundaberg
 

Bell types 2,704 195 13.9 1.8
 

Carnarvon is a small center, producing approximately !200 tonnes. Bundaberg has been 
expanding in recent years but is significantly less important than the dry tropics district of Bowen 
and Burdekin. Total production in tropical Australia is approximately 12,000 tonnes. Major 
production is based broadly in the saie areas which produce tomatoes, with the exception of 
the Burdekin district which has no tomato industry. The total value of the Queensland state 
production in 1985/86 was $USI 1.5 nillion, which is considerably lower than the value of the 
tomato industry. Peppers are therefore less important to the State's economy as a whole but 
the crop is regionally significant in the sparsely populated dry tropics, where 60% of the State's 
crop is grown. 

Climatic data. The climatic data for the production areas are presented above. Seasonal harvest 
times are well defined for Carnarvon and Bowen/Burdekin: the cropping period here is froin 
May to November. with peak productio, in September. Continuous production is possible in 
Bundaberg. which does not rece.ve such hot, moist summers. Volume of production is 
substantially reduced, however, in tl'e cool July-August periid. The frequency of rainfall in 
Bundaberg is responsible lor a greater incidence of Ibliar diseases and postharvest quality problems 
than in drier northern locations. 

Cropping systems. The majority of nepper crops in Bowcn and Bundaberg are grown using 
trickle irrigation and plastic mulch. The use of containerized seedlings in conjunction with this 
cropping system allows rapid establishment and high productivity. Some large growers trickle 
irrigate crops daily and inject nitrogen two to three times weekly. This is most appropriate for 
early planted crops which are harvested repeatedly ovc, tbur to five months, slashed and ratooned. 
Crops planted later are not normally ratooned. as their subsequent yield potential is low. 

Burdekin district cropping accounts for 5,200 tonncs, nearly all of' which is produced by 
conventional furrow irrigation. There has been no adoption of plastic mulch here and bare-rooted 
seedlings are planted. A complex of cultural and economic factors underlies this difference 
between the Burdekin and Bowen districts, not the least of which is the abundance of irrigation 
water and less stringent requirements tbr water use efficiency in the Burdekin. Fruit is harvested 
by teams of pickers and processed directly in growers' packing facilities. Some large growers 
use harvesting aids which fbllow picker! 1hrough the crop, allowing them to unload fruit directly 
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without excessive handling procedurcs. Impressive .ams in Los.t cffectiveness are possible with 
this system. 

Marketing. Bell peppers are marketed on domestic markets as green or colored fruit in 6.5 
kg cartons. A prellium is normlly paid for red fruit. Most Qucenslld peppers are sold ill 
fresh-market outetlcs in Brisbane. Sydnev and Melbourne. In 1987 the percentage oif the crop 
sold at each center vas approximately 40%(. 39 %. treatments;and Oli respectively. Disinlcstatior 

for fruilly Zppl. 't movcmcnt fruit to Melbourn,
0It" 


Data available for the Brisbane wholesale mrket indicate that tlrouglhpLt increased 1)6% 
ill tire five-year period to 1985. and that in nominal terms prices have decreased 21 Ho\ eer. 
lorecastine iittdelS have nowv indicated a slovk increase in production and it is believed that 

dmLCstic ovcrSUlppl\ prblems will not eventuate ilthe naCtr f'uturc. There is a Small market 
for processed swect pipers. Ho\\cver the great rraIjrit\ of produCC is Sold aS Ircsh-market 
s,.ect peppers. A \cr", Small quantit\ of Chillis i,,rown and marketCl: thcc are regarded ats 
t pecialized enterprise for Small uro\\ e". 

Cultivars. A rinle of open-pollinated and Ft h\brid s\ cotpepper cultivars is ero',n in all 
production centers. (reen Giant is the most \ idelk vro\. n open-pollinated cultiar. but there 
i,a well dCvelopCd um'kCt for FIhybrids. The most important of these at present is Bell Tower. 
I)ut,iall luantitisC of Cordiba. )olinl, l)at\id and FI',padoll are g2ro. ii. Bell To\ cr is t'avored 
fIr its uniformity. oatbilit n. aLnd si/,. I'rccdorLill deects. Lonlf producti attracti\ Chap and fro 
Red Ca\Cllllc is the illt\ idC I11'0Mn chilli CItikar. Seed ipanies.st is sUlpplied cntirel\' lront scd comNi 

Foreign trade. Forcigi trade is quite Srmall. In 1986 87 c\port otfprocessed pepCper Irori 
Australia amonled to 3.34(0 trnes. valured aIt SUS2.(t million. Figures for fresh producc v,crc 
rilt available. l \Cer ihe quantities inoilved \crc rmall. The iiarkets were Ne,\ Zealand and 
Southeast Asiai. There are somc e\port topportuinities in Hong Korr. Singapore ard Malaysia. 
apparently in response to temptrrar shortages. s,here Australia can airlreight prttdurcc ill Siall 
(LLtIitiCs. his potential is largcl. unexploitCd. since it requirsC scirli/Cd irarketing knowledge 
and Skills. 

Constraints 

In tropical areas t Listralia there are reIatively few disease limitatitons to pepper pitlductioll. 
The rmoistscrioLts ('IAfWA. pv. '.Ot wh ich is Sporadicis bacterial leal'spot (Xmthomnom. Ari. s 'tri1) 
i iCCUrrcnceand oftcn asstciated \ith rainfall. Becan sc control isstometimes difficuhIt to aclieve. 
siniticant losses car be Sustained. hltis.cevr,Onl balance. bacterial lealspot causes tIilv minor 
levels of dallale Iti total crotp prtductioii. priincipatll because drier climtic condititns prevail 
dnririg ,:rop growth. Contrtol of potato virus Y is CfctivC )cCausC ot resistant uhikars. Yolth 
spot is frequelntl\ dritaaging tin usi, It is Seen inall districts alld laIds to iarketingccptib"le culi\ ars. 
prtihliCis. The coiditioir is atphysiological disorder \ liich teds tottC)rCss itself" at unplrdictible 
tinis. Green fruit develops simll circular dark bro\ii areas \\hich persist as the fruit ripens. 
The iiost resistant cultivars appear tt0 le 1 h\brids \%ith closel related pedigrces. 

The most imrportant agrtimrtic pratcticC to halve iuitiericed produtCtivity inlrecent \cars is 
the Use (it plkistic rIulch \%itli trickle irrigation technhltg. Althit-ugh this SvstCi is \idespread 
illa rrllnber of atreas. sigriiittl prttdtlctiti Still occus tilfItrrtl\-irrigated open beds. Gains 
il prtiductivit \siuld crtaill 1i*llh\ AdtliptiOi (if the nC\sCr thleritlhes'. 

There is a ricCd for improved plant prtdLIctiVity inbell peppers. It appears that riutch If 
tle riaitCriaI gCtirailCd b\ liulropeai breelilg progral1S is itow showinig gains over older open
pollirated cultivars. Resistance t bacterial leatl'pot ( X. ftmp'stris i\ . VN.iatoriah.PVY.and 
Yolo spot,i are necessar\ rlibell pieppers cultivated ill(ihe AuNstralian tropics. 

As with ie ttlra ii instuSry. atioin a sniall inernal Iilarketlell pepper culIi is constriained li' 
in Australia. isa rcsult Of small population arid low Cti0suIiptiii rates. Australians are ceraill' 
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familiar 'with peppers and conslme [heln fresh and cooked, but cultural factors determine that
 
(ll sall quantities are required.
 

Research and Development 

Varietal des\ laWrpaCnt constitutes tile unIv urrentCresearch prog-rani illtropical Australia.
 
This is centered Mn a breedin, project Whicih secks to incorporate %aotisresstance Cetlcs (o

bacterial la l'spot (.Y.li/a,.li.SmpvI .' 111ia
i.7() alld potato virus Y, ()n I race I ifJ. iUti/ie.stri.s
 

p\..esiataria is fIni II Quensland and presutnrhlv il\Vestern AuIStralia (this has not been
ctflirarlled). ( 
 Siee I:the firstB.12. BS3 aid IS4 control race two conter a hypersensitive reaction.

w\hcreas the latter is best eval,.ated b quarititatise esltirates ol disease severity. 
BS3 controls
only' race I hut BS2 and BS4 .,tirtnl races 1.2 and 3(1 lihberd. 1985: libbrcd et al. 1987).

Becamuse race I nrttt:ts to race 3. both BS2 and BS4 are 
bing iltroduced ito prO2r'allnS 1t
 
prov ide more1'C durb'le resashanuce. Additiaarall,,. all proranis are incorporatirw 'uood resistance
 
to potato vilLs Y. I)iseatCes
I' S;'taIIC 1CS acir ihCOrpor;rted into \well ,laptCd Colltyvpes.

The cultis'ar Redlands S, ct Sue vsas,released ill1985 with parlial resistance to hacterial
 
spot. A routine ,ssessnenlt of*collillrl'cial ctllikls illtile
varioIs retions is regularly corrducted
 
to deICrIrrniC distriCt requientltCll.
 

Future Needs 

The pepper IIndtistrs' is relatisul\ andevelCoped in Australia. At present there appears to be
oIl\ a srniall ilncrCase Irllrr ard OrsesupplN is t11r1anl acIte piobleia. li the future.arital prloduction. 
acces., to .\siall Illrark'l pros ide Sonc. pptllunitll for eXpalrsioln NteMrSoutheast Ila 0 and 
knov.ledge of' these rrrarkets \ ill be essential. 

colatillUiii ,rof local breedineIt is clear tha filhe suppi p)iratlrs fori disCase reSiStaracC is 
necessary. Research ilto pepper agrorrral has beel seriotsl' rIaC'lcd. parlictrlarl\' that
coIncernCd with populailt desit\itllld felricatiol reqtairrireCn.s,. B\ Iraintaiilllacces" tt the 
best Fl h\brids lorl ilieiatilrrial .eed corlipaalies. 2r1,wCs %%Ill CniatliC Io benclreIrallli 
inpro\s d plant producti\itv hiher\hich is the basis oh ilds. 
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Appendix 1: Researchers active in tomato and pepper
improvement programs. 

Tomato 

Dr. ).O. lut New South Wales Department of Agriculture. Tropical Fruit Research 
Station. Alsionville. NSW 2477 

Dr. V.Q. NgIuy'en New Sotllh Wa.les D)epartmenl of Agriculture. Horticultural Research 
and Ads\isor\' Station, Goskord. NSW 2250 

Mr. W.j. Ashcrolt Victorian 1)epartnient of Aericuhture and Rural Affairs. lnstilute for 
/rril'ation ald Salinits Rescarcl. Tatur;.Vic. 36161

Mr.j.A. Barnes QLcens land )eparmICIIn Of Pr illalr'Ind uitrie,. 13undaher Research 
Station. MS I(8 Ashlield Road. Bunda-ero. Old. 4670 

Mr. M. Herrington QUCCislinlld Dl)epartIuCIIt of Primail v Industries. Redlands l]trOticulIural 
Research Stalion. 1P.0. Box 327. Cleveland. Qd. 4163 

Mr. DT.J McGralh Quccnsland l)epartmi'nt of Prinlarv ILdustries. Bowen Horticultur'al 
Research Station. P.O. Box 538. Bowen. Qld. 4805 

)r. W.B. McGlasson CSIRO Division of Food Research. P) Box 52. North R'de. NSW 2113 

Pepper
 

l)r. A.M. Hibberd 	 Queensland )epartment of Primary lndustries. Rcdlands Horticultural 
Research Station. PO Box 327. Cle\cland. Qld. 4163 
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Tomato and Pepper Production in Brazil 
H. Nagai 
Instituto Agronomico de Campinas, Caixa Postal, 28, 13.100, Campinas, SP, Brazil 

Abstract 

About two million tons of tomato are produced in Brazil annually on approximately 
50,000 ha in three major production areas with distinct climatic conditions. The two 
leading Brazilian fresh-market coiltivers are Angela and Santa Clara. The major 
processing cultivars are Rio Grande, Petomech, Roma, and the local cultivars are IPA-5 
and IPA-6. Among the most important diseases and pests are tomato spotted wilt virus, 
bacterial diseases, late blight, and tomato leafminer. Almost 100,000 tons of peppers 
are produced yearly in Brazil. Many different Capsicum species are grown as hot peppers. 
Bacterial spot and Phytophthora rot are the most serious pepper diseases. 

Tomato 

Current Crop Situation 

"l'oiato is the mnost important vegetahle crop in Brazil. ranking 14th in ecOnic value 
allollnel l'ahle 1).The area irown in ha.aericultural crops to tomatoes Brazil is abollt 50.0) 
with a \early pr ductitn of apprt xinlate l two nmillion tolns. It is ntiewocrthv that vield is increasing 
Se ild Fiture I). 

Major production areas. Theilthree main productioll areas in Brazil are the S~itIoallo State 
plateaLl. tihe Western ptmnil, of State of and the valley of the S,io Franciscotihle Siio Paulo. 
River (States of' Pcrnanibuco and Bahia). 

Table I Economic value of tomatoes among agricultural crops in Brazil (1986). 

Crops Value US$ 

Coffee 2.071.250,000
 
Maize 1,429,320,000
 
Sugarcane 1,395,720,000
 
Soybean 1,390,248,000
 
Rice 1.191,905,000
 
Wheat 933,450,000
 
Cassava 748,929 000
 
Dry bean 62 1,144,000
 
Citrus 553.956,000
 
Cotton 531,367,000
 
Banana 360,860,000
 
Cacao 360,633,000
 
White potato 318,853,000
 
Tomato 261,902,000
 

Source: IBGE. 1987 
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Figure I. Increase of tomato yield in Brazil, (1973-86). Source: Anuirio Estatistico 
do Brasil. Instituto Brasileiro de Geografia e Estatistica - 1986. 

The Siio Paulo State platCaLI Figure 2)comprises an area v ith an altitude o"between 600 
and 900 In. The cliimate can be classilied as Cvatr C'a according to Koppen and Geiger (1930) 

and is t fo ithh0t h1uutid ,, a1d COO l dIr\pica Ir trtopical hiighlIaind. 1 II ers. winters. A CtImside rable 
shlare of I3rail's fresh-market toatol.eCs ilC prodLueL illthe region .vear-rtould. of"C'atlllpill.aS 


dallla.I
In April. therc i' usual!', some ,hort due to tonttato spotted wilt ,irus, \\hich sevcre-l\ C, 

tilecrlp soVn during Deccmchr-.Iauaru\. ShortaCes in l)eceIhCr arc duC to excessive rainfall. 
Supplies ill -August can b\ thlt . occur this reiuon.fill\ be affLcLCd Ifrosts n in 

Processillu toll.atoes are in the wN Paul,.+..lr lln Inost\ estern districts of the State of Siio 
in the rc'ion of' PrCsidCnte PrudCite neal Aricatuba. which is locatCd 5111 kin inland Irom the 
Atlantic shore. The climate is tropical (Av,.according to Ktppcn) w\ith a rain\ season frotm 
()ctobCr throulch March. and It a\ hroMuh August. and witha dr\ sCeSOn rom a watcr deficit 
of 91 from . Ill rclativel\ thism11n1 J through SeptCmIber. spite of the lw a.ltitdC (41(0 i1). 

climate is not typical "lowland" . dtlIo the contiiiitalit\. 
In the vallc ol'the Siio Francisco River. in the states f'PcrnanmbuIc and I)ahia. near PetrOli ina 

in northeastern Brail (Figure 3). conditions for ilgItoilatO are ideal. Approximately 12.000 
ha of processing tomato are ero\ vI here. The climate is typically sCmiar'id 0Bs according to 
Koppen's classificatiott). The increasing occurrence of diseases and pests ott prcessing tolltato 
crops in western Sio Paulo and climatic irrecularitieCs in the last 1'0% VCMirs arc rcsponsible f0r 
the relocation of tolliato i toto scmiarid recions o'rthesterICllti lhe of Bra/il. 

Cultivars. With the introduction half a CCntlr ,110 Of the cUlta\ar Santa Crui (lpresutnmabl\ 
a natural hyhrid betmceen Rci 1-Lucrto and ChacarCiro or RCdonhdo .lapon0 s. \wilh obhng. \Cry 
firm. bilocular. (1-9) ffruit and indeterminatc crom thabit, market preferences were estahlished 
fbr fresh-market varieties and haVC remained ncLtanced so Ifr. The oricinal cultivar Santa CruI 
LIdCrwernt Mass select ionIduring S0c,rIl dccadcS. rCsuhIt inrig itl i ImprM Cd selections such as Kala. 

CAC. Yokota., etc. 
hi the 1970s. tIlelnstitLto A.,r1ntltic Il Cainpinas relcasCd the cnltivar Angcela (derived 

from the ci, ss between Santa CrI/ and P1 1264101). wvith resistance to P'VY. 'u.sarillti. 
StCenphylitmn and also to blossom-cnd tot. This cultivar has indCtcrinutiate grol th hait, produces 
hior trilocular oblong',haped fruits of' 100--12(1 u \,eight w\ilhunift'rui red Skin color, and ,ickls 
uipto 60 t/ha. Tolda . the cv. Angela and its derivatikCs (Angola Zabon. Angcla Hi pcr aid Attgcla 
Gigarte 1-5.1(0) predoiminatc amtong fresh-iarkvi toinato cnlhivars. occnp. imc 7(' to 8()r, 
of the total acreat-c tomatocs Brazil (Nacai 1969: 1979).oflfresh-nmarket ill and Costa. Nacai. 
More recently. tle Instill. Agr(lntmico de Camipitlas released the c\ . IAC Santa Clara. obltaitled 
from the cross between Anoela and I)uke, all I> I\brid from Petosced Co. This cultivar is 
large-fruited (170-200 2). wilh rscistancce to race I and 2 off [nsarium. and has basically tlle 
same commercial quality as Angela Magai. 1985). 

http:C'atlllpill.aS
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Figure 2. 	Location and agroclimatological data of the main fresh market/region tomato 
region in the State of Sao Paulo, Brazil. 

Multilocular rtmUnd-IruitCd types share a restricted market (less than 5V as compared tothe Santa Cruz type). The mo0re common CLIIhivars are Oishi (derived from ManaluciC). Sunny. 
Duke. Ogata-Fukuju. Carnel. etc. 

Until the late 1960"s. the indeterminate Santa Cruz types were grown for processing in the 
state of Siio Paulo. In the 1970s', with the increasing importance of processin tonaltocs. there 
was a switch toward determinate proccssing cultivars imported fron the ISA or Europc.
Nowadilys, allprocessing cultivars grown inBrazil are small and firm-flruited. The m1ost cotinI
pear-shalpcd cultivars grown are: Romia V F. Royal Chico. Rosso l.Eu'opCCl and the cv. IPA-3 
(tron Rosso] X M-I-2). a cultivar released by the Instituto de Pesquisas Agroncanicas de
Pernamhuc IMclo. I1985). Thc most cu ud
aanon squa- lrc-rlIlcultivars arc: Rio Grande. Rio Fueco.
Petornech. EuromecChI. Pcto-86. UC-82B and the Brazilial cultivars IPA-5 HIPA-3 x Cal-J) and 
IPA-6 OIPA-3 x Rio Grande). 
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Figure 3. Location and agroclin-atological data of rhe two main processing tomato 
regions in Brazil. 

Cropping "svtelis and common .ultlual praclicCS. ('rpping S\SWIMtS %arV aflotn, (Ihe tllrc 
minlprilduCtiiii The rnCrC011r applied cultural l)rZdiCes re ;U1IlIl1il/Cd inregions. 1irril 

Tahle 2. 

Marketing. ('rnmercr'liation Of f-market tomato takeSlaIlce iccordinr.g t0 tnl)l),aid 
deCrliaid it \hle)ale,lL"ot(tletS as dilalel inl c tr5' ,ttle. such as ('IASA (C'entral Le A.-lbatrecintlos 

-and ('A(;.SP ('olrripanhia d Erntrpjstos c Ar.a/ers (clai,, SiO Palt. Fi0r1 i'll "S111Cl.t 
allnsporteddl,h I'IC 

tothe ll;rket. From tlhe markets, diStribUtion is,aire,'taile's or supernlarket or ini;l/atiois to 
CtII'-lerS. I llthe last ten .Cars. scaonal chan'es iil price aIdl vt) 

field. the pI'urLt,, ar1'CuSrll\ ,, I'es therisel s,or hV a cOopct;ti,., truc,'k. 

1111Cruelhrae bee.'I r less imlporltant 
dtire 1t the opening ip 01 rOiOp1roductiun ;areaC,and to ern,ral improverient in niarketin. including 
ohellr cortirirtrlicatiorl amlmrr retaileI, new rIoaIds, ar11LISOron. 
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Table 2. Cropping systems and cultural practices more commonly applied to tomato crops in 
the three main producing areas of Brazil. 

Sao Paulo 
Practices Plateau 

Fresh market tomato 

Cultivated area (ha) 7,000-8,000 

Production (t) 370.000 
Yield (t/ha) 50-60 

Producing counties Apiai (1-4) 
(harvest season. Elias Fausto (4-9) 
months of theyear) Ibiuna (11-5) 

Inidaiatuba (5-11) 
Rib. Branco (12-4) 

Cultivars Angela 70% 
Santa Clara 25qo 
Kada, etc 5% 

Sowing Paper cups l6 x 8 

cni) or flat seeder 

Spacing 1.0-1.2 i x 0.6-
0.7ni, 2 plants/hill 

Staking Bamboo poles 

Cultural practices Tying, pruning, 
manual weeding (one 
laborer takes care 

of 4 000 plants) 

Irrigation Furrow or sprimkler 
once a week or more, 
according necessity 

Fertilizer {kg/ha) N 180,P 540, K360, 

B 22.5. B 2.5. Lirie 
and organic fertilizers 

Fertilization (side- After 2nd Cluster 10 
dressimgs) to 15g of 12-5-12 

every 10days later 

Pestand diseases Fungicides and 
and control insecticides according 

to occurrence of 
diseases and pests 

Harvest and packing Manual harvest. 
Fruits are classified 
according to size, 
degree of imaturity 
and unlormnity. 
Wooden containers 
either 25 kg capacity 

Western region 

Processing toiato 

10,000 

350.000 

30-40 


Aracatuba, Presidente 

Prudcente, and Novo
 
Horizonte (4-8)
 

Pear-shaped: Roma VF, 
IPA-5, Europeel. Squares 
or square-rounds: Petomech, 
Rio Grande, Rio Fuego. 
Euromech, Peto-86 

Direct-seeded wth tractor 

Varies with cultivar and 
soil type Single or double 
rows. -10cii spacing between 

hiills 

No staking 

Mechanical weeding. Thinning 
Thinning to a 40 cii 
spacng between hills 

500-600 mn water per crop, 
4-5 day intervals between 
interals between applications 

N 40, P 300-400, K 80. B 1.7 

N 40 kg/ha alter thining 
plus N 20 kg. ha 10days later 

N 40 kg/ha after thinning 
plus N 20 kg/ha 10 nays later 

Manual harvest, two or 
three times. Fruits art-
handled in plastic boxes or 
in bulk 

Sao Francisco rivervalley 

Processing tomato 

10,000 

200,000-350.000 
20-35 

Petrolina and neighboring 

Rossol, Rio Grande, UC
82B, Pe~onrech, IPA-4, 
IPA-S, IPA-6. Roma VF 

Direct-seeded or transplanted 

Si Ilerows 1.0 x 0.5 In, 
2 plants.hll 

No staking 

Moulditg tip to promote 
adventitious roots 

500 mn per crop sprinklers: 
weekly 43 mm 

N 25. P 60, K 60 

N 80 kg/ha as urea, ca. 
30 days after transplanting 
transplanting 

Main probletIs: leahfiers. 
inites, neinatodes 

Manual harvest, two or three 
tunes. Handling in plastic 
boxes
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Processing tomatoes are produced under a contract between lariier and processor, whereby 
mutual advantage is assured, and whereby seds t ralsportation anld tecin ical assistarice are 
provided by the processor. The contract also establishes the basic price for the crop. Prices 
are established yearly by representative farm rs and rePrescnitativc processors, under niediation 
by tile State Secretary of Agriculure. 

Utilization. Approximately 40'4 of the total pl)rductioni of tomatoes in Brazil consists ol 
proec,;Sing tomnaloes. Of hese, t)(), are processed as paste or Plul& aild tile rernainider as juice, 
kctchup and so on. Fresh-market toiatoes. hich coritprise 60(); of tile total production. are 
usually corisurricd in salads or is honiiidc' ,,aucC. ald pastes. 

Cost of production. hi Sijo Paulo, oiC heclare of slaked tomiatoes costs abouL US$5,00() 
to IltdIcC and rin hcctare ot processilig tomato about LS$2,40)0. contpared to US$1 .200 in 
no rtlhca sterni Bra/il. .abor acou iCOtlS1okr2 I offeresli- arket totnato costs aid I I f processilig 
tolliato costs in Sijo Paulo State. Seeds iiake LIp sonic 20!( of' the total cost. 

Seed supply. Toriialo seeds kr thc 'resh-tiarker amld for price ssinrig are preducCd il 1 Brazil 
or olitside Ill, coulrv h\ both naionial and iritelriationtal seel COtIparieS.here are a few local 
arid foreign conmralinies in Brazil. Many produce up to 70'; of their connrmercial seed stocks 
abroad aiid illlpt' theii. Seeds of the Braz:!iari cultivars such as Angola. Angela Hiper. ald 
IAC Sainta Clara are produced liostlv in Chilc. where More fIvorable climalic coridition.-. 1'01 
seed yield 4nd. especially. seed health. are available. Sollic secds of Processiig torlliao are 
PiOLLuiced ini tiorlheastern Brail. 

Foreign trade. II years whern cold iipairs ArgeiMtiriiari production aid there are abundanlt 
supplics in Brazil. fresl thnatosC arC exported to the luenos Aires irirket. Fresh I'ruil exports 
are iot. however, constanlt, and ailIOn.,S vary widely froir \ear to year (3,00(0 to ,0()0 ti). 
ProcCssCd products. suIch as paste or .iuice. are exported oil a liilitcd scale. 

Constraints 

Diseases and pests. The iost ini ortaint constrail ts t prodLtion in the lowlandslotomato 
are diseases arnd pests. Most cuitivars grown are highly susceptible to bacterial diseases caused 
h' Xwrd0/lolbitis ct iii/h'.1/is 1w. vesi, (loit i / l'a'lld lli/ll . il-il' pv. ((/1/hlto anrd 
0 rjic' acle ritunrI. nrh/ii,' t 'n.a pI 1nit'hiLIti CIi: anrid I) 1urical disCase 1hyt11, caused b1 P loh ora 
il/it'Ntis. /te',rt .1/op)'/rici. rtici/litin albo-atrion.aid Rh izoctohti o/ti:tA ia S)/tli. Sel//aji 
lid viruses., CSpcciall,\ tomlato spotted w ilt virIs in tile war'll seaSOll. PVY u.sed to be illiporralrt 

in tie past. but has beci controlled h\ the use of the resistant variety Angela. Other viruses 
sIchI as TMV aid CMV are iot importairt in Braiil. 

The torilato leafrinirer (Scrohil (/uilpftibsliti). potatoi ttuber' rrii I'/it/IIt///iic'i o/ ,t'/ith'//i), 
ve'ctable leafnlinr l.ibrimV-V SP. ). aphids a iLd ithrips are tile major inrsects that cause coilsidc rable 
daiagc (Fralnca et al. 8l4). 

The above pests arid diseases are. iOS. SCriouS in thel 'tate ofSiio Paulo. where the Vari:ble 
climate providcs faworable conditions I'rIhcir prolifcrlaliorl. Il scniarid northeastern Brazil 
(the Sio Francisco river valley Idisease incidence is lo\wcr, but tile irajor problerms are rootkllot 
iellialodes (Alloidog\'nvli spp. I. inites (especially ,.llhAo /vtJr/ic'i). :rid leafilliners. Ill the 
,,\riaZoi atea, bacterial \%ilI (WlCIN N i/itlit'OiI/i ) is the II OSt S--r'iOuS101iOl/'io.oN diseasc. 

Crop management and costs. "rhe main l;IerOiCis arc' inefficient arid uncconomical 
fertilizer applicationr irratiiona use o lpesticides with respcCt to cost ald r'esidues: arid itic(Tficient 
irriLation svsteins aid drai iag! which fahil to Prevent soil salillisatiOn. The hiiI1 cost of production 
is a constraint in certain regions, particularly S1io Paul,. 
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Research and Development 

Varietal development. Ila inobjective of tomato breeding pr ilhe ias heengranls in Brazil 
tile introeression ofdiseasC and pest re, istanrce. As atresult, new tor1nato cIIlivars for hoth fresh 
market and pricessinig Ihave ho'en releaised wvith resistance to 1VY. Fusari tiii. VcriiciiuL i.,
Steniphyliun. bacterial canker and rootknot neiatodes (Miluf. 1985). Breeding is currentl\ 
airied at obtaiin cultiVarS resistant to tonlllto spotted wilt virus arid toialltO leifillinI-S. he 
lit:i lactors' a to tloillto productioln both in S,:iO Paulo aild ill liortlheistern Brazil INaiti el 
ill. al . Institutions workireio il1985: Loul'erlCio CI 19841. oriato ard pepper iniproveieint ill 
Brazil are listed in the Appendix. 

Pepper
 

Current Crop Situation 

Production and consumption status and economic Importance. Sweet pepper is the 
fifth iost inrportanit vegetable c op in central-soiuthern Brazil. aflter tonatoes, potatoes. Onions 
aid carrots. Annual proluisll is ;abil iill covering 4.0)0(12) an area to 6.00)0)hI. Yield 
of' sssCct pepper \arl'ic,f'oillfo ito 35 t hai.
 

Reliable prou)'lIction aind CrUrtinptioni statSistics
, data are notavailable. except fortIre \olile

,llirl'ted b\ the Collpaihia de t-IlrepIMos CArrrzClIS (;erai, LieSii lo)ih_FAGHISP,. lich

%ss3,564 t in 1980 (CF,(AESPl. 
 1986). Hlot peppers are irnpoitlri illnorth ari'd northeastern
 
Brazil. where c-rnurllipfl1n is pro abbl ligher thani 
 else\s erLide to diCl-\ habits. In spite of

air increase illIh pepp)er proLductionl in the last IC\e\ears in response to incresIed procesSillg

for dr Ilii. pvdC.,r aid ,,ices. ileprecKi'C' Statistics are iiille-.atlillilail liot 


Clinratic conditions are l\ulsorble- tfr s\ ecCI Id rot ppCpers i11-Lu1-iOLII Br-azil aind al arm
 
tlie oflthe year. I-Io\e\cr Ssct 
 peppcr productioll I,,.LciceriraIetL in celrl-soutlrern Brazil.

where it is widel scattercd tllroi1ihol Ire
t1ll eCetalle "Cei belt arould the cities. Becauise
 
of the high incidence of bacterial spot (X. campe.tris pv'. i'eiciatoriii. the wet season generallv
 
does not lavor tihe planting of peppers.
 

Cultivars. The Bra/iliaii fresh rmrarket requires preduniriatnll. eClniical, da-trk. shrinirIL creen 
.,wect pepper Itruits %\ill liraliiili delopnii..-\s rate Irtfruit i iS 90- 1 14-16 crii-0g.
in Ilngtl and 6-8 ciin il \width. lesh irust be thick bccau coflthe need iotransport it in ssooderr 
boxes. 

The rllost \kide!s er"i ii \scc centr-l aIdI 
resistarn ArorInl'unico 10 G iid its derivilvkes. M\i,,da lAcroi,,6r'uicO 1M X Si0 C'arlsi and 

pepper cultill ri ounlherill I3rail arc the PVIY-

MarLareth (Aroon'niico 1(1 x Aselar) INaai. 1983). In ccAntril-soLutlern Brizil. no Culti\'Ir 
can be crown ifit., tusceptible to PVY .Ncaaii. 19841. I-losever. in:iortlh aind northeaserni 
Brazil. where elinpcraiures are lo high I10 30' C') 1'!r alphid proililrairi.ltup the lPVY-suscCplbile
hlock\ type fruit culi i\ars. slch its,Y010 WOnidler air I \lic. cailn Severilbe .-ross~n. llgelit 
pepper species are groiitn ii Braz/il. sorlii cultivars such ts('l1,%iclum hurl/'llllof thell are loc' 
IDedIm-le-rirosi. Chrilr-de-seaCdh. ChapCLi-du-trIr . SCli1er0/ozinlro0. ('arilbuci: C. .fi n.s1r,'/.

(NMalicUeta:: C. chioust' )iurier PiriL'nlta-tlbo e. IPirireiiti-d chciro): (C. ptefvermr.vt111 
(Cumari . IPissa-iirll): aid soll rare ."'.hotpeppers. 

Cultural practices. Scediric of wet Ieppe r is dtic illiIIpaiper cu ps or ill seedliniigillaS. Spcing
is usuall'- 1.0- 1.2 x 0.4-0.5 in.with ine or tmvo plants per hole 17.00)) to 19)0)O plaints p'r
ha). Paiits are staked \sithlihnoo (1.30 rit highl. Fertilization is raiher hev, insile-liesSiril: 

'
0((to 240 k N,'ha. 18(0 to 301) k2 l/ha: 120 to 240 k, K,hia. lirte 2 t/hia. lrigation is applied
20 to 25 iii cv'ry Ive lit\s \ Cheliical disCasC aidLI pest Control(sprinkler or Ifurm ssst-iir. 
is carriCd 011 isneCdCeCL. Il-\rVest sarts 9(01to 11) da\s afer ,owir . and continues for Ihrcc 
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or four months. The average yield is 30 to 40 t/ha. Frui-t are classified by size and color (red 
or green). Solanaceous and cucurbitaceous crops aie avoided as preceding or succeeding crops 
for peppers. 

Marketing. Marketing takes p!ace prima, ily via wholesale markets in large urban areas, and 
prices are established according to daily supply and demand. Seasonal fluctuations are not drastic 
throughout the year, thanks to the large number of production areas and regular apply. About 
70% of the marketed volume comes from inside the state, the remaining 30% coing from 
neighboring ;tates, allowing lor more stable supplies in months when local production isdifficult 
because of heavy rains and cool tcmperatares. 

Utilization. Almost all sweet peppers are consuned raw in salads, or cooked. At peak 
production times, more than 30() of the crop is sold as red. fully mature fruit, though farmers 
prefer to harvest green fruits in order to increase yields per plaint. Sweet pepper processing 
has only just begun in Brazil. The use of hot sauces isrelatively limited in Brazil. The production 
of paprika powder has started recently. 

Constraints 

Dise,-es. Bacterial Spot caused b%Xantluhnonax.N pv. vesicatoriais tile,tMestri.N major disease 
in Brazil. especially in the hot and humid regions. Phytophthora rot (Phiytoapthora capsici) can 
be limiting to pepper production at certain times and at certain locations. Tomato spotted wilt 
virus can b," sei ous (30%-40' incidenc,:) during the summer season. TOmlato curly top virus 
and tobacco ratle virus ma1y ,irect ilJ:,ntines in tilewinter season. PVY is tinder control since 
the introduction of u c resistant varieties TMV and CMV are not important on solanaceous 
and cucurbitaceous crops in Brazil. 

Pests. Mites (']etrIan v'vhuts urticae and I'oIyphagoa 'orsom't us latus are the most important 
pests of both hot i'nd sweet pepper. Recentl . the lnstm'.qo Agron:i:nico de C.pinas selected 
one mildly pungent pepper (C. baccattm. IAC Ubatuba - a Chapcu-de-frade typc) which is 
resistant to spider mites (Nagai and ILourencfo. 1987). Aphids (M\vzus peisicaeand Macrosi;,,,;; 
euphorbiae), beetles (Diabrotica speciosa), and caterpillars (Agrotis ipsilon) can afffect pepper
plants and fruits to some extnt. lIeafininers are not important. 

Research and Development 

Varietal development. Pepper breeding research in Brazil has focused on the development 
of PVY-resistant cultivars (Nagai. 1968. 1971. 1983). Nowadays, only PVY-resistant cultivars 
are plantc.d in central-southern Brazil. In mid- 1986. 15 years after the release of the PVY-rcsistant 
Agron6mico 10 G, a new PVY strain appeared that was able to infect this cultivar and its 
derivatives (Nagai. 1987). Germplasni resistant to this new strain of PVY has already been 
identified. Resistance to Phtoplhthora capsici arid to Xanthonnonas caqpestris pv. vesiWatoria 
has already been incorporated into commercial cultivars and will be available to I'armers in the 
near future (Nagai and Sugimori. 1986). The development of cultivars suitable for export and 
for processing will be the key to the future development of peppers in Brazil. The institutions 
working on pepper improvement in Brazil are listed in the Appendix. 
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Appendix: Institutions working on tomato and pepper 
improvement in Brazil. 

Tomato 	 Pepper 

Instituto Agron6rnico de Campinas (H. Nagai) hlituto Agron6mico de Canpinas
Caixa Postal, 28 	 Camxa Postal, 28 
13100 - Campinas. SP. 	 13100 - Campinas, SP. 

Centro Nacional de Pesqauisas de Hortalicas Universidade Federal de Vicosa 
Empresa Brasileira de Pesquisas Agropecuirias (Prof. Vicente W. Casali) 
Caixa Postal, 0.7.0218 	 36570 - Vicosa, MG. 
70359 - Brasilia. DF. 
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Private companies: Escola Superior de Agricultura 'Luiz de 
Queiroz' (Prof. Cyro Paulino da Costa) 

Caixa Postal, 83Agroceres, S.E. 

Caixa Postal, 58 13400 - Piracicaba, SP.
 

32500 Betim, MG. Centro Nacional de Pesquisas de 

Hortalicas 
Agroce:,es, S.A. (Dr. Paulo Della Vechia) Empresa Brasileira de Pesquisas 
Caixa Postal, 427 Agropecuiirias 
12900 - Braganca Paulista, SP. Caixa Postal, 07.0218 

70359 - Brasilia, DF. 
Asgrow Do Brasil Sementes Ltda. Private companies: 
(Dr. P.C.T. ieMelo) 
Caixa Postal. 1564 Agroceres, S.A. 
13100 - Campinas, SP. Caixa Postal, 58 

32500 - Betim, MG. 
Bioplanta. Technologia de Plantas Ltda. 
(Dr. W.J. Maluf) Agroflora, S.A. 
Caixa Postal, 1141 Caixa Postal, 427 
13140 - Paulinia, SP. 12900 - Braganca Paulista, SP. 

Symposium Discussion 
inheritance of PVY resistance in PI 126410 tomato.A.M. Hibberd: Please comment oi tile 

H. Nagai: One single recessive gene. which we designated as rt rt. (Nagai and Costa 1969. 
Biagantia 28:2119-226). 

I.E. Thomas: )oes the tomato variety Santa Clara have resistance to potato virus Y? 
H. Nagal: No. One of the reasons is that PVY is no longer a prevalent pathogen in the tomlato 
and pepper growing areas, where only PVY resistant tomato cultivars (Angela) and pepper 
cultivars (Agron6mico) have been used for the last 15 years. 

E.C. Tigchelaar: What are the screening procedures you havc used for PVY and tomato spotted 
wilt virus on tomato'? 
H. Nagai: For virus PVY. strains, separately. Formechanical iloculation of '".y'and y.". 
spotted wilt, (1)field test in summer under natural infection: (2) mechanical inoculation with 
a severe strain, and (3) Exposure to Portudwa infected with TSWV and thrips in a net house. 

R.L. Vilareal: DO v ' have an active breeding program lbr tie control o,bacterial wilt of tomatoes? 
H.Nagai: Bacterial wilt is serious ouNly in northern Brazil. In that region breeding for resistance 
has been conducted using AVRDC materials. 

J.Y. Yoon: (H)Sunscald does lot seem to be an important constr;.int of sweet pepper production 
in Brazil. Can you give tilepossible reason(s) for this? tile(2) !., mite-resistant pepper line 
available to breeders outside Brazil? 
H. Nagai: (1)Sunscald probably is not so important in SIio Paulo production areas because 
of the rainy summers. (2) Yes. IAC Ubatuba will the material to be distributed through the 
proposed INTHOPENET. 
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Tomato Production in Cambodia and Screening for 
Tomato Leaf Curl Disease Tolerance 
A.B. Rowell 1 , T.E. Lay 2 and B. Chhum 3 

1Vegetable Crops Specialist, Charch World Service, c/o Mr. W.H. Dangers, Church 
World Service Regional Representative, 14 Pramuan Rd., Bangkok 10500, Thailand 
2 Assistant Director, Kbal Koh Vegetable Crops Research Station, Department of 
Agronomy, Ministry of Agriculture, Phnom Penh, Kampuchea 3 Director, Kbal 
Koh Vegetable Crops Research Station, Department of Agronomy, Ministry of 
Agriculture, Phnom Penh, Kampuchea 

Abstract 

Dry season tomatoes are commonly grown in Cambodia without Irrigation or 
fertilizers. Tomatoes are transplanted into deep silt soils adjacent the Mekong River 
or on islands in the river. Major problems for growers include infestations of Helinthis 
armigera and i high incidence of tomato leaf curl disease. This disease is probably 
caused by a s,:ain of tobacco leaf curl virus (TLCV). Tomato variety trials conducted 
from 1984-87 were severely affected by the disease; results from these trials illustrate 
more leaf curl tolerance in several AVRDC lines compared to some standard varieties. 

Tomato Production and Research 

Cambodia (or "Kampuchea' in the Khmer language) is a relatively small country of'I 80,(X)O 
km 2 lying between 11-15 degrees North latitude and beunded by Thailand on the west and 
Vietnam on the east. The country's population has probably now regained its 1972 level of about 
7,000,000 (Whitaker. 1973) after having been reduced by perhaps 20% as a result of thc civil 
war and suffering which 2ollowed (1972-79). Population density is low (40/kn 2) compared with 
either Thailand (104/kin-) or Vietnam (189/kn-). As a result of the recent losses and continued 
hostilities, only about 1.5-1.7 million hectares of rice lands have been brought back into cultivation 
(1987-88 compared with tIleprewar cultivated area of 2.5 million hectares (Tichit. 1981).

Cambodia has a tropical monsoon climate characterized by a six-month period of ahnost 
absolute drought (November- May) followed by rains which are increasingly regular and heavy 
as the season progresses (Jun:-October). The annual mean temperature is 27°C with a low thermic 
amplitude of only 3.6°C: mean annmi precipitation is 1.37 meters with considerable year-to
year variation. The Mekong River. which flows through the heart of Cambodia and renews 
the fertility of the adjacent alluvial soils, rises slowly and regulai ly from June to October. reaching
its maximum flood stage between 15 September and 15 October. Cambodian vegetable growers 
have adapted their cultural practices to take maximum advantage of the fertilizing silts and soil 
moisture provided by the Mckong's receding floodwaters. 

Cambodia is presently attempting itreconstruction and recovery fromt the devastation of 
the last decade during which the agricultural research infrastructure was destroyed and during 

IThe nmost conservativc source estiumtes 750.,M0) -deaths in excess of nornma" during tie Democratic Kampuchea
(Khmer Rouge) regime trom 1975-78 'ickery. 1984). Added to estiate,S of 500.(8 ) deaths during the war (1972-75).
this is about t8, ot the mid-1972 population estmnate. 
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which most of the country's agricultural technicians and scientists died or were executed. 
Reconstruction of agricultural research facilities is slowly progressing. Presently, four research 
stations are active and conducting trials; two of these were built and developed (including training 
of Cambodian management) by Western-based non-governmental organizations (NGO's). 

No research facility for vegetable crops existed before the war. Thus the Kbal Koh Vegetable 
Crops Research Station was built and staff was trained with assistance from a foreign NGO 2 

from 1984-87. Variety adaptation trials and short-term training programs have been carried out 
successfully by Cambodian technicians at this station. Results from some of the tomato trials 
are discussed later in this paper. 

Vegetables have played an important part in the Cambodian diet since tIle days of the ancient 
Khmer empire 700 years a(o. so much so that Chou Ta-Kuan, a Chinese . isitor to Angkor in 
the 13th centu ry, commllented onl tIL availability of eggplants, onion,. watermelons, cucumbers, 
mustard, and aquatic vegetables in the capital (I) Arcy Paul. 1967). Tomatoes (I,'copersicon 
escuhlentum Mill.) are highly valued for their use in sour soups and are one of the major dry-season 
vegetable crops grown in the country. Although it is difficult to estimate tile total area planted to 
tomatoes, perhaps 100 hectares are grown in Kandal District to supply the Phnom Penh Markets. 

Soils and Production Zones 

lomatoes and other vcgetble crops are grown primarily on the deep alluvial silt and silt 
loam soils on the banks of the Mekong River or on islands in the river (Figure I . These are 
the best soils in tile country as they receive annual fertilizing silt deposits from the receding 
Mekong floodwaters. Coninercial fertilizers are seldom uised for tolmato production '"n these 
soils. Soil pH is near neutral. 

Another important quality of the island and Mekong river bank soils is their hilh water
holding capacity . Growers take full advantage of this by transplantiin, soon after floodwaters 
recede and following the receding waters With sequential platings. In this way tomatoes or 
other vegetable crops can be produced in tile dry season with little or no supplemental irrigation. 

Another zone sometimes used lor tomato production is the rear slope of the river bank 
(Figure I ). This is an area of finer alluvial deposits where soilIs are more compact and range 
from silt harns to clays. This zone is usually' floodcd tor only one to three monthis durirn the year. 
Although dry season tomato production on these soils is marginal. it has been shown that tradi
tional techniques can be very productive with adequate irrigation and fertilization (Tat Eng Lay 

Village 

.... ighwaters . ..... . .... .. . 

-- siltIoasloty 

MEKONG R. BENG" 
Figure I. Topography and seasonal flooding pattern of the main vegetable/cash cropping zones 

of the Mekong River banks. Soil texture becomes increasingly fine away from the river 
and toward the inland depressions or 'bengs' (not to scale, adapted from Delvert. 1961). 

2The senior author s work and construction of the Kbal Koh Research Station was supported by Church World Service. 
the relief and development agency of the US National Council of Churches, New York. 
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et al. 1987. unpublished.). It should be emphasized. however, thi,! rerns from tonmato production 
alone may not justify the expense of pumping water to these fields. This zone may also be 
planted to maize or mungbeans at the beginning ol the rains in May-June. The total production 
area for vai ious crops (including maize, tobacco, fruit, vegetables, etc.) in both zones mentioned 
above was estimated to be 200,000Iha in the 1950s (Delvert. 1961 ): the Ministry of Agriculture 
estimated total vegetable production to be around 25,000 ha in 1984-1985. 

Cultural Practices 

While the Mekowng floodwaters still cover the production fields in October, tomatoes are 
seCded in raised beds around the villages on the high ground of the bank summit (Figure 1). 
Three to f'ur weeks after seeding, plants are pulled from the seedbeds (usually in bare-root 
condition) and transplanted in the recently exposed moist soil of the islands or river banks. In 
order to protect the plants from the drying sun and November winds, tomatoes are usual ly 
transplanted into the bottom of 15-20 cm holes so that the tops of the plants lie just below the 
edges of* the holLs. The holes are filled in as the plants grow out o1 them. Sonme growers use 
cut banana bracts For shading instead of' plamting in holes. 

Most growers plant a local variety which. "lthoLugh it does not have a particular name,. is 
appreciated for its sour tastes for soups. The fruits Of this Old deteriinate variety are large and 
flattened with strong ribbing at the calx end (Figure 2). This ariety is comm only planted as 
an intercrop with pumpkin. cggplat or white glutinous ntaizc. Plantings are usualllv inl 
combination with one or more of" these: intercrops with leaf lettuce have also been observed. 

Fertilizer isseldoiu used on tomatoes: however. soic growers place urea or 0.5 kg of rotted 
cow manure in the planting holes before transplanting. Grower spacings vary frotm 0.7 to 1.5 
mubetween rows and 0.5 to 0.8 mulbetween plants. These wide spacings probably allow individual 
plants to exploit the water holding capacit,, ol the lCCp silts without inuch inter-plant competition. 
As mentioned earlier. plants grown On tle silt soils surv ive only n soil miuisture; Iirrow irrigation 
of tomatoes is practically unknown. 

Figure 2. Typical fruits of local Cambodian tomato variety. 
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above description, 
intensive. Staking and pruning are seldom practiced; however, weeding is common and most 
tomato fields are kept wced-frec. Although tomato yields are generally low (around 5-15 t/ha), 
the best Cambodian growers demonstrate how wise exploitation of climate and soils can result 
in good yields3 without extensive use of purchased inputs. 

As can be seen from tile tolato culture in Cambodia is generally not 

Production Problems 

The most scriou, problem affecting toilnato growers (and producers of other vegetables) 
is insect damage. For tomato growers, the principal pest is the fruitworn Heliothis armigera, 
although damage from Spodloptera litura also occurs. The Heliothis larvae are usually observed 
in January after the first fruits have appeared, but may also attack later in the season. If farners 
treat the fields at all. it is usually tt late, after the larvae have already entered the fruits In 
the absence of affrrdable, effective in ccticides. many f'armers usually pick and destroy infested 
fruits and attempt to hand pick the larvac they sec. Fruitworni populations appear to vary fron 
year to year and extensive damage is'Thscrved only in some years. More research and inl'ornation 
is needed for the management of this pest in Cambodia. 

The most frequently observCd disease on toimatoes is tomato leaf curl disease. Alth(ough 
a virus disease with similar symptoms hits alre:tdy been described (Marady. 1972). the disease 
has not been previouslly reported in Cambodia. Symptoms o1 this disease are sevcre leaf curling.
yellowing and reduction of leaf size part:cularly in the top part of the plant. Plants are often 
stunted, severely infected plants bear only very small fruit or no fruit (Figure 3). Although a 
causal agent has not yet been identified, it is thought to be the same as that which produces
identical symptoms on tomatoes in Thailand and which is a stian of" the whitellv-tralsnmitted 
tobacco leaf curl virus ('LCV), n ceminivirus grou? 1986: Osakimember of' the 1-l-ilda et al. 
and Inouyc. 19X ). Although it isdifficult to estiniate losses caused by this disease. incidences 
of 5-1 Or('have becn observed duringe the dry seaon on Mckong River islands and adjacent bank 

.;4.
 

I4
 

Figure 3.Commercial tomato variety showing severe tomato leaf curl disease symptoms. 

Tat Eng Lay estimated yields of 33 t ha in some farmers' fields in Kien Svay district, 1986. 
3
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soils of Kien Svay district, southeast of Phnom Penh (1984-87). Incidences of 80-100% were 
observed on the poorer alluvial soils in tkkds located further from the river which are usually 
planted later. Leaf curl disease incidence also appears to vary greatly from year to year. Even 
though farners are not aware that this disease is whitefly-transmitted, they may have inadvertently
developed cultural practices which avoid whitefly infestations. Farmers attempt to plant as early 
as possible to obtain the highest prices in the market: in this way the major build-up of whitely 
populations later in the season might be avoided. In addition, plantings on the islands are exposed 
to winds in the early dry season which could perhaps help disperse vector populations. This 
may explain the iower incidence of the disease in the earlier island plantings compared to the 
later, more inland plantings. Also, the island plantings usually have a constant supply of soil 
moisture, permitting rapid early growth and a good yield in spite of the presence of the disease. 
Slower-growing crops on poorer soils further inland arc attacked at an earlier, more susceptible 
growth stage, resulting in very low yields. 

Recommendations for the control of the disease have recently been drafted at the Kbal Koh 
Vegetable Crops Research Station. but there is at present no extension service to communicate 
this information to farmers, primarily because of' the dearth of trained technicians. With the 
human and material resources currently available the Ministry of Agriculture isunable to establish 
an extension service. This problem should be partly remedied in the future, considering the 
first class of 27 agronomy students from Chamcar Dong Agricultural University will graduate 
in early 1990 and 110 students who finish one- and two-year courses at Prek Leap Agricultural 
Lycee in 1988-89 with specialization in agronomy. As a result of a recommendation by the 
Ministry of Agriculture, all students must undergo field work and receive practical training at 
research stations (including the vegetable crops station) before obtaining their degrees. 

Church World Service hopes to assist in the development of in-country training for vegetahle 
crops with the help of international centers. scientists and ither interested parties actively involved 
in vegetable research. 

Screening for Tomato Leaf Curl Tolerance 

Three years (1984-87) of tomato variety trials have been conducted in Cambodia. Severe 
infections of leaf curl disease were observed in the last two of these trials and it was possible 
to compare disease incidence among the varieties an breeding lines tested. Results from these 
trials are presented below. 

Materials and Methods 

Stad Chas Trial, 1984-85 

This trial was planted on a clay alluvial soil adjacent to Beng Kok in Phnom Penh. Twolve 
AVRDC lines, six commercial varieties, and the local variety were seeded on 13 Noveibei 
and transplanted on I I December. 1984. Traditional spacings of' I il between rows and 0.7 
m between plants were used in a randomized complete block design with two replications and 
seven plants per plot. 

Kbal Koh Trial, 1985-86 

Trials were conducted at the site of the new vegetable crops research station in 1985. This 
station, located on an alluvial silty clay loam soil, lies between the village of Kbal Koh and 
National Route No. 1. 16 km southeast of Phnom Penh. The site is a gently descending real 
slope of an old Mekong River levee, about 300 ,n from an isolated hranch of the river. 

Eleven AVRDC lines, five commercial varieties, and the local variety were planted in ii 

randomized complete block design with four replications. Tomatoes were seeded on 25 Novembei 
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and transplanted on 18 December 1985. Plots consisted of beds 3.75 ili long and 1.5 in wide 
with 60-70 cm between double rows and 50-55 cm between plants in the rows; 0.3-0.4 kg of 
rotted cow manure plus 72, 32, and 60 kg/ha of N,P,and K,respectively (480 kg/ha of 15-15-15) 
were mixed into the planting holes before transplanting. Plots wre furrow irrigated. 

The plants showing obvious leaf curl symptoms were counted at 46 days after transplanting. 
Both the total incidence [(number of plants with leaf curl symptons divided by the total plants per 
plot) x 10)] and tie incidence of severely infected plants I(number of dead plants or severely stunted 
plants, yielding no fruits or only small unmarketable fruits divided by the total plants per plot) x 
I(X)] were recorded. Virus incidence data were analyzed as a completely randomized design because 
of missing plots in the trial; arcsin-transfirmed percelitage data were used in all statistical analyses. 

Kbal Koh Trial, 1986-87 

Nine AVRDC lines (including the best six from the previous trial), five commercial varieties, 
and the local variety \\ere planttd in a randomized complete block design with four replications. 
Tomatoes were seeded on 6 November and transplanted on 28-29 )ecember, 1986. Plots consisted 
of beds 3 inllong alld 1.2 il wide with cl between double rows and 40 cm1 between plants 
in the rows: the center 2 il( 10 plants) of each plot was harvested to lcternlit yields. Nine t/ha 
of rotted cow mainurc plus 45. 20. and 37 kg/ha of N, 1,and K. respectively. (3(X) kgiha of' 15-15-15) 
were mixed into planting holes be lore tran,plaiatinrig. A silC-dressinc of' 30. 13, and 25 kg/ ha of 
N. P,and K. (2(X) kg Iha 15-15-15) xkas applied when first fruits were 3-4 ciii ill Plotsdiameter. 
were furrow irrigated weekly or as needed. 

The disease incidence in each plot was recoid cii after tilefirst fruits had '-,peared. All statistical 
analyses of ilrcentages (leaf curl incidence) were perforned on arcsin-transformeid data. A planned 
linear contrast was used to cOllpare average incidlnce of all AVRDC lines with those of the local 
and comniercial varieties. 

Results and Discussion 

In the Stad Chas trial virus incidence was generally low, the AVRDC plots appeared to be 
disease-free. Leaf curl disease was observed in some plants. however, in the co inercial varieties 
tested: 50% of varieties Rutgers 39 VI- and Roma VF were visibly inflected. In addition, infected 
plants were observed in plots of Heinz 1350 and the local variety. Yields ranged fronl 7 to 22 
t/ha fbr AVRDC l :nd irom 3 to 14 t/ ha for the commercial varieties tested. All bUt two of 
the AVRDC lines were retained for retesting in 1985-86. 

The Kbal Koh 1985/1986 trial was so severely affected by leaf curl disease that itcould not 
be harvested: however. iniections were fairly uniifOni and virus incidences along tile varieties could 
be compared ('able 1).Probably one reasot f6r the severe infection was tilerelatively poor early
growth uneven . paints Couldi.b infecleld earlier thatil-ore vigorous 

plants which had access to adeiluate soil nlmoisture. 
Al though both the total incidence of inftcted plants aid tie icitlCnce f1 erely infected plantssc 

were recorded and anal vzed. onlV the t-tal inicidencCe data are reportel here. These data were less 
variable (C.v. = I8 ) and differences among varieties were casier o detect. The disease affected 
38-9()/ " The on lrfthe plants aniong the varieties and Ireeding lines testeiL. statistically detectable 
differences were the trialbetween Marglobe, with the highest in)ciileiice ill 10 :; h and the two 
AVRDC lines with the lowest incidences (38 ' for CL 1131-0-0--13-8-1 and 51,' for CL 
5915-229D4-1-3). The local variety had avcry high incidence (81 , along with some of the AVRDC 
lines (69-78,7. 

The average incidence for all AVRDC lines was 63 ;/comnpared with 71 ('for the others. In 
addition, the line with the lowest incidence (CL 1131-0-0-43-8- 1)was among the highest yielding 
of' varieties and breeding lines tested in the 1984-85 trial at Stad Chas. 
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Table I. 	Incidence of tomato leaf curl disease in 1985-1986 Tomato Variety Trial, Kbal Koh, 
Cambodia.! 

Leaf curl Leaf curl 
Variety or breeding line Seed source incidence (0 )y incidence 

(original means) (transformed means) 
CL 1131-0-0-43-8-1 AVRDC 38 aX 38
 
CL 5915-229D4-1-3 AVRDC 51 a 
 46
 
CL 5915-206D4-2-5-0 AVRDC 55 ab 
 48
 
CL 5915-136D4-1-0 AVRDC 61 ab 51
 
Tropical Petoseed 
 61 ab 5I
 
Floradade Niagara Seed 61 ab 5I
 
CL 5915-153D4-3-3 AVRDC 62 ab 52
 
CL 143-0-10-3-0-1-10 AVRDC 63 ab 
 52
 
Pacesetter 502 Asgrow Seed 67 ab 
 55
 
Pritchard Arco Seed 68 ab 
 56
 
CL 1131-0-0-65-13-0-I AVRDC 69 ab 56
 
CL 5915-206D4-2-2-0 AVRDC 71 ab 57
 
CL 5915-93D4-1-0 AVRDC ab
71 	 57 
CL 5915-223D4-2-1 AVRDC 71 ab j7
 
CL 1131-0-0-7-0-9 AVRDC 78 ab 
 62
 
Local variety Kien Svay district 81 ab 64
 
Marglobe Mayo Seed 90 b 72
 
c.v. 180o 

ZData are means of four replications. YTotal incidence ((number of plants with leaf curl symptoms divided by the total 
plants per plot) x 1001. XArcsin-transformed data were analyzed by Duncan's multiple range test, means riot followed 
by the same letter are significantly different (p = 005). 

From the 1986/1987 Kbal Koh trial. moderate yields (8-32 t/ha. Table 2) were obtained in 
spite of the high incidence of leaf curl disease. The trial was not so severely affected hy the disease 
as in the previous year's trial. This may be duc to the earlier planting date and better furrow irrigation.
Statistically significant yield differences could not be detected among varieties because of the variability 
within and among replications caused b, the disease (c.v. jir marketable yield = 52%) (Table 2).
The average of yields for all AVRDC lines (24.8 t/ha), however, was signilicantly higher than 
the average of yields from the other varieties tested (15.4 t/ha) when compared by linear contrast 
(p = 0.01). 

Drastic yield reductions caused by the disease were easily obsered in the field for some varieties 
(Mannande, Floradade. Paradicsom: incidences 84,, 9117(, and 94%, respectively). In these plots, 
many of the plants were severel\ stunted and died prematurely. This effect of the disease on yields
is illustrated by the highly significant negative correlation (r = -0.73) between disease incidence 
and marketable yield (p = 0.01). In this case at least 53% ,r2) of the variability in marketable 
yield can be ascribed to the effects of leaf curl incidence. 

The linear contrast between the mean disease incidence for AVRDC lines (49%,) and the other 
varieties (78% ) was highly significant (p = 0.01) indicating leaf curl disease tolerance in some 
AVRDC materials compared to varieties bred in the West. Inaddition, there were also some significant 
differences (p = (.05) fbr virus incidence among the AVRDC varieties themselves (see DMRT. 
Table 2). 

The large ann11,tt 01 year-ts-year variability for disease incidence among varieties in these ,:sts 
can be seen by comparing the results in Tables I and 2. Note the changes in relative rankings of 
Floradade and the local variety in the two trials. In spite of this variability, some AVRDC lines 
had relatively low incidence in both of the last two years' trials (i.e. CL 113 1-0-0-43-8-1 and CL 
5915-229D4- 1-3).

The results of the trials indicate that AVRDC lines have more tolerance to tomato leaf curl 
disease than the temperate-bred commercial varieties tested, and that there are differences in 
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Table 2. Yields and incidence of tomato leaf curl disease in 1986-1987 Tomato Variety Trial, 
Kbal Koh, Cambodia.z 

Variety or 

breeding line 

Seed 

source 

Leaf curl
incidence (0o)y 

(original means) 

Leaf curl
incidence 

(transformed 

Marketable 
yield
(t/ha) 

Average 
fruit size

(g) 
means) 

PT 3027 (FI) AVRDC 27 ax 31 32.4 42 
CL 5915-153D4-3-3 AVRDC 34 ab 36 23.1 30 
CL 1131-0-0-41-8-I AVRDC 36 ab 37 27.5 27 
Local variety Cambodia 48 abc 44 30.7 55 
CL 5915-136D4-1-0 AVRDC 50 abc 45 22.8 24 
PT 913 (FI) AVRDC 50 abc 45 18.1 28 
CL 5915-229D4-1-3 AVRDC 52 abc 46 25.8 35 
PT 870 (FI) AVRDC 52 abc 46 26.1 37 
CL 
143-0-10-3-0-1-10 AVRDC 65 bcd 54 25.5 28 
Pacesetter 502 Asgrow Seed 68 bcd 56 15.0 46 
CL 1131-0-0-65-13

0-1 AVRDC 72 bcde 58 22.3 25 
VF 13.4 Chia Tai Seed 82 cde 65 10.0 47 
Marmande Sutton's Seeds 84 rde 66 17.8 68 
Floradade Niagara Seed 91 de 72 8.0 60 
Paradicsom Hungary 94 e 76 I1.2 41 

LSD (p = 0.05) NS 14 
c v. 350o 52o 240o 

IData are means of four replications YLeaf curl virus incidence Number of plants with obvious symptoms divided 
by the total number of plants per plot x 100 XArcsine- transformed data analyzed by Duncan's multiple range test; 
means not followed by the same letter arc significantly different (p = 0.05) 

tolerance among, the AVR[)C lines theuselves. The Same trend of leaf curl tolcrance in AVRDC 
materials compared wilh conlllercia varieties '%as also observed in toiato variety trials trotll 
southeastern BanglaIdeshL in 1979-80 where higl yields wCic obtlinCd f'rot several AVRDC lines 
in spite ol" severe infections in that location (Rowell. 1980). The tolerancC e\hibited in these 
materials should be v\ry useful in 'caJrs with mild to moderate infcctions. 

As there has been nioselectitin ftir leicurl resistance at AVRI)C. the tirigin o" Ilield tolerance 
in these lines is not clcar. A clue Mai lie inl the ltct that som1e of thC AVRI)C lines were prodUced 
using the Hawkaiian line Anahu as a gra dpa!ret. Anlhu a.nd its derivattives ha.tve been fIund 

to be tolerant to similar leat curl virus disCase, is the tolltto leUaf curl in Egyptsuch ellowA 
and the Sudani ('fassii and Abu Salih. 197: H.NI.M t.11uger. perstonal ommunication). The 
tolerant varieties from AVRI)C imly be recollillented ill the fturn ftfIr fIrther testing in farners" 
fields. 

The Kbal Koh Vegetable Criops Research Statio Ilas llade the tolh x in matiage tent 
recotlntendations to Cam.lbodian l'teduce the toaIO IeA disease:t\\ers 	 Curl 

I 	 Sow ',Imlatoes as earl, as p issible in October (infections a pcar to increaise as the growing 
season progresses). Provide giod LIraiagc alnd protect seedbeds friitL ratin fl ioreCrlv plantings. 

2. 	 Provide adleuldlate vw.ater Md fertility til encOtur'aeg ,.i 'triUs early griiwth. StraUw mulch helps 
conserve soil tlisture and toav help to reduce whitelly populations (Cohen and NIelCicd-
Madjar. 1978: Nitzany et al. 1904). Early tinmatt plantings on islands in the NIcking appear 
to escape scvcrc lamage froio the virus pcrhaps bccausc of the idCal soSil texture and growing 
conditions. 

3. 	 Protect transplants in the seedbed and in carl' growth staces frmn the whiteflyv vector. 
Seedbeds could be protected with coverings nylon-i' screening or Irhaps cotton ne tting 
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(as is used for tobacco seedbeds); both materials are available in Phnom Penh markets. 
While use of systemic insecticides may be helpful, they are not recommended because of 
limited availability and high cost. 

4. 	 Destroy annual and perennial weeds around field borders, ditches, and fences: keep fields 
weed-free. 

5. 	 Destroy old crops iminediaely after the last harvest. Encourage neighbors to destroy old 
field or garden plantings which could act as virus reservoirs. 

6. 	 Remove and destroy newly infected plants. 
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Symposium Discussion 
T.A. Thomas: Has any effort been made to collect the local germplasm of various vegetable 
crops from Cambodia before it is lost torever? 
A.B. Rowell: No effort has been made to systematically collect local germplasm in Cambodia. 
I do not expect this material to be 'lost forever' since most Cambodian farmers are still using 
local varieties. 
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R.L. Villareal: (1)1 am amazed by the low concentration of research workers in Cambodia. Are 
there plans to change this situation? (2) Are there restrictions to movement around Cambodia? 
A.B. Rowell: (1)Advanced training should alleviate the shortage of agricultural research 
workers. The agricultural university at Chamcar Dong reopened in 1985. Although there is no 
training in agricultural research at this university, students are required to work tor a year in 
one of the research stations befo, e receiving their degrees. Cambodia is also sending agricultural 
workers to IRRI for rice production training in the Philippines und hopes to send students for 
advanced degree training in the future. (2) Tb:ie are many tra\ el restrictions. Travel in several 
provinces ol the central region is possible with government pci mission. Travel to renote and 
insecure provinces is not possible at this time for foreigners. 

A. Yu: What is the source of tomato line PT 3027? 
A.B. Rowell: PT 3027. an F1 hybrid, comes from AVRDC. 



46 

Production of Tomato and Pepper in China 
C.Y. Yang', T.W. Zhu 2 and S.D. Lee 2 

'TOP/AVRDC, P.O. Box 9-1010 (Kasetsart), Bangkok 10903, Thailand 2Vegetable 
Research Institute, Chinese Academy of Agricultural Sciences (CAAS), Beijing, China 

Abstract 
The tomato, Lycopersicon esculentum, grown for its high nutritivw and commercial 

value, is one of the most popular vegetables in China. It Is exported as juices, pastes
and whole fruit. The to.l hectarage of table tomatoe; iF'210,000 ha and that of 
processing tomatoes is 10,000 ha. The average yields throughout the country range
from 22.5 to 60.0 t/ha. Tomatoes In China are primarily grown on tre!ises. Flat bed 
cultivation is practiced in northern China while high raised beds are popular in the 
provinces south of the 'tangtze River. Throughout th, country, tomatoes are usually
transplanted. The areas along the Yangtze River have a single spring/summer crop,
while two crops per year are produced in Guang ,ong, Hainan, southern Fujian, Taiwan, 
parts of Yunn, Guizhou and Sichuan.. Diseases are the major constraints of tomato
production causing fluctuation in production and yield. Early blight (Aternaria solani),
late blight (Phytophthora infestans), Septoria leaf spot (Septoria Iycopersici), TMV and 
CMV are important throughout the country whereas bacterial wilt (Pseudomonas
solanacearum) is important in central-south, south and southwest China. The most 
damaging insect pests of tomato are aphids and corn-earworm. Breeding programs focus 
on resistance to maJor diseases (bacterial wilt, TMV, CMV and Septoria leat spot), fruit 
cracking and on postharvest constraints. Increasing the soluble solids and lycopen , 

content is the breeding priority for processing tomato. Various national institutes are 
involved in tomato breeding in China. 

The introduction and cultivation of hot and sweet peppers in China dates back to 
the 14th century. Sweet pepper is an important ingredient in the Chinese cuisine. Pepper
is also valued for its medicinal property. The total planting area of pepper is about 
60,000 ha. At an average yield of 28 t/ha, the total annual production is 1.68 million 
t. Production is concentrated in areas near the big cities of eastern, northern and 
northeastern China. Only one crop is usually grown. However in northern China, pepper
cultivation often extends beyond summer. It is possible to grow two crops per year using
plastic or net houses and heated glass houses. Planting density and cultivation methods 
are location specific. High raised beds are necessary in the south while flat-bed 
formation is practiced in the north. More than 20 popular pepper cultivars are grown
in China. Most are local varieties, with great diversity in color, shape, maturity, pungency, 
sweetness, environmental adaptability and disease resistance. Diseases and insufficient 
supply of quality seeds are the major production constraints. The major diseases are 
viruses (TMV, CMV, PVX and PVY), anthracnose (Colletotrlchum sp.), Verticillium wilt 
(Verticillium albo-atrum), bacterial spot (Xanthomonas campestris pv. vesicatoria), soft 
rot (Erwinia carotovora), Phytophthora rot and sun scald. The major insect pests are 
aphids, corn earworm and spidermites. Breeding programs emphasize improvement of 
quality, yield and disease resistance. 

Tomato 
The tomato, Ly'cope'rsicon esculentum, is one of the most popular vegetables in China. It 

is cooked as vegetable dish in ,he Chinese cuisine. It was also important as a fresh fruit throughout 
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China before apples, pears, peaches and oranges became widely available. F-armers can increase 
their cash income by growing tomatoes in their small private lots and selling them directly at 
the local markets. The government policy encourages the exports of processed tomato products 
such as juices, pastes, and whole fruit and has been promoting the expansion of the existing 
tomato acreage. The total annual area planted to tomatoes in China isabout 220,000 ha of which 
10,000 hectares are fbr processing. This igure does not include the tomato plantings scattered 
in the suburban and rural areas olfthe small cities. The average yields in the country range from 
22.5 to 60.0 t/ha, depending upon location, season and varieties. Large-sized tomatoes. 150-270 
g/l'ruit are preferred. More than 50 local and introduced tolIt cultivars are clrrlently under 
cultivation throughout China (Anon. 1987). Growing of tomatoes on trellises is tileprimary 
cultural practice in China. Siall. dense trellises of 40-50 cm height are used for growing early
and determinate cultivars, usuallv planted at 60,000 plants/ ha, whereas trellises over 1.5 meters 
are used indeterminate, late-ruaturing Only 3.000 hiafor tile rledilun- to varielies. ab'Out of 
processing toniatoes are CIltivated %kithonuttrellis in tile e areas of Xinjiaug andrelIativelylIi 
parts of Heilongjiang. Flat-bed cultivation ispracticed in tilenorthern part of China. while high 
raised beds are popular for tonliah 1t'rOWing ill provin ces south oftlhetile laitiZC River. Planting 
density ranges f'rom 30.000 to 90.00) plants/lha. I'xcept in a few locations in southern China, 
where toaliatoes rl;bV occasionalIly be intercropped with wax gourd or tall cornit to avoid direct 
Sunlight. toMatoes planted IlStly by trailsplant throng hotLtiare the conitr\'. 

A single spring/sitiner totiato crop. sown around Jannariy aid harvested from MNay through 
Noveiber. is usually' produced ill Yargtic River includingc Shaighai. Jiai(su.tihe areas along tile 
HUbei and other provinces (Figure I ). Iw~o crops per year. usualhlV sown hetween Aucust and 
Septeiiibe r and harvested from NIer o arch. can be c ro\ it in Guira idonic. Hainan.t throui
solthern Fjian. Taian. arid aris of' Ynriari)''onIatoesGuitho and Sichuai. planted inparts 

of' northeias and ro rth\west Clhii ir e so\w i illFeb ruIrvalida hiar'vested fro n niI Jul]\n It late 
September. Plastic filin tulch has to be useuL to protect the crop frot cold tertiperalures and 
for stretching the harvest tite into Noveiber (Figure 2). 

........ ...
...............................................
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Figure I. Map of China. 
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* Sowing 

* Transplanting Shenyong 
M~ Harvesting Mae 

Shanghai
 

Guangzhou
 

Jan. Feb. Mar. Apr. May Jun Jul. Aug. Sep. Oct. Nov Dec. 
Month 

Figure 2. Tomato cultivation seasons in Shenyang, Shanghai and Guangzhou. 

The primary tomato production constraints are diseases such as early blight (Alternaria
solani), late blight (Ph vtophthora infestans), Septoria leaf blight (Sepioria Ivcopersici), TMV 
and CMV throughout the country and bacterial wilt, Pseudomnonas solanacearun. in central
south, south and southwest China. Fruit rots caused by Phvtophithora sp. and physiological
disorders are also common. The most damaging insects are aphids and corn earworm. Insufficient 
supply of good quality seeds is another constraint. 

Improvement of yield and quality and resistance to diseases such a., bacterial wilt, TMV. 
CMV and Septoria leaf blight are the major breeding objectives. Significant improvement in 
tomato producion has been achieved through the use of both open-pollinated and F, hybrids
that are resistant to TMV and bacterial wilt (Table I ). Currently resistance to cracking is 
emphasized. Increase of lycopene and soluble solids content is an additional breeding objective
for the processing tomato. Although the seeds are supplied to farmers by the state-operated seed 
companies, in cooperation with the i.gricultural research institutions, the requirement for tomato 
seeds for national production goals can not be met adequately.

The ageacies involved in tomato improvement programs, including breeding for disease 
resistance, high yield. and improved quality, are listed in Appendix I. 

Pepper
 

Unlike tomato, the introduction and cultivation of hot and sweet peppers. Capsicum annun, 
can be traced back to the 14th century. A semiwild chili pepper, the 'Xiao Mi Jiao', can still 
be found '.. the virgin forest area of Xishuangbanna Prefecture of Yunan Province. Sweet pepper
is often part of the daily diet. In the provinces of Gansu, Shaanxi, Sichuan, Guizhou, Yunan,
Hunan, Hubei and Jiangxi, chili peppers in the form of fresh chili, chili paste, pickled chili 
or dried chili powder are added to the food (Figure 3). The Chinese believe that chili peppers 
can provide medicinal cures for the human body, besides having high vitamin contents, particularly 
A and C. 
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Table I. Tomato varieties commonly grown in China. 

Cultivar Use' Major characteristicsy 

Beijing Zhao Hong F, P OP, det., early, red, 100 g 
Zhao Fen #2 F, P OP, det., pink, 150-160 g. cold tolerant 
Shanghai Chang Chi Da Hong F, P OP, indet., merlium-late maturing, red, 120-150 g 
Yue Nung #2 F, P OP, indet., Red, 60-70 g
Wu Chang Da Hong P OP, semi-det., medium maturing, red/green-shoulder, 

100 g
Mansie (Manalucie) F, P OP, indet., medium-late maturing, 200-220 g, disease 

and heat resistant 
Chiang Li Mi Shou F OP, indet., medium maturing, pink/green-shoulder, 

150 g, disease resistant 
Te Lo Pi Ke (Tropic) F OP, indet., late, orange red, 200-250 g, heat 

tolerant, disease resistant 
Lo Cheng #1 (Roma) P Fi, indet., medium-late maturing, red, 60-80 g, heat 

tolerant 
Pn Hong #1 F, P Fl. (Beijing Zhao Hong x 402), det.
 
Zhe Hong F, P Fl, (Beijing Zhao Hong x Yue Nung #2), indet.
 
Ze Yuan 6-73 Fi, (2266 x Beijing Zhao Hong), indet.
 

'F = fresh; P = processing. YOP = -pen pollinated; det. = determinate; indet. = indeterminate; scmi-det. = 
semideterminate. 

N Major Popper Production Areas In China 

Owing to the long history of pepper cultivation in China, the growing areas are widely 
scattered. Not counting the peppers grown by the farmers on their small strips of private land, 
the total area planted to chili peppers is about 60.000 ha. The total annual production is 1.7 
million tons. Average yield of sweet pepper is 28 t/ha although yields as high as 75 t/ha have 
been achieved. Average yields of fre:,h chili range from 15.0 to 22.5 t/ha and of dry chili 
2.25-7.50 t/ha. The sweet pepper production tends to be in the periurban areas of the metropolises 
in the eastern, northern and northeastern parts of China. 

http:2.25-7.50
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Only a ,ingle crop of chili is grown under open-field conditions. In the south and the middle 
and lower Yangtze River regions, sedlings are raised in November and December. in the northern 
region only illDecember and in the northeast and northwest during January and February.
Transplanting is ill March and April in the middle and theFebruary and March in the south, 

lower Yangtze River regior,. April in the north region, and May fOr both tile
northeast and 
the northwest of China. Harvesting is in Ma' lbr southern China. May and JIne fOr the middle 
and the lower regions of the Yangtze River. Jtlne lo" northern China. and June and July for 
the northeast and northwest of Chin a. Customnarily. pepper cultivat ion isoften extended beyord 
stummer in tIlenorth and northeast of China. Besides open-field c'itivation, a large alount o1 
peppers are gro%, n in plastic or net hioumses . TwO crops a \'ear (stilulnr and fiall. can be produced 
in heated glass houses. Chili produced in tile YIunlan-GLreilil Plateau is famous fOr its excellent 
eating quitlity and high .ield. 

Single-r\\ plantings are practic(d illthe north, whereas doulble-row plantings are preferred 
in the south. The planting denity of sweet pepper varies with the location, usually 74.(X)-82,500 
plantsira il the south to It0,00 plailts ia in the northeast to over 200.000 plants/ha iln the 
Beijing area. Chili is gerlerally planted alld terIsit\ of 192.100 plants per hectare. As in tomato, 
high-r'.ised beds are necessary ftOr pepper proIIctio ilr tile south. wvhereas low or no-bed 
formation is practicCd intile north. 

Great diversitv incolor. shape, rnaluri\ . pungency. sw.eetress, elvironienial adaptability 
and disease resistance exisl ill(.U).sa'''t sp. grownr inChina. More than 21 popuIla" pepper 

cultivated tulcutivars are currentl througholtut e COllnl' (TIable 2). 
Insurffisient supply 'ofquality seed, ald di.eCases are the Illa jor production eonstrairlis tif 

peppers illChina. Diseases. which often resi, Itin severe economical losses are virtuses I IMV. 
CMV. PVX aIa PVY). alithracriose (Collso'i'hitInom sp. ). Vcrticillium wilt (lertii/Iiuo a/ho
atr l I1.bacterial sptoi (Vantholnsnus Cau pv. it.,i t). soilt rot (E Itvt.s Lrriinat' tll'wis l'olol'o tl ).
Phy'tOphtho ra rtot and su seald. The riniajir pepper pests are aphiais. corn carx\orlnn and spiderniles. 

Pepper breeding ill quality., yield and disease resistance.China cliphasi.'Cs irnlpr'ti\ erincrt to 
Tile rrajor inistitultiOrls involved in pepper research ard improvelent are listed inAppendix I. 

Table 2. Pepper cutivars rmost commonly grown in China. 

Cultivar Usage' Major characteristics Production 'rea Yield
(t/ha) 

Zao Yangjiao F Early maturing; dwarf plant. Jiangli and Sichuan low 
35-45 cm 

Hoo Ke Jiao F Early maturing; dwarf plant, Jiangsu 22.5 
(early stage) 40 cm 
Pickled C,',irdrical fruit Zhejiang and Sichuan 

Er Foo Tou F Medium maturing; tall 'ant. Sichuan 22.5-37.5 
73-96 cii 

Chengdu Er Jin D Medium maturing tall plant, Sichuan 22.5 
Tiao 70 cm; conical fruit; strong 

pungency
 
Shi Feng Ji..o Resistant to virus 
Qi Men Jiao F Medium late; heat tolerant Shanghai, N and NE 30-60 

lantern shaped fruit, of China 
100-250 g; sweet: good 
keeping quality: disease 
resistant 

Chang Sha Niu F,Pickled Medium-late maturing; tall Hunan, Sichuan 30
 
Jiao Da Jiao plant, 93 cm; long conical 

fruit; disease resistant 
Si Fang Tao Tian F Medium-late: square lantern N, NE and S 30-37.5 
Jiao shaped fruit, over 200 g; of China 

sweet: susceptible to virus 



Table 2. Continued. 

Cultivar Usagez 

Chi Ying Jiao F, P (dry) 

Cherry Jiao F,Pickled 

Shaanxi Xian Jiao P (dry) 

Yunnan Da La Jiao F 

ZF = 
fresh; P = processing. 

China 

Major characteristics 

Medium-late maturing; tall 
plant: conical fruit; strong 
pungency; heat tolerant; 
disease tolerant; tolerant 
to poor soil 

Medium-late maturing: tall 
plant: round fruit; strong 
pungency; heat tolerant;
 
disease tolerant; tolerant
 
to poor soil
 

Late maturing; medium-size; 
thread shaped fruit; strong 
pungency; disease tolerant 

Late maturing; tall plant; long 
conical fruit, 30 cm; juicy; 
disease resistant 

Literature Cited 

Production area 

Sichuan 

Yunnan and Tibet 

Shaanxi and 
Guangzhou (dry yield) 

Yunnan 
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YieldYiela
(t/ha) 

12-15
 

12-15 

2.25-3.75 

22.5 

Anon. 1987. Cultivation of Solanaceous fruit crops. Chapter 17. Section I. Tomato: 620-638; 
Section III Peppers: 648-666. in: Chinese Vegetable Cultivation. Compiled by the Vegetable 
Research Institute, CAAS, Beijing. 1.293 p. 

Appendix 1. Major institutions involved inpepper and tomato improvement (China). 

Institution 

Vegetable Research Institute. CAAS* 
Vegetable Research Institute. JAAS 
Vegetable Research Inttute. Jiang su AAS' 
Vegetable Research Institute. Xinjiang AAS 
Horticulture Rcscarch Institute, Liaoning AAS 
Vegetable Research Institute. Jilin AAS 
Beijing Agricultural Uni\ersitv 
Tienjin Vegetable Rescarch Institute 
Vegetable Res,:arch InStitute. Beijing Municipal AAS 
North\cst Agricuiiuial Unisersity* 
lHubei AAS** 
Horticulture Department. Northeast Agricultural University 
Shanghai Agricultural Acaden y of' Sciences 
I-cono nic Crop Research Institute. Guangdong AAS 
Phant Protection )epartment. South China Agricultural 
University 

Xian Vegetable Research Institute 

Crop 

pepper. tomato 
pepper 


tomato 
pepper 
pepper. tomato 
pepper. tomato 
pepper. tomato 
tomato 
pepper. tomato 
tomato 
pepper. tomato 
tomato 
tomato 
tomato 
tomato 

tomato 

*Involved inboth varietal iiprovenent anti quality analysis of vegetable gertnplasm. 
**Qutality analysis of' vegetable germplasni only. 

'CAAS = Chinese Academy of Agricultural Sciences. 
JAAS Jiangsu Academy of Agricultural Sciences. 
AAS = Academy of Agricultural Sciences. 

Location 

Beijing 
Nanjing 
Nan, iing 
Shih He Wie 
Shenyang 
Goiijuling 
Beijing 
Tienjin 
Beijing 
Harbin 
Wuhan 
Yangling 
Shanghai 
Guangzhou 
Guangzhou 

Shaanxi. Xian 

http:2.25-3.75
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Production and Utilization of Pepper and Tomato in 
Taiwan, China 
C.Y. Lin' and S.H. Lai 2 

'Taiwan Seed Improvement and Propagation Station, Shinshieh, Taichung, Taiwan 
42608, Ch; -a; 2Asian Vegetable Research and Development Center, P.O. Box 
205, Taipei 10099 

Abstract 
Pepper and tomato play an important role in the agriculture of Taiwan. In 1986 

there were 2,853 hectares of pepper and 9,682 hectares of tomato cultivated which 
accounted for 0.13% and 0.53%, respectively, of the total agriculture and livestock 
production value. Among over one hundred vegetables in Taiwan, the combined 
production value of these two crops ranked third, behind watermelon and bamboo 
shoots. In addition to consumption as fresh vegetables, they are processed Into sauce, 
juice and hot pepper powder for export. F1 seed production of both crops for 
international markets also has become an important industry in Taiwan. However, 
because of recent sharp increases In labor costs, F1 seed production has declined. 
Pepper and tomato are grown throughout the year in Taiwan with a significant 
seasonal fluctuation in supply and price due to environmental constraints in 
production during summer. 

Introduction 
Both pepper and tomnato are important crops in Taiwan. Among over one hundred vegetables,

the production value Ol these two crops together ranked third, behind waternelon and banboo 
shoots (Table I).In recent years, the consumption of rice has gradually decreased, while the 
consumption of vegetables. including pepper and tomato, has steadily increased. This trend is 
expected to continue. 

Pepper anid tonato are important vegetables illthe Chinese diet and important commodities 
for processing. The processed toiato isone of 'the Most illportant export agricultural products.
The production of F hybrid seeds of thcse two crops for international markets isalso becoming 
inimportant agricultural business inTaiwan. However, hot arid humid conditions limit the 
production of these two crops. which cause significant seasonal fluctuations in supply and price. 
This papcr reviews the recent developments of these two crops in Taiwan., and outlines the research 
objectives ftr future growth. 

Table I. Percentage of value of agricultural nroduction in Taiwan 1983-86. 

Crop 1983 1985
1984 1986
 

Rice 22.70 21.20 20.61 17.51
 
Bamboo shoot 0.85 0.90 
 0.94 0.79
 
Cabbage 0.70 0.47 0.49 0.67
 
Watermelon 1.14 1.73
1.35 1.78
 
Cauliflower 0.35 0.61
0.63 0.53
 
Tom,'. 0.56 0.48 
 0.60 0.53
 
Pepper 0.22 0.18
0.15 0.17
 

Source: Taiwan Agriculture Year Book 1987. 
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Pepper
 

Production and Cultivars 

The total hectarage and production of peppers increased dramatically since 1965, and 
remained relatively constant during the last decade. There was little change in average yields 
during the same period (Table 2). In 1986, the hectarage and total production were 2,853 ha 
and 21,218 t, respectively. The main production areas are Changhua (309 ha), Yunlin (393 ha), 
Pingtung (817 hal and Nanto (275 ha) (Figure I . The seed production areas were mainly located 
in Pintung and Tainai counties. 

Conpared to tomato (La i et al. in the proweedings). the sippIy of Ipepper is relatively stable 
throughout the year (Figure 21. Although the best sowing season for pepper is frotn September 
to October, three main planting seasons have developed based on land utilization, cropping pattern 
and market: 

* 	 Autun -- Spring crop: Peppers are stmn during September to October, transplanted in 
late October to November. and harvested from1 February to Jutl'. 

* 	 Spring - Sunmmer crop: Peppers are sowv.n dtu'ing late January to March. transplanted in 
mid-March to in mid-May, and harvested from early June to earl' November. 

* 	 Summer - Winter crop: Peppers :ure sown from JuI to .1uly. transplanted mid-July to 
mid-AuguIst, and harvested from October to Ft'rulr . This system rotates with the first 
crop of rice. 

The eingted bell shape is the most popular sweet pepper type. The long pod with high 
pungency is the most desired hot pepper type. Hot pepper is usually processed into paste and 
powder. The most corninly gi are shown in 'ableIerowinncultivars ard the ir characteristics 3. 
CuItural practices vary greatly in T'aiwan: the plant density varies from 13, (XXi o 35,(XX) plats/lha 
and yields froni 2 to 75 t/ ha. It is neces!,ary to de\clop appropriate management practices for 
difflerent cultiars under different contditi0,rs. 

Utilization 

Sweet pepper i, usually' cooked with meat. A small ariount of dehydrated fruit is exported 
to Europe and tie U.S.A. Hot peppers are mainly processed into sauce, powder, etc. 

Table 2. Acreage and yield of pepper, 1965-86. 

Area planted Average yield Total production
 
Year (ha) (kg, ha) (t)
 

1965 249 6,989 1,741
 
1970 845 8,177 6.910
 
1975 1,266 8,636 10.933
 
1976 1,785 11,771 21,011
 
1977 1,710 10.547 18,035
 
1978 2,129 8,961 19,077
 
1979 2,267 9,402 21,314
 
1980 2,372 9,684 22,970
 
1981 2,459 9,139 22,472
 
1982 2,641 8,370 22,104
 
1983 2,775 7,637 21,031
 
1984 2,705 7,622 20,594
 
1985 2,652 8,618 22,725
 
1986 2,853 7,808 21,218
 

Source: Taiwan Agriculture Year Book. 1987. 
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Cultivar 

Sweet pepper
 
Ruby King 

Blue Star 

Giant 

Uranus 

California Wonder 


Hot pepper
 

Goat's Horn 

Szuchuan 

New Comer 

Hot Beauty 


'OP = open pollinated. 

MAP 

Main characteristics' 

OP, long, bell shape, thin wall 
Fi, long, bell shape, thick wall 
Fl, long, bell shape, thick wall 
Fi, long, bell shape, thin wall 
OP, long, bell shape, thick wall 

OP, long, medium pungency 
OP, high pungency 
Fl, long shape, low pungency 
Fl, high pungency 

OF TAIWAN 

F7777i Tomato 

Peppers . "-
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Table 3. Commonly grown pepper cultivars.
 

Origin 

Known You Seed Cn. 
Known You Seed Co. 
Known You Seed Co. 

Local 
Local 
Known You Seed Co. 
Known You Seed Co. 

. 

. , 

/ 

CHANGHUA ' NANTO'.". ',J 

/. °1' "->-,-

Fjrp i,-.nae o 

'PING TUNG'K 

Figure 1. The major production areas of tomato and pepper in Taiwan, 1987. 
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Figure 2. Average monthly transaction volumes of sweet and hot peppers in 
Taipei city, 1983-87. 

Constraints 

Diseases and pests. Phytophthora blight (Phytopthora capsici) attacks roots, stems, leives 
and fruit during the hot and humid summer season. The disease is controlled by application 
o 'Terrazolc on seedlings. Bacterial leaf spot (Xanthoniotas catp(stris pv. vesicatoria) attacks 
leaves, stems and fruit also in summer. No practical control measures are recommended. Several 
viruses such its TMV. PVY. CMV. CVMV and others have been detected year-round in Taiwan. 
There are no local varieties resistant to these viruses. Chemical seed treatments are rccommended 
to 	eliminate seed-borne TMV. 

Mites are serious from October to March and thrips from May to October. Several pesticides 
have been recommended for control such as Rotenone, Furadan, Kelthane, etc. 

Tomato 

Production and Varieties 

The combined hectarage for processing and fresh market tomatoes was 9,682 ha with a 
total yield of 396,201 t in 1986 (Table 4). Most tomato is grown in the central and southern 
parts of Taiwan (Figure I): Changhaa (442 ha); Chiavi. Yunlin, and Tainan (5,743 ha. processing 
tomato is produced mainly in these areas): Kaohsiung (I.505 ha); Pingtung (151 ha, mainly 
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for Fi hybrid seed production). The suitable period for the cultivation of tomato is from 
September to April, because of the cool and dry environments (Table 5). Thev are usually 
transplanted after the second crop of rice dIring Octoher-November, or at the same time when 
the first rice crop is planted in February. From May to September the fresh market type tomiato 
is grown in highland areas, such as Yanguin NMounlain (Taipei county) and Hsingyi (Nanto 
county. 246 ha). Hence fresh market tomato is available year-round in the market with asignificant
seasonal fluctuation (Lai et al. in the proceedings). Fihe production of processing toniato is 
contracted between farmers and processing fIactories and produced only during November-April. 
The avera.e vield tnd the per kg price have remained stable since 1982. The production cost 
was about 1.05 USS/kg in 1986. and it is composed of cost of materials (25' ). labor (62. 1 
and others 12.9, ('). 

Table 4. Acreage and yield of tomato (fresh market and processing types) in Taiwan, 1978-86. 

Year Area planted Average yield Total yield
(ha) (kg ha) (t) 

1978 8,781 25.136 220.719
 
1979 9,126 26,629 230,019
 
1980 10,947 30,075 329,232
 
1981 8,567 23.734 203,188
 
1982 10,450 31,685 331,106
 
1983 12,248 39,389 480.945
 
1984 12,394 51,741 641,127
 
1985 11,212 43,181 483.756
 
1986 9,682 42,591 396,201
 

Source: Taiwan Agriculture Year Book. 1987 

Table 5. Average temperature and rainfall in the main pepper and tomato production areas. 

Chiayi county Tainan county Pingtung county 
Month Temperature Rainfall Temperature Rainfall Temperature Rainfall 

(°C) (mm) (°C) (1nm) (IC) (mm) 

January* 14.5 32.1 15.7 25.3 18.2 6.3 
February 14.8 52.2 15.7 58.6 18.5 26.6 
March 18.7 52.2 19.8 53.2 22 I C1.6 
April 23.8 1.6 25.0 0.2 26.4 13.4 
May 25.2 351.5 26.0 330.4 26.8 363.8 
June 27.6 187.3 277 620.1 28.1 624.7 
July 28.6 100.3 29.1 121.9 29.0 90.7 
August 28.3 361.8 28.4 170.3 28.5 43 .9 
September* 26.6 226.2 27.1 149.2 27.7 189.5 
October' 24.0 2.4 25.8 0.7 26.2 57.3 
November' 20.4 40.8 23.2 55.2 24.2 20.9 
December 17.3 18.6 19.5 3.7 20.5 2.6 

Source" Taiwan Agriculture Year Book, 1987. 'Indicates the cultivation period. 

The varieties cultivated in Taiwan and their main characteristics are shown in Table 6. Seeds 
of fresh market tomato are supplied by seed companies and seeds for processing tonato are 
supplied by the contracted factories. Most seeds, including those generated from F, hybrids 
and open pollination, are produced in southern Taiwan. A small alloUnt o r! ocessing tonlato 
seed is imported from Japan. Their cultural management is summarized in Table 7. 



Cultivars 

Fresh market types 

Known-You 301 
Black Persimmon 
Taichung #3 
I.S.S. #I 

Vanguard 


Sugar Pear 


Processing types 

Tainan Selection #2 
Kagome 70 

UC 82 
Tainan Selection #3 

Known-You 112 


Known-You 209 


ZOP = open pollinated 
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Table 6. Tomato varieties cultivated in Taiwan. 

Main characteristics 

Fj round fruit, nematode resistance 

OPz, round fruit 

OP, pink color, round fruit 

Fg globe fruit, heat tolerance. 

bacterial wilt resi.tance
 

F1 round fruit, heat tolerance 

bacterial wilt resistance
 

F1 small fruit, Fusarium wilt resistance 


Square round fruit, firm, Fusarium wilt resistance 
Oblate fruit, dwarf piant, Fusarium wilt 
resistance
 

Square round fruit, firm 

Globe fruit, heat arid bacterial wilt 

tolerance. TMV and nematode resistance 

Fi oblong fruit, 90 g, Fusarium wilt 
tolerance 

Fi pear fruit dwarf plant, Fusarium and Vertcillium 
wilt toleran :e 

YDAIS = District Agricultural Improvement Center 

Origin 

Known-You Seed Co. 
Local 
Taichung DAISY 
Taiwan Seed Service 

Known-'rou Seed Co. 

Known-You Seed Co. 

AVRDC 
Kagome Co., Japan 

Univ. of California 
AVRDC 

Known-You Seed Co. 

Known-You Seed Co. 

Table 7. Cultivation practices of fresh market 

Item Fresh market tomato 


Area planted (ha) 5,380 

Production (t) 231,340 

Yield (t/ha) 43.0 

Cultivars Known-You 301 (Chang-Hua)z 


Black Persimmon (Yunlin)l 

Black Persimmon (Chiai)z 

T.S.S. No. I (Nanto)z


Sowing/Spacing Seedling beds 

1.5 m wide plots, 2 rows 
0.45 m between plants 

Density 30,000 plants, ha 

Staking Bamboo 

Cultural practices Tying. pruning and weeding 

Irrigation Ditch system, once 10-15 days

Harvest Pink stage, hand picked, and 


classified 

Transport Paper carton 

Fertilizer N:F:K = 150:120:210 kg;ha 


3-4 side dressings 

Harvest 	 Oct.-June (Changhua)z 


Oct.-June (Yunlin)z
 
Oct.-june (Chiayi) t 


June-Sept. (Nanto)z 

'Area where planted. 

and processing type tomato. 

Processing tomato 

4,302 
277,800 
64.6
 
Kagome 70 (Tainan)
 
Known-You 112 [Tainan)Z
 
Tainan 2 (Yunlin)Z
 

Seedling beds 
1.2 m wide plots, I row 
0.40 m between plants 
18,000 plants/ha 
No 
Weeding 
Ditch system, once 14-21 days 
Full cclor mature, hand picked, 

and classified into 2 grades 
Plastic container 
N:P:K = 160:130:150 kg/ha 
1-2 side dressings
 
Nov.-April (Tainan)z
 

Nov.-April (Yunlin)Z & Chiayi 



428 Lin and Lai 

Utilization 

Fresh tonato is sold directly in the local markets. In addition to its use as a vegetable, it is 
consumed as a fresh trait. Processing tonmatoes are canned into paste (54.3%1,) whole frui! (22.6' ). 
pieces (18%) and others (slices, juicc and sauce: 5.1 Y ). Most of tie canned products are exported. 

Constraints 

Diseases and pests. 
Pseltdownlias so/latacuro

and virus diseases. 

The 
n.,bic

three 
terial l

most 
eaf spc

serious d
l caLsed by 

iseases 
val'lhollo 

are bacterial 
ttlcl).s'l 

will 
pV. 

caused 
I'Sh tiltOI'IW 

by 

Ihcidence of bacteriali wilt can be as hilh is 100(( in suiniicr production. C01ntrol I nasales 
include crop rotation with paddy rice and tile use of resistant varietiCs. 

Bacterial leaf spot infects leaves and tralit causing a -lecline in qalit and yield during tile 
rainy season from March to AuuLst. ChelMical control is not eflective. A resistance breeding 
progrmn has been initiated at tie Tziaiwan Seed Inprovicnent and Propagation Sttion. 

TM V. CMV. aInd PVY oCCuF y'ear-round. TM V is controlled by planting resistant varieties 
such as Tiinan No. 3 and 1, prevncltion of seed-bornc inoculun th0rough heat tleatmlent ot seeds 
at 78°C for 48 befkre sowing. 

FusariLilil w ill (lt I ti-ilM l .'.S/t uM f. Sp l.VCq W' ixi race 2) CCars in tile i ilt s-.'s In. 
No resistant coilnercial variCt hI& been de elped IocllN. The discase is cltrollCd h\ 
decreasing the fnligus po0pulation in the soil throughl rttatitn %ith padd.y lice ald h\ treatllenlt 
of tile seeds with prote:tive ,Lch si bemtal, l.sungicides 

Late blight (Ih"v'lo/1 ihora in/xis nS) OCCUrs, usaually Iro' ltatll0lt tC,early spr ing, prinMaril. 
on processing tollmlto. It is controlled b\ sprayngi)aconil or Ridoalil-MZ at %\eekl initervals. 

Early blight 'IIt ''nati .'ohlli tccu,'s ill the spring seStOll. It is not atscriot s disease and 
can be controlled b\ spraying \kith Kocide 1(11. 

Rootkntt lellatttode (,+'/oido.yf.t' ilt'ot',nihI) is serious in the drs ar'ea ndlllcttntlttlled h\ 
planting resistant \arietics such as Tainan No. 3. 

Leaf nold (li'/via.l/va) occLrs in the waril lid wet eison nlld attacks sltcl1s. and leaves. 
It is controlled effLctivelv by Maneh. 

Damping ofl IPthitm spp. I inl'ects VOting seedlings and is Colttttlled h\ sterilizing the seed 
bed with Myltne or inethvl bromide. 

Fruitworinl 1t',ijt/i.s c,'ot attacks steis. leaves aid truit year-ronlid I.anIllate is 
recommended for its control. Cutworm (,.Atrofips ipsihl) iattacks toniato1 ear-rtLld it is cttrcled 
by Furadan. 

High labor cost. DulC to tile sharp increasc ill labor cost. the hectaragt' ill processing tonmitto 
has declined roi 8.541 Iha in 1984 to 4,29(0 ha in 1987. 

Pepper and Tomato 

Production of F, Hybrid Seeds 

The Fi hybrid seed productiol of pepper amid tonato is an intportant agricultural business 
with high economic alue in Taiwan. Besides ocal IIse. a iia tjor prtoprtion of' FI seeds produced 
are exported to Europe, the USA and Japan every year. The prtductiOt is mainly ill soIthern 
Taiwan from September to Febriary. For commercial F, hybrid seed production for export. 
the parental lines are Lisuall,, lpplied to tile contracted fariters h the foreign seed compamies. 
The yield is ariund 250 and 200 kg/ ha fOr pepper amid tt)Ilato, respectively. However, there 
is substantial variation ill yields dfile to tile Lunistable envirtnmental ctmnditits. The FI seeds amre 
inspected by governltent agencies hefore heing seint to I'oreign seed companies through the trading 
companies in 'l'aiwan. However, because of recent sharp increases inilabor costs and tile dramnattic 
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appreciation of the local curcrncy against major international ones, Fi seed production has 
declined during the last two years. 

Marketing 

Marketing ot fresh pepper and tomato depends on the supply and demand in wholesale outlets. 
'[he products are usually transported from the field to the market by individual lrmers or by 
farmers cooperaives. Distribution is mostly through retailers, and also through supermarket 
chains to the consumers (Figure 3). The market and production prices Fbr these two crops are 
shown in Table 'rhe quantity and value of fresh pepper and tomato exports are shown in 
Table 9. 

Processor Export 

Producer Broker Wholesaler REtoiler Consumer 

Figure 3. Tomato and pepper marketing. 

Table 8. Farm and city market prices for fresh pepper and tomato. 

Tomato Pepper 
Year Farm price Market price Farm price Market price 

(USSIkg) (USS'kg) (US$Ikg) (USS/kg) 

1984 0.30 0.84 0.51 1.09 
1985 0.29 0.89 0.54 1.37 
1986 0.43 1.19 0.57 1.66 
1987 0.31 1.1 1 0.64 1.67 

Source: Taiwan fruit and vegetable marketing corporation. 

Table 9. Export of fresh pepper and tomato. 

Yea, __________ Tomato ______ . Pepper __ 

Quantity (kg) Value (US$) Quantity (kg) Value (US$) 

1981 5,495,220 - 195,930 -

1982 11,198,742 834,602 1,035,092 192,434 
1983 11,495,834 1,523,406 2,087,724 704,718 
1984 13,780,246 1,799,369 1,595.314 926,286 
1985 9,917,414 934.785 1,832,784 768,684 
1986 8,752,885 932,088 1.283,747 482,727 

Sourcv: Taiwan Vegetable and Fruit Export Association. 
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Canned tomato products are mainly exported to the USA, Japan and Canada through 
processing factories or -trading companies. The production, export quantity and value of canned 
tomato are shown in Table 10. The factories contract the farmers through farmer associations 
or brokers. The contracted hectarage and raw materials are in accordance to the predicted yield 
before the beginning of the season. The production and volume under contracts for canned tomato 
from 1984 to 1987 are shown in Table I1. 

Table 10. Production, export quantity and value of canned tomato. 
Year Producrion Export Export value
 

(standa: d case) (standard case) (US$)
 
1985 4,175 4.044 OO 19
 
1986 2,508 2,430 40,377
 
1987 2,376 2,107 40,842
 

Source: Division of special crops, PDAF. 

Table II. Contract production of processing tomato, 1984-87. 

Contracted Contracted Transaction Price under contract
 
Year factory township volume (NTS/kg)z
 

(no.) (no.) (t) 1st grade 2nd grade
 

1984 27 37 630955 1.8 1.4
 
1985 25 32 340579 1.8 1.4
 
1986 17 31 383603 1.8 1.4
 
1987 16 28 277784 1.8 1.4
 

Source: Division of Special Crops. PDAF. 'USS I = NT$40 before 1987; US$1 = NT$28.6 at present. 

Research and Development 

Research on pepper and tomato in Taiwan has focused on the varietal improvement for heat 
tolerance and disease resistance (TMV. bacterial wilt. bacterial leaf spot and rootknot nematode). 
Tomato varieties have been released with combined resistance to bacterial wilt, TMV, rootknot 
nematodes, and resistance to Phytophthora root rot. Several sweet pepper lines with resistance 
to Phytophthora root rot have been identified and the traits have been incorporated into commercial 
cultivars. However, virus problems have become more serious during the last few years and 
deserve high priority in research to alleviate these constraints. 

Increasingly, efforts are also going to develop labor-saving techniques for tomato and pepper 
production, especially 'he mechanical harvester for processing tomato, to relieve the constraint 
caused by high labor c )sts. 

Most pepper and tomato research is supported by the government. In 1988, the government 
provided about US$ 155 133 to support extension and research efforts on these two crops 
(Table 12). 

Table 12. Government support for production and research on pepper and tomato. 

Extension Research Total(US$) (US$) (US$) 

1984 39,166 55,533 94,699
 
1985 100,000 74,500 174,500
 
1986 100,000 73,800 173,800
 
1987 112,667 57,133 169,800
 
1988 46,000 109,133 155,133
 

Source: Horticulture Production Division. COA. 
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Abstract 
Tomato (Lycopersicon esculentum Mill.) is an important cash crop in Taiwan. The 

processing type is produced mainly during the cool season in the central-southern region.
The fresh market type is produced throughout most of the year all over the island, except
that it needs to be grown in the highlands during the summer season. AVRDC breeding
lines and management techniques are tested under Taiwan's varied physical and 
biological environments through a collaborative program with national institutes. 
Reduction in the production costs of processing tomato, and off-season production of 
fresh-market tomato, are the main objectives of this cooperative project. Genetic 
improvement of uniformity of maturity, and incorporation of multiple disease resistance 
into processing tomato lines, have been exploited to reduce the production cost. CL 
1561-6-0-5-1-3, released in 1982 as Tainan selection No. 2, was the first processing
line from AVRDC to be released to Taiwan tomato growers. This line has the special
attributes of firm fruits, uniform maturity, and high yield potential; thus, the number 
of harvests per crop was reduced from the traditional 5-7 to 2-3. Aheat-tolerant AVRDC 
hybrid, PT 3027, was released in 1986 as Tainan Selection No. 3. This hybrid has the 
potential to prolong the processing season in Taiwan. It is also resistant to bacterial 
wilt, tomato mosaic virus, and nematode, and can be more readily adopted in different 
cropping systems. The progress made under this cooperative program has formed a 
solid fundamental mechanism for future progress. The tresh-market tomato is consumed 
mainly as a fresh fruit in Taiwan, and the preferred type is apple-shaped, with dark red 
skin and green shoulders, and is sweet, and large in size. Production during the summer 
season is limited, due to the lack of arable land in the mountainous areas. Combining 
local preferences with the characteristics of AVRDC lines, such as heat tolerance and 
disease resistance, may lead to a breakthrough in the production pattern of summer 
tomato in Taiwan. Although significant progress has been made in both breeding and 
management techniques at AVRDC, further improvement is needed in order to make 
lowland tomato production during the summer season profitable in Taiwan. 

Introduction 
Taiwan is an island situated ahut 16) kil the soIuth-eatstern o0ton -Cast I" Mainlaild China. 

lying between latitudes 21 '53'N and 25> 18'N. It haS an Ocanic subltropical climate with a long
and hot summer, and a short and mild wintcr (i inre I). The r aiullisabiundant. \arvine front 
17() to 2000 turn a \,ear o n the plain, and 300() io 4000 in the mountain Kno. 1978).areas K 
Most of the rainfall occurs during st'nner,. cXept inl the northern part of the island \k\here it 
is more evenly distributed year-round. 'herC arC distincl \Ct and dr seWaSons in tie central 
and southern parts 1Eieurc 21. 

Tomiato (L.' o-,orsic n cte u1l/c/1ulkill.) is anl impo rtant caush crop in Ta iwan. The arca 
planted to it has stayed above 10(.0(0) hectares during rcent 'ears (Table 1). However. being 
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Figure I. Temperatures in different regions of Figure 2. Rainfall distribution in different 
Taiwan. regions of Taiwan. 

Table I. Tomato production in Taiwan, 1979-84. 

Acreage (1000 ha) Production (1000 t) 

Year Total Processing Fresh-market Total Processing Fresh-market 

1979 9.1 5.9 3.2 450 365 85
 
1980 10.9 7.9 3.0 582 491 91 
1981 8.5 4.5 4.0 370 274 96
 
1982 10.5 5.3 5.2 541 378 163
 
1983 12.2 7.7 4.5 549 370 179 
1984 12.4 8.5 3.9 830 631 199
 

Source: Lai. 1986 

limited by high temperature. the main production season of tomato is from December to April. 
The processing tomato in particular is grown only in the central-souther,, region where there 
isa cool and dry winter. The fresh-market tomato is produced year-round in the highlands during 
the summer season. However. there is a significant seasonal fluctuation in supply and price 
(Figure 3), due to the lack of arable land in the highlands and high labor costs. 

Beside poor fruit-setting in high temperature environments (Kuo et al. 1979). there are other 
major constraints affecting tomato production in Taiwan. The important constraints are bacterial 
wilt (Pseudnlonas solanacearun ). v iruscs, neniatodes (Ae/oihlogysn spp.). and bacterial ieaf 
spot (Xamthononlas camp'st-is pv. vesicatoria) during the warm sunmler leaf mold (Fulviafilva), 
and late blight (Phvytoplithora inf'estans) during the cool winter: and leaf mold, viruses, and early 
blight (Alterm'ia soani)during spring. The hot humid conditions also affect fruit quality, by 
causing, for example. poor color, cracking, and sunburn (Lai. 1986). 

The development of heat-tolerant and disease-resistant tomato varieties is considered by 
the national program as the most promising way to relieve these production constraints. The 
other strategy *sto develop or introdu,'e economic and effective management techniques to secure 
good yield and fruit quality. 

The interaction betweer, AVRDC and the national institutes in Taiwan is mainly through 
the AVRDC-Taiwan cooperative program known as 'On-Station Testing'. Among its objectives 
are to identify AVRDC's improved breeding lines and cultural practices which are appropriate 
for Taiwan. and to test them under Taiwan's varied physical and biological environments, through 
cooperative research projects between AVR,)C and local research institutes (Table 2). AVRDC's 
promising tomato lines are recommended tor entry to Regional Yield Trials (RYT) in Taiwan 
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Table 2. Number of cooperative yield trials between institutes in Taiwan and AVRDC, 1979-87. 

YearCrop 1979 1980 
 1981 1982 1983 1984 1985 1986 1987 Total
 

Soybean 
 29 31 31 33 37 39 38 40 278
Vegetable soybean 14 13 12 8 I 48
Mungbean 
 8 22 13 17 8 8 10 9 95

Chinese cabbage 3 7 7 7 8 8 8 48Sveet potato 5 7 8 7 6 6 39 
Tomato
 

Processing tomato 18 12 
 4 9 9 9 9 6 9 85Fresh-market tomato 5 6 6 6 6 7 36 
Cherry type tomato 2 2

Sweet pepper 
 3 4 7

Snap bean 
 3 4 7
Radish 2 3 5 

Total 18 54 
 67 65 88 90 89 90 91 652
 

ftr testing. These trials arc carried 0ut asc txperati c pro'jctes hm ecn A\VRI)C and Itocalrescarch
institutes. Such aISI)istrict Ag ricultural Improvement Stations (DAIS).alld lleC
Conducted across

[he island ever\year. Meanwhilc. ne\ ianagCicnt techniques, dlICeloped at .AVRD)CIor.'Q in 
to11atO in the hunid SesIhOi are demionsrated and extended to 
local iariners h\ thc national
pro.ranis (DAIS or Farmers' Associations) \k ilh the assistance of the AVRI)C outlreach lprouramll 
in laiwan. 

This paper liscusCs nliailll\ the con)sideratiolls iInId \0hCI' I'Cen tolla orcolIInediIcU AVRIX 
lines alld the contribulitions of Ihese line,, to tollitlo production in laikkan. Somc ol"thei nallnaut'lll 
techniques for Sunner tom1ato de\eloped at AVRI)C arC also hriellV reported. 

The Processing Tomato Industry 

The production of proccssing toimalo in Taiwan is main'l for export (Tahle 3). It scsential 
to keep the production cost competlitie with other major exporting, Couttries. The industry 
succcss fulNy ma intai ned annual export sales of tWo 10 four million Standard cases w%ith a pr)thdntCt 
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Table 3. Export, production cost and contracted price of processing tomato in Taiwan, 198 1-86. 

Contracted price
Year Production Export Production cost 

(Std. case) (Std. case) (US$ 100 kg) 
(US$ 100 kg) 

Ist gr. 2nd gr. 

1981 2,504,010 2,066,914 
982 2,643,250 2,790,942 

1983 2.468,068 2.475,929 
1984 4,173.500 4,044,225 
1985 2,508,912 2,434.925 
1986 2.376.600 2,107,783 

3.50 
3.70 
3.70 
2.90 
3.50 
4.1 1 

4.00 
4.50 
4.50 
4.50 
4.50 
5.07 

3.00 
3.50 
3.50 
3.50 
3.50 
3.94 

Source Taiwan Canners' Association 1987, and Lai 1987 

cost of tround USS3.70' r100 ke. anIld ;I contracted pricc of US$4.50.' I))) ke for Iirst ierade fruits 
hetweenl 1982 and I9 cr'Fale 3). The kc factor v. hich delermines tile future of the' processing 
tIlaltO htdUstrv '. ill b3 1iM% to reduce the productiotn cost and '.ct llaitaill i stable and ligh 
ield with iCcptUle lulit\. ,.\na. ,ssof productiOll costs ha\ re ealed that labor costs accoutlt 

flor 60', of the total prodLction .'Ost. ll h cstst I., ,al nt on Iltr est becaus ofLtIle lack 
Otunitornl lluaturirc cultisr bcauC, is tlo ,e) en It r est, pr crop 'rc requirCd II)AF.aInMd L 
1982). RectllCionl of*harsest laohr, thus beconics the lirst 1rrit. Ior technloloc. des.eloitlltt. 
Mechanical hats estinc is tie ohs iols direction ill the futurc. Il addilionlli to 1ie hich lahr cost. 
Taissan has also sLuftflred lroml1: (a) hls in ol\ Me major culti .ir. Ka t le 7) ('['K 70). 'uhich 
has little healt toleratlce: and (h) a short and concntraCtl+ied lrtodlction| seisol. ThIus. tle utili/,itiOll 
o". processng flcilities has not been economicalLI .i ad I Ikaauc . 19). Research ill the past 
has therefore aimed atl enhanciti 5 icld. lililtinito qualiti . c\teCIdil the production sestOtm. 
and reducing labor use to impVrov' the processing toillato mdustr\. 

AVR DC line, . ith better vine-keepim., qualitie \',.rc selected ftr t 'Ao- car R' oterantll 
startinc ill 1979. 'Three planting seasons 'Acrc coductcd IMr \Car. ~tro/iinig lines, vAcrcIhenI 
subjected to district trials lor one \ear. A line. 1561-6-\-5-1-3. ' as rcleased as Taimt Selectiot 
No. 2 (IN 2) iln 1982 bccatusc otf its high yield, firm fruits (Table 4). d color (Ftigure 4). 
aJldj relIati se)\ unilorit taiturit, . It wkas bse rsCd that ;.v\ crI r.csts 'A crc ieeded f IrIN 2 becautLse 
its iril fruits can sta\ homer ol the \ inc thilli mtolI ther varietics. Better s inc-kckpinc qualit\ 
al.so provsides amllelc time for thltealdequatle h fruit color, since tIle iigtlenleslopenlt Of 
aectlnutll.litill in tolito is it1nctitm t1 teiip[era+tlre tld tiue. ttd is additi\e aid COMlitalive 

Uihtorne and Alvare. 1982). \'ith the extension of this line. the itliberN of harsest,, Ipe Crop 
\'as reduced Itout the Itaditiotal 5-7 it 2-3..\s a result. the hallrSested aimmltItllll 1r1uan-ho0ur 
'Aas increased, and the labor rellileineIlt for liarC., %kil ,'\ccOrding 1t the repo rt'.Aas reduced . 
trot the Provincial t)epartment otf ALriculture and torcstr\ (Pt)AI:. the asleace lars st labor 

per hectare was reduced from 1162 niMtours ill 1982 to( 58) itanhours in 1983. Release ol 
TN 2 niiht has made atsignificant contribution to his sllistic. 'his niess inltrodLctio 'A .asable 
to keep [he "ai\%li totlato pr-cesint il)ItrS cOtIlptitikCe. Ind ComlpensatCd for tile shirp 

increase itt field labor wac-es, in recent ears (Tahle 5). Howve\cr. TN 2 does not carr tile other 
imtlportant ch a li lineeded h\ h1 pr1CI it,,heaCit .ete ',"es sinF12 iItlsll\ . sIu tt lera tld testistatle 
to bacterial vilt aLtId nlltlltode. 

Al FIhbrid. I'T 3027. svas released as tainat No. 3 (IN 3) in 1986 lor it, Ihict-ieldit h 
characteristic,, its h.t tolerance (latle 6). antl it, resistance t tbacterial \0i1t. tomttit osaic 
Sirus (toMV ) and nettllodes Lin cl a. 1985 ). Toailtliosatic virus t a iia jor constraint lor 

tollato proLlction il "l'aisa. Results frotm a sLrve\ ol tiaturally oceurritlic TO\ oi1\ tolltillto 
in 'tiwanth'b AVRDC shOswed an infcction rale ll 3()-70(; . dCpendirnc ll locations aind seasots 
(Lin el al. 1985). Rootlknot netna+ltodc, Which is espCciallN a problei when tomato is cLs.'v 
ltcr Sugarcane. can reduce ,yiClds h\ ul to 32 '; (AVRDC. 1985), Sugireaie is atn iniportatit 

crop ittlaissan. atil processing totnalto is olten ititercropped or rotated \with it ill sotthern t'aissati. 
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Table 4. Firmness of some processing tomato varieties. 

Varieties Firmness (cm) z 

CL 1651-6-0-5-1-3 (TN2) 1.55 
UC 134 1.73 
P 933 1.75 
PT 3027 (TN3) 2.12 
TK 18 2.66 
TK 70 2.86 

ZFirmrness was measured by Rieoieter IModel FUDOH) with a sample probe 
No 3-15. and is expressed as the deformation distance (cml when press pressure 
reached 500 g cmr 

Table 5. Yield and labor use for harvesting and average harvest rate of processing tomato in 
Taiwan, 1981-86. 

Year Yield Labor use Harvest rate Labor cost Labor costit ha) (man-h ha) (kg man-h) US$ man-h) (US$ ha) 
1981 70.2 1152 61 25 29,044
1982 74.2 1162 64 28 32,146
1983 50.9 589 86 40 40,228
 
1984 82.1 737 
 III 44 32.460 
1985 680 640 106 44 28,020
 
1986 70.9 686 
 103 51 35,150 

Source PDAF. 1982-1987 

Table 6. Yield of tomatoes at AVRDC, late summer 1985.' 

Lines Yield (t ha) 

PT 3027 (TN3) 23.5 a 
CL 1651-6-0-5-1-3 (TN2) 1.6 b 
TK 70 2.1 b 

ITransplanted on 6 August 1985 

Bacterial w.ilt is it serious prohlen during Taissan's sarm season. Resistance to hacterial will
is an essential Character for heat-tolerant tomtoes eros n dlurim the sunmier. All these pathogens 
-ire difficult Ito cotrtol h\ &i,.llnical ians,. and resistance is the most efflctive contirol . lhus. 
tie -1 hshrid TN 3 consistent I ilded hiuher than TN 2 and IK 70 in R'"'s,. not oni, dllin
 
the warill ,.a1iir01 hut alst Mc'i .'A ide ralle l ell\ ilrnentsllll , (FiUtlre 5). This Fi h\'brid has
 
pirtentiall e'. tended the Itollito pr,,incess. n . ni ii Taissan h\ at1least imonth,,. frtin October
seas i 
to Ma\ . Hos eCem. its ,olulc olid citnllt. a1character closel\ reVlatLd i tonmato lualitV. is 
hser tha1n Ihat 0Ii the Other Ito Ctlir S (t itfi'u 6). 

PrOceSStini' tiM1aFtoLpiduction in Tlaian has been declinii ,ince I 4 ('Table 7). IuC to 
le incr'mtliC1 ill IrOductirn cotS. Cs)eciall\ hrtutht ailtlO h\ lie drallilic appreciation of (he

local Culrreinca\ ai-ainst major international Ones,. such i th lS llar . SinicC 1986. This has 
resLlited i h production Cost than in lllanl\i lCle other major C\porting countries lahle S. 
especiall because ol the hi.eb lahor cost,, ill bar,estin.- ('Tahle 9i. It appears Ihb.li ineclhanical 
hars estin is nece,,.ir\ enahleI proccsstll tal industrs ill Tais\ ili ti compete withto re 
Other Cuntries. The colliillation il all trails. nalnels heat tolerice. -'00id lirtrlnCSS. Uilinfrin 
IllatUritN for on1cC-os%Cr halest. eood Color. ihih sotinlC solid contntl and rs',iilce ti disss 
into a s ngle processing cultis ar is needed. In addition,. s(ltdiC, cultural niaiiaCeentlii. c roppl!ing
S\ stlns. the relatio hip olf hir-nt sei ind the el'ice oI the lMiA 1'este, the plamninl, lids 
flo" planting areas atnd schedul s, aild the utlohading. Cla'.ni T. ind so'tin s sterns ill [lt:lfactoro\ 
are itmpiortait fIr high and consit Cl'licirnc\ it prcessirg tonmatom prod tliit. 

http:nece,,.ir
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Table 7. Acreage and production of processing tomato in Taiwan, 1984-88. 

Year Acreage (ha) Production (t) 

1984 8,541 630.955 
1985 6,213 362,479 
1986 5,993 383,603 
1987 4,290 277.784 
1988 3,449 206,930' 

Source: Lai and Hwang. 1988. 'Estmnated figure 



438 Lai, Tsay, Tsou, limnai and Hwang 

Table 8. Price of processing tomato in the major production countries, 1986. 

Country Price (USS /100 kg)' 
California (USA) 4.84 
Italy 9.09 
Greece 8.56 
France 
 9.09
 
Spain 5.72 
Portugal 5.26
 
Israel 5.79
 
Turkey 
 3.02 
Taiwan, China 6.32 

Source: Laiand Hwang, 1988 ZExchange rate I US$ 28 5 NT$. 

Table 9. Production cost of processing tomato in Taiwan and in California, USA. 

Cost (US$ ha)Iterm .... ........ ... ........_____ Percentage..... 

Taiwan USA Taiwan USA 

Material and management 1,770 2,148 48.7
Harvest and transport 

64.2 
1,363 733 37.5 21.9

Others 502 463 13.8 13.9 

Total 3.635 3.344 100 100 

Source: Lai and Hwang. 1988 

Fresh-market Tomato Production in Summer 

In Taiwan, a major proportion of fresh-market tomato is consumed as a fresh fruit without
post-harvest ripening. In the Ilan. Taoyuan, Hualien and Ta:Thung areas, consumers prefer
apple-shaped. lare 100 1rallns per frit) andabol.lul swee tonlatoes, with pink skin x%,hereas
fruits whh1l
dark red skin anid -1reent stlOul de rs are preferred in other areas. As mnentioned earlier.

tllato is nti suitablC for culti ation during the hot humid sullimlier oilthe plains. The fresh
market tottato prIrductiOtl in snummiter is tntainl\ in tilehihlands with 
 an altitude over 501 m.
 
Ho's\ever. tile
total prirductiomi fron June to Oct0ber is low. cottpared to other seasons, because
of tile scarcit\ of arabl lanmd and c"'mttpetition wiih other crops in tileliightlands. AlthumhIlt ilte 
rate of tstilato t0 tt al veCeumabhic litslactisrtt vtluttll C duri S Utlliler in m 1t1"nlnths (.ulk ()ctrber)
increased rn 1979 to Figure 7). atmd tile relative price of tontatoes ovel the sauteI (85 period
 
was reduced SX)i.ure. the increase ill tolUtle w\as [tot Oreat, aitd the stron 
 seasonal fluctuatiotn
 
itt supply is still signtifica t. It appears that deveopimett tolltt SUlllllier
itiLe t varieties suitable li

conditions on tilepkit %ill be a breakthrouh lfor fresh-inarket tonlato productiomi ill Taiwan.
 

The geenetic inttlr1rvenentt of lhe tolliato fsrotropical areas was initiated b\ AVRDC and
is onte of AVRDC's major ntissiotms since 1)73. The most imporrtant breeding targcts \ele heat 
tolerance and bacterial wilt resistance. The local preierences. itlfruit si/e and skin colsr sf the

fresh-inarket t\pe \were not conrsidered itt 
 tite AVRIDC's breeditmg prrgraitt itl te past. Thus 
the previous efforts h\e mtot Miade a signtificattl CstntribUliOn to suitler toinattr productiott in 
"aiuan so 'ir.[-Iscei'. tile selection IOr large-fruited lines Itas been started and Sottte prsrgress
has been achieved. Witlh tileomtbination of large fruit size, heat tslerance. and bacterial wilt
resistance. significatm crmtributiirs tofresh-iarkct tsrttat productionm ill ldiw\lliV\ be expecied 
in fihe ttear futunrc. 

Attempts were also made at AVRI)C t0 ittmprlve cultural mttallatI1emmrent practies so thtat tile 
constraints sil producinge large-fruited fresh-rlarket totmatoes durii, tie hot htumid season in 
"l'diwan could be red tuced . The types of crop Ianage ent researchi.hat have been carried out 
are brielly 'liscussed belVw. 
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Figure 7. Contribution of tomato to total Figure 8. The rate of monthly average price 
vegetable transaction volume in the Taipei whole- of tomato to all vegetables in Taipei wholesale 
sale market. (TAPMC. 1980, 1983 and 1986) market. (TAPMC. 1980, 1983, and 1986) 

Tomato Cultivation on a High Bed 

RCsults showed that 70-cni-hiel raisCd heds wi1th a clear plastic roof effectivel' nininiiZCd 
southerln Mig1ht (S'roilu, rIdol.ii) in the stnmmer cultivation of tomato. Tomato fruit \ield 
(4.6 kg: planl) on the high bedss ,our times nore than that (1.2 kgilplant) on low bed 
(AVRDC. 1987ii). 

Advanced Cultural Practices for Summer Tomato Production 

A series ofl Ceeltinlents using dilferCnt cutlttual practiccS such is staking. the use ofLditfterent-
SiCd sCCdling pots. and drip irrigation tcchnliquC,. \,crc C:uTriCd out oil tomato varieties of var'il 
fruit sizcs during the 1980 N1.ttlitn1cr ,saison. The Intin flindines wer at, follow,'s: 

1. The fruit si/c of larec "ruilCd Ctnlti\ars, kitS greatlC\ ilfcCLd h\ cultural practices and size 
was easil\ decreased uIndCr sutch u1nlCsirablc Cn, irolttients as lo . light intens it\. Ilooditig 
tild nultrieit dCficiec1\. Snlall-fritetCd t0otoCs .crc nlot Siitlirl\ affected. 

2. 	 Staking f"or S1tnlieMr totiato production is eCr\ iti1rtarnt. an1d f1'atllil Fieure1)) not Olil\ 
itcireased the fruit si/c of I:Nll. 4 signilicantl\ , but also protected the lar.e-lruitCd tomato 
frot lodeing. 

3. 	 The high Iot Ihlini Method. in which seeds wvCrC , ti in a PVC pipe (I) ci x 12 ciin) 
tilted \witll scellinie intdiaI. alid seedlings,, ksere! then Ira'npl)lateIcd hy pushing the Ipipe down 
about 2 cil into the soil of the bod to avoid lloodine. increascd the yield lf"the harge-fruitCd 
Itoma]to in i1 'a CUltisu.t]riet itation. 

,IT PT 4032. protected Iltr0l 1'ilill .iLdtitaee 

clear plastic shects and prtlpCrlYN Irovidcd %\itlh hoth \w1atCr and uutriiCilt bs dtip irrication. 
produced nearl\ 2 kg, of flruits per plant withiin t\ o monthis after trita nsplatiing. Both Clti\'la rs 

rtt'OdueCd onl\ 0.4 to 0.85 kg platit in the open field during the saite priOli. AvCrlge Iruit 
size of FNITT 4 anud PT 4032 CxcCCeLCLd 120 grains rcspcctivcl\ . whereas those 

4. 	 Large-fruited cultivars,. 4 aind when rai under 

135 and 

from the field sscrc at inost . ( to 70 ,
 

It wis ConCluLCd that tincl\ irricatioti. succe Ni\e application of nutrients. and cultural 
practices to keep rtos active throughout tile gr \sst iri cperiod arpri iniaii l irportaint in tile sun11111 
cuIti\'atiOll off large-fruitcd tomato (AVRI)C. 1987b). 

http:rIdol.ii
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fishing net 
bamboo frame 

J 	 Framing 
Figure 9. The 'framing' staking method for summer tomato cultivation. 
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Abstract 

Hot pepper and tomato are important %egetablecrops, extensively grown in most 
parts of Ethiopia. Hot pepper is a vegetabl, and a spice crop of significant economic 
value. It is estimated that state farms plant 5,000 ha per season, while the small 
farmers' sector grows 200,000 ha and produces 100,000 t. The average yield is about 
400 kg/ha. Average daily consumption per capita is approximately 15 g. Bakolocal and 
Marekofana are two local varieties extensively grown in the country. Both small farmers' 
and state farms raise young seedlings in the nursery and transplant them to the field. 
Most of the hot pepper is grown under rainfed conditions. The cost of production in 
the farmers' fields is estimated at US$376.12/ha and US$232.37/t, and in large farms 
at US$278.60/ha and US$1,020.29/t. The major production constraints include lack 
of disease and insect-resistant varieties, inadequate management of nursery beds and 
fields, diseases (bacterial blight, bacterial leafspot, viruses), insects (African bollworm 
and termites) and weeds. Researcl- programs are underway to identify the most 
productive varieties that are also resistant to important diseases and insects, and to 
select the most efficient cultural practices, and the most appropriate crop protection 
and management schedules. 

Tomato is an important vegetable crop, of greatest Importance in the processing
industry. It can be grown in most parts of the country if irrigation is practiced during
the dry season. On large farms, an average yield of 7.7 t/ha of fresh fruit becan 
obtained. The cost of production is estimated at US$1,258.45/ha. Net profit Is 
estimated to be US$5,251.21/ha.

The low level of yield and quality of the produce under commercial cultivation, the 
occurrence of frost at high altitudes, diseases such as Septoria leafspot and late blight,
rootknot nematodes, pests like the African bollworm, the tobacco whitefly, aphids, the 
tomato erinose mite, potato tuber moth, and the parasitic weed Orobanche spp. are 
the principal factors limiting productiuii. 

Introduction 

Ethiopia is situated in East Africa hetx, een 3' and 18! north latitude and 33' and 48' east 
longitude. The country Ihs several distinct agro-ecological regions and ranges inelev:ition from 
100 il below mean sea level to 4,550 ii above. More than a third of the cotIntr' lies above 
1.8()0 meters. Rainfall varies from 2.55(0 mm in the highlands to 200 mm in the dry areas in 
the east and south. In recent \ears the Countrv has experienced marked LIuctiations in the total 
rainfall and in its normal seasonal dist, ibution. Becau,se of the varied climatic conditions a \wide 
variety of cereal. leguir and horticultural crops, both indigenous aid introduced. are gr wn. 
Among the horticultural crops, h1ot pepper and tolmato are important \ egetable crops. extensivevy 
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grown in most parts of the country. Table I highlights the Jimatic data of the major production 
areas for tomato and pepper. While tomato is predominantly grown by the state lrnis and -armers' 
co-operatives, hot pepper is largely produced by small farmers. Sweet green pepper is only 
produced in some pocket,, of the country and is largely exported to Dj ihouti; local demand is 
rather limited. Statistics on the level of production and the volume of exports are not available 
(Hailemichacl. 1969). 

In order to meet the increasing domestic need and to step tip exports, research on these 
two crops was started 20 years ago to develop or select more productive varieties and to identify 
relevant crop production and protection management practices. This paper summarizes the current 
status of production. maior production constraints and significant research results, based on the 
investigations carried out on these two crops at the Institute of Agricultural Research (JAR). 

Table I. Climatic data of the major production areas of tomato and pepper (Station:Bako).' 

Rainfall Air temperature ('C) Relative humidity 

Month (mm) Minimum Maximum R.H. (Oo) 

1986 1961-85 1986 1961-85 1986 1961-85 1986 1980-85 

January 
February 

6.1 
2.8 

(I 2 .4 )y 
(17.7) 

10.6 
12.0 

(10.4) 
(12.0) 

29.9 
29.1 

(29.6) 
(30.7) 

49.0 
61.0 

(50) 
(41) 

March 
April 

43.2 
90.8 

(46.8) 
(59.9) 

13.9 
14.4 

(13.9) 
(14.7) 

30.8 
28.3 

(31.3) 
(30.9) 

61.1 
87.4 

(52) 
(51) 

May 
June 
July 
August 
September 
October 
November 
December 

41.8 
385.1 
202.6 
174.6 
154.3 
24.0 

1.3 
15.9 

(153.9) 
(195.1) 
(257.1) 
(219.1) 
(139.9) 
(65.0) 
(27.1) 
(12.3) 

17.7 
15.6 
14.9 
15.2 
14.0 
12.0 
11.0 
10.9 

(14.8) 
(14.4) 
(14.1) 

(4.0) 
(13.4) 
(I 1.9) 
(10.5) 
(9.4) 

29.9 
23.6 
22.4 
23.1 
22.2 
25.7 
29.4 
29.8 

(28.7) 
(26.0) 
(23.6) 
(24.1) 
(25.3) 
(27.8) 
(28.3) 
(28.9) 

43.0 
72.5 
82.4 
77.1 
76.0 
63.0 
52.6 
64.9 

(64) 
(72) 
(78) 
(79) 
(77) 
(62) 
(59) 
(53) 

Total 1,147,9 (1206.3) 
Mean 13.5 (12.8) 27.0 (27.9) 65.8 (61.5) 

Source Instituce of Agricultural Research Agro-Meteorological Service. Summary of meteorological data 'Longitude375'E; Latitude: 9°08'N; Altitude: 1.650 m. YValues between brackets are averages. 

Hot Pepper 

Current Production and Consumption Status 

Hot pepper L.Capsicumf.ue.'enI.). locally known as "barbare'. is both a vegetable and 
a spice crop of significant economic value to Ethiopia. Although it is important in the traditional 
diet, it is not indigenous to Ethiopia and was probably introduced to East Africa and Ethiopia 
b, ,!he Portuguese. There are many varieties of hot pepper grown in the country (Hulfnagel. 
1961 ). ranging front vcry long and broad types (length 16 cni, width 2.46 cm) to very small 
(2 cm length Iand pungent types. The former are more extensively grown (Hailemichael. 1969). 
'[he major part of the growing area is located between 1.400 and 2. 120 in (Sltti district). These 
regions have an average temperature range of 21 to 29'C. and soils are sandy loan to clay 
loam with high soil moisture retention capacity. 

Local demand is largely met by small farmers. More recently state farms have also begun 
to cultivate hot pepper on an extensive scale: however. their yields are lower than the national 
average (Jackson. 1987). It is estimated that each season the state farms grow hot pepper on 
about 5000 ha, while the small-farming sector occupies an area of 200.000 ha and produces 
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100,000 tons (Jackson. 1987). The available production statistics for the period 1963-64 to 
1970-71 show a steady increase in production and a marginal annual increase of 3,000 ha in 
the production area (Table 2). The average yield during this period was estimated at 0.4 t/ha.

The majority of the hot pepper is consumed locally as an important spice to yield the desired 
color, flavor and pungency in the everyday culinary preparation called "wat'. For an average
Ethiopian, a large part of the vitamin C intake comes from hot pepper, made available through
'wat', which also includes other spices. The average daily consumption of hot pepper by an 
Ethiopian adult is estimated at about 15 g. Thus, hot pepper is considered a lood rather than 
a spice alone (Huffnagel. 1961). Fully mature green fruits are also used in salad and are popular 
Ethiopian appetizers. 

Table 2. Production of hot pepper in Ethiopia 196?/64 to 1970/71. 

Season Area Production Yield
(ha) (t) (t/ha) 

1963/64 221,000 88,400 0.4 
1964/65 224,500 89,800 0.4 
1965/66 227,500 93,300 0.4 
1966/67 230.000 94,300 0.4
1967/68 233,200 95,600 0.4 
1968/69 236.500 97,300 0.4 
1969/70 239,900 99,500 0.4 
1970/71 243.200 102,200 0.4 

Source: Jackson. 1987. 

Cropping Systems and Cultural Practices 

Hot pepper is predominantly grown as a monocrop and is rotated with other cereal or 
leguminous crops. It is mostly grown as a rainfcd crop. The traditional method involves raising

seedlings in nursery plots, about 2 n2, fertilized with decomposed cattle manure. 
 Seeds are 
densely broadcast, usually by the end of April, and are later mulched with grass straw and 
irrigated. With the emergence of the scedlings, the straw mulch is removed. The nursery is 
cultivated, weeded and irrigated. Four to-six-week-old seedlings are transplanted to the field in 
early to mid-June. Tile foremost factor in determining the date of transplanting is the availability
of adcquat,: moisture for establishing the seedlings. All regular field operations like weeding 
and cultivation are manual. Most farmers hand harvest the fruits after these are dry in the field; 
only a few farmers harvest after the pods have changed color but are still succulent. Harvesting.
which is completed in two stages in most regions of tie country, is usually undertaken from 
November to December. No staking is practiced in hot pepper production.

Large farms generally follow the practices of small farms except that their nursery plots 
are sown in rows 20 cm apart, and young seedlings are transplanted to the field until row-to
row and Plant-to-plant spacings of 80 and 40 cm. respectively. Fully grown plants they will 
reach 70 to "0 Commercial fertilizers and pesticides ire used in the nursery Plots ats wellcm. 
as in the field to increaise productiVity and to protect the crop from diseases and insect pests. 

Marketing and Processing 

No comprehensive marketing survey for hot pepper has been undertaken in Ethiopia. Both 
green pods and dried whole or broken pods are also sold in the local market. 

The produce from farmers or state farms isdistributed by wholesalers, retailers and sometimes 
isdirectly marketed to consumers. Wholesalers sell to the spice extraction factory for oleoresin 
production and also to consumers. The dried pods are packed in bags and transported by donkeys 
or cars. 
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The price of hot pepper -varies considerably from year to year depending upon the amount 
of production and on I-cal demand. Traditional marketing practices result in high storage and 
distribution costs and le:d to deterioration of the produce. Following harvests in December, 
mos, heusc, olds puIJ,':IS-' adequate quantities of hot pepper to meet their annual needs and process 
it along ,vith other spi,:,-. to make their own specific spice powder. An average family in Ethiopia 
annually tises one 'farasulla" (17.5 kg) costing US$19.32 (based oil 1984-85 prices) For first
grade pepper (Jackson. 1987). 

Oleoresin is the principal product made from hot pepper by the Ethiopian spice extraction 
factorv; it is exported to the USA. Japan and the Federal Republic of Germany (Jackson. 1987). 
The amount of hot pepper pods purchased and oleoresin exported after processing during 1982-83 
to 1986-87 is recorded in Table 3. Dried whole pods have also been exported at times. Statistics 
on the volume of exports nade during 1977 to 1981 represent the minimum level of the country 
(Table 4). 

Table 3. Hot pepper (whole dried pod) purchased and oleoresin exported 1982/86 to 1986/87. 

Dried pepper Production of crude Price/t 
Season purchased oleoresin (us$)
 

____________(t) (t)
 

1982/83 1.180 10 906.76
 
1983/84 405 12 925.60
 
1984/85 1,551 80 912.56
 
1985/86 2,641 110 1,211.59
 
1986/87 2.934 128 1.128.99
 

Source: Unpublished data gathered from the Ethiopian Spice Extraction Factory. 

Table 4. Export of whole dry hot pepper 1977-1981. 

1977 1978 1979 1980 1981
 

Region Volume Value Volume Value Volume Value Volume Value Volume Value 
() (USS) (t) (USS) (t) (USS) (t) (US$) (1) (US$) 

Middle East 6 2.415 2 966 16 33,333 145 341,545 430 759,420 
Europe 476 177.778 0.1 145 1,080 428,019 0.1 193 33 35,266 
Africa Is 5,797 - - -

Total 496 185,990 2.1 1,111 1,096 461,352 146 341,739 464 794,686 

1987,Source: Jackson 

Varieties Grown 

Varieties with long and broad pods have been widely grown for the past 10 years to meet 
thL local demand. The Institute of Agricultural Research (IAR) has r'coinrnended the cultivation 
of two distinctly different ,arieties. Bakolocal and Marekofana are two high-yielding varieties 
widely grown on large farn,:, and to a limited extent by small fa rmers. 'Fhe pod size of Bakolocal 
is 1.47 cm in width hy 11.6 cm length. and pod color is light red. The pod size of Marekofana 
is 2.46 cm in width by 10.66 cm lengLth with conical pod suipe and dark red pod. Although 
Marekofaia has the desired color it is a lower yielder than Bakolocal which lacks the deep red 
color. In yield tests conducted at research centers these varieties have shown a vield potential
of11.5 to 2.0 /ha of dricd pod. There is no data for fresh pod yield. The Bako Research Center 
has been supplying the seed of these varieties to farmers and state farms. 

Major Production Constraints 

Production of' hot pepper in Ethiopia is increasing steadily; however, the full potential of 
the crop has not been exploited commercially for he various reasons considered below. 

http:1.128.99
http:1,211.59
http:US$19.32
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Diseases, Insects and weeds. The major diseases affecting hot pepper include stem blight
(Phvtophithora spp.), bacterial leatspot (Xanthomonras campqstris pv. vesicatoria), powdery
mildew (L'veilhuda taturica), bacterial wilt (Pse'udoinonas solanaceatnn)and virus diseases such 
as tobacco mosaic virus, potato virus Y, leaf curl virus and Ethiopian mottle virus (Agranovsky.
1986: Tesfaye and Habtu. 1986). The major insects on hot pepper are the African bollworm
(Heliothis irniqera).termites (Microternms spp.) and the tomato -rinose mite (Aceria I' cope/sici)
(Tsedeke. 1986). The major weeds are Nicandra phvsalodes (L..) Gaertncr, Galinso,,zparvllora
Car., Datura stramonium L... Ani-ranthus h*bridus L.. Commelina benglhalensis L., CYvwruS 
spp., Agearanu convzoides I. Eh'usin, indica (L.) Gaertner. Celosia trigyna L., Sorghum spp..
Guizothi scabra, and A-gonom' ine.vicana L. ( Etagcgnchu and Ahlmcd. 1986). Adequate control 
measures have not yet been developed. The two widely grown varieties Bakolocal and Marekolhna 
are susceptible to leaf curl virus and other diseases and to sonic insects. Thus. under conditions 
favorable to the development of disease, the productivity of the crop drops sharpl. 

Lack of quality seed. Elhiopia does not have any well organized seed production or 
distribution program for hot pepper. Farmers collect their own seeds or they buy their seed 
from the market. where the supply in general is of open-pedigree stocks. Frequently. seeds from 
both bleached and hcalthy pods are extracted and inixed. 

Inadequate preparation of nursery and fields. It is not unusual to see poor nursery plots.
with weak seedlings, often already affected b diseases or insects. Most farners prefer to grow
the nursery plots close to their dwellings, which are often far away from major water sources.For this reason they cannot produce good healthy seedlings in sufficient number for transplanting 
at the most desirable time. As the time needed for nianagement of nursery and other farmine
operations overlaps, the nursery plots are often improperly and inadequatey looked after. 
Transplanting is often delayed and seedlings grow too tall, particularly when the rains come
late and there is not enough moisture in the soil. To realize full yield potential of the variety
the seedlings niust be ready for transplanting before the onset of t'eavy rain. which in turn calls 
for raising them in the nursery plots with irrigation. 

Inadequate information on fertilizer use. To obtain high productivity it is necessary to 
apply the opti mum amount of balanced fertilizer in the nursery and in the field. This optinluiri
is site specific and depends on various factors. In the absence of precise information, and it 
fertilizer is not available, the nutritional needs of the crop may not be fully rnet. This becomes 
an impediment in realizing full yield potential "ofthe crop. 

Lack of an efficient postharvest technology. Since production of hot pepper is still 
domninated by sniall farmers. little or nothing has changed from the traditional practices of
harvesting, drying, handling and transport of the crop to the market (Jackson. 1987). Harvest 
is undertaken after all the pods have split or burnt, and drying is usually accomplished on flat 
areas that are not clean. The pods also break when they are packed in bags. Moreover, lack
of proper transportation and poor storage conditions adversely af'ect the quality of the produce. 

Inadequate marketing facilities. Produce is often not brought to the market immediately
after harvest owing to lack of adcquatc transport. Pods are sometimes left uncovered or piled
in bags in the field after harvest. Prolonged sun drying causes bleaching and also decreases
weight. There are no purchasing centers at strategic points close to the production areas. 

Inadequate technology transfer. Improved varieties and crop management practices have 
been developed at the research center. However. in the past these have not reached the producers
because of poor liaison between research and extension and between extension and producers.
Recently the Institute of Agricultural Research has addressed this problem by establishing research
and extension linkage (REL) divisions at its major research centers. Substantial progress could 
be achieved in the disseiniiation of iriproved varieties and irmprov.d agricultural technologies. 
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Research Highlights 

Varietal development. Researchers and producers have collected local hot pepper types and 
introduced different cultivars front abroad. Evaluation and selection have been carried out in 
different agro-ecological zones to identify varieties adapted to the local environmental conditions. 

The most promising varieties were evaluated ft,; tour years at the Bako Research Center 
and at testing sites at Didessa and Gute. Santaka gave the highest yield. followed by Bakolocal 
and Marekolfana. Bakolocal yiekled the most pods. followed by Santaka (Godfrey-Sam-Aggrey 
and Yosef. 1987: Yosef and Yaell. 1988). Santaka. with very small pods and poor consumer 
acceptance, was not recommended for commnercial cultivation. 

Management practices. A foUr-year trial was conducted to determine tileoptimum sowing 
date for hor pepper production. It was cOncluC Ad that adequate soil moisture availability should 
be the prerequisite for sowing seed rather than calendar date (Godfrey-Sam -Aggrey and Yoset. 
1987). 

Plant population densit\ studies have been carried out for four years with Bakolocal and 
Marekoflana varieties. For Bako and similar areas, a spacing of 70 x 30 cm (48.000 plants/ ha). 
and for Didessa and other similar areas a spacing of 60 x 20 cin (83.000 plants/ha), were 
recommeniided for tileBakolocal variety. Likewise for the Marekol'na variety a spacing of 60 
x 30 cm (56,0(H) plants/ha) and of 60 x 20 cm (83.000 plants"ha) was found to give highest 
yield at Bako and Didessa respectively (Yosef and Yayeh. 1988). The effect of different seed 
rates on seedling vigor, establishient and yield was also studied. The highest number of healthy 
seedlings was obtained from tilehighest seed rate. However seedlings were smaller in size, paler 
in color, taller and less suitable for transplanting compared with those obtained froln plots using 
a low seed rate. More vigorous seedlings with dark green leaves were obtained from plots sown 
at lower seed rates. However, no significant difference in marketable and total yield was observed 
(Godfrey-Sani-Aggrey and Yosef. 1987). Practically, the use of'0.75 to I kg/ha of seed has 
been reconnended (Yosef and Yayeh. 1988). 

Diseases and insects cause considerable loss every year. Experimlents have been carried 
out to seek control measures for the major pests. 

For the control of powdery mildew (Leveillua taurica). triadimefon (25%/ WP). Dennert 
19 EC), Kumulan (80', WP) and thiophanate-nethyl (70'/' WP) were reported to be effective 

(Teslfye and Habtu. 1986). For stem blight (Phytoplhrhoraspp.) metalaxyl-mnontozed at 3.5 kg/ha 
was effective (Tesfaye and Habtu. 1986). For bacterial leafspot (Xanthomonas camlpstris pv. 
vesicatorio). seed dressing with chlorox or trisodium phosphate in combination with Ceresan 
was found effective (ladesse. 1986). 

Deltamethrin, cypermethrin and endosullan were effective against African bolh orm (ABW) 
(tteliothis armigera -1[b.]). Yield loss due to ABW damage ranged fron 0.2',%to 26.77 
(Tsedeke. 1986). Investigations on the use of trap crops against ABW also showed that when 
two or three rows of lpin (Lupinus albus) were planted at a 5 m distance from a field of hot 
pepper. the lupin attracted 4 to 18 times as many insects as the hot pepper (Abrahaln and Tsedeke. 
1987). To control termite, root dips in aldrin 40 { WP at the rate of 200 g/l 10 1of water is 
recommended (Tsedekc. 1986). Various rates of N and P were tested for four consecutive years 
on the two local varietie; on re(' soil at Bako and I)idessa. At both locations significant response 
to N was recorded. Maximum marketable yield was achieved by applying 100 kg N/ha and 
100 kg P205 /ha (Soil Fertility Division Progress Report 1985/86. unpublished). 

Economics and marketing. In small lfrmers' fields, production costs average US$376/ha 
or US$232/t. Labor accounts for 67, of the cost- 54% of the labor is used to control weeds 
by hoeing and hand-weeding. With an average price of US$797. 10. the net return per hectare 
is approximateiy US$024.70. 

For large-scale managed farms tileaverage cost of production, based on a four-year study, 
was US$278.60/ha or US$1.020.29/t. At the sale price of US$1.207.72/t. the gross return 

http:US$024.70
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per hectare was US$329.71 which was US$51.10 above the direct cost of production in tairmers 
lields (Getahun. 1986. unpublished). The cost of production of basic seed multiplication is 
estimated at US$730.80/ha or US$703.33/t. Around 59'7 of the cost islabor. 21 %-for machinery 
and 20% for material inputs. The cost of raising the seedlings oin the seedbeds was US$30.52/ha.

Hot pepper is a labor intensive crop. With better management, increase in yield and profit
is possible in Ethiopia (Gctahun. 1986. unpublished). No systcmatic study has been undertaken 
in Ethiopia on marketing of hot pepper. No research on utilization and processin, of hot pepper 
has yet been conducted. 

There are no externally ftmtded projects on hot pepper and its production in Ethiopia. Research 
on the crop is conducted mainly by th1e Institute of' Agricultural Research. 

Future Research Trends 

The following areas need to be addressed in the future: 

1. Introduction and evaluation of cultivars of Cip.viculn spp. for desirale horticultural 
characteristics, pest and disease resistance high oleoresin content, and for growth in the 
different agro-ecological zones. 

2. Breeding and selection for desirable characteristics, utilizing elite germplasin sources. 
3. Cultural practices for the selected elite cultivars for diflt',rent aero-ecological zones. 
4. Control measures against major insect pests and diseases. 
5. Postharvest technologies. 

Tomato 

Current Production, Consumption and Costs 

Precise information on the history of tonmato in Ethiopia is not available. Unlike hot pepper,
local types have not evolved or been developed. However, a "wild' plant type with small fruit 
is at times seen in parts of the country. Tomato ranks tileforemost among vegetables in the 
processing industrN IAR. 1986). Tomatoes are grown all over the country up to an elevation 
of 2,000 i. The temperature range in the regions of' tomato cultivation is around 21C-.29°C. 

Definite statistics relating to the area occupied h\ this vegetable in the sinall-farming sector 
are not available: however, infornation on the area planted to tomato and on yields ispresented
in Table 5. Current yields of the fresh fruit are about 7.7 t'hai(national average yield). However. 
potential exists for rea!izing a yield of 20 t/ha. 

Table 5. Tomato production in Ethiopia. 

Nura-Era Melge Wondo Elabert 
Year State farm State farm State farm 

Area Yield Total yield Area Yield Total yield Area Yield Total yield 
(ha) (tha) (t) (ha) (tlha) (t) (ha) (t'ha) (t) 

1982 175 7.7 1,342 - - - 50 20 1,000 
1983 331 7.7 2,565 - - - 50 20 1,000 
1984 550 17.5 9,625 244 20 4,880 50 20 1.000 
1985 1,045 21.5 22,512 244 20 4,880 50 20 1,000 

Source: Heussler and Ayele 1987. 

Small f'arniers cultivate nonde.;cript varieties, while the state farms widely grow Roma VF. 
Both small farmers and state farmis practice transplanting of 4-6 week old seedlings raised in 
small nursery plots. While the small farmers mostly use manure in the nursery and field, the 

http:US$51.10
http:US$329.71


Ethiopia 449 

state farms apply feitilizers. Plants are frequently staked to avoid direct contact between fruit 
and the soil, and to avoid rotting. With irrigation, tomatoes can be successfully grown in most 
parts of the country during the dry scason. FurroN irrigation is frequently followed (IAR. 1986). 

The produce of small farmers isdirectly marketed as a fresh vegetable in the local markets 
as well as in metropolitan areas like Addis Ababa. Asmara. and Dire Dawa. The produce from 
the large state fIarns is sent directly to three processing plants. which are located in the major 
tormato-producing areas. Canned tonatoes and other products are marketed locally, as well as 
exported. Tomatoes regularly form a part of the daily diet. eaten raw as a salad or cooked together 
with vegetables or pulses. It is interesting to note that this recently introduced crop has found 
a unique position in tilediet of the average Ethiopian. 

The cost of production is estimated at LISS I .258.45 ha. This includes the cost of nursery 
operations (nurser, seedhed preparation, seeding, %%atcring and weeding) field preparation. 
transplanting. irrigation, cultivation, training. ,praying and harvest operation. Training of plants 
(including cost of materials. and spray ing contribute 36( :Lnd 29,, , respectively, towards the 
cost of produclion. The estiimatcd net profit is US$5.25 1.21! ha Zeniedu ct al. 1969). 

Production Constraints 

In vieN of the ho%\icld and quality of the varieties under commercial cultivation. the 
processing plants find it difficult to full\' recover production costs at prices that can be paid 
b\ thc factories without losing their competitiveness. According to accepted international 
Standards, a soluble solids content of 5' Brix is desirable for processing: however, the total 

' 
.solublesolid,, Content of tilec~llom y ro\nnprocessing varieties is below 5 Brix (Heussler 
and Avelle. 1987). 

At high altitudes frost occurs in the months of No\ ember to February and lilitS tomlato 
production 1-Iailemich:ltel. 19691 

The most prevalent diseases are Septoria leafspot and late blight (Tesfayc and HabtU. 1986) 
the i-,,idence of both can be reduced b\ the application of 0.2 ' captafl ColbinCd \sith 0.23 c 
Ridomil at se.n-day intervals (Testaxe and Habtu. 1986). Mancb (I tablespoon/I) gives good 
contrcl of late bI ight. The African bollworm iUht/his (rmit,,ra), the tobacco whiteflv (Beni.via 
ta)aci). several species of aphids. the tomato erinose mite (.Alceria /vy'ope'r.'i'i) and the potato 
tuber moth It/thorimavaoperut//Ia). are the mlos t important insect pests of tonlmato ill countrytile 

(Tsedeke. 1986). Rootknot nematodes and the parasitic \eed Oro/anc'he spp. are additional 
llenaces to the succes1sfl culti\ ation of Zoinato. 

Research Highlights 

Man\ tomato ciilti ars have been introduced and evaluated for yield, disease and insect 
pest resistance under natural infestation in different agro-ecological zones in the country. Rossel 
VFN. Pearson AL., Heinz 1370. Money Maker. Marglobe. Glamour, Napoli VF and Tropic 
pcrnimed well and Lave high marketable yiclds (Godfrev-Sam-Aggre. ctal. 1987; IHailemichael. 
1969). 

The time of sow ing and different plant spacings of 10, 20. 30 and 4) cn \kithin ro\s, and 
spacings of 8)). l0M. 120 and 140 cm bet\.ecu roW\ s Using the variCt Ilein/-1350. \were 
investigated. August to Fcbruar stowings ,crc found to gi\e the highest .ields (iodfre..-Sanl-
Aggrey et al. 1987). Closer \ ithln-ro\, and hetvcen-roA. ,pacing gave tIhe leat number of sun
scorched fruit. Generally . the number of unmarketable fruits increased as \within-rox\ spacing 
of plants decreased and between-row spacing increased. Increasing time plant population density 
did not necessarily increase tomato \ icld but shaded the fruit against direct sunlight (Godfre\v
Sain-Aggrey et al. 1987). 

An observational replicated trial was carried out to assess staking and single-stei pruning 
using the indeterminate cultivars Heinz 1350 and Heinz 2274 at spacings of 1 M x 45 cin (staked 
plants) and 150 x 30 ,il(unstaked plants). Pruning resulted in severe reduction of yield in 
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all cultivars. Staking the indeterminate cuhivar Money Maker increased yield by 6 t/ha. Heinz
1350 showed an increase of 6.5 t when staked, while Heinz 2274 benctited onily fron a 177(
reduction in the percentage of unmarketable fruits (Godfrey-San-Aggrey et al. 1987).

In an experiment conducted at Alemaya, it wa, noted that the cultivar Glalmour. pruned
to three stems and staked, gave better yield than unpruned plants. Incidence of bird damage
and physiological defects such as sunburn and cracking of fruits were. however. more pronounced
in pruned and staked tomatoes (Hailemichacl. 1969).

The effect of straw mulching of unstaked tomatoes wis studied. Yield was not increased 
nor was the percentage of unmiarketable fruit reduced (Godfrev-Sam-Aggrey et al. 1987).

Direct sowing and transplanting was also investigated. )irectly sown plots could be harvested 
eight days earlier than tie transplanted plot and gave significantl\ higher total yield: howe cr
the) required more irrigation. Sun-scorching of fruits was higher in transplanted plots (Godfrey
Sam-Aggrev et al. 1987).

Research on tomato production ilin thio(pia is not receiving any forcign funding. 

Future Research Trends 

1. Introduction of foreign tropical tomato gerniplasin and evaluation for yield. disease and 
pest tolerance under rainfed and irrigated conditions. 

2. Establishment of" suitable agronomic practices Ibr the selected cultivars. 
3. Study of quality and postharvest handling of selected cultivars. 
4. Study of major biotic constraints and illealls for their control. 
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Abstract 

Tomato is one of the most widely grown vegetable crops in India and has become 
popular within the last six decades. It occupies an area of 82,000 ha, with a total 
production of 802, 000 t and an average yield of 9.78 t/ha. Pusa Ruby, Roma, HS 101,
Pusa Early Dwarf, Punjab Chhuhara, Punjab Kesri, Arka Vikas, Arka Saurabh, and Co-3 
are open-pollinated varieties which are widely grown, and Karnataka Hybrid, Mangla,
Rupali and Vaishali are widely grown hybrids. Tomato is prone to diseases such as 
damping off, Fusarium wilt, bacterial wilt, early blight, late blight, buckeye rot, Septorla
leafspot, leaf curl virus, and tobacco mosaic virus. The important pests are frultborer, 
jassids, aphids, and rootknot nematodes. 

Hot pepper or chili is an important commercial crop in India occupying an area of 
891,800 ha with an annual production of 677,300 t of dry chilies. About two percent
of the total production is exported to foreign countries. Sweet pepper production is 
confined mainly to hilly tracts of the country. The fruits are used mainly for culinary 
purposes. The most important hot pepper varieties are K1,G2, Pusa Jwala, NP-46, Pant 
Cl, Punjab Lal; the most important sweet pepper cultivars are California Wonder and 
Bharat, a new F1 hybrid. The most common diseases of pepper are damping off,
anthracnose, early blight, bacterial leafspot and viral diseases such as TMV, CMV, PVY 
and leaf curl virus. Among the most important pests are aphids, cutworms, white ants,
 
thrips, and mites.
 

Seeds of both crops are available from the State Government, the National Seeds
 
Corporation, the agricultural universities, and private seed companies.
 

Tomato 

Fonato (L~*wpcrrsicone.cwlenlum I.. ) is one of the most widely grown vegetable crops in 
India (Table 1 and has become popular within the last six decades. It is grown in farm gardens,
small homre gardens and market gardens for fresh consumption as well as for processing purposes. 
"roiflato occupies an area ofover 82.000 lii.hwith a total production of 802.000 t and :-naverage
yield of 9.78 t/ha (Anon. 1985). It is consumed raw. cOoILed, or processed as catsup and sauce. 

Climate of Production Areas 

Climatic conditions var, inthe different regions of India. The central, western, eastern 
and southern paris of hndia exhibit tropical conditions. Parts of ilorth India. the northwest and 
northeast, fall into the subtropical zone. in southern aid western India. the weather is mild 
throughout the year. On the other hand in north India. the hil!y areas experience heavy snowfall 
during winter nionths, while the plains are subjected to frost. During summer. the hilly areas 
are cooler than tie plains where the temperature often exceeds 45'C. 
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Cultivation Practices 

The so%%inc tinl, lot tolliato \aries in tle di IerentL' r.itl of,tile countri (lablle 2). It is 
Cr, lln(.. praclticall all soIs front light sandy soil" to heav a\. "Ih applicaion of f'arm\ard'. 
manure \aries.* frot 1S to 25 1 ha. .\Ippliation ofotmmercial lertili/ers varies and ranm1t'es 1ront 
50 to 12)I k e N Ia. 25 it) (i0 k,- 11 ha and 25 to 40) k, K ha. Total 1' and K alo , \,ih tall 
of N arc applied at the tine ol tratisplantin+. The rettaining half ol'N is alppIiCd in one or tvM 
s'it doses as lol dlc,ssing. Illthe tortherI plail', hIlespriing2, sLIIier1Icrop isprlotecled Irtll 
fIrot h \ .it2 trel ts CthCtr %% Ch or[-s erill dl ith iolxt lent l1iti,rS. This co isrttllo\ 

ill llidi-.lhar'l\ ,h i (lie dcimticr o l'rost is ocr.
 

Table I Total area, production and average yield of some important vegetable crops in India. 

Area Yield Producton
 

('000 ha (kg hal (*000 t)
 

I Potato 853 14815 12642
 
2 Chilies (dryi 781 775 605
 
3 Onion (dryi 269 10599 2855
 
4 Cauliflower 92 7377 675
 
5 Peas 92 2826 260
 
6 Tomato 82 9780 802
 
7 Cabbage 81 6040 490
 
8 Garlic 79 3723 293
 
9 Beans igreen) 21 2143 15
 

trc( Ar~oryAnonincus 1985 

Tabl, 2. Growing periods of tomato in the different regions of India. 

Temperature Rainfall 
Region Growing periods range (°C) range 

(miin-max (ilm) 

Tropical Areas 
Southern region 20-37 6-308
 
Andhra Pradesh. Karnataka, June July-September October
 
Kerala and Tamil Nadu October November-February March
 

June-March (Taril Nadu) 

Central region 10-40 3-428
 
Madhya Pradesh January-June
 

June-December 

Eastern region 12-36 3-250
 
Central Uttar Pradesh, September, October-March. April
 
Bihar and West Bengal
 

Western region 12-40 0.3-162 
Maharashtra, Gujarat September, October 

March'April 

Subtropical Areas 

Northwest region 6-40 0.3-271 
Punjab, Haryana, Ralasthan and July-November
 
parts of western Uttar Pradesh October November- May'June 

Hilly regions 3.5-35 35-105 
Jammu and Kashmir. and March 'April-August 'September 
Himachal Pradesh 
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The staking oftottat p1fants has psoed to he hetneticial in the southern id "vestern regions

Where illdctemnatllle \val'tlies ;re 'rown beca lse ofl their lon1e c'rowin and fruiting season,

\'hlrcas ill ie lortlilern plains intostl\ detelnminatc varieties vOWn t tl"heir short
re becaine 
fruit-setting period. The ilIlianlLd trainitl2 tif plants has 11ot bcCOie p)oular d t t) incotisisteill 
'esults tit otlri)Isplaces Mnd htiuse t1 the cost involved. 

Marketing and Processing 

The staiC' t taturit al which tolttiaoes aret, p.icked depeds Oti the puTrpse for which they
 
are grown and tile distance over which they are tolbe transported. File Indian Standards Institute
 
has slecil'id ft01 r grade,: Super A. Slpe,'r. t:anc\ and Cttt 11e'cial utili/atiOn (01h11.dhurN. 1977).

How,.er the Oradint;tatoc,, istundertaken to a limiited extent otil\ tor the speciali/ed cit\t 
Illarkets. 

Atiost all the prOduce which natllulrle, duin the Cartls sesIts t1 (he ear is sOld fresh
 
in the cit\ Inarkets :t s [i\ high pites. Since th climatlic cauditiois ,at", ill the different parIts
 
t the c the Irnlt is tranisprted h\ truck to distaitt niarkets \%here it feltches higher prices.
[nutr\, , 

During th liepcak .,a,,o %,hen the price is tOss . d IitieL propotitol of the pt'odtucC is processed
 
h\ ertittient hodies nL 1risat indtstrs.
 

Cultivars and Seed Supply 

..\ ittiib'r Of 5arItieS \1 Iichi hIs . hent releh+'asCd at the natioal letvel h\ the ('entral Research
 
t.'0attt,,e are 
hiti2 iI ti, iI he diiftcnt part,, ofih. +.ttntr (Tahle 3). The ilnipirtaut hhids
 
are Karnat'ika II\ hrid. Rulali. \'a, ialt. SG- -12. SGi-28. atluiul
others. The seeds at the \arious
 
,arietties are sttpplCd h\ a'IicIu tlltiersities. state agric.tttre depa rtniMits. the Natital
 
Seeds Corparatioallitld Stute Seed, Corporatllos. AIIIIast all h\ bIds have hCCn deelo)ped h\
 
pri\ate sCd colupaitic, \ iil are the otihs sed stipplier,, for Ih\brid varieties. [1t0eer.no

cuniplete infloiniaitl licither otl the lotal Ituiiber of seed cullipaltli's itl the COUlitry . llr ol their
 
sellitnc \0t11ie. is,c.'1 t l i i s i!able.
 

Utilization 

Mist tf the pdlite is collnsumled fresh. BecaUse atl thie high cost t processing. tile cotllllltn 
processed p'rductts like catsup. saice and sOt it high prices alind a111etil t a'[lh thus purchised I 
trly a small st,'eion Of l1, ',theciCt\. 

Foreign Trade 

"II'tiato iltil', at, tOt l tXI)'ted. Sallte t ile I ati\e seed coiilpllic ill India (Slute of whiclt 
at-illUitliiolial orcatti/a.itustuili/e thte cheap labor as ailablh intht' ntllir It prtidutce Seed
 
t a'tis h\huds alid l arieties \shich is thiCt exporled to otlhl COtlilICs. I-o\ \er. uttailcd
0 

h1ft illtiolul is ntl a\ ailable otil this aclisit\. 

Major Constraints 

The crolp is pIrtOte 1t ils;1l1\discases catiCd i\ tull i. bactC'ii. s i'tlse.,aid rritlkltl lell .ltodes. 
".ltist tf the \ ailelles .t\s i are sUisceptihle to disea,, andiitInec pets,. a.ld erratic yields Ire 
cotilttnli.The litost iltptaitt pest alid diseases affetCLinc thalliltl ill India. aid the Cotl Iltctasnues 
tisCd to cotUtCr titit. ire li ste1d hIs 

Damping off (Rhizoctonia spp., Phytophthora or Pythium spp.). losseat, tlp to 1(00',' 
have been relported (Kalloo. It X). CotillrOl titeas Ules ate sterili/tatinotursers soil h\ i0rtialil. 
or scel treatiniet ssilll lI t 'iI\Cltilgicides stich as ('aplant or Thilanil. 
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Table 3. List of tomato varieties released at the national!state level and which are grown in tie 
different regions of India, 

Variety Source 

Punjab Punjab Agricultural 
Tropic University (PAU), 

Ludhiana 

Pusa Indian Agricultural 
Ruby Research Institute 

(IARI), New Delhi 

H S. 101 Haryana Agricultural 
University (HAU). 
Hissar 

S-12 Punjab Agricultural 
University (PAU), 
Ludhiana 

Sel-120 IARI, New Delhi 

T-I GB Pant University 
Agricultural and 
Technology. Pantnagar 

Sweet-72 Gwalior 

Pusa Early IARI, New Delhi 
Dwarf 

Punjab-Kesri PAU, Ludhiana 

Yecar 
of release 

1971 

1975 

1975 

1975 

1975 

1975 

1975 

1975 

1978 

Varietal characteristics 

Indeterminate, vigorou, and abundant foliage. 
Fruits large, round, attractive with somewhat 
green stem end, red at maturity, less 
seedy with a good blend of acidity and sugars, 
suitable for marketing fresh and for juice making, 
matures late. Average yield 60 t ha. 

Plant height 80-85 cm. indeterminate growth 
habit, spreading, less-branched and hardy 
Fruits flat, round. small to medium, uniform. 
deep red, slightly lobed (4 5 loctiles), sightly
 
acidic, 25-30 fruits per plant. Early maturing
 
variety, 60-65 days Suitable for autumn and
 
spring-summer" seasons in plains Good for
 

uicce and catsup Average yield 33 t ha. 

Plant height 50 cm. dwarf mulibranched. 
sturdy and determinate in growth habit Fruits 
in clusters of 2-3, round small to medium In size. 
3-4 locules Fruits ripe uniformly, 40-50 fruits per 
plant Average yield 25 t na 

Plants are dwarf, bushy, vigorous, fruits are 
medium-sized, compressed round Uniformly 
colored red at maturity, luicy, highly acidic 
Suitable for marketing fresh for the table. 
Average yield 45 t ha. 

Semideterminate. spreading type, foliage dark 
green, fruits attractive, round to flatfish round. 
medium to large in size, smooth, uniform, red in 
color, less acidic and less seeded Resistant to 
nematodes. Suitable for summer production. 

Plant height 100-120 cm. erect and of iiideter
inmate in growth habit, foliage green in color. 
Fruit iound. slightly pointed at the stigmatic end. 
4-5 locules. non-cracking, red on ripening. 

Plants determinate type. fruit flattish round, green 
stem end, slightly furrowed. Uniform maturity. 

Plant typical dwarf, 50-55 c n in height with 
determinate growth habit. Frult round, slightly 
flattish, medILIi i large, inifol m i ed , ribbed. 
Maturity 55-60 days after transplanting Suitable 
for rainy season in plains. Average yield 39.5 
t ha. 

A sister variety of Puniab Chhuhara. Fruits oval 
Kesri round, firm, thick-walled, usually trilocular, 

juicy, sour and seedy. Very good for juice 
making. Average yield 70 t ha. 



456 Singh and Cheema 

Table 3. Continued. 
Year 

Variety Source of release 

Punjab PAU, Ludhiana 1981 
Chhuhara 

Pusa 
Gaurav 
ISel. 152) 

IARI 1983 

KS-2 Kalianpur 1985 

Pant Bahar Pantnagar 1985 

,nproved 
Meeruti 

IARI 

CO 

Punjab 
Nematode 
Resistant-7 
(PNR-7) 

Tamil Nadu Agricultural 
University, Coimbatore 

PAU. Ludhiana 

-

1985 

Varietal characteristics 

Plants determinate dwarf, bushy, dense and 
luxuriant foliage. Fruits medium-sized, pear
shaped, firm. fleshy, usually bilocular, less seedy, 
less sour, thick-walled, uniform colored, red at 
maturity, retain marketable quality for a week 
after harvesting under ord;lary conditions during 
summer. Suitable for long transportation. 
Average yield 75 t ha. 

Plants determinate, light Freen foliage, fruit yellow. 
smooth, oblong, two locules, uniform ripening. 
Excellent for processing and suitable for long 
transportation. Average yield 30 t 1,. 

Plants determinate, foliage light green, fruits 
flattish round, slightly furrowed. Stem end and 
leaves are slightly rolly, 4-5 locules 

Plant height 93 cm, bushy indeteriminate in growth 
habit and branched Light green foliage, stem 
relatively thin, leaflets sm ll in slze. Fruits flattish 
round, medium m size. 5-6 locules, slightly ridged 
on maturity Resistant to Vertucilium wilt aiid 
Fusarium wilt under field conditions. Good 
storage and processing qualities 

Indeterminate. medium inaturity, fruit suitable 
for long distance marketing, flattened, grooved 
with distinct ribs, medium size Average yield 32 
t ha. 

Dwarf determinate, fruit round, luicy and 
suitable for fresh consumption 

Plants are bushy, foliage medium, fruits 
round, flat, medium to large. juicy and acidic. 
resistant tc rootknot nematodes and Fusarium 
wilt. Average yield is 49 t ha 

Fusarium wilt (Fusarium spp.). [he dliseaC is conItrlled h\ criop ruttion C\l\ tNo or 
1ltree."C scar, I dc.rceasC funltrrrs, pIomhlatimuI in the siil. and h\ i-riminc resisaill .aliclic, like 
Mrlmshc and Rtt.r,, Premnath+ 1976), 

Bacterial wilt (Pseudomonas solanacearum). TIhe diiCaIe is parlicularl\ sverC in the 
eatiern. \rcs'v ailld smuotltll'll art ol India. lflectisc cimutrml has icen lrepiirtd lsing Crop 
ru latimns much is ctm\ lca-,naiie-cahhgc itt ukira-Ci i 1981 and 2-3 \ carpeaiiai/c (SNhi cl a). 
crmp SequenLcC \\ ih iifsunhcrn-Vheit, (it) ar-lic. liii) p,.a-padd. rice aid is,'I ningl',eanrua+.i 
cauliflower (Kcshssar et Al. 19J75i. 

Early blight (Alternarla solani). Losses of up to 57 7 due to early blight have been reported 
(Anon. 1987). '[he disease is controlled by spraying mnancozeb or captafol at biweekly intervals 
(Gill. 1985). 
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Late blight (Phytophthora infesians). Tils disease has ecome, very serious particuirly 
in the nlortheln1 parts of' India, resultine ilconsidrCaIlc ild losses (Anon. 1987). It is controlled 
I spraying I)ithi. M-45 ;at,eekly intervals, cominuincing at file appearance of tie disease 
lGill. 1985). 

Buckeye rot (Phytophthora parasitica). '[he pathoge,.:un afTCets diffIVrnt Stacs of' Cropero,. tli. vi/. idinpine o'ff, moo. lloweril (hlos,,o (liriliol)seedlihu collar llo.'ithlt and 

rsultine1 inl losses froim 30-50"! (Sokhi anod Sohi. I974: .liarnni. 1974: Slirim amid Sokhi. 1975). 
Fruit illection is cha.ir,+'ei/ed h\ 1'ravish and boI,\VI:,'I sots.The disease is comliolled bv 
,prlvmc ilianlco/elb ((;ill.1985). 

Leaf curl. Tlhik is dlie imos sertious l, s disalse thoi~lohwit the colltllr. plartic.uhl dUliilg 
sUIiIIer iand IsresIpsible of' IIInIII\ sCsoii crops. l)i,.asC I.cideIICC lllo! tIe fitilure l;Ill+\ 

I(' II I eporIId tmId eId lossNes up1to 92'; du ring the stuImIIe,r Itiomllis. \+,
lien ln]ts becoimIC
 
mliected aftl\ tratisplill[ ailid 1976). the stic"CeIdl Coitrol
et,_r 2 ISiuh1h Sistr\. %lost of 

mcsures arec eated to the controdo' the insect vector. Siisti,,and Sin Lih
(197 1 ) suggested plho -ate.
 

pi1osplm llillhui aMid dimIeICthI lftr h1 . notll report. the sprla\ Illn-llilerill
lat.. -oiitt'rol of itelf 1i herlll of 

,oil four (-di\ itersal,, reutced popuhtliioii , and inIcIuieasC ili,, (Slui et
11tuelU-as wIitefll\ 


i 1973).
 

Fruitworm (Heliothis spp.). Infestation with this pest his resultedin yield losses of' 18 t0 
55; (Si112i anod lhai'l. 1978) but c'lt.lt destruction of a tOlillatil Crop 5lli+llt, occull"s.
 
!:r'Ui t,'lini is ,cllrlll\ controlled I sras ,- deltiliethriii ((;ill. 198);. I<l.' i studies lh;ve
 
teC aled thltl t l sprit" s, itl F'.emillcmria and one sprilv,\6.'+ itll+ ae a ls c
\ :1iiallht,fftcti\e ill
 
r'Ctllcime fr'Uit d&IIItMi andd iiicrcasmn', ild.
 

Rootknot nematodes (Meloidogyne spp.). I(liec species of Ah'/oid./,i - ilt'Inlai. 
oi/'ii/~z andll'//itoo alrc kno\.ii htO)Icill II Inldia ('liodh1111ur. Ilest iicidelILcs(Sinh allid 19721. 

lup t1 Q(); ,ii (101Cov l.hatti aiild.l.ihi.1977). Rootknot iCImltode,
,IA. ,,hae bClii rI.lited 

arc colitiu!ed h nrssinc r sistant ali\iicisI lke S-12f an1d l'nniab NeniattodC Resistiuit-7. 
Besides tic ilhoVC disses iiid )(2,11ts.t01iW.10 1, pIFu 1l pli, Sio10gi:il disorders+, like sunscald. 

clMc1kiii. li'i end rol lld ctI'. 

Socioeconomic and Marketing Aspects 

"lie iiiij,' of fielus il India cro =hnaFditiOnal cmCCRl Arops: el'NimilltI\ the Ite olk a \CIA 
perl itae areC ,ii'lC ill tal ross.in0\ . T[li rleaon is that 5,.getabhle tos iii\ is lablo-ios 
anld Costl\ becaiuse of the icd for fe'qtuellt WeUdi L. h1oeiiC. ill'iatlioln. an1d So oll. aidlthe iced 

,to spra.y lIniigicide.s and isCcticides 1toct0rol p,'slind disieas. Fthi oreit1C.the' lrlits h\ 
to ie trallspor-ted proliptl\ to the iniIlkCl. s,hich I',lotIpssilfle hecalise of pool transportation 
lacilitics. Prices .reattlictuate illthe market aind are not slahle as ili the case ofl'crels. Thus 
the grorllwe is itthe In.ic If tlt' iiiddImmati tir li\in thle pmi: ad middlemenCt+ cani eploit 
this ,it01tiOmI hecaUs, t th leperishblIC natui -Cf Ilfproduce.th! 

Research and Development 

,,\cm'iciltural utmisersities ill difeitL, states. 'smmi+emt iistiulion, iataclhed to the Indiain 
C'(ticl il of Ariuiral Research, IC ti. and pi\;tte sed tcompanies are involved ill tomimto 
mmilro.,.e:Ielit. At th natim,,al le.el , r'serch is mia+miaced1wLhIC',\R ith haCdquhLirters alt New 
l)elhi. A projecCt deslcuaited is ]lviliecll Project wastie All-India1 Coordin'hated Vec'etlenpr 
set up in 1970. It is heaided b, itP'ojecCt C odintllorl, kflith heIadluarters at thme Ihdia,'. A2m'ictultural 
kesearch Intit lin Ne\ Delhi. UilCr this proijct thcre are sesOcii Ilicill I.:'. I subll-(c'nters 
antd 2) vlutal 'Clters located ill difflrent pIts Of il couitr\. The iCachi irograiillthe ll o 
tomato which lo.rills part of this prolect is detailed ilTalble 4. Ilie ies%variclies de.vlioped h\. 

http:t01iW.10
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Table 4. Tomato research program in India under All-India Coordinated Vegetable Improvement 
Project. 

Objective 

I. Breeding 

I. Collection and maintenance 

2. Varietal trials 

3. Hybrids 

4. 	 Pest and disease resistance 
a) Late blight and buckeye rot 

b) Bacterial wilt 

c) Fruitborer 
d) Rootknot nematode 

II. Agronomy 
1.Varietal-cum-spacii.g trial 
2. Varietal-cum-fertilizer trial 

3. Foliar fertilization 

4. 	 Weed control 

III. 	 Physiology 

Growth analysis, flowering 
and fruit-setting behavior 

2. 	 Drought tolerance 

W. Biochemistry and Processing 

Evaluation of important varieties 
for quality and processing 
characters
 

Name of the Centerz 

National Bureau of Plant Genetic Re.sources (NBPGR) of New 
Delhi, Hcsserghatta (Karnataka), Ludhiana (Punjab) and Kalian
pur (Uttar Pradesh) 

Kalianpur (UPi. Pantnagar (UP).Sabour (Bihar). Delhi, 
Ludhiana (Pb). Rahuri (Maharas! tra). Hesserghatta (Karnataka). 
Durgapura (Rajasthan). Ambalogai (Maharashtra), Srinagar 
J and K), Junagadh (Gujarat), Hissar (Haryana). Katrain 
(HP), Kalyani (W. Bengal). Bhubaneswar (Orrisa), ARU 
Almora (UP). Jabalpur (HP), Aurangabad (Maharashtra),
 
Tezpur (Assam), Parbhani (Maharashtra), Ranchi (Bihar),
 
Kai-pur IUPI, Anand (Gujaiat), Faizabad (UP), Coimbatore
 
ITamil Nadu)
 

IARI, New Delhi, Ludhiana (Pb), Hesserghatta (Karnataka).
 
Pantnagar (UP). Katrain (HP), RahurI (Maharashtra),
 

Coimbatore (Tamil Nadul. Hissar (Haryana), Solan (HP),
 
Sabeur (Bihar), Kaharipur (UP), Ran~.hi (Bihar), Kalyani
 
(W. Bengal). Aurangabad (Maharashtra) 

Solan (HP , Katrain (HP). Ludhiana )Pb), Almora (UP), Srinagar 
(Jand K), Shillong 

Hesserghatta (Karnataka), Ranchi (Bihar). Jorhat (Assam), 
Velanikara (Keralai, Jabalpuf (MP),Solan (HP), Ranchi (Bihar), 
Bhubaneswar (Orissa) and Dapoli (Maharashtra) 

Ludhiana (Pb) and Hissar (Haryana) 
Ludhiana (Pb) and Hesserghatta (Karnataka) 

Durgapur (Rajasthan). Jorhat (Assam) and Rahuri (Maharashtra) 
Jorhat (Assam), He erghatta (Karnataka), Srin-gar (J and K). 

and Coaribatoru (Tamil Nadu) 
Srinagar (J and K). Jorhat (Assam), Bhubaneswar (Orissal. 

Kanpur (UP), Hissar lHaryana), Faizabad (UP) and Vellanikara 
(Kerala) 

Du['gapur (Rajastha'I, Hissar (Haryana), Coimbatore (Tamil 

Nadu) and Srinagar (Jand K) 

Hesserghatta (Karnataka) 

Sabour (Bihar) and Hesserghatta (Karnataka) 

Sabour (Bihar' 
Ludhiana (Punjab) 

V. Cherrcal Control of Pests and Diseases 
I. Early blight Pantnagar (UP), Ambajogai (Maharashtra), Kalianpur (UP), 

Faizabad (UP) and Bhubaneswar (Orissa) 
2. 	 Buckeye rot Katrain (HP), Solan (HP), Almora (UP) 
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Table 4. Continued. 

Objective Narae of the Center' 

Late blight Pantnagar (UP), Ludhiana (Pb) and Kalyani (W. Bengal) 
4. Fruitborer Ludhiana (Pb), Karnal (Haryana). and Hesserghatta (Karnataka) 
5. Nematodes Ludhiana (Pb) 

'Full addresses are given in the Appendix. 

the different aoricultural universities or institutes are tested fOr three years at dillereit centers. 
Finally the best perlorming variety is released at the national level by i. Central Research 
Committee. The scientists from these centers meet every year to discuss new developments and 
plan future strategies. 

Future Needs 

There is an urgent need to extend the period of market availability of the tomato. This will 
onlv he possible if varieties/hybrids are developed which grow and set fruit under low and high 
temperature conditions. If the period of availability is extended. Wide fluctuations in prices will 
disappear. The other "ictors that limlit tonmato C ltivatit m ire diseases aMid pests ftIr which resistant 
varieties or hybrids need to be deseloped. Furthermore. processirig varieties which can be 
iaryested once oVer nccd 1t be des ehIOpOd to enable prodtilCtion of' processed prodlct s it a 
rc:,Slnihle price. TO redunece losses LIu2ring transportatitn there is Inced for Ih'nt and thick-skin ned 
varieties. The system lftransprtr,1ouk11i aIlso be imiprtved sOtha thie produce reaches the market 
at the earliest. 

Hot Pepper 

Hot pepper (Cap.,icui,, annt um L. ). commtly knownias chili, is an important commercial 
crop which occupies an area of"891 .805, hectares. producing 677.300 t of dry chilies (Anon. 
1986-87). The riajor chili growing shtes are Andhra Pradesh, Maharashtra, Karnataka, Orissa 
and Tamil NauaI hich together a.couit for about 70', f the total area planted to this crop 
in Inlidia (Table 51. Highest sicILlS are recorded in Andhra Pradesh. Nagaland. Punjlab. Haryana 
and Nizoram. In Iia. most chilies are con stiin eId as ierit and coloring agent ini fooda condimeLlni 
preparation in dryip dered forri. Only 1-2 , is exported to foreign countries such as the USA. 
Nepal. the USSR. arid NMs'Sia (Table 6). 

Production 

Chili require, a sarm climate flr optimum grtwth and dry s\ :ather as the fruits Mature. 
Chili thrives well in the tropical regions of India (Madliva Pradesh. Gujarat, ,.hara;htra, 
Karntaka, Kerala, Tamil Nadu, Andhra Pradesh, Orissa. West Bengal, Bihar, Mizoram, Tripura, 
F'ondichery). and in the sub-tropical regions (Himacial Pridesh. PunJab, Haryana. Delhi, 
Raj asthian. Assam. Aru nachal Pradesh. Meghalava, Manipur. Nagaland. Uttar Pradesh). 

Most of the crop is grovn itn the subtropical areas, where planting takes place from July 
to Septemher. In thi: tropical regions oft lie ctttlrv twso crops are gcn'_irally produced. The first 
crop is uisuallV planted ill August (RcddV. 1988). anid1the sCeCOId in February-March. but irrigation 
is essential to raise a successful crop. A iiidscason crop plated in May-June is also under 
cultivation in soeic parts of*the country taking advantage of ionlsltoon rains. 

Manure and Fertilizers 

About 25 t/ha of farmii-yard manure in additior to 300 to 400 kg/ha of oil cakes (groundrut 
or neeni) may be incorporated into the soil during file last ploughing. Growing green manure 
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Table 5. Area and production of chilies during 1985-86. 

Area Production of dry chilies Average yieldS'000 ha) ('000 t) (t/ha) 

Andhra Pradesh 204.9 309.4 1.51
 
Assam 10.9 6.3 0.58
 
Bihar 10.9 10.8 0.99
 
Gujarat 13.7 9.4 0.69
 
Haryana 11.2 12.1 1.08
 
Himachal Pradesh 0.9 0.2 0.22
 
Jammu and Kashmir 0.8 0.4 0.50
 
Karnataka 135.0 40.6 0.30
 
Kerala - 0.9 -

Madhya Pradesh 50.1 II. I 0.22
 
Maharashtra 143.7 71.5 0.50
 
Manipur 4.2 2.5 0.60
 
Meghalaya 1.6 1.1 0.69
 
Nagaland 1.6 2.2 1.38
 
Orissa 98.3 75.5 0.77
 
Punjab 7.1 7.8 1.10
 
Rajasthan 46.1 30.7 0.66
 
Tamil Nadu 71.4 58.4 0.82
 
T;-ipura 1.5 0.7 0.47
 
Uttar Pradesh 28.7 23.0 0.80
 
West Bengal 40.8 30.6 0.75
 
Arunachal Pradesh 0.7 0.6 0.86
 
Delhi 0.2 0.2 1.00
 
Mizoram 1.7 1.8 1.06
 
Pondicherry 0.I 0.I 1.00
 

Total 886. I 707.9 0.80 

Source: Anonymous. 1986-87, 

Table 6. Production and export of chilies. 

Value 
Year Area Production Export (millions of US$ 

('000 ha) ('000 t) (t) approximately)Z 

1981-82 796.8 524.9 4,659.2 4.684
 
1982-83 818.0 538.99 12,888.5 13.i84
 
1983-84 808.1 566.5 10,610.5 7.319
 
1794-85 794.8 630.5 8,226.9 7.856
 
1985-86 877.9 708.9 1,241.1 1.642
 

Sources: Anonymous. 1988. ZUSS1.00 = 13 rupees. 

ciops like cowpeas or sunhecmpCand incorporating thesc alter about 40 days of growth with early 
rain is also practiced to good effect, wherever possible (Anon. 1982). In the case of irrigated 
crops. a basal dose o1 N, P and K at the rate of 60. 61) and 30 kg/ ha, respectively, is applied 
at the time of final ploughing . At 45 days alter transplanting, three split doses of 20 kg N and 
8.3 kg K20 are applicd, each at 15 days intervals. Later two more split doses of N alone at 
20 kg per hectare are applied. For rainfcd conditions 60 kg N. 30 kg P and 50 kg K per hectare 
are applied at the time of transplanting. 

Although the use of various chemical weedicides has been investigated, hand-weeding was 
found to be most el.ective and economical (Anon. 1980-81: 1981-82). 

http:ZUSS1.00
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Cultivars and Seed Supply 

A 'a,'tie numher "It,'al varieties ol chilies helonging to (lie species COpt 'rtonannuumr are 
cultivat.d in dilterent parts of the country. The varicties are annual and di'f*er cOnsidera.hly in 
size. sn.pe. color and pungency of frut. Only, affewr impr'Oed \afrieties havC heCrn develOpCd 
so l . The important charlacteritic of thI c varieties are -ien in lahles 7 and 8. 

Table 7. Important chili cultivars released at national state level. 

Nare of Developing institute 
cultivar 

Sidhra Jyoti Lam (Andhra Pradesh) 

Bhagyalakshmi Lam (Andhra Pradesh) 

K2 Kovilpatti (Tamil Nadu) 

NP 46 IARI (New Delhi) 

Pusa Jwala IARI (New Delhi) 

Sindhur Lam (Andhra Pradesh) 
(CA-960) 

X-235 Lam (Andhra Pradesh) 

Pant C-I Pantnagar 
(Uttai Pradesh) 

Year of 
release 

1977 

1977 

1985 

1977 

1978 

1985 

Important characteristics 

Fruit medium pungent with thick glossy red
 
pericarp. Average yield I 14 t ha under
 
rainfed and 5 t ha under Irrigated conditions.
 

Average plant height 52.9 cm. Leaf lamina dark 
green. Fruit 8,2 cm long with 0.7 cm width. 
Crop duration 180 days. High yielding, i.e. 
I 6 t ha dry chilies under rainfed and 4.5 t ha 
under irrigated conditions. 

Plant height 90-95 cin Tall and bushy Fruit 
length 6 1 cii and 4 cm girth, bright red 
Tolerant to thrips Seed yield 0 75 t ha. 

Plant dwarf and bushy with light green leaves. 
Fruits are long (8-9 cm) and thin, wrinkled 
with high green color, turning light red on 
ripening. High yielder, tolerant to thrips. 
Cultivated throughout the country. Average 
yield is 1.5 to 2 t ha. 

Developed from a cross of NP-46 and Purl 
Red. Plant dwarf and bushy with light green 
and broad leaves. Fruits long (9-10 cm) with 
light green color. Highly wrinkled, pericarp 
thin and light red in color High yielding, 
resistant to TMV. Cultivated throughout the 

country. Also spread to Australia and Europe. 
Average yield is 2 to 2.5 t ha 

Fruit long l9.2 cm) and short with oroad base 
with seinishaped calyx. Pericarp thick with 
light green color, turning to attractive red 

color, pungency mild. Suitable for green and 
red chili production. Average yield 1.2 t per 
hectare under rainfed and 6 t under irrigated 
conditions 

Early Maturing plant with short internodes. 
Leaves small and dark green Flowers with 
yellow anther, fruit 5 to 6 cm long. calyx 
deeply cup shrned. Fruit tip pointed, highly 
pungent, seed percentage 450o. Maximum 
yield potential up to 7 5 t ha dry chili. 

Plants dwarf and bushy, erect type fruit, 
medium size light green at immature size 
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Table 7. Continued. 

Name of Developing institute Year of 
cultivar release 

Jawahar 218 Jabalpur 1987 
(Madhya Pradesh) 

Punlab Lal Ludhiana 1985 
(Punjab) 

Important characteristics 

and red at maturity. Resistant to leaf curl 
virus. Average yield is 2 to 2.2 t'ha. 

Plants dwarf and spreading, light green leaves. 
Fruit erect long, 10-12 cm. wrinkled, light 
green at immature stage and turning rosy 
red at maturity. Early and heavy bearing 
variety. Average dry yield 1.8 to 2.2 t/ha. 
Suitable for green and red chili production. 
Tolerant to leaf curl and fruitrot. 

Plants dwarf and bushy with dark green 
leaves. Fruit erect, medium size, 
dark.green, turning dark red glossy at 
maturity. Average dry yield 2 to 2.2 t/ha.
 
Rich in capsaicin, oleoresin, dry matter,
 
pigment highly suitable for dry powder
 
prodcution. Resistant to TMV, CMV, PVY
 
and leaf curl viruses. Moderately resistant to 
fruitrot and dieback diseases (Thakur et al. 
1987). Released at state level. 

Table 8. Chemical evaluation rf some important varieties of chilies (dry weight basis) at Ludhiana 
(1984). 

Variety Dry matter Capsaicin
()0) 

Pant C-I 22.97 0.76 
Jawahar-218 20.30 0.70 
Muslawadi 21.55 0.50 
CO-2 22.97 0.20 
Punjab Lal 27.09 0.60 
Sindhur 18.52 0.24 
Pusa Jwala 20.42 0.52 
X-235 0.36 17.00 

Source: Anonymous 1987 

Total alcoholic 
extracts (o) 

Coloring matterIASTA unit) 

15.00 9.84 
16.00 19.68 
16.00 19.68 
16.00 28.86 
21.00 9.18 
20.00 9.18 
15.00 7.87 
6.56 

The National Seeds Corporation NSC has keen producing the seeds of ahnlost all Vegctables.
However. it is very difficult for NSC to produce seeds of all improved varieties of each vegetable
recommended h\ the dil'erent states. "herefore. the production and multiplication of quality 
seeds will increasingly become the responsibility of the State Seed Corporations. At present. 
uLality produced h\ the agricultural uni lersiies and bw the Agricultu re 1)epartnientsseed is heinri 

of each state. The ,ccd is certified 1w the governuierIt cCrtifVing ag'encies. However the qualitity 
of quality seed is still insufficient to 1iCet the demands of any state ill lull. Therefore,. farmers 
have to purchase seed frtom the private seed cnipa lies. and tlii.s seed is tftenIllt ,fgtit id quality. 

Major Constraints 

Insects. The most imnportant insect pests which attack chili in India are thrips. liites. podhorers 
and aphids. These are more serious in the tropical regions of Anidhra Pradesh. Tanuil Nadu. 
Karnataka, Orissa, Maharashtra and West Bengal. Thrips are considered the major pest of chili 
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in India (Ayyar et al. 1935: Ananta Krishnan. 1973). often causing 25 to 50'c yield loss. 
Applica.,;on of chloropy'rifos at 15-day intervals is recommended (Gill. 1985) to control the pest 
complex ipodborer. mites. thrips and aphids). This control gave t Rs. I i .309 (UtSS870) per 
hectare advantage over the untreated control. CYpermethrin has been recolmmended for the control 
of podborer (Gill. 1985). 

Breeding work carried otut atIlam ,lstationreported that the I*0lowing line, %ere tolerant 
to di Iterent pests (Anon. 1972-76): Caleapin Red. Chanitkar. N P 40-A. X I068. X 743. X 1047. 
BG-4 X 226. X 230. X 233 itolerant it thrips. I.FC 1. Kal\.anptu Red, X 1086. X 204. Goli 
Kalyanpur (tolerant to mites. l.I-C 28. I.l( 30. IIC 34. Kalyanpur Red .and X 1(68 (tolerant 
to aphids). At ,lesserghattai Karnataka onlk it\e lines oultt of 157 line, tested. \i1. 309-1 -15. 
3(H)- 1-5-I . S 118, 635 and 565. ,hos\\ ed i high degree ol tolerance to thrips. \%ith a population 
tfi less than I) thrip,, 5 plauts o11MaICd 85 to 142 thr~p,, in us',cCptihlC .arcticis iTe\ari et 
al. 1985). 

Diseases. The mo,t 1ipOrtanltlidiseases of chili in India are anthracose Itflrtrot and dichack 
caused b\ ('Cl//urn humt sp. ). poss der\ Inilde%. bacterial MisptIc and \ iral dlisCasCs ( '\l101. 
1972-76). Anthracnose and \ iral discasCs 'are Srious in all tropi-cal and sutroIpical Chili-2roViM 
areas ' Iof', countr\ . Pm .er\ nildw. and bacterial lalspolt are scrious in the southern part 
o1' theCoUntl\ %\here tropical conditils pre\ ail. Yield los,,C, of up) to034'; frOM pLIs\dl. llilde.s\ 
(()idiop.\i.\ lrira) (Anon. 1972-76 1981-82) am tip to 10 , from Iruitrot (C lhctorii'htum qp. 
liansial l (irol .r. It)(g) hal\C heen reported. 

l'kso or three spra,, tit inollb/c t the f1rt st ce r;e' rMcnidtdtor the Cntolt 
of fruilrot and dicbaick. With tis ircaticntii there s , as anincrease of 0.8 oi 1.2 t per hictare 
Of fruit ilCd \\ Ith additional rtturn o! Rs. 40))) t1'S.37 I Gill, 1987). Seed trattimCit \ itlh 

erCeSanland c'riheIiil/ia e as11,o IlhtioIi polm" i lite cotrol of lntlthraciot, (till. 1985). 
TMV. (NIV. PVY. IWVX . chili msic. il. and Iaf Curl \ i, arc the MOtM Important 

\irses oft chili through'out the coutlll\ Raiakrisliall. I959 Je.aranlman; RIamiakrismian. 
1909). Yield losses rancine Irom 8)) to I1(' hae been reported in cses of carls infeclion 
fSingh el al . 1979). lI.eaf curl incidence could he reduced 'rom 82 (; to 5 (,,,\Nhen the crop %\as 
treated %%ith I[uradan pls mineral oiloi..A numher t lie, \ arieties ha\ hecn reported rscitant 
and tolrant to \ ariou, disCases in India ITable Q); onc of the line, arc beine usCd fOr further 
hIeeding. Three male ,tcriIc line,.. \i.. MS 12. MS 13. NIS4 I possessing multiple discase 
rcistance. includine reit- ance to %iral discas,, ha\ bcen dc\ cloped (Sinlih anL Kaur. 1986). 
Recentl\ four additional lines. \i,. i.\F II -I. il- 41 -I. lim art and Liaichhi, ha\ c heen reported 
to Ins e multiple re,,ist.nce and .OOL alronoiiiic' trallits. 

Table 9 Lines and varieties with reported resistance to diseases. 

Disease Resistant line cultivar Institute Reference 

I Cercospora 328. 344-9 Hesserghatta Cheema et al. (1985)
 
leafspot (Karnataka)
 

2 Fruitrot Lorai. Perennial, Ludhiana (Punjab) Kaur and Singh 11985)
 
527, Bangla Green
 

3 Powdery rmildew El Salvador, Hesserghatta Deshpande et al. (11-'85)
 
C baccatum, (Karnataka)
 
C frutescens 

4. CMV, TMV and Pant C-I, Punjab Lal, Ludhiana Singh and Kaur (1986) 
leaf 	curl virus Lorai. Perennial. (Punjab)
 

Longi. S20-1. Bangla
 
Green, Tiwari, Laichhi
 

Delhi Local. 38-2-1, Delhi Tewari and Vishwanath 
96-4-9-3. i41.2-33 (1986) 
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Varieties and management. :\liliotiiih Chili mportan . en Itilatd crop illanit IIIOM1 an wideRl 
Iiailnpro\cnwent l~ork I, hiititd. ()nl a t e\ aricitics Italic bccun rclc&,CdI ill h1CIM1 ad 

these arc Qllik I\nilck 1or sOmct rcgions\Miil~ loca ariciics arckii M.\itch are poor inlOj 
and 


cid1 p)oicittal IL OL a~ooicL dattIhnt1CS JI( arIc 1,nIihIlc c~n. ct
 
idII11. 1n1CCptIIIic t, pc"I" and dli~kialc\. llr is ercal niccd to) dc\ lopll kiaictlcs \\lilt 

and Mood an h~lich irt 
10 diS.',hCN atnd Insctl Ipc:tS. aniaatcIr roLthiIllcn thecJ~CII1ICO ClI bidsilicI)I on\0 oItntr III. 

ntline 1 11,1it 1_Ii poicltial in,the eOutttiI Sill,,[, 1Y87 , bhnt NOt.11 nOt a saiewdctalcH \ C ~c 
as clecc1.1II\ hil i r)CI In Iia.II 

Sin~ec IdiIa hIa\* C1\111 CO1r\111 1i0n1 retlt 10tio W21011~irii. C1,ltnra-ilIci'11 rci dlittccti 
Iiatact i rkILL c1 e IjCilired tilitt[Icrcnt ar[cav"IhICrc it aICL 10cCticthlsh optI

11nn1i hIONCSICrtl11iNcr. lk*acne. and "CCI ttc. and ih ttIit ap~topit ctd01 propeI 
Iii .lij Ii pra~Ctc. lItl ctnCIl' ahir\ oi OOn lC~ % tCIC bet 1c1nt01A.11Iai lt Iti1 
this Cl iij 

Socioeconomic and Marketini, Aspects 

nda\1_dII lt c itci)cihlc pIIdc(Iiin petci ~'il Is title i li Icli koild ISlicshadri anid 
('haitcr-ji. 198). ' his Is tilliil\ 1t land~k acie e LIctt thi hlod1in ~Iall n Idiai adl that 

Il'Ieii \ LinetliL~tiII IN dIitlt 35' Jihi itl N111,11tIiiiHICi II2 11ldctarc 11 IS' 
Mie in Ill I~A1 \ cr\ /~ Iliru l J.isc' CA -CilchIlL 1)14'huK lll(t,,lslr'~ i lh,1is ii 

.\Ikl~INLII,i iptipc Ixcu . i l;iI n4tiec ~ )\(l1 1oiiui ' ile Iti it, ic\ Ct1ihILt.iCiliicl 

Ill I11i11d. LItIIC Il k' I.iitil\, &h'liiiiiiiChl a, i oluiiuii t I lIceo IN.Ita c neeLd i to priililIit
 
OiIlCIr 1i"L\ 0t tii'I siii. t .. Ii lk' iutlu~iLkthinI oi ilLiL't p iitki pii\Lli and1 paste \%liikli
 

Research and Development 

('l1111 e Ci'.LIClitC~l l'h HaNiCtiltirl cr okC , knipnii\)O kIIC Ici I tIni\CISICiic a , c I hio rCSCarICh 

1ilaitti11 NadAiI~0h i lIIt.Ink iletiih\ ch1lnd Ik-11iii it the LInttnttCOIJiiC AecrtilaIItt l 

in s)u, I'.li i ilL1'. a £ etnkilccI.k t ilc iiii lie ALTl ll. (IiliIr l dIlLd\'iP l-(CS1) nit i rc 

iuitiuiltitIi xi ihl id lill inanner'.l it nKietn pt i I01t e headCL 11i'.licatedin l L-111 l_,cl I;NI. I 
arc '.cIIcn Itaun ciNe11111BII ki M(II'2BI ilItrR.nl'ecnine Ih ttil"1Cina otiliectrd'tincd elhuttc 

lhe 1r21c~cli tiis nndeI thi'. II)Car Ili 'lahIc .\prrani '. chil pro1ec dctakilcld litA iksltoi) is 
Organized e~er\ %ear toi 11icus'. thc salienit acht:\ enicnts Ot \ arious ccnters atnd to formlulate 
ne", prograins. A.n \kcx rCOtnn1idtiinl is. hSCdI Oil thrIcc \Cars' consistent data. 

Utilization and Processing 

IOli. tii)E11101 kiI.11 jU ',hset I nll03 'I li 1L.1111 I~ lii L\~itt [lilc I t'r l k.cPi tic Miteni11 it Lill 

p~ilcsIl i kietIll o klc le clipei I lie ii 0 kuii'.tnainitc IS lie tItI COIut 
file prilkCc\'.ti ini(juitr\ kkl It alic ti)Luu0ii)CIJIt \\ In ti1C entIiCCIiii2 tin ii0r ~u~c1cap 

111,ll OiipaCkiu ninacrijil. 

'iiiuiLl 1,111llh IiIjaLkite IliaIe1i l M 1It l tiii'ii e][)iI CIrclLL tihLeit iI01 )iiL'.' LI tiiii~k. 

http:prilkCc\'.ti
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Table 10. Research program on chili under the All-India Coordinated Improvement Project. 

Objectives 	 Institute' 

I) Collection and maintenance of National Bureau of Plant Genetic Resources (NBPGR)
 
germplasm Lain (AP). Kovilpatt (TN). Kalianpur (UP)
 

2) Varietal trials ARU (UP). Almora (UP). Hissar (Haryana), Bhubaneswar
 
(Orissa), Coiibatore (TN). Jabalpur (MP). Kalianpur
 
(UP). Lan (AP). Hesserghatta (Karnataka). Kovilpatti
 
(TN). Ludhiana (Punjab), Rahuri (Maharashtra). Sabour
 
(Bihar). Akola (Maharashtra), Dapoli (Maharashtral
 

3) Breeding for export 	 Lan (AP), Kovilpatti (TN. Coimbatore (TN) 

4) Screening of improved varieties Ludhiana (Puilnab)
 
for bichemical traits
 

51 -ertilizer-curii-spacing trials Kalianpur (UP). Rahuri (Maharashtra), Lain (AO). Coimbatorc. 

(TN). Pantnagar (UP). Sabour (Bihar), Hesserghatta 

6) Weed control 	 Coimbatore TN(, Lam (AP), Ludhiana (Punjab) 

7) Breeding for pest and disease resistance
 
in, Fiutrot (Colletotrichum spp.( Kovilpatti i TN. Solan iHP). Lam (AP), Ludhiana iPb)
 
(b) L.at curl and TMV Rahurm iMaharalshtral, Ludhiana iPuniab), Hesserghatta 

(Karn ata k ai 
(c) 	Thrips. mites, aphids and fruItborer Lain iAPI, Rahuri iMaharashtra , Kovilpatti TN).
 

Ludhiana (Punjabi. Parbham (Maharashtra)
 

8) Chemical control of powdery Lam lAP). Rahlur'l iMlahar-ashtrai. Parblhani IMaharashtra)
 
mildew, frutrot, dieback, bacterial
 
leafspot and viruses
 

9) Chemical control of pests Lam iAP). Kovilpatti (TN). Parblhani (Maharashtra).
 
(thrips and mites) Jabalpur )MPi. Rahuri (Maharashtra)
 

lFull addresses given in Appendi. 

International Support for Research and Production 

Internatiuinal a,,cmics dii lido) r1'0% idc sUlprl Ior a',l1\ research project oi this crup in India. 
All prtilects tre funded IK the slates aid h\ ICAR. 

Future Needs 

Ilhere is ,realt need it)de\ clp sarictics \k ith high ield potential and %ith wider adaptlahilit. 
io,ssin'_' resistance it discasesl and insect pes. suitable for the proessing indltlLr\ and Ior 
mechanical harvcstin ... \ clinlatC suitable or seed pridticimn, and the l\ cost () laohr ill India. 
nIal'.n that there is 2rca poterial lOr a h\hrid se d industr IOr dtnestic as kellias for eport 
punrposes. Cultural ianaiemenit.1 I acticCs such as uiptinmuln dosSC fI fertilizer. spac'in. and the 
use o'f lIechanlliCll hlalVestin needt) e tie, rinined for each varietS in order to ilctxase let 
returns. Research oil posthar est teclllli\ needs Io he strel1thclted. fficient nliethods lfor 
urs iic fruits and lior seed' e\tranin0 n lllitaal Means also nced to he studied.Usnill Iecl 

Sweet Pepper 

Sweet or hell pepper (aip.sicuun iutMIM1 1..) hcally known as 'Simla Mirth" is maiv grown 
for its inalure fruit. Thi.s crop is not inportart in Intdia. and productiotn statistics are 110t 
av.ilablc. The crop is :ultivated imainl in the tripical and subtropical regions of India during 
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the cooler season. In tropical south India it is raised hiring [the winter IllontlIs (August to
Decelmher) and On the sthitrOpica! plais turing the spriig season Februar'-Juriel. itIIilk areas
the crop is cultivaled ron .\pril to October. The cultural practices are similar to those described 
for chili. 

ItllrotctnLins olurll is(%iliboniaH\ tother Countries such WOider. Bl1illnoSe. (_'hinee Giiilt aridYo1 Wonder are cUltis atCd ill India. The leadin culti\:r is ('aliliirnia Wonder cot, eri ,ite
than 90"; of the area under tins crop. li1985 a le\% \Aiets. Punjab Mirch-27. \\as relc:ised 
by tie Punjab Agricnltural t'ni\erit\ ill Ilidhiana. 1( More \reId[his s'iet\ prtoduced 00',
than Califrnia Wli der. It can tolerate hiih heat ,ind can set fruil aind seed under hi!l teipeiatnreconditions (Singh and Thakur. 1987). A number oflother cultivars developed at various institutes 
such a,, Arka Nhni arid Arka (G;tra\at!lleS"CrlaUht aid IWI21 .IIC 202 and IC 21.3 at Arinora 
(lP) are quitC prOMIrsing and are beirr tested Under tire All-India ('oorLIIied VeCtablC 
hlprovirie,t PrteIct....\ iuiiIbCr Ot 1li\ briids are beil) p't-du'cd b, pris ate seed collipaliles.
Allloir these. 'liha'at' de\ ehlopd b\ tie Indo-Ainerican Seed ('ompaI. Ithsgan'ed p)oilarit\
in tIle urntrv. Hut tie cost of seed is 30ltilles llrle Ilic In that of open-pollinated cultisars. lhe 
tiiost 1)pular local cultisars and FI ",are listed ill Table II. 

The pests and disease, are similar to those that atiack chli. lic\ser s\ctcpcrI appears
to be more susCptible. At present e10orts t)breed lorpest and disease resistllcc arid to control 
insect pests arid diseases Ire rre2211l u 01erti1s clrop. 

Table I I. Local sweet pepper cultivars. 

Cultivar Developing institute:
 

HC-202 
 Ahnora (Uttar Pradeshl 
HC-2 13 Almora iUttar Pradeshj
Selection- 13 iArka Mohni) Hesserghatta IKarnatakaj
Selection-1 6 (Arka Guravi Hesserghatta (Karnataka) 
Kt-I (FI) Katrain Himachal Pradeshl 
Bharat (FI) Indo-American Seed Co.. Bangalore (Karnataka)
Early Bounty (F I Sutton & Sons, Calcutta (West Bengal)

Sutton Gem Giant (F I Sutton & Sors, Calcutta (West Bengal)
 

1Full addresses give., 
 i) Appendix 

Research and Development 
Rkesarch ssirk on this crop i,conducted b\ the arricultural ti\Crsities as \ell aisb\ tie 

research institutes, 'ilder the All-India Coordinated Vegetable IiprovInme lrioct 'o 
narrelh Solan and Katrai inIlimachal t radesh. have 

t ts centers. 
been selected flor tire collection and 

Ilialiltellof gerfiilas.lnce 
Varictal triais Cionducted (uLrieu 1984-85 slo,\ed that ('alilhriria Wmnder s\as thec highest 

,iMldirI culti\ ar IAIIiir. 1987). Aoiu, Ire h.brids. Kt-I ga\ c proiusig results. Research s.ork 
in i progrc.s at licsserghatta and Ludhiaia to develop ,s\c(tpepper cultis ars suitable for hirgh
tenmperature coinditions.Z7Ses ral line' are rept)fed Itop10ltflOrilbelter than Calif'llt W'older 
(Arnand aid l)CsIpaitle. 1980). 

Future Needs 

Cuiis arsss\%ti gnu nl qtialitv attributes such as a high Content of' vitartiin C and \itatiin A. 
red pigrnent (foi paprika productioin. resistanc to Ipests and lisCaes, and abilit\ toset fruits
and seeds under hilgh tellIperattire', aiboe 23 0. rieed to be d,\cloped. Male sterile lines tor" 
the Iprmduictioril h 1 seed al losver cost also need to be developed. Appropriate cultural 

tianagenlert practices includingsacint- . iriwation, and fertilizer and herbicide ap lication. irMust 
be established to get high rettirLis front this crop. 
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Appendix: All lndia Coordinated Vegetable Improvement 
Project (addresses ti partic.ipating centers) 

Centers 

I. Coinibatore Dean (Horticulture) 
Tanil Nadu Agricultural liniversit,
 
Coirnbatore-641 003 (Tanil Nadu
 

2. Delhi Head. Di\v. of Vegetablc C ops. IARI. Ne\% Delhi- 10 012 

3. Hesserghatta Head. Division of Vegetable Crops 
Indian Institute of Ilorticlttural Research. 255-Upper Palace 
Orchards. Bangalorc-560 080) 

4. Katrain Head. IARI Regional Station 
Katran-175 129 (Kulu Valley. I.P.) 
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De'paritmi ent of'I\'e ahi e crops 
1iLanSCapjinel_ anid HoIrienliture 
Pu njab Acr Cienitral Univ'ersity 
l.1ndhiana- 141 004 PL1nnj,1)) 

6. 	 Rahuri Senior \'eumeahle Bireeder 
Maitanna ilmhne Krishi VidvaihC~ 
RAhnt1i-4 13 722 Di. Ahinedniwar INaharashtra) 

7. 	Sahour Head. Dept. (it \'egtahie (Clops and loriculture 
Rajendra.\trctta irst 
Di1st. lilhayeair. PO()Sahtini-X13 21 iljiar) 

Sub-centers 

8. IParhhan. 	 Jr. \'eeetalhIe BIreIie. Tilaii Seed Faril. 

patilliatii-43 1517. i It 3~hIr (M aIiiitashI at 

1). Bhuharieswar 	 Professor and Hecad 
l)epar. nent Of lit tri Ciiit nrC 
( )issal 1*na1\er'R itt .*\ericnittie "Ild lechnoloc2V 
litihane,,\\ar- ,iI NO1((O)rissa) 

10. Dil)UNur .\SSOCIaL PlICrttt110t. 
lDpt. (it llnrticultiiic 
.L\eiCnlitnrali Research -Stat tin 
DU'l~nIxiptia-31()2 IS. klIai)tir l(ajailtatt111 

11. 	 Faizahad PrOleNNOti and Ileadl 
DI )prtnientl Of \'C2eahile SOcice 

Narendrai)im.' PO Kunsitrit. Faeiniine22 229tleiiJiii 

12. Hissar 	 heaid. lCIept 01' \e1CI.t Chl(lops l\.an AgrienClitral 

13. Jabalpur 	 PrOfe1S0i i 01 Ve2etiIiC 00( 1 

i.N. lk1111i \V i \ id\it .I a\ a 

14. itirhat 	 Prtttessoi and Head 

Itirliat _785-0(13 I .ssiii 

I5. IsahlinpUr A:\sOCIat lt tt Cst.I p. 0! 110ttilt(Lre. 
('Iantrah~L~ir.\ad IMs. of1 Al.riCalitti aItd ieChn10oog 

Kli anpar. Ki ipi 20)8 (0(2 

10, IKalsani 	 Pititessir of '(eCetaioe Croips 
Bilian (Thanwit iKihi id\alas aViw 
IKaisati-74 I 2.65. D~ist. Nadia I \\est Belnia1 
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17. Kov'ilpatti 

18. Lain 

19. Plntnagar 

20. Solan 

21. Srinagar 

22. Vellanikkara 

Voluntary Centers 

23. Alnora (VPKA) 


24. AIlmora 


25. Akola 


26. AAI)F 


New Delhi 

27. Karnal 


28. NAFED (Nasik) 

29. Navsari 


Singh and Cheema 

Proflssor and Head
 
AgricuIural Research Station
 
Kovilpatti-627 701 

Vegetable Brceder (C'hilies) 
Agcltur1I1al Re,,,at-Ch Station. 

an-1 Falrjit. (;ittur-522 034 (AP) 

Prolessor of IlortictliurC
 
GlI Pan Unk. of AgricuihtUirC and TechnoIlogy
 
Pantnaar-203 145. Dist. Nainital (UP)
 

Head. l)epi. of Vc,,. Crops and Floriculture 
)r.Y.S. Piarlir L iCrsit\ Of horticulturC and Foi'sir. 

Solan- 173 203 I lIP) 

Associate Protc,,or of Veigethle Crops 
Sher-F-Kashlnir ni\ersil, of Atlriculltlral Scice1Cs and 

Shalimar. P) l-kir\ ai. -191 I and K)Srinaoai 121 


Prol'OsNSlr of IhloiCuliurC 
Ke'rala AiiCUllur-,l tUnki,6
 

Vcllaniklkara-080 654 iTriehur-Kcrala 

l)irctor. V ivckanauda Parvati\a Krishi
 
Anlsaldhanshalu, Alniora-263 611 (UP)
 

O"ficer-in-Char-'. ,lilislr, of )e'cnse.
 
Agricultll'll Ic,cac.l' Unit.
 

Allora-263 601 (iP)
 

Professor of Ilhoticuliire
 
Punjl*ab
Rao Krishi Vidyapeeih.
 
Akola-444 104 (l.iarashila)
 

Associate Aer'icltural Des\,lohputeCnt [oullndaiOn.
 
Fast ol Kailash. Sapla iuildin.
 
New [)elhiI I)I024
 

Seniol Scientist 
IARI Rciioial Station 
Karnal-132 001 (Harvana 

Associated ,\g'i-ln;'ll'al I)evlopInt FoUndalion. 
Ihts11r. liulidine. IX-l.ingavai Colonv, 

)colalh (h;aun. Nasik Road-422 101 (NIaharashtra)
 

Associate Professor o Ilorticuhturc
 
N.M. College of A,riculturC
 
Gu jarat A gricu Itural Ink crsii, 
Na\siri-396 4550 ((;ujara 
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30. 	 Nilgiris Jt. Director of Horticulture 
(Ooty) Udagamanda!am, The Nilgiris Dt. 643 002 

31. 	 NBPGR, National Bureau of Plant Genetic Rescurces, 
New Delhi IARI Campus, New Delhi- 110 012 

32. 	 Ranchi (CHES) Scientist S-3 and Head, 
C.H.E.S. Hinoo 
Ranchi-834 002 (Bihar) 

33. 	 Ranchi (BIRSA) Professor of Vegetable Crops 
Birsa Agricultural University 
Ranchi-834 006 (Bihar) 

34. 	Shillong Sr. Horticulturist. ICAR Research Complex tor North 
Eastern Regions, Amrit Bhawan, Laban, Shillong-793 
004 

35. 	 Dapoli Vegetable Scientist 
Central Experiment Research Station 
Wakawali-415 711 (Maharashtra) 

Symposium Discussion 
B.H. Chew: Malaysia imports large amounts of dry chilies from India- are there varieties 
specifically bred for dry processing? 
J.H. Singh: So far no variety has been specifically bred for dry processing export purposes, 
although varieties have been developed possessing high dry matter content. 

J. Hallard: Can you please give more details and information on screening for biochemical 
traits? 
J.H. Singh: Biochemical traits like dry matter content, vitamin C, vitamin A, oleoresin, color 
pigments and capsaicin content are tested before releasing cultivars for general cultivation. 

A. Yu: The seeds of hot pepper are extracted from dry fruits. Does this affect the germination 
of the seeds'? 
J.H. Singh: In hot pepper germination of seed extracted from red ripe fruit or f: in dry fruit 
is equally good. 
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Tomato and Pepper Production in Indonesia: 
Problems, Research and Progress 
Anggoro Hadi Permadi 
Department of Plant Breeding, Lembang Horticulture Research Institute, Lembang 
40391, Indonesia 

Abstract 
Pepper ranks first with an area of about 200,000 ha or 18% of the total vegetable 

area and tomato ranks sixth with 35,000 ha or 2.5% of the total vegetable area in 
Indonesia. Productivity is generally low, 2-3 t/ha for pepper and 4-5 t/ha for tomato, 
although yields of 10-15 t/ha of pepper and 13 t/ha of tomato can be achieved in the 
main production areas. The low productivity is one of the reasons why vegetable 
consumption in indonesia is only 66% of the recommended amount. The major
production constraints for the two crops are: (1) Insufficient seed ,upply of improved 
lines. To overcome this problem, the Lembang Horticulture Research Institute (LEHRI) 
was assigned to supply breeder seed, the Directorate of Horticulture Production to 
produc- foundation seed, and the Extension Service to supply extension seeds. (2) Lack 
ot impro ,d varieties especially for pepper. (3) Lack of suitable cultivation methods 
for tomato in the lowland and medium elevations. (4) Pests and diseases. Spodoptera 
litura and thrips on pepper and Heliothis sp. on tomato. Presently, control of these 
important pests .F mainly by chemicals. The major diseases of pepper are a,ithracnose 
and viruses, and those of tomato are bacterial wilt, leaf mold and viruse .. 

Tomato 

Production 

The shortage in vitamin A and iron are two main nutrition prohlems inthe Indonesian diet. 
One of the reasons is the low vegetable ConsuluptirI onf39.1 kg per capita per year. which is 
only two-thirds of the recommended daily intake. Both tomato and pepper are good sources 
of vitamin A and C. and they are \wel' accepted by the Indonesian people. Although most 
cultivation occurs during the dry eason. both crops are cultivated V'ear-round. 

Tomato is CuItivated year-round throughout Indonesia. Total production was 126,019 t in 
19. The major production area are in Java. Sumatra and Sulaesi with 49 . 26' and 17/ 
of the total pepper production in the cMntr\, respectikely. Altiouh, the total production area 
.s increasing (Table 1).productivi\ is ver\ lo% \%ith an average of 3.6 t, ha. -owever. yields 
of 25 t/ha have been achieved in experimental fields. 

Table i.Harvested area and average productivity of tomato in Indonesia, 1981-1985. 

Year Area ('000 ha) Production ('000 t) Average yield (t'ha) 
1981 25.7 1073 42 
1982 26.9 119.4 4.4 
1983 30.2 88.9 2.9 
1984 41.8 138.1 3.3 
1985 47.8 151.0 3.2 
Average ?4.5 120.9 3 6 

Source: Anonymous, 1.987a. 
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Most of the tomato production is in the highlands, although recently lowland tomato 
production has been increasing, particularly around big cities and/or around industrial areas. 
This development is related to the increasing demand for vegetables due to increasing income 
and awareness of nutrition needs. The existence of heat tolerant and bacterial wilt resistant varieties 
is also supporting tomato developnient in the lowlands. Before 1976 farmers were unwilling 
to grow tomatoes in the lowlands because of the bacteria! wilt problem (Sunarjono et al. 1976). 

Varleties and Seed Supply 

Fruit with a weight of 75- 100 g/fruit or 10-14 fruit! kg, with pear or elongated square shape, 
sweet-sour taste, and thick flesh and smooth surface is preferred. Varieties grown in the highlands 
are Gc:ndol. and the imported varieties Moneymaker and recently also King Kong (FI). The 
F, seed commands a ver ,igh price. Therefore some farmers try to utilize pinched rooted 
lateral shoot cultivars for the next planting. In medium elevations -r in the lowlands the cultivars 
Intan, Ratna. Tomat Hijau, Tomat Ranti Intan, Tomat IR,and Tomai Sayur are frequently grown. 
Although the crop is cultivated year-round, it is usually cultivated (luring the period of less rain. 
This situation results in uneven supply to the regional markets, and in sharp price fluctuations 
(Figure 1). The shape of Tomat Hijau and Tomat Ranti is generally oblate with undulate surface 
and thin skin which is not suitable for long distance transportation. Recently a bacterial wilt 
tolerant multiline called NTR has become popular in the highlands of West Java. It has also 
been tested in the swampy lowland areas of South Sumatra where it performed better than Intan. 
Ratna, Berlian and C1-1094. Its yield potential is 27.2 t/ha as compared to 15.1. 16.5 and 20.0 
t/ha for Intan, Berlian and CI-1094, respectively. 

12 Tomato Pepper -1200 

r'10 1.000 
.8 ! 800 

0 80 

6 - 600. 

o 4cj " 4.,e400C
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-o--oPrice 200 

I 2 345 6 78 9101112 I 2 34 567 89101112 

Month Month 

Figure I. Monthly production and price of tomato and pepper inWest Java, 1985. 
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Farmers generally produce their own seeds. Some farmers also sell the seeds to seed 
merchants (collectors). In East Java 90% of the farmers produce their own seed. Two small 
seed growers in Central Java produce seed of the cultivar Intan. 

Cultivation Practices 

The mid/lowland tomato cultivation of West Java is usually between two rice crops.
Determinate and indeterminate types (Tomat Hijau) without staking are usually grown and yields 
average 5-15 t/ha in West Jiva (Adiyoga et al. 1987), 4-7 t/ha in East Java (Moenarni et al. 
1986) and 3.8 t/ha in South Sulawesi (Fadhly et al. 1983). Lowland tomato is planted in two
row beds of 80-100 cii, with a distance of 50-75 cm between rows and 20-25 cm within row, 
or in three-row beds with 50 cm between and within rows (Adiyoga et al. 1987). In East Java, 
lowland tomato is usually produced in rain-fed areas, planted in beds of 55 x 80-200 cm with 
various planting distances ranging from 30-75 cm X 30-100 cm. 

Marketing 

In general the pattern of production, supply and demand of various vegetables in Indonesia 
is highly influenced by the season. In the peak harvest season the supply is greater than the 
demand resulting in a low price of the produce and vice versa. Variation in price among production 
areas is due to the high marketing costs which is mainly caused by high transportation and storage 
costs and high marketing risk. Table 2 shows price differences of tomato in different provinces.

In the last few years, the government of Indonesia developed a market information system
(MIS) for several vegetables of high commercial value st ch as pepper, shallot, tomato, cabbages, 
etc. MIS intends to (I) strengthen the farmers bargaining position, (2) reach a more balanced 
supply and demand, and (3) reduce spatial price differences. It quotes and disseminates wholesale 
prices every day via the national radio broadcasting system and price information boards at rural 
and wholesale markets. 

T able 2. Fresh market tomato prices in several locations in Indonesia, 1979-80. 

Sumatra Java South 
North West South West Central East Sulawesi 

Rupiah" 92.50 238 223.50 129 145.50 139 159.75 142 
US$ 0.15 0.40 0.37 0.22 0.24 0.23 0.27 0.24 

Source: Anonymous. 1981. XUS$ 1.00 = Rp. 600 (estimated foreign exchange rate in 1980), 

Cost of Production 

The indeterminate type of tom:ito is usually cultivated in Indonesia. The use of bamboo 
sticks for staking accounts for 20%-25% of the total production cost. The production cost of 
tomatoes consists of"3.3% for seed. 16.2% for fertilizer. 15.9% for pesticides. 48. 1% for labor. 
13.3% for land rent and 3% for others (Anonymous. 1987b). 

Import and Export 

The average yearly volume of fresh tomato export during 1981-86 was 219 t valued at 
US$24,150. The export was mainly from North Sumatra to Malaysia and Singapore. However,
in the same period, approximately 13 t/year of tomato products were Imnported from countries 
such as Singapore, Australia, USA. etc., to meet the demand of the tomato proce,.-sing industries 
(Anonymous. 1987c). 
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Constraints 

Several production constraints have been identified (Adiyoga et al. 1987): 

Lack of suitable varieties and seed. Lines adapted to high rainfall or drought are not 
available. In the past, many farmers were unaware of the release ,ofimproved varieties and used 
local varieties with heterogenous populations. Because of the lack of a sound vegetable seed 
industry in the country, seed of improved varieties were not available and consequently farmers 
produced their own seed. The high price of seed does not appear to be a problem, as long as 
the purity and good performance of the variety is assured. 

Pests and diseases. Fruitworm, Heliothis sp., is the most important pest and bacterial wilt, 
leaf mold and viruses are the most important disease problems. The use of' pesticides is still 
the most common practice for pest control. 

High marketing cost. Generally farmers obtain a low share of the consumer's price due 
to inefficient marketing systems i.e., poor marketing organization in the production centers, 
improper handling which results in high losses of the produce, poor infrastructure and high 
transportation cost to small-scale and scattered farms. 

Supply problems. Uneven supply to the regional market which results in sharp price 
fluctuation even within a few hours (Basuki. 1987) (Figure 1). 

Other problems are the lack of recommendations for appropriate cultural practices (including 
fertilizer application) for lowland tomato. The lack of skilled extension workers in the past has 
prevented technology transfer from the research station to the farmers' fields (Anon. 1986). 

Research and Development 

In the past, tomato research emphasized highland production and only very little research 
on lowland tomato was conducted. Introduced lines with reported resistance or tolerance to heat 
and bacterial wilt (Pseudomoniassolanaceanm)and crosses of local x introduced :ultivars were 
evaluated. The best materials, which included several AVRDC lines (Permadi el al. 1987; 
Hanudin. 1987), selections from Louisiana State University (LSU), and lines from Lembang 
originating from Intan x Gondol, Ratna x Gondol, (Kartapradja et al. 1987) were used in the 
breeding program. High yielding lines with resistance to bacterial wilt and heat tolerance were 
obtained and released as new varieties such as Berlian and Mutiara. These new varieties were 
distributed to the farmers after being multiplied by the Directorate of Horticultural Production. 
Accessions with tolerance to late blight were also identified (Permadi et al. 1987). The 
development of lines with lIng fruit storage capability is in progress using 'alcobaca'. In recent 
years, research on improving tomato cultivation methods in the lowland has begun. The effects 
of mulching, plant spacing, and fertilizers on growth and yield of tomlato were investigated. 
Mulching with rice straw increased marketable fruit yield by as much as 1").3 ;' . A combination 
of straw mulch and a 60 x 50 cm plant distance gave the best yield (Gunadi and Suwandi. 
1987). Highest fruit weight/plant was obtained by applying 90 kg N/ha in the form of a 
combination of urea and ammonium sulfate (I = I ) (Hilnan and Sumarna. 1988). Research on 
integrated pest management for tomato has been emphasized recently. 

Pepper
 

Production 

Pepper is an important constituent of the Indonesian diet. Most of the produce is consumed 
fresh. Pepper is cultivated year-round throughout Indonesia, usually in the lowlands. The major 
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production area is in Java where more than 70% of the total pepper crop is grown. The other 
areas of production are in Sumatra and Sulawesi where 20% and 4% of the total pepper is 
produced, respectively. The yield is very low, averaging 1.8 t/ha (Table 3). In experimental
fields and where farmers use higher plant densities about 12 t/ha and 13 t/ha could be obtained. 
respectively (Sumiati 1985: Basuki. 1987). 

Pepper is cultivated year-round but mainly during the dry season. This situation of uneven 
seasonal production results in sharp price fluctuations (Figure I) which can affect the inflation 
rate of the country (Adiyoga. 1985). 

Table 3. Harvested area and average productivity of pepper in Indonesia, 1981-86. 

Year Area Production Average yield('000 ha) ('000 t) (t/ha)
 

1981 157.3 219.4 1.4
 
1982 138.4 175.1 1.3
 
1983 120.4 295.8 2.5
 
1986 202.0 387.0 1.9
 

Average 154.5 2(.9.3 1.8 

Source: Anonymous. 1987a. 

Cultivars 

The two most conmmonly cultivated peppei species are Cap.icumfrutescens(chili pepper)
and Capsicumn annuamti (cayenne pepper). The firmer is less important than the latter. There 
are two tvpc.i of chili peppers based on fruit color, i.e. green and light yellow, both of which 
are hot to very hot. 

The cayenne is the most important pepper. Based on the fruit characters, particularly fruit 
shape, there are two types, i.e. the long (more than 15 cm-long. 0.7-1.0 cm-wide and thin flesh) 
or curly type (with slender, undulate surface, high pungency and long growth period) which
 
is mostly cultivated in Sunlatra and some 
parts of West Java. The other type is long (10-15
cm-long and 1.5-2.0 cmn-wide) but rounder than the first type. smoother in surface, thicker flesh, 
arid less pungent and has a shorter growth period. This type is mostly cultivated in Java. Bali 
and Sulawes,. The local cultivars are preferred than the introduced varietic.i although their yields 
are generally lo . i.e. 3.3 t"ha (Hariiningsih and Sunarjono. 1976). 

Seed Production 

In East Java 90( of the farmers produce their owr:'ed. b-, selecting the best plant. according
to truit density, high yield, disease tolerance. etc. However, since peiper has a relatively high
degree ofoutcrossing. i.e. up to 32% the following generations are progressively heterogeneous. 
most probably due to segregation, Therefore. all loc0 cutivars found in the production areas 
are sgregating populations with varying uniformity. 

Cultivation Practices 

In the major pepper production area in Central Java. pepper is planted in a relay system
with shallot. Shallot is planted in 1.50 rn-wide and 40-60 cm-high beds with 40 cmn-wide furrows 
between beds. The furrow is filled with water up to 20 cm below the bed surface. This high
bed cultivation type called 'surian' allows more efficient watering and avoids flooding. At the 
time of shallot plantim, pepper seed is sown. Thirty-live days latter,after weeding shallot, pepper 
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seedlings are transplanted between the shallot. These two crops grow together for 25-35 days 
before the s'hallot is harvested. With this method there is no need to prepare the soil for pepper 
production (Basuki. 1987). The 'surjan' cultivation method is also practiced in South Bandung 
(West Java). where farmers monoculture pepper on high beds with or without rice in the furrows 
between the beds (Permadi et al.1987). In East Java, pepper is also planted on 100-150 ni-wide 
and 20-30 cma-high beds with 30-50 x 100-125 cm plant distance. 

Cost of Production 

The average cost of production. yield and net return of pepper farming in 15 centers of 
production in Indonesia are listed in Table 4. The standard deviations indicate that the figures 
vary greatly depending on the production center. A study of one of the production centers in 
Brebes (Central Java) in 1987 showed that pepper farming can be very promising. The cost 
of pepper production consisted of pesticides (51 " ),labor 20 ). fertilizers (II ) and others 
(seed, land rent. etc.) (Basuki. 1987). However, in most cases shortage of capital and small 
land ownership are the main constraints for small farmers. 

Table 4. Cost of production, yield ind net return of pepper farming in Indonesia. 

Production cost Yield Net return 
Location ('000) (t ha) ('000) 

IndonesiaZ Rp. 816 t 554 4.1 ± 3.3 Rp. 1,456 1,333
 
US$ 0.68 ± 0.46 US$ 1.213 ± 1.111
 

Brebesy Rp. 4,380 12.0 Rp. 5,688
 
US$ 2,737 US$ 3,555
 

Source: Anonymous. 1987a. Basuki. 1987 'Fifteen centers. YOne center 

Consumption and Utilization 

Both chili and cayenne peppers are usually ground and used as a spice or paste. often mixed 
with shrimp or as a sauce. However, production can not meet the domestic needs, a small amount 
of dry pepper (1.3 t)and fresh pepper (2 t)is still imported. Because it is an essential part of 
the daily diet. pepper consumption is much higher than tomato consumption. 

Constraints 

1o tile
Several factors, some of which may be interrelated, contribute low average yield 
of pepper. 

Lack of good quality seed. The existing local varieties are all segregating populations and 
no etfort is made to produce good seed. Farmers produce their own seed or sell their seed to 
the local seed merchant, consequently all seeds are mixtures. Seed (if imported cultivars is of 
good quality. However imported cultivars are not very popular because they are not adipted 
to the local conditions. 

Pest and diseases. The most important pests are Spodopiera litura and thrips. while the 
major diseases ar- anthracnose and viruses. Farmers are using chemicals to control pests and 
diseases. This is the reason why pesticides contribute to more than 50% of the production cost 
of pepper (Basuki. 1987). 

Environmental stress. Excessive rains cause high flower and fruit drop in cayenne pepper, 
resulting in serious yield loss. Chili pepper appears to be less affected. 
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The lack of suitable fruit storage is particularly important for the fat types, which are 
commonly grown in Java. 

Research and Development 

Varietal improvement for disease resistance was initiated by collection and evaluation of 
local cultivars front Java and Sumatra. Breeding and yield trials of improved inbred lines are 
in progress. Thc improvennt-t ofoff-season production by the use of plastic-lath or screenhouse, 
hydroponics, and bv the application of plant gromth regulators has been investigated in order 
to overcome seasonal fluctuations in production and price. Presently the cultivation under plastic
roofing is not economical at a price of US$1.22/kg (Basuki and Asandhi. 1987: Ameriana and 
Kusumo. 1987). Plant growth regulators (GA 3 . NAA, and Alar) have not shown significant
effects on total fruit vield or yield components (Sumiati et al. 1987). Sodium nitrophenolic
compounds. containing 0.022' a.i. were found effective in preventing flower and fruit drop
and 'n increasing average length and weight per fruit and total fruit yield (Pekerti. 1980).

Different cropping systems such as relay, mixed or intercropping and plant rotation have 
been investigated for more efficient use of inputs, maximizing net return and least disturbance 
of the envi'onment. lntercropping of garlic and pepper was compared to ionoculture of both 
crops. When pepper was planted two months after garlic, at a spacing of 60 x 60 cni between 
plants, land productivity was 82'; higher compared to inonoculttre (Asandhi et ,l. 1987).

For the development of an efficient and safe, integrated pest management, the economic 
threshold of the pests and insecticide residues has been studied. Residues of synthetic pyrethroids 
were lower compared to organophosphate. i.e. 0.02 to 0.03 ppm vs 0.06 to (.2 ppm, respectively
(Dibyantoro. 1987). Efforts are also underway to control viruses by cross protection.

Postharvest handling of pepper, aimed at longer storage life and storing the fruits when 
supply is high and market prices are low has also been given attention. 
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Abstract 

Vegetable production was valued at Y = 2,144 billion (US$15 billion) in 1985, which 
was 18.2% of the total value of agricultural production in Japan. The acreag': of tomato 
is about 15,000 ha, of which 6,000 ha is under protection in glasshouses or vinyl 
filmhouses or in vinyl tunnels. Total production was 802,000 t in 1985. 142,000 t of 
which was for processing and 660,000 t for sale to the fresh market. The average yield 
of tomato is 50 t/ha although 100-150 t/ha has been achieved. Import of processed 
tomato products is 77,000 t, import of fresh tomato i. . T most important tomato 
diseases are Fusarium wilt (Fusarium oxysporum f. sp. Iycopersoci), leafmold (Fulvia 
fulvum), bacterial wilt (Pseudomonas solanacearum), bacterial canker (Corynebacterium 
michiganense), TMV, CMV, and rootknot nematodes (Meloidogyne i.cognita). Pepper 
was introduced to Japan at the end of the sixteenth or the beginning o 'oe seventeenth 
century. At that time pepper varieties were either hot pepper or sweet pepper with long 
and thin fruit. By the end of the eighteenth century cultivation of hot pepper was 
widespread and by the 1920s about 900 tons were exported. In the 1950s the amount 
of hot pepper exported reached 6,800 t. 70% of which was exported to Sri Lanka, and 
20% to 30% to the USA. Japanese hot pepper was well known on the international 
market for its high pungency. Sweet peppers, especially the bell-type cultivars, were 
introduced in the 1940s from the USA and their cultivation was established by the 
1960s, using protected facilities. In 1984 about 5,300 ha of pepper were cultivated, 
and production was 188,800 t, of which only 3% was hot pepper. The average yield 
was 36.8 t/ha. The cropping patterns of pepper resemble those of tomato. Pepper, 
however, requires high temperature in forcing culture in winter, that is why resistance 
to cool temperature is an important breeding objective. 

Tomato 

Production and Cultural Practices 

Tomato is a comparatively ne% %cgetable tbr Japan. Although toriato is first recorded about 
three hundred \ears aio. commercial cultivation began only 60-70 vears ago. A rapid increase 
of acreage began about 25 years ago. with the use of' protected lacilities (Table I 

The tolal area o tomato cultivation is about 15.(X)0 ha. of \khich abot16.000 ha is urownl 
under protected facilitic,,. such as glasshou,,cs or \ in,. I tilmhouscs. or in %irlm tunnels. The major 
production areas are n Nagan¢ aod Tochigi prefectures. In 1985. total tomato productioln was 
802.(X)0 t. o1 which 660.00(X) t \as fresh-nrarket tomato and 142.000 t processing tomato. The 
average vi,'d is around 50 tons per hectare but the most skilll'l Ifrm :rs can obtain About 150 
tons of tomato per hectare (Table 2). 
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Table I. Protected facihiies in Japan. 

No. of Vinyl house Glasshouse 

Year farmers Farmer Acreage Farmer Acreage
 
('000) (.000) (ha) ('000) (ha)
 

1965 72 62 2,819 15 440
 
1970 130 121 8,459 14 597
 
1975 172 162 17,)oO 17 1,001
 
1980 203 195 25,687 17 1,405
 
1985 254 245 32,329 17 1,671
 

Source Ministry of Agriculture. Forestry and Fishery. 1965-85 

Table 2.Tomato production inJapan.
 

Year Acreage Harvest Yield
 
('000 ha) ('000 t) (t/ha)
 

1965 18.8 536 28.5
 
1970 19.3 793 41.1
 
1975 19.0 1,024 53.9
 
1980 19.3 1,014 52.5
 
1985 15.3 802 52.4
 

Source. Ministry of Agriculture. Forestry. and Fishery 1965-8"' 

The most important characters required for fresh-nmarket tomato production in Japan are: 
high fruit quality (vivid color, high vitamin C. content, sugar. carotene), good germination, 
fruit-setting or parthenocarpy at cool temperatures: and resistance to soil-borne diseases. 

Japan is licated between 25°N and 450N and climate varies with latitude and altitude (0 
to 1.5(X) n). Consequently various cropping types of tomato have been differentiated. The typical 
cropping type in the central part of"Honshu island are listed below. 

Forcing culture. Sown in August. transplanted to glass or plastic houses at the end ol 
September or the beginning of October. and harvested from December to May of the next ,'ear.
Heating is started at the beginning of December. In winter. the maxinum day temperature is 

kept at 25 'C and the minimun night temperature at around 7°C. The total labor lime is about 
14,000 h per hectare of which 5.300 h is for harvesting. 

Semiforcing culture-1. Sown in November in the greenhouse, transplanted to glass or plastic 
houses inJanuary or February (f the next year and harvested from March ItsJune. Heating 
isstarted Lt s,.,wing. 

Semiforcing culture-2. Sown in February in tilegreenhouse, transplanted to plastic houses 
in April. harvested from June to August. -tiflicial heating is not required. 

Open-field culture. Sown in February /March in the greenhouse, trarplanted to open fieks 
and mulched with black film in April or May. Harvested from June to August. 

Forcing culture in autumn. So\vn in June, Jul . transplanted to plastic houses in August. 
harvested from September to December. Heating is necessary about harvesting time. 

Hydroponic culture. Only about I(X) ha, representing less than I% of the total production 
area, is grown using hydroponic culture. 

Compared to other fruits and vegetables the cost of toniat( production is not high. l'he 
production cost was about (US$12,346 at US$1.00 = Y= 162) fI;r 10 a in 1986 for forcing 
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culture (Figure I). In the cases of forcing, semif'orcine and open-field culture, wages make up
about half of the production costs. Costs of facilities and fuel for protected cultures is about 
20% and 10%. respectively. The costs of seeds (seedlings). fertilizer and agrochemicals arc 
small compared to the other costs. 

2000 Fertilizer, Agrochemicals, 
Seeds, others. 

1800 111 Fuel, water 

1600 ] Facilities 

D Wages 
1400 

- Control plants 

1200 

U,1
 

1000 

800 
600 

400 

200 

Forcing Semiforing Open-field Semiforcing Semiforcing Figure I. 
Tomato Tomato Tomato Eggplant Cucumber Cost of tomato cultivation 

(MAFF. 1986). 

Diseases 

The iot illiportant tonlato diseases aic [usariull \%ill' mIi.(Priun 0 I'. sp.oVporul
\'('op'rsici. race I and race J o J is a ncw race of' Floariu' o.xy)uPorhn f. p. I.vcoclwr.sici. in 

Japm (Yamamoto et A. 1974) - Icafniold (!"uvia .ihiuum). bacterial ksilt (P.viudmonIl.% 
..oliana,'can ). bacterial canker (',,"vncha !criwn mi(hi, anc'n.sc') \eitil Ilium ssIt I lirtirjm/ 
dahliae'). tohacco nioaic' \is (T%1\1). cUCU1hL-r imosawic ms ('MV,. alld roothnol neniatodc, 
(Mehuidog'nv incoi'nit) (Sugak ara et a. 1971 ). 

Verlicilliunl %it11.ia bacterial kilt arc \e\ ,CriouS and Ie.s culti ar,, \ lth reC i,,tncc t' 
these diseasc,, acasi aiilahle [ow C\ er. eC'S.itnt culti\ it!.,, for u',s" as rotl slock ha\ e bcen bred 
The hectarage of, hltlolho culivated h\ !rafling on rcsistll rcot stock , hein..- ilnc.re cd Ill 
an effort to avoid daunace %Fusariun ill Ip1rticUlari. h\ racc Jt). bacterial \\ ilt. \"erticilliuun; 
wilt and rootknot nnIaltotde 

Consumption, Export and Import 

Although the co)untr\ produces 106.700 t of tomato ketchup (Table 3). 85.500 1 of.juice. 
and 7.70 of timat o puree. the h0cil deiand cantot he meet. Since the 197()s the consutpt icn 

http:anc'n.sc
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Table 3. Production of processed tomato. 

Type of product 1965 1970 1975 1980 1985 

Type o o('000 t) ('000 t) ('000 t) ('000 t) ('000 t) 

Ketchup 27.3 35.9 84.9 97.3 106.7
 
Juice 11 4 26.7 94,2 128.8 87.0
 
Puree 10.5 13.4 36.6 23.4 7.7
 
Others I 6 3 3 334 58.1 35.4
 
Total 50 8 79 3 249 I 307.6 236.8
 

Source Ministry of Agriculture. Forestry and Fishery 1965-85 

of toiiato ktchICILip and UIcc has rapidl increased. hccausc of' Changing food habits adopted 
K tile 'onlrer t'ellferat l il Japan. lroducts ha\e it ho: imported. Imports of processcd tollLt[O 
prodncts atnnt to 77.)011) t . f %\hich (0.00) t is tonlato paste and pure, and 1.30) t ketchup 
and Others. Therc , 10 IlnlpoIrt Ol fresh tollat. 

Research and Development 

Breeding. The ntial arid prtcltulal itstittite, and e+periment stations and the private seed 
co1pallnies are actiCl. enuaed In tlonlato hCredin. 'Ihe aborto'.h Oof rCee~il S.l.'aeeOlS 
Veetabhles o tihe National Research Institute of eL'etables. ( )rnmaientai Plants and "e': '"IVOT). 
has dCloped toto11ltO \ it'MiCs \%.tth rCsitanc toi narti'nllii it , race I and race \. ardJ MidV 
TMV. At the Morioka hranch station. proces,in tom11ato hl, beCn dlhoped, and at the Kurlnie 
branch stat oionItie, ha,\.C hcetn des elopetd ,tni ableC lOrCin c.ulturet in the sot ht 'llpt o1 Japan. 
At the pretletUral c,.fpcrIient taoll sllti at,, ha\c bCCn de\ c!,Ced ssbich are adaltd totlhe 

partiLCular loCal ensirotrliclits. 
At NIVOT three lie-, and tssu I h.tbrids '[able 4s erc bred isitiL! the lolhin , three 

linte, is pellrinals .- l ite 12t)44. to rootpcr-ia l P ,isistall ork\ (1 'i',noct/i'Jla 
/\o opu'rsir ). cu ]. top s itL, \'ert.c'ill ItiI skilt. I'usariinl %kill rac l ard J,.. [eatliold. tolllto 
sp)tited \Iit \s.. thacco mtosaic \irtis l'hn2 2CIIt+r. arnd rootkrnot ncr,!titdes , 1. 25 ' ffrot 

State L'ri\ ,'rsit to cl n ist:1l ,,isInl , resistant iiber t1nosaC s iIls. tobacco . icls '[it ). and 
rootkriot ieiatods.ai )lt( ll09i7:7 1()I2.ranidart I, i0tu,,lin Is hi zl.t.cII arid TNIV 'l'rri2') 
tYatiaksi, . ])1T7') 

1,1( 0u T'r.si /,,1iimi'I/i Il .iAS Utsed It" resistance lusritri race .1; and bacterialbeen l toi \%iI 
calkel. L. i,'h/o,,d1I/,tl lor their r'eistance to Ct k\ toot: a rd L. pimlmi I/oliiniard L,.hluiurt 
L'ii\ ersrt, Of l 'CNlel1 ir' i ) t IirI ii)Mlltlcker. 1)41)iot I0II n If reslanc: to hisarlitlnrI' s III 
race I. 

The resistanC eeie I se i[]), \er\ ,tahle and co,llntlnItl. all tress\ hIbrd cuItls a,s ba\C this 
eerie. FLisarihirl 1 %ilt r"ice.I; firslt occnrred at Khi [clctnrtt Ili7 adtl attas tedctilti'ar,, 
st h the I -cencs. Resistance to .1; ssas found inIPI 120944 Koiad:l. 1)74 and .,\,s bred into 
Aro .4 anid Aio 5. the :irst tles resstant to ace .1 ([able 4). 

Table 4 Resistaot tomato lines bred at NIVOT 

Fusariurn
 
Le CMV Nematodes TMV
 

Race I Race J3
 

Ano 3 Tm Tm. Tm 2a Tm 2a 
Ano 4 + 4 Tm 2a Tm 2a 
Ano 5 + + Tm 2 Tm 2 
(F, I + + + Tm +. Ti 2a Tm 2a 
Ryugyoku (Fi' + + + + Tm +. Tm 2 Tm 2a 

tFI (Ano 4 x Ano 3) 'FI (Aiio 5 x Ano 3) 

http:ieiatods.ai
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The lines developed at the national institutes with resistance to various diseases are listed 
in Table 5. Breeding of processing tomato is carried out at the Morioka branch station of NIVOT 
and the Nagano Chusin Agricultural Experiment Station. The genes controlling fruit color such 
as hp (high pignent), og (old gold), r (yellowish flesh). I (tangerine) etc. are used for inproving
fruit color awid carotene content (Mochizuki and Kamnimura. 1980). Mature fruits of L. e.w'uentun 
and L. pimpim'llfonliun (o not contain sucrose. but tie fruits of other \ild relatives such as 
L. cheesmanii do. A collection of wild relatives has been assembled for use in inipro, ing the 
processing qualities. 

Table 5. Disease resistant improved tomato cultivars by public stations. 

Resistance* 

Cultivar Year F 
V CI N TMV Institutey 

Race I Race J3 

Morioka 10 1972 + NIVOT 
Wakasio 1972 + + Chiba
 
Hohyoh 1972 +
+ Ohita 
Tanomo 1973 + + + Nagano 
Tsukama 1973 + + + Nagano 
Happo 973 + + Nagano
 
Raiden 1973 + 
 + + + Nagano
 
Morioka 1 I 1974 + 
 NIVOT
 
Morioka 12 
 1974 + NIVOT
 
Morioka 13 1974 + 
 NIVOT 
Shuhgyoku 1974 ++ NIVOT 
Sugano 1976 + + Nagano
 
Morioka IS 1977 + 
 NiVOT
 
Morioka 16 1977 + 
 NIVOT 
Shunrei 1978 + + + Naganc
 
Fujimi 1980 + + + Tokyo
 
Chiba first 1981 + + Chiba
 
Kanare 1981 +
+ Aichi
 
Shinanoaka 1982 + + 
 Nagano
 
Rojiyutaka 1982 + + + Nagano
 
Kurume pink 1983 + NIVOT
 
Kagyoku 1984 + + + + 
 NIVOT 
Ryugyoku 1984 
 + + + + NIVOT
 
Shuhhoh 1985 + + Nagano
 
Sanppo first 1985 + + Aichi
 

xF = Fusarium wilt. V = Verticillium wilt. Cl C'adosport.' fulvum. N rootknot nernatodes. TMV . tobacco mosaic 
virus 'For full names see the Appendix 

Physiology and ecology. With tile advance of 1omto culti\x.ation under protection. research 
on tile phvsiolog. and ecolog. if lollati has ben stimulated. In a I. pical nI\ I lmous,' tile CO 
content is 5(X)-6(W) ppm lust belore sunris, and 150 ppm at noon1 \itllut ventilation, leading 
to decreawed pfiotos\ nthetic ahilit IHisatonii and Morioka. I1978. Ventilation and sufficient 
suppl. of CO. is therefore \er%implirtant. The () 2 ,alulation Content Is I .(1)()- 1.5)0 ptil 
S1-fisatomii and ,Mtrioka. 1978). 

Generall%. it \%as fotund that the optimum air ttnliperature \k, as 25-28 C in the daytime and 
5-7 C at night. The optimum soil teniperature il the dill ime ,%as ftound to be 20-22 C. which 
is lower than tile ai tenirx.rature (Kanaiie and [laki 19,L73). 

Cold tolerance is important for forcing culture. Varietal differcIes, lt Cold tolerance e\ist 
(Masaki and Ooni 1981 . Sol mI .\i'/CrAit'uh.i has resis lancet to tw\ Ic leperat U'e. 
Hybridization between L. e.stdentnum and SoloantIi olwr\sicoide is \ery difficult but by the 
use of sesquidiploids (Rick et al. 19881 or somatic hybrids Handley et al. 1986) it has recentd, 
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become possible to introduce the resistance ge ne(s) For cold tolerance lrom S. Iycolwrsicoides 
to tomato. Physiological disorders are common in protected cultivation. Excess nitrogen and 
potassium, boron or calcium deficiency, or low night temperatures, cause fruit disorders (Katoh.
1986). Salt acculmulation usually resul!ts from cont nuouLs cropping ol tolato under protection.

Hydroponic cultu", has shown promise as a mamns ,favoiding tileproblems associated with 
continuous cropping. However the acreage ol hydroponic tomato culture is only abouit 100 ha. 

International collaboration. At NIVOT. a three-year joint research program entitlcd 
Biotechnological Development o[Tropical Microorga niSnis and Plants was initiated in 1983 in 
cooperation with the Malaysian Agricultral Research and Developmlent Institute (MARDI). 
Native varieties and \%ild relatives of solanaceous vegetables were collected and screened for 
resistance to bacterial wilt. Verticilliumit wilt and some insect pests. The resistant varieties will 
be utilized for resistance breeding in both countries. 

Th instilies and researchers working or tomato arc listed in the Appendix. 

Pepper
 

Current Pepper Situation 

Pepper was introduced into Japan at the end of the 16th or the beginning of the 17th century. 
Bolth sweet pepper and hot pepper spread rapidly both as a vegetable and al orna ue ntalI plant.
By the end of the I9th century, cul ivation of hot pepper was widespread and Japanese pepper 
\;as yery 'anlOUIS fOr its higi pungency. Export of*hot pepper amoutIiied to about 900 t inthe 
I1920's. In tile1950"s. the amount of' hot pepper e\ported was 6.800 toils. 70" of' which was 
to Ceylon (Sri Llanka) and 20()to 30r to the USA. 

Nlany cultiVars ol' s\ee pepper were introduced inthe 1940 "s from the USA. Commercial 
cultivation of s\ cet pepper as a vegetable was established in the 1950's and increased rapidly 
using forcing culture under protected facilities in 1960 's. 

In 1984. tile hot pepper) was 5. 127. producingI 188.801total hectarae of'pepper (excluding,0 
tons. (Table 6). The ield of s\weet pepper was about 36 to 37 t/ha. The otal hectarage of hot 
pepper was 142. producing 38 1tons on a dry \eiclt basis. The average yield was 36 tons per ha. 

The foItr types of pepper culti ation (forcirng. seoti-lorcing. open-field. and autumtln11for'cing)
resemble those for tomato. The minimuni air temperature lor Winter culi\vation has to be about 
lX-20'C the heatinc in forcinc or set ui-forcing cultures isextiemelv exp.:nsive. and colsequent ly 
one f'ourth of the production cost is accounted IfOr y artificial heating. Tolerance to cool 
temperaures is therefore one of tileitisot important breeding objectives. 

Table 6. Pepper production in Japan, 1984. 

Acreage Harvest Main pr'ducing
(ha) ('000 t) prefecture 

Sweet pepper 5.127 188.8
 
- bell type 4,790 180.3 Ibaraki, Miyazaki
 
- other types 377 8.5 Kyoto, Chiba
 

Hot pepper 142 0.4 Ibaraki, Tochigi

Total 5.269
 

Diseases. Generally. diseases of'pepper are similar to those of tonlato aIltiOlgh they are not 
considered important proIiuction constraints. Special disease lproblemIs exist locally, such aS 
Phytophthora rootrot (Phytoplhthora capsici) in tile central part of Honshoi and the southern part 
ol Kyushii island. 
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The use 0l an attenuated ,train (Pal8) was found to be very effective to control TMV-P 
on pepper plants (Goto et al. 1984). Pal8 was isolated from pepper plants inoculated with TMV-P, 
using Holmes' method (Holmes. 1934). Plants inoculated with Pal8 showcd mild symptoms 
throughout the growth period but were protected from the attack of fMV-P. Although the use 
ofattenuated strains for protecting against TMV-P is effective, there are some practical problems. 
One is the variety of differences in reaction to inoculation with the attenuated virus. another 
is the difference in symptom expression under different environnital conditions (Yoneyama 
et al. 1985). 

Research and Development 

Research. Sweet pepper breeding is dealt with by national and prefectural institutes and 
experiment stations and private seed companies. At thLeNagano Chushin Agricultural Experiment 
Station the main objectives for breeding pepper are resistance to TMV-T (tomato strain). TMV-
P (pepper strain). cucumber mosaic virus (CMV), and Phytophthora rootrot (Kobayashi et al. 
1984). Tolerance to cool temperatures is the most important pepper breeding objective at NIVOT. 
One line of CaPsi'uin baccatin has been found which is more resistant to CMV than commercial 
cultivars of C. onntuan (Narikawa et al. 1987). One C. )ubescens line, introduced from France. 
was found with high resistance to CMV. The resistant gene of C.pubescens will be incorporated 
into C. inattmas tbllows: (a) crossing of C. annau and C. pubescens directly to obtain hybrids: 
(b)crossing of C./hescens and C.pue.) ens using C. card'nasii tPickersgill. IP86) and crossing 
of C. anilttn and the hybrids' (c) cell fusion techniques to obtai, somatic hybrids. 

Almost alicommercial cultivars have resistance to TMV-T. Presently there is no commercial 
pepper cultivar with resistance to TMV-P. However resistance to TMV-P has been found ill 
C. chim'nse P!152225. PI 159236, P1315008 and Smith SA 411 (Yaniakawa and Nishio. 1979) 
and will be incorporated into commercial cultivars. 

International collaboration. At the Tropical Agricultural Research Center (TARC) of the 
Ministry of Agricultare. Forestry and Fishery (MAFF). Japan. a joint research project (Joint 
Research on the l)evelopment of Breeding and Cultivation Methods for the Stable Production 
of Vegetables in the Tropics) was started in 1987 in cooperation with the Shanghai and Guangdong 
Academy of Agricultural Sciences of the People's Republic of China. Sweet pepper. Chinese 
cabbage and cucumber arc diie major vegetablcs of this project. The major objectives for sweet 
pepper are heat tolerance, and resistance to CMV and other diseases. 

A joint research project between NIVOT and MARDI (Malaysia) has been completed, in 
which native varieties of pepper as wcl as tomato and eggplant were collected for use in breeding 
for heat tolerance and disease resistance. 

Future Needs 

rhe development of techniques to obtain hybrids between distant relatives will be necessary 
to transfer the promising characters of the wild species, such as tolerance to environmental stresses 
or resistance to CMV from C. pubescens, into the cultivated species. 

The institutes and researchers working on pepper are shown in the Appendix. 
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Appendix. Institutes and researchers working on pepper and tomato 
improvement. 

National Research Institute of Vegetables. Ornamental Plants and Tea (NIVOT). Aio, Iie 
514-23. 

Breeding (tomato. pepper): Kunio Yaniakawa. Toioaki Narikawa. Ken'ichi Hida. Yoshiteru 
L2akata. 
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Quality (pepper, tomato): Shinji Monnia, Osamu Nakagawa.
 
Disease (pepper, tomato): Masayoshi Ishii, Kazuo Abiko, Ichiro Fujisawa.
 
Cultivation (tomato): Hiioshi Nakanura, Takehiko Nakashima.
 
Physiology (tomato): Norio Sevama, Yoshihiro Shishido, Shigeo imada, Naoki Katsura, Taka,iki
 
Nishijinia.
 
Postharvest (tomato): Ryoyasu Saijo, Gensoh Ishii, Masayasu Nagata, Makoto Nakashimada,
 
Shuichi Fukatsu.
 

NIVOT Morioka Branch Station, Shimo-kuriyagawa. Morioka, 020-01. 
Breeding (tomato): Denji Ishiuchi, Kimio Itoh. Cultivation (tomato): Kazuo Arai. 

NIVOT Kurume Branch Station, Mii, Kurume, 830. 
Breeding (tomato, pepper): Yoshihiro Iwanaga, Tatemi Yoshida, Keita Sugiyama. 
Post harvest (tomato): Setsuo Obama. 

National Agricultural Research Center, Kan'non-dai. Tsukuba, 305. 
Diseases (tomato, pepper): Hajimu Komada. Katsuto Kuniyasu, Hiroshi Tochihara. 

Hokkaido National Agricultural Experiment Station, Hitsujigaoka. Toyohira+ Sapporo, 004. 
Diseases (pepper): Norio lizuka, Tadanori Goto. 

Hokkaido Donan Agricultural Experiment Station, Ono, Kanieda-gun. 041-12. 
Tomato: Kazuo Sawada Koji Shiozawa, Yutaka Inagawa. 

Nagano Chusin Agricultural Experiment Station, Sega, Shiojiri, 399-64. 
Breeding (tomato, pepper): Tadakazu Kobayashi, Suguru Kobayashi, Yukio Yanokuchi. 

Chiba Agricultural Experiment Station. Daizenno, Chiba, 280-02. 
Pcpler: Yuji Nagai, Akio Murata Tacko Takeuchi. i. Hiroshi Aoki, Yuji Udagawa. 

Kochi Horticultural Experiment Station, Noichi, Kochi, 781-52. 
Pepper: Mitsuo Matsumoto, Seiichi Saito Hiromasa Sawada. 

Shizuoka Agricultural Experiment Station, Toyoda, Iwata. 438. 
Tomato: Tetsiji Suzuki. Hideo Mochizuki, Shin'ichi Nakamura, Hiroshi Arakawa. 

Aichi Agricultural Experiment Station, Institute of Horticulture, Nagakute, Aichi-gun, 480-11. 
Tomato: Yozo Sakurai. Shinji Sugawara. 

Nara Agr.L.ltural Experiment Station. Yojocho. Kashiwara, 634. 
Tomato: Tokio Hisatomi, Kiyoshi Naito. Masayoshi Minegishi. 

Symposium Discussion 
L.C. Chang: (I) Do you have an' problem of fruit defoirmation or other constraints in pepper 
production under low temperatures? Do you have a pollination problem when you grow pepper 
in vinyl houses'? (2) Do you apply artificial /insect pollination in the greenhouse to assist fruit-set? 
A. Tsumita: (I) We have problems of defrnied fruit in pepper production during the winter 
season. Fruit is longer in shape and has a nipple at the bottom. This problem occurs under lo\\ 
night temperatures and low daylight. Farmers control low temperature by heating: the minimun 
temperature is 15'C to 18'C. (2) Normally we do not have to apply artificial insect pollination. 
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only natural pollination. Our winter season varieties have very good fruit-set under low 
temperatures. 

W.J. Ho: As you mentioned, the market price of fresh tomato in winter is very high in Japan. 
Winter is the wrong season to produce inexpensive tomatoes. Why is Japan not importing fresh 
tomato from neighboring countries, where conditions are more favorable for tomato production 
during the winter months? Is there any possibility of lifting the import ban lor fresh tomato? 
M. Hatanaga: The average consumers price is US$3/kg (highest price US$8). The require
ments of Japanese consumers are \'ery specific: (1) pink fruit color (100%); (2) high fruit 
quality and sweet flavor (7 degrees brix): and (3) freshness (90c of tomatoes are consumed 
fresh). If neighboi lg countries can produce such tomatoes, I think they can export fresh tomatoes 
to Japan. 

J.M. Meunier: (I) What is the hectarage of tomlato affected by the J 3 race of Fusarium 
wilt? (2) Is there any red tomato fruit grown in Japan? If yes, how many hectares? 
M. Hatanaka: (I) 400-600 ha. (2) No. All tomatoes grown in Japan have pink-skinned fruit. 
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Tomato and Pepper Production and Research in 
Korea 
K.Y. Kang 
Pusan Branch, Horticultural Experiment Statin,. 20 Gangdong-dong, Buk-gu, Pusan, 
Republic of Korea 

Abstract 

In Korea, pepper and tomato can be grown in the open field only from April to 
October, even at the southern tip if the peninsula. Hot pepper is an essential vegetable, 
used mainly for seasoning the local dish 'kimchl' and for making hot pepper paste for 
various local foods. Total hot pepper production in Korea is about 197,000 t, with an 
average yield of 1.5 t/ha and -n annual consumption of about 4.8 kg per capita. 
Seedlings are usually raised In nursery beds and transplanted soon after the last frost. 
Production is hampered by a high incidence of pests and diseases, and high tem
peratures and rainfall In summer are also limiting factors. Research initially focused 
on the evaluation of local and introduced varieties, followed by line selection and 
cross-breeding. The use of male sterility for F1 hybrid varieties was established. 
Other research areas include disease and pest control, plant nutrition, flower and 
fruit drop, and problems arising from continuous cropping. Tomato, however, is 
a minor vegetable in Korea, with a total growing area of about 3,000 ha and a 
total production of 93,000 t. Annual consumption is about 3.2 kg per capita for 
fresh fruits and about 0.5 kg for processed products. All fresh fruit is produced 
locally, but most processed tomato products are imported, ma!nly in the form of 
paste, of which 5,107 t was imported in 1985. Fresh-market tomato production
Is often hampered by unsuitable temperatures and a high incidence of disease. 
Research efforts have recently been intensified to improve fruit quality and disease 
resistance. The breeding of once-over harvest varieties for processing has also been 
initiated. 

Introduction 

Korea is located between 33.06' and 43.00°N latitude, and 124.11 and 132.51 'E longitude. 
The peninsula is surrounded by the sea in the east, west and south. The country is located in 
the monsoon zone, and has four distinctly different seasons with cold and dry winters, and hot 
and humid summers. Average annual temperature in the low%1 nd areas ranges from I0°C to 
16'C. Temperatures are high from June through August. with daily maximum temperatures
ranging from 30'C to 35°C. Temperatures below 0°C are experienced during three to four 
months in winter. Frost occurs from early October to late April in the central region, and fron 
early November to mid-March in the southern region. The annual precipitation is 1,000-1.700 
rum, with 50'7/-60' falling in Jimne to August (Compilation Committee Society for Korean 
Agricultural Art History. 1983). The above climatic conditions make field cultivation of tomato 
and pepper feasible only from April or May to mid or late October. At other tinies cultivation 
is possible only under tunnels or plastic hoIses 
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Pepper
 

Present Status 

Production and consumption. Hot pepper is an iportant vegetable mainly used flor 
,easoninjg 'kimchi' and Ior miaking hot paste. both otfwhich are essential comiponents of the 
rice-based Korean diet. In recent years the green fruit is aIst,6..iing importance as a vegetable. 

The hectarage of hot pepper 'ordr. red powder production has increased by 20, in recent 
years, froin approximately 110,000 ha in 1979 to about 130,000 ha in 1986 This accounts fir 
35 %,of the total hectarage of' vegetable planting in Korca. Production has increased by ahil)st 
80%f,'during the corresponding period (Tables I and 2). The yield per ha has also been increasing 
in the past few \,ears (MinistrN of AuricUlltlre. Forestr\ and Fisheries. 1982, 1987) brotught 
about 1y the inlroduction of high-yielding varieties and of belter croving techniques including 
the lsC of plastic mulch covers and the raisine of seeCdlines on hot beds (Park. 1983). 

Table I . Cultivation hectarage of open-field vegetable crops in Korea (1986). 

Crop Hectarage lia) Percentage of total
 
Cucumber 3,955 I. I
 
Oriental melon 5,040 1.4
 
Squash 2,451 0.7
 
Water melon 22,625 6.1
 
Tomato 1,117 0.3
 
Strawbcrry 4,105 I.I
 
Chinese cabbage 48.131 13.1
 
Cabbage 4,052 1.1
 
Spinach 5,046 1.4
 
Lettuce 2,981 0.8
 
Radish 37,683 10.2
 
Carrot 5.105 1.4
 
Red pepper 128,963 35.0
 
Garlic 48,240 13.1
 
Welsh onion 24,248 6.6
 
Onion 9.791 2.7
 
Ginger 3,445 0.9
 
Others 10,941 3.0
 

Total 367,959 100.0 

Source- Ministry of Agriculture. Forestry and Fisheries 1987. 

Table 2. Production and hectarage of hot pepper in Korea (I 979-86). 

Dried pepper Fresh pepper (under protection) 
Year Hectarage Yield Production Hectarage Yield Production 

(ha) kg ha (t) (ha) kg, ha (t) 

1979 109,203 1.030 112,479 1,431 11,050 15,826
 
1980 132,700 940 125,100 1,61 1 1,830 19,067
 
1981 151,037 910 137,575 1,521 14,050 21,368
 
1982 113,368 1,150 130,465 1,708 14,630 24,989
 
1983 122,188 1,!90 194,184 1,871 14,500 27,129
 
1984 99.796 1,170 116,910 1,742 14,030 24,447
 
1985 117,877 1,400 165,277 2,412 12.520 30,191
 
1986 128,963 1,530 197,804 3,155 13.390 42,257
 

Source: :Ninistry of Agriculture, Forestry and Fisheries. 1982, 1986. 
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The area under plastic house cultivation for the supply of fresh vegetables during the 
winter months has increased steadily since 1979 and reached 3,155 ha in 1986 with an 
annual production of 42,257 t (Table 2) (Ministry of Agriculture, Forestry and Fisheries. 
1982, 1987). 

The annual per capita consumption of dry red pepper amounts to 4.8 k,while that ofgreen 
pepper is about 1 kg (Ministry of Agriculture. Forestry and Fisheries. 1987). 

Major production areas. Hot pepper is widely cultivated throughout the nation. However, 
the major production areas are in the hilly areas of Chungcheongbuk-do and Kyungsangbuk-do 
provinces which are located in the central part of the country. Figure I indicates that 44% of 
the national total hectarage grown to hot pepper is located in these two provinces (Park. 1983). 

Temperatures are similars in the major areas and in the less important areas. However, 
the major production areas have longer mean sunshine hours and lower rainfall. providing more 
favorable conditions during the growing period (Table 3). 

Cultivation patterns and cultural practices. Several cultivation patterns for pepper have 
dififerentiated on the basis of sowing time (Table 4). Early season farming is generally adopted 
for dried hot pepper production. The seeds are sown in early Feb'uary. seedlings are grown 
in plastic pots for about 90 days until thev are transplanted into the field in late April or early 
May as soon as the frost is gone. and harvesting continues from July to October. Since the early 
1970's. green hot pepper has been grown under plastic houses in the southern region. This growing 
method has differentiated into forcin,. senli-forcing and late culture (Compilation Committee 
Socicty of Korean Horticultural Dev, Iopment History. 1980). 

The cutivati(,a practices for hot pepper vary considerably, depending upon growers and 
districts. However. seedlings are generally raised for 90 days in cold beds, and transplanted 
at a rate of about 45.000 plants per ha. About 450-700 kg/ha of fertilizer is used. Manure is 
applied at about I0.000-20.000 kg with liftlc of lime. The soil is usually ,.:overed with plastic 
film to raise soil temperature and to retain soil moisture. Chemicals are spiaycd about 10 times 
during the growing period to control diseases and pests such as Phviophthora blight, anthracnose, 
bacterial leafspot. aphids. tobacco budworm and others. In almost all major production areas, 
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Table 3. 	Climatic conditions in major hot pepper production districts during growing periods 
from June to September (I 931-60). 

District Temperature (C) Sunshine Precipitation 
Mean Maximum Minimum (h) (mm) 

Major Producing Districts
 
Jecheon 21.4 26.9 16.4 865.8 594.9
 
Churgju 22.5 28.0 17.9 1,047.9 675.6
 
Gr-esan 22.2 28.1 17.4 1,088.5 658.7
 
Eumseong 
 21.9 67.8 17.5 971.0 770.3 
Andong 22.7 28.6 17.7 1,019.0 549.8 
Euiseong 22.5 28.4 17.4 934.1 583.9 
Cheongsong 
 21.5 27.9 16.2 862.4 563.9
 
Mean 22.1 
 28.0 17.2 969.8 628.2 

Minor Producing Districts
 
Seoul 22.8 
 28.1 18.7 800.3 893.8 
Gangleung 21.8 26.3 18.2 716.5 735.2
 
Jeoniu 23.4 
 28.8 19.2 813.6 830.3 
Gwangju 23.5 28.7 19.8 812.0 783.1
 
Busan 
 22.7 26.6 20.0 791.0 815.2
 
Yeosu 23.0 
 26.1 20.6 750.2 787.8 
Jeju 23.3 27.2 20.4 850.5 844.0
 

Mean 22.9 19.6
27.4 	 790.6 812.6 
Source: Central Meteorological Office. Climatological statistics from 1931 to 1960 (cited in Park. S.K. 1983. 

Table 4. Cultivation patterns of hot pepper in Korea. 

Cultivation Sowing Planting Harvesting Cultivation 
patterns time time time region 

Forcing culture September January 	 March-October Southern region
 
(under protection I
 

Semi-forcing culture December February April-October Southern region
 
(under protection)
 

Early maturing culture' February May July-October Whole country
 
(open field)
 

Direct sowing culture April - July-October Whole country
 
(open field)
 

Late culture July September November-June Southern region
 
(under protection)
 

Source: Compilation Committee Society of Korean Horticultural Development History 1980. 'Seedlings are grown 
on hot or cold beds under protection. 

farmers 	have been continuously growing peppers for at least five years (Table 5). which has 
resulted in a 'sick soil' problem. Deteriorating physical and chemical properties. accumulation 
of phytotoxic substances, and high population densities of soilbornc plant pathogens and pests 
are typical symptoms of 'sick soil' (Kim et al. 1987: Lee and Kim. 1985). 

Marketing. Hot red p:pper issun or oven-dried after harvest and marketed by each grower 
in the production area. Marketing channels from producers to consumers vary. The most popular 
ones are: (i) growers - collecting merchants who visit -and buy from growers-metropolitan 
wholesalers (agents) - retailers - consumers, and (ii) growers wholesalers (agents) - retailers 
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- consumers. The marketing margin is 44.5% of the consumer's price, out of which 26.9% 
is for packing, transportation, service cha,ges, loading, unloading and tax, and 17.6% is the 
middleman's profit (Cho and Kim. 1982). 

Utilization. Hot pepper fruits harvested from the field are dried and powdered as spice or 
condiment for kimchi, hot paste, and other foods. Hot pepper is also eaten fresh or in pickled 
form. Plastic house cultivated peppers are generally consumed raw and only a small portion 
is used for processing into spices (Cho and Kim. 1982). 

Varieties. In the early 1970s, open-pollinated land races were predominantly grown. However, 
since the mid-1 9 70s F1 hvbrids gradually replaced the local cultivars in most production areas. 
In 1986 F, hybrid cultivatiOn accounted for 80% of the total cultivation acreage (Horticultural 

,Experiment Station. 1986). Eighty-six F hybrid varie':es bred by local commercial seed 
companies have been released and marketed since 1979. The present leading cultivars are shown 
in Table 6 (Korean Seedling Society. 1986). 

Table 5. Cultivation methods of hot pepper in Korea. 

Item Method and percentage of adoption 

Seedling raising Direct sowing (I), cold frame (61), manure-heated hot bed 
(28), electrical hot bed (10) 

Days of seedling raising 70-80 (15), 81-90 (41), 91-100 (30), over 101 (14) 
Height of bed Below 10 cm (II), 11-15 cm (52), 16-20 cm (37) 
Number of plants per ha Less than 40,000 (43), 40.000-50,000 (43) more than 50,000 

(14) 
Fertilizer application (kg/ha) Less than 450 (28), 460-650 (38), more than 651 (34)
 

Nitrogen Less than 150 (29), 160-250 (44), more than 260 (15)
 
Potassium Less than 150 (34), 160-' 0 (48), more than 251 (15)
 
Phosphorus Less than 150 (39), 160-250 (54), more than 251 (II)
 

Manure application (kg'ha) Less than 10,000 (47). 10,000-20.000 (40), more than 20.000 
(28) 

Chemicals application frequency Not applied (64), less than 1,000 (8), more than 1,001 (28) 
Mulching No mulching (2), mulching with plastic film (98) 
Pesticide application frequency Less than 5 (31). 6-10 (46), more than II (23) 
Continuous cropping (years) Less than 5 (33), 6-10 (34), more than I1 (33) 

Source: Annual Research Report of Hort. Expt. Sta 1986 

Table 6. Hot pepper varieties and their characteristics. 

Fruit Fruit
 
variety Year of Mut nt Feit Cultivation
registration Maturity length weight Use Yieldty e Pungency k /ha 

(cm) (g) type (kg/ha) 

Hongilpoom (FI) 1981 Medium 7-8 6-8 Dried Open field Strong 8,000-10,000 
Bulamput (Fi) 1979 Early 12-14 12-14 Fresh Under Medium 18.000-20,000 

protection 
Hanpyul (FI) 1980 Mediuimi 10-13 10-13 Dried Open field Strong 18,000-20,000 
Cheongyang (Fi) 1983 Early 7-9 7-10 Dried Open field Strong 10.000-13,000 
Cheonghong (F1) 1983 Early 13-15 13-15 Dried, Open field, Strong 12,000-14,000 

fresh Under 
protection 

Jinpoom (FI) 1984 Early 7-9 5-7 Dried Open field Strong 12,000-14,000 
Sinhong (Fl) 1985 Medium 9-11 4-5 Dried Open field Strong 16,000-19,500 
Hongsil (FI) 1983 Medium 9-11 10-12 Dried Open field Medium 16,000-19,000 
Koreagon gochu (FI) 1979 Medium 8-10 15-18 Fresh Open field Medium 10,000-16,000 
Ilwolgon gochu (FI) 1985 Early 7-9 6-8 Dried Open field Strong 11,000-13,000 

Source: The Korean Seedling Society. 1986. 
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Trade. Local demands for dried hot pepper are usually met by domestic production. Before 
1983, dried fruits were imported from China, India, Pakistan and Singapore to make up the 
domestic demand in case of a crop failure. Since 1984 dried fruits have only been imported 
from China. A large amount of dried fruit was imported in 1984 and 1985 owing to crop failures 
(Tables 7 and 8). Dried and fresh hot pepper, and hot paste, are mainly exported to Japan, the 
USA, Saudi Arabia and other countries (National Agricultural Cooperative Federation. 1987). 

Table 7. Export and import of red pepper 1980-86. 

Export 	 Import 

Year Dried pepper Fresh pepper (dried pepper)
 
Amount Value Amount Value Amount Value
 

(t) (US$ 1,000) (t) (US$ 1,000) (t) (US$ 1,000) 

1980 26.7 264.7 220.8 1,687.9 5,625 7,963 
1981 20.8 124.5 481.3 1,883.5 516 782 
1982 231.3 487.5 970.4 2,920.8 2,243 2,951 
1983 188.9 386.9 1,194 2 3,128.5 1,198 1.627 
1984 120.2 418.9 411.7 1,177.7 8,245 10,931 
1985 150.4 526.0 497.9 1,313.3 11,210 11,762 
1986 170.6 500.7 9,732.5 1,876.2 875 1.151 

Source: Trade statistics f-om the Office of Tariff 1986 (cited in the National Agricultural Cooperative Federaticn, 1987). 

Table 8. Export and import of pepper paste (1980-86). 

Export Import
 
Year Amount Value Amount Value
 

(t) (us$1,000) (t) (US$ 1,000) 
1980 1,053 1,373 2 2
 
1981 1,080 2,058 8 II
 
1982 1,311 1.439 - 
1983 1,444 1,676 7 II
 
1984 1.648 1,817 275 217
 
1985 1,708 1,846 716 574
 
1986 1,665 1,932 263 212
 

Source: Trade statistics from the Office of Tariff. 1986. (cited in National Agriculture Cooperative Federation, 1987). 

Production Constraints 

Environment. Low cumulative temperatures in Korea allow only a relatively short growth 
period 1150-190 days). Excessive rainfall, high temperatures and typhoons in the summc" often 
result in great damage to the crop (Park. 1983). 

Soil conditions. Korea has much acid soil. which requires lining (Conmpilation Committee 
Society for Korean Agricultural Art Hist;ry. 1983). Continuous croppiag in most of tie major 
production areas has resulted in the following problems: 

(i) 	 Deteriorated physical and chemical properties of soil: continuous tnonocropping has resulted 
in poor soil structure. low p-I. shortage of Ca ". M, and other minor nutrients, and 
accumulation of phosphorous (Kim et al. 1987). 

(ii) 	Accumulation of phytotoxic substances: substances such as glutalic acid. alanine. aspartic 
acid, and glycine secreted from plant residues (leaves, shoots, roots) after harvesting are 
accumulated and are responsible for poor root growth. Icaf chlorosis and willing synptois 
(Lee and Kim. 1985). 
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(iii) 	 Increased population of soilborne plant pathogens including rootknot nematodes, damage
by Phytophthora blight (Ph'topithora capsici Leonian) is reported to be more than 20% 
in hot pepper annually. Damage from bacterial wilt (Pseudhmwmas solanacearutm (Smith)
Smith) and rootknot nematodes (Meloidogyn, spp.) is on the increase (Kim ct al. 1987: 
Lee and Kim. 1985). 

Pests and diseases. The prevailing diseases are anthracnose (Colletotrichunr gloeosVpoiides
Penz and P. capsici), bacterial spot (Xaihoronas catfpestris pv. vesicatoria(Doidge) Dowson).
tobacco mosaic virus, cucumber niosaic virus, and soilborne diseises such as Phv'toplthora blight
and bacterial wilt (Kim et al. 1987: the Korean Society of Plant Protection. 1986). The oriental 
tobacco budwkorm (Heliothis assulta Guen6e) is the most harmful insect pest, followed by aphids,
and tobacco cutworm (Spodoptera litura Fabricius). Rootknot nematodes and mites are also 
important (Kini et al. 1987: Korean Society of Plant Protection. 1986). 

Varietal. The remarkable increase in yield per unit area of the newly-released FI hybrids has 
led growers to adopt F, hybrids instead of local varieties. However, until ne ,, more than 20% 
of the planted area is still occupied by local cultivars, resulting in low productivity. 

Market price. As the demand for hot pepper is always constant, a slight fluctuation in supply
leads to severe L,hangcs in the market price. A poor crop causes a sharp price rise, whereas 
over-production causes a sharp price drop, ith drastic decrease in farmers' income (Cho and 
Kim. 1982). 

Research and Development 

Crop management. Intensive research on methods to attain high yield was conducted in 
the 1970s. As a result, productivity was increased through the imnprovement of cultivation methods 
such as hot bed seedling raising and plastic rilm mulching (Park. 1983). Presently research priority
is given to determining the association of blooming, fruit-setting, and fruit characteristics with 
environmental factors, such as light and soil moisture (Lee et all. 1982). It is hoped that the 
results will elucidat,, the physiological reasons involved in 'soil sickness* and help determine 
appropriate c,)untcr measures. Disease surveys have been conducted in the major production 
areas. Integrated control methods arc being invcstigated for the effective control of diseases 
and pests such as late blight, anthracnose, tobacco misaic virus and nematodes. These methods 
include the use of resistant cultivars, grafting. and cross-protection with attenuated virums and 
improved soil and ventilation rianagement in plastic fimi houses (Kim et al. 1987). 

Varietal improvement. Male sterility has been used as at means of F, hybrid seed 
production since the late 1960s (Chung ct al. 1971). Genetic analysis of male sterility was 
conducted. Male sterility was induced by nuclear restitution, and is now comnlyon used fbr 
conanercial sccd production. At present, basic research on genetic analysis, heritability, genetic
correlation, and conrbining ability of major characteristics is in progress for the breeding of 
superior varieties (Wiland Pyo. 1981 ). It is expected that varieties with multiple disease resistance 
to Ph/voplithora ap..ici. P.s'udoumonas sohlataccaartum, 	 ghu'osporioides,Colh' oltrichuta ' 
XattioltoWas (Wm/p'.stris pv'. vesiCatori(I. lobacco 1iosaic virus and cucuniher itosaic virus will 
become available soon (Choi and Bac. 1986). A few cultivars with multiple disease resistance 
have been bred (lorticultural Experinent Station. 1986). Furthermore, varieties with high
capsaicin content (0.6-2.0 mgl/100 g) and high percent powder yield are being developed (Choi 
and Bac. 1986). 

Production and marketing. To cope with the problen of' production fluctuation, the 
goxemnent has recently pronoted the crop forecasting service. This allows Farmers to make 
better decisions about cr p nanagement and marketing. 
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Research institutes and researchers. The national research institutes, universities and 
seed companies involved in research on breeding, physiology and production technology of pepper 
are 	shown in the Appendix. 

Future Needs 

The production of hot pepper has been substantially increased by varietal improvement and 
cultural methods. In the future the following aspects need to be a'ddressed: 

(1) 	Cultural methods and varietal impro\'ement to prevent flower and fruitdrop caused by high 
temperature and excessive rainfall in the summer season. 

(2) 	Breeding varieties with high capsaicin content and high powder percentage when processed.
(3) 	Breeding varieties with Multiple resistance to several diseases. 
(4) 	Analysis of causes of soil sickne ,; and methods to resolve it. 
(5) 	Integrated control methods fOr diseases and pests. 

Tomato 

Present Status 

Production and consumption. Tomato was introduced to Korea about 400 years ago, at 
I aboutthe same time as pepper (Compilation Committee Society of Korean Horticultural 
Development History. 1980). However, it is considered as a minor vegetabe. There are no 
large-scale production areas: the crop is cultivated on a small scale throughout the country. The 
cultivation area is 3,000 ha (Table 9) (Ministry of AericultU, I. Forestrv and Fisheries. 1987).
Since the 197()'s the field-grown hectarage has decreased, whereas yield per unit area has 
progressively iiocreased through the use Of superior cultivars and iuproved cultural methods 
(Ministry of Agriculture. Forestry and Fisheries. 1987).

The year-round demand has led to the differentiation of crop)ing systems under plastic fint 
houses. The cultivation hectarage under plastic film houses has increased yearly since the 1960s 
and has reached 1,8(X) ha in 1986 (Ministry of Agriculture. Forestry and Fisheries. 1987). Plastic 
house cultivation is now more important than field cultivatiol in Korea cTables 9 and I0).

Annual consumption isabout 2.3 kg hor fresh fruit per capita, and about 0.5 kg lor processed
products (Ministry of Agriculture. Forestry :nd Fisheries. 1987). 

Table 9. Production and hecta-age of tonato in Korea (1978-86). 

Open field Under protection 
Year Hectarage Yield Production Hectarage Yield Production 

(ha) (kg ha) (t) (ha) (kg/ha) (t) 

1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 

1,827 
1,268 
1,742 
2,510 
1.978 
1,192 
1,038 
1,387 
I,17 

19,170 
44,450 
18,270 
29,669 
28.880 
29,170 
30,040 
31,180 
30,930 

35,01 1 
56,345 
49.241 
74.438 
57,131 
34,769 
32,688 
43,240 
34.545 

909 
874 
852 

1,078 
1,303 
1,516 
I,572 
1.648 
1,827 

30,500 
36,510 
31,850 
28,080 
29,340 
29,570 
34,420 
32,270 
32,310 

27,728 
31.917 
27.139 
30,266 
38,233 
44,822 
54,093 
53.181 
59,051 

Source: Ministry of Agriculture, Forestry and Fisheries. 1982, 1987. 
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Table 10. Tomato production in the different provinces of Korea. 

Region Open field (ha) Plastic house (ha) 
Kyungi-Do 287 243
 
Kangwon-Do 162 28
 
Chungcheongbuk-Do 53 81
 
Chungcheongnam-Do 126 335
 
Chullabuk-Do 35 149
 
Chullanam-Do 46 170
 
Kyungsangbuk-Do 140 389
 
Iyungsangnam-Do 210 391
 
Ci !ju-Do 58 42
 

Source: Ministry of Agriculture. Forestry and Fisheries. 1987. 

Cultivation methods and cultural practices. Direct sowing in the field was the only 
cultiv:.tion method until the early 1960s. However, since the late 1960s early maturing culture, 
in which seedlings are raised in nursery beds and transplanted into the field, has developed. 
At the same time, late culture in the alpine areas at about 600 il above sea level has also 
differentiated (Compilation Committee Society of Korean Horticultural Developnlcnt History. 
1980). 

Three different cultivation patterns tunder plastic houses have been developed: late culture. 
which is seeded in July and harvested from October: forcing culture, which isseeded ii September
and harvested starting January: and semi-forcing culture, which is seeded inNovember to January 
and harvested starting March or April (Table I I) (Compilation Committee Society of' Korean 
Horticultural Development History. 1980). Semi-forcing culture ispracticed mainly when pepper 
succeeds paddy rice in the southern areas. Although the growing method varies considerably 
depending upon growers and districts, the usual practices are as follows. In the case of early 
maturing culture, seed!ings are raised for about 60 days on the hot bed under plastic houses 
or tunnels, and transplanted into the field after the danger of late frost has passed. Planting density, 
although varying with cropping perids, isabout 5,0XX) plants per ha. rhe crop is usua!ly harvested 
up to the fourth flower cluster. The approximate amount of fertilizer is: 250-300 kg N: 300-350 
kg K; 200-250 kg P per ha. About 15,000 kg of manure and 1.000 kg of lime (hydrated form) 
are also applied. Herbicides are applied at planting time. Plants are staked with bamboo. Planting 
beds are covered with polyethylene film to raise soil temperature and to maintain soil moisture. 
I-or the control of diseases and pests such as late blight, carly blight, gray mold, leafmold, bacterial 
spot and aphids, chemicals are sprayed approximately 10 timcs during tie growth period. In 
order to promote fruit-setting and fruit growth, growth regulators such as tomatotone are sprayed 
to the flower cluster (K.Y. Kang. 1986. personal survey). Plastic houses are covered with 
additional plastic films and/or straw mats at night to keep heat in the house. 

Table II. Cultivation patterns of tomato in Korea. 

Cultivation Sowing Planting Harvesting Remarks 
pattern time time time 

Forcing culture September November January-June Under protection
 
Semi-forcing culture December February March-June Under protection

Tunnel culture February April May-July Open field
 
Early maturing February April-May June-July Open field, seedbed 
culture under protection 
Highland culture May July September-October Open field 
Late culture July August October-April Under protection 

Source: Compilation Committee Society of Korean Horticultural Development History. 1980. 
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Marketing. Most products are marketed by collecting merchants who visit each tarm and 
buy the products. Because no major production areas are developed, only a small amount is 
marketed through the nationwide network of the National Agricultural Cooperative Federation. 

Varieties. The preferred cultivars are indeterminate, large-fruited with pink colored and green
shouldered fruit. Only F, hybrids are cultivated. A total of 38 varieties have been developed
by commercial seed companies since 1979 (The Korean Seedling Society. 1986). The major
claracteristics of the leading varieties are shown in Table 12. 

Trade. Consumption of fresh fruits is met by domes!ic production, while tomato paste for 
furthcr processing isimportel fron Taiwan, Portugal, the USA. Japan and Turkey. The amount 
has been increasing yearly. Only a small amount of fresh fruits are exported, mainly to Hong
Kong (Tables 13 and 14) (The National Agricultural Cooperative Federation. 1987). 

Table 12. Leading tomato varieties and their characteristics. 

Variery Year of Maturity Fruit Fruit weight Use Cultivation 
registration color (g) type 

Suhkwang 1979 Medium Pink 190-220 Fresh Forcing or early
 
You&gk'ng - Medium Pink 190-230 Fresh 
 Field or late
 
Wolkwang 1984 Early Pink 
 19C 0 Fresh Early or seni-lorcing
 
Kwangmnyung 
 1985 Early Pink 170-190 Fresh Early or semi-forcing
 
Nebyung youngsu 1979 Early Pink 230-280 Fresh Forcing
 
Kangyaok - Early Pink 200 Fresh Semi-forcing or early
 
Kwangsoo - - Pink 210 Fresh Semi-forcing or early
 
Nebyungchangsoo - Early Pink 210 Fresh Forcing or semi-forcing
 
Poongsaeng -
 Early Pink 190-220 Fresh Forcing or early
 
Poongyoung 1985 Medium Pink 170-190 Fresh 
 Semi-forcing or early 

Sourcc. The Korean Seedling Society. 986 

Table 13. Tomato paste import to Korea for processing by year (1970-85). 

Year 

1970 1975 1980 1984 1985
 

Quantity of import (t) 2,154 2,373 3,606 4,308 5,107

Price of import (US$/t) 719 783 798 813 756
 
Total amount (US$1,000) 1,549 1,858 2,877 3,504 3,860
 

Source: Trade statistics from the Office of Tariff. 1986. (cited in National Agricultural Cooperative Federation. 1987). 

Table 14. Fresh tomato export to Kor ea (1980-86). 

Year 1980 1981 1982 1983 1984 1985 1986
 

Amount (t) 28.5 80.0 123.0 71.9 154.7 251.1 174.1
 
Value (US$1,000) 11.0 
 37.0 68.2 44.6 78.7 129.3 86.2 

Source: Trade statistics from the Office of Tariff. 1986.(cited in National Agricultural Cooperative Federation. 1987). 

Production Constraints 

Environment. As the fruits of field-grown tomatoes are harvested in the hot humid months 
of June and July. fruits are apt to decay due to high temperature and exce:;sive humidity. The 
unstaked processing tomatoes are particularly vulnerable, as many fruits are in direct contact 
with the soil. This isthe reason why the growing of processing tomato isnot economically feasible. 
In addition, the high temperatures after the rainy season contributes to poor fruit color, cracking 
and sunscald, leading to decreased yield (Kim. 1984). 
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Under plastic house cultivation, low temperature and low light intensity during the growth 
period induce various physiological disorders such as deformed fruits. 

Pests and diseases. Fusarium wilt (Fusaritanzo.'.vsporttn f. sp. lycoetMrsii (Saccardo) Synder 
et Hansen) and bacterial wilt (Psetudomnas solanaccarun (Smith) Smith) are predominant in 
the continuus cropping area. Late blight (Phvophthora intf'stains), early blight (Alte'rnaria solani) 
leafnmold Filvia fitva (Cooke) Ciferri. gray mold (Botr3tis cinet'rea), gray leaf spot (Ste'mphvylium 
Ivcopersici' 'nd bacterial spot (Xantholnona.s cttin/rsitrispv. vesicatoria)are important diseases 
of the foliage and fruits. partictlarly when the crop is cultivated under protected culture. The 
most important tomato viruse:s in Korea are tobacco mosaic virus (TMV) and cucumber mosaic 
virus (CMV) (Kang et al. 1981: Korean Society of Plant Protection. 1986). 

Varieties. There are many commercial varieties resistant to diseases and these varieties are 
grown in some parts. However m vNrgrowers still suffer froin disease danage because they 
are still using susceptible varieties. 

Price. Since the production acreage is not controlled, over-production in good years results 
in a sharp price drops. This leads to a decreased interest among growers in producing lore 
tomatoes thereafter. 

Research and Development 

Cultivation methods. Research is iii progress to study the effect of soil moisture and climatic 
conditions on blooming, fruit-setting. occurrence of deformed fruits and yield. Studies are being 
carried out to acquire basic knowledge for the control of diseases and pests by identification 
of' the causal pathogens and pests and their occurrence (Kang et al. 1985. 1981: Kim and 
Takahashi. 1982). 

Varieties. To etablish effective breeding programs, studies on the genetic characters of 
introduced varieties or lines have been carried out. Based on the results of these studies, priority 
is given to breeding for multiple resistance to diseases, pests and physioh gical disorders (Kang 
et al. 1986). In conjunctitoi with all increased demand for tomatoes as a raw material for 
processing, extensive studies are conducted in cooperation with national institutes and processing 
companies (Kim and Chung. 1986) on breeding of varieties suitable for dense planting and once
over harvest for non-staking culture. 

Research institutes and researchers. The institutes and researchers working on various 
aspects of tomato improvement are listed in the Appendix. 

Future Needs 

Most processed tomato, roducts must be imported because it is not feasible to grow processing 
tomato in Korea because ofvSe'ere 'rUitrot. poor color and sunscald caused by high temperatures 
and excessive rainfall at harvest time. Self-sufficiency' in pro( Cssing tomatoes should be attempted 
through both cultural management and varietal improvement. ii is necessary to breed processing 
varieties with the following traits: once-over concentrated harvest to save harvesting labor in 
the non-staking culture: long field storage life: high yield with good quality such as high soluble 
solids, and sufficient pigment: and tolerance to high temperature, excessive rain. fruit cracking 
and discoloration and diseases f'or sutner production. 
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Appendix. Institutions and private companies involved in pepper anc 

tnato improvement. 

Rural Development Administration (RDA) 

Horticultural Experiment .ation (HES) 

- Vegetable l)iv. I: Breeding (Julio Chung, Kwansoon Choi, Younghyun One, Doam Pai- Vegetable Div. 2: Physiology (Sangkeun Park, Kwangyong Kim, Youngsam Kwon)- Pusan Branch: Breeding (Kwangyoon Kang. Haebong Chung) Physiology (Juseong Choi 

Institute of Agricultural Science (AS) 

- Pathology (Chunghoe Kim)
 
- Entomology (Sangchan Hahn)
 

Provincial RDA (8 provinces): Production technology 

Universities 

Seoul National University: Breeding (Hyokeun Park) Physiology (Hyungu Pyo, Byungil Lee)Kyungbuk National University: Breeding Pathologyand (Byungsoo Kim) Physiology 
(Wooseung Lee)

Chungbuk National University: Breeding (Jungki Lce)Kyungsang National University: Breeding (Kwonyuel Chang) Physiology (Jungchoon Part.)
Seoul City Univer, ity: Breeding (Jachok Park)
Youngnam University: Physiology (IHeedon Chung)

Wonkwang University: Breeding (Jinsoo-Kin)

Andong University: Patholog) (Euigyu Cho)

Yuanam College: Breeding (Soongjin Kim) 

Commercial Seed Companies 

Heungnong: Breeding (Ingi Chung. Moonhwan Lee, Pilsik Lee)

Jungang: Breeding (lung Yu)

Seoul: Brecding (Yongsu Lee. Youngkwan Cho)

Hahnong: Breeding (Suhngkeun Choi, Juniyun Kim, Chungwh. Ahn)

Shinsin: Breeding (Changsang Yu) 
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Symposium Discussion 

L.L. Black: According to your data, pepper production in Korea increased greatly in 1984
and 1985, but in 1986 production declined draniatically. What was the reason for the decline 
in production in 1980? 
K.Y. Kang: Acctding to myv data, pepper production did not greatly increase, but a large
aninun of dried ,xpperwas imported in 1984 and 1985. We had to import a large amount ol
driul ruil to iiake Up r the lack ill ,oiiestic supply caused hy crop damage. 

,Hallard: 11ow do %)u ,,elect lor high capsiicin c. nte n t in hot pepper'!)o oVu use any cheinicaI 
test procedure to evaluate the naterial in Korea? 
K.Y. Kang: Usually vwe CValtle ihe capsaicin contents of hot pepper spectropholonietricallv.
llut 1f0r More linc anal'sis, [I-LC is being used. The details ol" the procedure are availablc, 
if you arc inteirested. 
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Tomato and Pepper Production and Its Problem, in 
Liberia 
M. A-As-Saqui 
Central Agricultural Research Institute, Ministry of Agriculture, P.O. Box 32, Gbarnga, 
Bong County, Liberia 

Abstract 

Liberia is a humid tropical country in West Africa with climate and soils that are 
favorable for farming. Shifting cultivation is the dominant farming system throughout
the country. Various tropical field crops are grown, such as cassava, sweet potato, 
cocoyam, yam. corn, cabbage, bitter ball, eggplant, soybean, mungbean, rice, peanut, 
and others. Tomato and hot pepper play significant roles in the farming systems and 
atf widely grown and consumed as they are important vegetables il the diet of almost 
all L.iberians. 

The susceptibiliy of the varieties grown to various diseases and pests (for example 
early and late blight, :usarium wilt, Septoria leafspot. nematode~s and viruses) lack of 
knowledge of adequa. e management practices, and inadequate supply of good quality 
seeds are major production constraints. To overcome these problems, the Central 
Agricultural Research Institute of the Ministry of Agriculture has initiated a research 
program on these crops with the objectives of increasing production and improving 
quality through the collection of germplasm; selecting and introducing exotic cultivars; 
and developing appropriate management practices. 

Introduction 

Lilieria is a omall coUlitr, in tropical \\e,,t f\ltica \ith an area of I11.4(0) kin and a 
pull~itint of' approxiarintclv twolmilliton. gt' \ it r-01v 30,' per Z111111.1t11."I'hle country'v

c:n he dividhd into three principal geotgi i1llica:. /,oles: at Io\%-lyin coiastal helt extending X0 
kl inland. Cli1:t tri/,,d hv i lirllir0\,C mal ie,S. oli, aind ,,1'Creeks thi lill V,ith the tides: iln 
inlterior tropical , i111liCrI reion of1hill" and+lplateaus e\tu1,1iendn to the con'tCnOr, ', ilind border 
;ilhd risin+e to eleatiolls of, 50( to 7(( ieters: alld the (Gninea hiehllds inl the ll' 11a11thr111 paiit 
tf1the contllltr' whrC torest isSlrse 11d llnnlitls rise to 1.50(0 l (Anon. 1982). 

Il' climatt amil soils 1'!i.1i Me a crop neariCnr"l. la;. thle lt + proLu'tion: ht cr l\ 
the coast. lhelr has ben consideraIle lachillLand erosionl r-iltilL! ltroin1 eitcreIiel+'+ heciv 
rainlalll. Inl these rea,. the soils tend to he stroiievl. idiCand Uceialk deficienit in plln1t nutrileits 
,LIChI.it 1liot+0Cln iid [0htl . ree hont the COtMA Sesl11l)t,+ipitatloll thron rirI, 

in the north if theCeoCtonl - ,5() ) 111111 :oastl;l atl., . l'\v" -I'o\k 
sea ,InS. Wet andldr\. ir C\perie1iced inl the coiiltr\ li \ el sea.son e\t1enlds I111i April Ito 
N emher \ith iloqt of the rai flline,ht',\cell '\nieus, and Se,.ililier. l'ie dr\ scasoln e\lcIds 
froi l)ecemlber to1Nlaili. Fliei\ crali,.. tel1ipeiatnic Ihro1nlltout the \car rtncs from 15 -37 C. 
\ith the 11na\iln111ni unsn;lll\ inlNlait.h. Relatixe hltn diit, dt1+in1, thle \ tcis1son is lont 90(), 

a.n1d dUrinlL Ifle dr, season ab1out 87'; 
Shiftine cultatioii is thie donalllllit lniinellllt! 1,teml1 iberlia. ivpic 

1.8 ( 111111 1 \ inl the di.l,tim ct in11 

S\ throehlt 'he ftlllli. 
with si/c raininlu I1111 acres.(1i-.3-30( + ;iuiltilrOduct tait. pri'Lucil'. tlilOnh iitcltereppi . 
a Wide ran11C of crOps (Anon. 1973). Tl'aito .ld ht peppeer la1y illporlant roles ill flmnirming 
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systems. The peasant farmers devote their time and effort ahost exclusively to the production 
Of these two crops prinrily eIer dolestic consurnptio as cooked with stews and soups, with 
any surplus sold ill the local market as a source of cash incomic. 

Hot Pepper 

Current Crop Situation 

-lot pepper (Capsiuitm sp.) is girownii throughtt tile country during wet and dry seasons. 
is a nonocrop, intercropped with other field crops. or as a backyaird gaiden crop. Approximately 
9I '; of' 176,4Ot) aetricultural households in Liberia atveri,,e size of householId is 5.6 persons). 
gro%% hIit pepper evct in s naill quanltities (Anon. I1985). - lit pepper is a very intlp r1:uIlt vegetaile 
and vii'tul aill libetrian dishcs contaitl it. Fla1rmCrs eeneraillV riaisc scedling.s in .cLd beds aL 
ilftCr 'oir to si\ weeks tralsplant thet il tile ield at d istance of 75 x 75 cm. Another practice 
is broaldeasltinu (he seeds directl', instead of raisiii, sccdlin,,s in beds first. FartCrs ceneraIll' 
\NCCed hv hand I I'\\ lillS. Insecticides or fungicides are1-rarlely", applied due to iiidequate supply. 
hih cos,,t, and the lck of' technical kno\-hoiw. Yields in farIrs' fields range from 8-t) t/hia 

lresh'f huit. Fresh peppers ire usually marketed, hut durin tel wet season \hen pepper is 
bl-,undmit. it is prticCssCd it peppe saIuce. diry pIepper or ippper pof-dr. Lo\\ ars afrcca,. l culti, 

1iiitl. uln',' hbcause of' their cfr, pungent f'lavIor which is hiehl'\ '.orcd b\ the liberian 
coliniers. A few introduced cultiV'rs sueICI as JillCno. PFusa .' la and YatIsnfusa are also 
grownI. Farmcrs prtoducC their Mo'.' tsLs from local . ariCtiCs butt seCIs of exotic \arieties r'e 
intriidOucedM I'romll .lapM. India. the UiSA and l)enmark. and are old il it l lTher,arkets only. 
is nil hrcire Itade ()I this crop. All the proulCtiiin is marketed and consumed locally. 

Production Constraints 

[P'rolduction of hot pepper is halllpered by il;yll\ facltors. lilthe dry season llnder lowlalld 
Conditions the high temperature,s (306 37 C. anod the shortage of available \'.;lter fOr plant growth 
are the majior liitiin! pirOduction factors. Ill the rin seaisoi e\ccsi'c rainfall halipers plant 
establishilientanid ri t .indil fruits ;ire frcluCnlyl dslitCd ill tIe di\inpour. The high incidence 

,,tCII it', C.I Ia h~lli). LitII pests illd diseases e bli'. t . Tlitl-r i . i+lht W ph\'/l 1h1h/ l'o il.(1'.tl 1s). 
l>iini wil: (l.sarh \''lJl 1'. s~p lAt '/' r.o 'h. I(Itri.ei i ,pi l' (I lT ia a/iicda), 

aithltracnisc (I O//ti )Iri'htm oci'od.'.,), inlmatides I.ViileiHm i!lu i aid Alco/IoiO.tym' 
iii(Ii'1ljit ) and v\ruses. pairtiLuarl\ potito virus Y and toumitto lim),iic \il' S. liiimit proidiictiiti 
(Iulkairni. 1985i). Allimte it is i \C['\ iiiptOlat \SCgetaieC. arie's colnsidelr peppjer is i 
sCiitld;,il crop. Not iintch attellill is 'iscito nanlaeIlln.ellli pracLtices for !he crop. suchI as 
fertiliier and pesticide applicatioii. lIiLk 4f1 i.illcd periiM:eCl ill thC CxCtilSi sCr iWes is AlSo 
i ciinstllint to piiiduc itim. I'i0iir seedC tuillil .ind UlllI'. iir:iblet env irieullil ntal Contlitiiiins durine 
the ,r'i't%iii pem'io .lhead t ra '.t.'llmeldiiibili' tstorage. ficilities and lack. The lIck Of ade l' 

1"kiw.\ ledCe of istllir, ectiio.'1.5 iliLC;i!,O iiiajiir custrillits. S mi:mail price vi;rmations 
miake peak ca.iilntl irt m nuimtre risk\, t. iiiss priigranis ito prilliie speciali/atioill and trade 
lcal 1o lireer dCinmaid id eiic lrietllrti rine tlme peak seison. oly large hlders anid risk
takers will ie 'k illin ti cxpand 'eppC prutiiii . M larket id distribution ,\SCiiS llC 
ill;Id equlte becilse tr aInspor and r ad Ip iielms friimi tihc frim to the iiiarket. Combincd w ith 
unplrCdictlil prices. the\ 1;ta1kCt' oreCtil \ai'iaiilit\ in 1rm rtlurls. 

Research and Development 

The Central Aurictultlural Research Institute (CARl) (fl'tile Ministry of Aericulture is tile 
.il' research institute in tile Ounir\ with a st.,mtailic: vqetah.e research progrant which started 
ill 1980 16'r• a peritd of f'ur \cars. The prograin \was initially assisted I, teil Food aind Agriculture 

http:il.(1'.tl
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Organization (FAO) of tihe United Nations. Hot pepper is oile of the priority crops it,the prograll.
The main objective of the program is to increase [he quantity and inprove lIe qualitv of' tIl' 

in 

stage). gerliplasii imiaintenalnce illd the inlroclCion of xotic niCd 


clop. The pepper proora nahi ItocIses on sci'e ninug and selection (which i; still in its inilial 
loial cluiVa'. SCiTCilgil' and

selection ol pronising lines on the bSis of' yidd and otiCi-desirable traits such ishotness and 
flavor, .indon the inlprovenicnt of' nianageient practices (date of" plalililg. spacing. fIcrtilizet 
application. tc). The estahlishinn of a veoctable genchank and aitho.ough sCarch for stle
 
pija'c;lts are top priorities at present. )te to 
 lack of' seed storace 'acilitics it is v'erv' dilficult 
io liatlain the oenchaink properll. Yields of 12 -28 1ha of I'Csh fruit Wis achieved at CAR! 
froll the Cxotic cutiivarS with good rualilagleireit pr ciiccs (Table I ).The peppr pro.rai is
full' sULppOrIed h1\the GovCrnien of liheria. A iultidisciplinary teani consistinlel of'blceders. 
alronoilllists, patlloifli,ItS. ltolliologists. postlia.sst techiologist. and inarkeline intldsocio
ecolloilists. aided h\ extension spccialists. is invl\ved ill pepper ill Ree chll 
OnlcC'O marketing. uLtili' onrIli r 

r ,iirclthe intit,,lUte. 
lllic" 
 pp hapfS Ilo een lLIcdctl. 

Table I. Observational trial of exotic hot pepper varieties grown at CARl 1982-83. 

Vareties Days to Ist harvest Marketable yield ft hal 
Dry season Wet season Dry season Wet season 

Fushimi Long Green 98 -' 28.4 -
Jalapeno 98 99 21 4 8.2

Takanotsume 98 99 
 17.8 13.4
Pusa Jwala 98 99 17.5 12.4
Red Chili 93 99 17.5 9.6
Yatsufusa 93 99 14.3 6.6 
Long Red Cayenne 93  12.9 -
Local 133 137 
 14.7 8.2
 

ITi~e variety was not included in the wet season trial 

Future Needs 

The pepper de eopnllell prograi needs more financial support and inanpo\ er to carry olt

research hased on larnrr, needs. and stron, 
 extension services to disseminate the research
 
Irt-tiIs ani iipro\ cd prodLIct ioll
t chlinologies to Iir'llllers. ,\It is necessr to establish a breleding
programl at the research inst tlitC to IprodcicC hetter varieties aldaptCd to loc'il condiliollns. lld 
Inaililona1lsCCoL ittieei oin vecetals toNcc'.rtil'\aind to Cnsure pldIctrorr of good quality s'CLs. 
The estbllishlientlloI' SL ColmpilaniCs iild sed Store, in selecied localio, are vital. 

Tomato 

Current Crop Situation 

I Olliato ( I/,.C\oPAI ' mni'i) isa riIior \cctable crop gross\ n i1osl].ll Ci lw in the northern 
part of the couti r\. do iling scason. It it ,11.i0 iginn,iallil illespecialll ihc drs luantitics other
Iarts of tIhe cont .l . 23I; or Appro\iniatlcs f i I 170.41)1) I Ki-llllltlill 111iic'lilhls in lile-c ii21"os toilato Citll'r i,ilon01cr'0p ori1., back\ard l.ardel ArOp. S illeC frir1IIF plint IC as
'our"to five Iolrlato colnstllel in Ceollllr\ I" illrpoltd ill'kpllirtS. MlOst olh' the lorlo of pilles

the USA andltlrom 1-ungair . Toll to piaste is usCd for the prepiritlionr of ir;Ins If iherialn dishes 
i,
dinl lore illiplltilt thln lhe frc h irUit. Fresh to illt I idW lrimp rt01ilc csllC 'illl neaCirtIhe 

urballncenters. Farercro Ioisll viies hcfi;re11-r liinrall rit sli/ and talin 
IaiV sceds...\ less Ifairershas c inltoduceo.d seel, of extic\ riellelsl stch as Nlir,'lohc. ()lcartl
E-ar'liana. Hoiestead. Fire ll ILIdot0ers fr0rr1 osC rSCals Seed colipilic. SMdir 'cencrillk. 
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broadcast in the field although some farmers raise seedlings in seedbeds and transplant then 
to the fields after three or four weeks. No staking is done and yield is very poor, generally 
2-3 t/ha of fresh fruit. Farmers weed once or twice before harvest. Marketing of locally produced 
tonmato is in the form of fresh fruit. 

Production Constraints 

The lack of appropriate cultural practices, particularly (luring the vet season, and the presence 
of many insect pests, diseases and weeds are the major production constraints on tomato. The 
varieties grown in Liberia are susceptible to bacterial wilt (Pseudononas solanacearumn) early 
blight (Alternaria sohali), late blight (Ph viopitodra infc'stans), Fusarium wilt (Fusarium 
lxv.SI)ornon f. sp. Ivcopersici). nematodes (Xiplhinenia i/awoltn and Meloidogvne incognita), and 

viruses. Poor seed supply and quality is another production constraint. Some farmers import 
sLeds from foreign countries without knowing the adaptability status of the variety imported. 
Since most of the tomato isconsumed in the form of paste, which is imported, farmers are reluctant 
to give more attention to this crop. 

Research and Development 

I'omato research at CARl is still at the initial stage. Some were introduced lines from the 
Asian Vegetable Research and Development Center (AVRDC) and from the University of 
Missouri in the USA are being evaluated. The imported varieties produced 0.8-5. I t/ha of fresh 
fruit at CARL. Research on management practices. economics and marketing. utilization and 
processing has not yet been undertaken, but will be addressed in the near future. At present 
the tomato program is fully supported by the Government of Liberia. A multidisciplinary team 
of research scientists is working in the program. 

Future Needs 

The tomato program needs more personnel and financial assistance. More research needs 
to be can ied out to find adaptable varieties and to identify appropriate cultural practices for 
better production. Research on utilization, marketing and processing also needs to be initiated. 
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Abstract 

More than 1,000 ha are planted to chili in Malaysia. Many varieties are grown but
the most common are the local Kulai and Langkap varieties which can yield an average
of 12 t/ha. The hectarage planted to tomato is slightly more than 500 ha. The two most 
popularly grown lowland tomato varieties are Banting and Local White, which can yield 
up to 17 t/ha. Among more than 50 types of vegetables grown, tomato and chili are
the two most expensive to produce, with an estimated production cost of more than
US$2,400/ha. Both crops are mainly grown for fresh consumption. A large quantity of 
tomato sauce, puree, paste, and juice (US$ 2.6 million in 1985) and dried and ground
chili (US$ 12.8 mi!lion in 1985) is imported into the country. Pests and diseases are
the major production constraints. Virus diseases and the fungus Colletotrichum capsici 
are considered the most serious pathogens of chili, whereas fruitborers (Heliothis sp.)
and fruit flies (Dacus dorsalis) are the most devastating pests. On tomato, bacterial
wilt and viruses are the major disease constraints and fruitborer the most important
pest. Other less important problems are marketing, irrigation, infertile soil, unavailability
of good planting materials, and labor shortages. The Malaysian Agriculture Research
and Development Institute (MARDI), the major agricultural research agency in the 
country at the moment, undertakes most of the tomato and pepper research In Malaysia
in collaboration with AVRDC, TARC and other international research agencies. 

Introduction 

Malaysia is a tropial country with a poplation of about 13.34 million. It is situated between
I° and 70 north of the CqLlator ad ais ' anilaVCI2C temperature of25' -27 C. uniform all y'ear
round. Humiditv is hi.h (804-85'; ). Anlual ininmum and naxinun rahfillls are 1,651 mnm
and 4,216 mnm, respectively. There are two periods of heav\ riains, frotm April to May and fron 
October to [)ece ber. Tenperature and rainfall data of tile Ipoh districl, one of the najor
vegetable grmwing areas arc shown in Table 1. 

The area Under vegetable prutLiCtion is small comlparcd to tile areaLInLICr rubber, ccoa,
fruits and oil plmn. which are the major platllation crops otl]the countr\. In 1985. the area glown
to vegectables \as 9.340 hectares (Nlinistr. ol AgricultueV Malaysia. 1980-1985ta). Cultivation
is undertaken bv1 ,nsall-scale ,ro\crs and market gardCncrs with an av racne 11r11111si/c of, one 
hectare. Sole cropping, mixed crlopping and. a colbination of both mixCd :and sole cropping 
are practiced.

Imports o ' vecetablu: increased staldilv from 1US$18 million in 1976 to more than IiS$84
million in 1985 1Ministry of Aericulture Malasia. 1980-1985b). Current domestic constmption
of' vegetables is estimated to be alpproxiiately 212,30) t IAriff. 1985).

The present report covers the production of lowland to111at11o (Lx'"'0( on eSCUentuInC1)'ri' )i;an d
lowland chili pepper (Cap.sicu+i (Ihmmu/m I.) ill peninsular Malaysia. 
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Table I . Temperature and rainfall in the district of Ipoh.
 

Jan. Feb. March April May Jure July Aug. Sept. Oct. Nov. Dec. Annual
 

Temperature (°C) (1968-1985) 

24-hr mean 26.5 26.9 27.3 27.3 27.3 27.3 26.9 26.8 26.4 26.3 26.1 26.1 26.8 
Mean daily max. 
Mean daily min. 

32.8 
22.1 

33.6 
22.5 

33.9 
23.0 

33.5 
23.5 

33.2 
23.6 

A3.1 
23.3 

32.8 
22.8 

32.8 
22.9 

32.8 
22.8 

32.2 
22.8 

31.9 
22.8 

31.9 
22.5 

32.8 
22.9 

Rainfall (mm) (1951-1985) 

-an 152.9 141.9 188.7 251.9 228.7 140.5 153.3 151.5 198.8 298.0 287.3 230.7 2,424.2 
Highest 
Lowest 

413.0 
15.0 

367.0 
20.3 

408.9 
20.3 

630.2 
95.4 

469.4 
76.4 

390.1 
29.3 

345.7 
39.4 

298.9 
48.8 

389.3 
53.8 

493.3 
92.2 

497.0 
69.9 

437.9 
68.6 

3,323.6 
1,912.9 

Tomato 

Current Crop Situation 

Production. In terms of total acreage of production, tomato ranks seventh, among vegetables 
after long bean, sweet potato. chili, Chinese mustard, cabbage, and okra (Go,;ernment of 
Malaysia. 1986). A total of 557 ha (approximately 6 9 of the total area under vegetables) were 
planted to tomato in 1985, producing 9,469 t of fresh tomatoes valued at US$2.5 million (Ministry 
of Agriculture Malaysia. 1980-1985a). There was a drastic drop in acreage and production from 
1981 to 1982 (Table 2). The high cost of production (estimated at US$2,432 per hectare) might 
be one factor limiting area expansion (Mohd and Mohd. 1985). The net return is estimated at 
US$1 588 per hectare which is relatively low compared to other vegetables (Mohd and Mohd. 
1985). For example, the net returrhs from cabbage, Mtstard and chili are estimated at US$3.352. 
US$2.232 and US$4.100. respectively. 

The leading states producing lowland tomato for the fresh market are Johore with 476 t: 
Perak with 323 t: and Kelantan with 255 t. These th-rce states produced about 68 1 of the total 
lovland tomato in 1985 (NIinistry of Agriculture Malaysia. 1980-1985a). 

I.owland tomato production in Malaysia is entirely in the hainds of small holders. The two 
popularly grown varieties are Bmaing and Local White, which are very susceptible to bacterii 
wilt (Pseudomonas solan(Iarumf) (Melor. 1986). Grafting on resistant brinjal (Solantua 
melongena) rootstock 1.umand Wong. 1976) was recomimcndced to control the disease but was 
not adopted by the farmers because this method is labor intensive and requires special skills. 
Subsequently. the Malaysian Agricultural Rescar,:h and Development Institute (MARDI) 
introduced six bacterial wilt and heat-tolerant lines developed by the Asian Vegetable Research 
and Development Center iAV RI)C) (Melor. 1986). The characteristics of these lines are shown 
in Table 3. Foreign commercial cultivars such as Red Cloud, Roma and King Kong were 
recommended several years ago but only King Kong is being adopted by some farmers inJohore. 

An average of 15 t/ha yield is obtained by lowland farmers (Anon. 1981) compared to 35 
t/ha obtained in the highlands (Chay. 1987. Highland Farmers Assoc.. Malaysia personal 

Table 2. Tomato acreage and production in Malaysia, 1980-85. 

1980 1981 1982 1983 1984 1985
 

Acreage (ha) 2,633 2,208 637 358 579 557 
Production (t) 44,761 37,536 10,829 6,086 9,843 9,469 



0 
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Table 3. Characteristics of lowland tomato lines. 

Lines Plant 
size 

Plant 
habit' 

Fruiting Fruit 
shape 

Fruit 
color 

Fruit wt. 
(g) 

Yield/Plant
(kg) 

Approx. Yield 
(t/ha) 

Reaction to
bacterial wilt y Remarks 

Local cultivars 
Banting Short D Heavy Slightly White 29-37 0.7-1 .0 18-19 HS Fruit color 

flattened (immature) not attractive 
light red (ripe) 

Local 
white 

Moderate SD Heavy Round White 
(immature) 

35-100 0.72 10 S Yield can 
reach 28t'ha 

red (ripe) 
Introductions from AVRDC 

MT I Moderate SD Heavy 
(150-190 

Round 
red (ripe) 

Green 35-40 1.9 33 R Uniform 
ripening 

fruits 

MT 2 Moderate SD 
plant) 
HPavy Slightly 

" 
Green shoulder 50-55 1.6 30 R - -. 

MT 3 Moderate SD Heavy 
flattened 
Slightly 

red (ripe)
Green shoulder 50-E0 1.4 27 R Uniform 

MT 5 Moderate SD Heavy 
flattened 
Round 

red (ripe) 
Light green 50-55 1.2 23 R 

ripening 
-

(immature) 
MT 6 Moderate SD Heavy Sightly 

red (ripe)
Light green 35-45 1.7 32 R Uniform 

oval 'immature) ripening 
MT 10 Moderate SD Heavy Round red (ripe)

Green 35-45 I.1 30 R Plants not 
(immature) 

red (ripe) 
very bushy 

Source: Hassan. and Hong. 1983. ZD = determinate. SD = semideterminate. YR = resistant; S = susceptiblc: HS = hignly susceptible 
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CollllUniicatioll). [Both oriallic and iltaItic Uleti/ls alrl usd. "l'The miost inoranie0 cotnt on 
f'erilizer used is thle eranulatd coLmiplet t'erili/e'r 15: 15:15 (Anot. 1981j at the rate of' 800 
1.350 k, Iha. Chicken dunll is the i tst potular ort:li 'etilier alnd app'roxitateli 14 tlhl 
is used (Anon. 19)8. There is no standard recommIndld icrtiliz1er practice. 

lotialto is otlen iitrTp.ed %i,h othllr t'C hUcs aInd Ilan\ li'rtlers practic ctoie totlalioll 
\\t tIlto fixed pattern. even tllo t li rttatil toilito with cabhauc hats been shto\n 1t prolu.c 
the hihes, return per uni pLit (llaron. I986+,t 

Seed production. ['lie iajorlit\il tle firitners sI\. their tw) seeds front one pl-witili, to 
anolther. ()hi l Ut of rtd.I flut it [ 1984.small amounill eed is ipol reti.inl\ ' an andl hailand. In 

) k, of tolla.to Se.cl A, 1impIoeIl RaitiI auIL ChLta. A\t present. there is conmercialN9851. ilno 
see¢tdi >d tiLt itil 

Consumption. Cotsi iptiol tIf ireh tuliitloi is tht t tIpei. Ito soite otIler tvpes
ttf \.,sCetahles (Th.le 4. Tle p'rcapita ctisuitiptittll 10Iot\%w land tomatt \oas ,st'lniate t at I. I II 
ku,. I't tlie \car I985. an incrtasc if link 5.2'e tlo i082. I)nrinI the siutiIe p tritfd, a 52 '2 
ilItCIS ill C01o,,suuIIltit \as oSers cil lor the highlanid tlot io. frot 0.828 kg in 1982 to 1.259 
k,-, in 985,. .\pploiulatel\. 1 o It1 k1tchup IItrL' rt1IC'd dail\, of \0IiCh is(4omato much
consumed i tIe /akaria. MARl)lthini ctntr\ I luium ItS7 Serfmm..Selamgtr. persttl 

i.'tl0 lltIt'i .itMItt). It IS llt10tLtL'cLl h III) IIL Itt'0 I I'()CtSt,,S.,IIt' f'mctsIie,. fitmqiI tifl \vh ich. 
Nestlc. KitmIaff. ''et tin. I itimitei.m :l)ttii -15'; of tile dtptIidutitm.IIap S 1i ( imm httmiflei thh 

Table 4 Pe- capita consumpton of sonic common vegetables in 1983. 

Vegetables ComsUmpU0on (kg yr 

Cabbage 2 7
 
Green mustard 2.5
 
Long bean 3 2
 
CICumber 3. I
 
Lady's finger I .
 
French bean 1.3
 
Eggplant 2..4
 
Water cotivo tvulUs 1.7
 
Chill pepper 2.9
 
Tomato 1 0 

Source. Farta, 1984 

Marketing. lttst tttmItS lrttdceUI are' iarkh.eted aS lresh fruit. Thue narketiine piaten is 
l11rm t' eetost, tiuckers , hitlsalers - retai.L'rOllsllIlrs. BI\ far iltetihlltost philetll is selling 
h\ titsitieIIni in \Ihich totltitte, are cotiiid I+ the faintrh' tlrftttei local collectors ttr 
transpottrt a,2citS t.i" truckercS 611 ,tialeIll the tertitinal narkJi \o,ith piWIC'S dtCtuiied at the ltiiaiket. 
li'he price ImhiLteil ironehttut tile \ ear fuie It SatttnCilit\ in biti stpl antI ifetIII.atl. hi 1985. 
ll' flhetuaittit)n raulL.d Irot 1 I 'S,(1.22 Ilt I'5S5l.7 2 JiLu kil ltnu- I.\/ii Nlhl. 987,. :zII MA 
IleathI liuarte'S. . Coltl111uilUicaiituiI.F'.. h IUitipur c 

Import and export. lie Itoal impor, ttI i)rcessed tttiot0utifctsc0 in the ftlriiill0tt ileC. 
p i eu.c et ate and Sauce f0r It . t alid at IItior alianI 'S..52.0 tiillit;i. 1InIt85. Nlaliysia 
sPe tila t 4 8iS8.l0ll tll mip tt il Iresh ittotUlat I'la l 5) Ilhiiiml '"t\ 11't1ti 'I'liailatt 11 iTiI w e2e t' 
sUl)SIMtutiati 111i01.11i1 tf Iolttkl er1Msim fresh1 to1imiattt t 10 11ttilte ltt\ lItIdS tild Iltland1 1Ls. WeteC 
also0 eXImtitell IlblC 5. Iliiill\ it Sisla-ptre'. Mala,sia sUpplic, Q6'; of tile total fresh tlnatt 
inimtotsf SitaptSwao. 'r Io.-\t f t)5lo l 

http:tolla.to
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Table 5. Imports and exports of tomato and tomato-related products by Malaysia in 1985. 

Import Export 
Item Quantity Value Quantity Value 

(0. (000 (us$) .1oo000 usS
 
Fresh tomato 2,462 488.6 6,986 988.4
 
Tomato purees, paste 2.823 2,387.8 3 2.2
 

and conentrate
 
Tomato juice 203 167. I- -

Tomato sauce 73.669 liter 74.0 2,550,465 liter 2.493.8 

S'urce Ministry of Agricuiture,. Malaysia. 1980-1985o 

Problems and Constraints 

Pests and diseases. P'sIs aLnd disc.:scs arc hc most scriots productiinl constraints. Bactcrial 
iIl (/P.S('o,/,i .i S(4/1111 calri1ii ). carl hi iuhl I. lI/t'ilari *Shidlti). black lalillohI ICc l' porl' 

/u!o.,'tidi, M aCHiiiic ow cap.ilci). Sclrotlili ts ill (.clr,ti i. bacteriial11. I('0/hf n cion 

'pill I*\' Imnhnnrti.s p . ic('Sl(i ( Mal. 1)871 aiL 5 iruc4s. as cklc'tilcr
/o il la) such illosiic 
\ iR to, acMc Iliiic ils. [tolIlto spIittcd ill sins1,. toIii0lti Iisii ' \ 1S1n illd potIiOU \ i sll 
Y f\\"RI)('. 1(4: \,iraini. 1])84. l1), : 1987: iSujiass cl al. 1)80; \Nlih. 197: ()ric and 'ing. 
1)771 hsi~c hcec'nii'1cp Ld i liiilato ill Nala\ Nii. I loss c c.i olR I iclcrial %sill. cadlr lI i2hl. 

bllck lca'rii*old ild s i aill portarlicc I'ali. ('i,7. lAl)l. KcIaInL. pcisoial 
c'ilirirunriclationi). ]Bacclial sl\ ' \iulcNlircad cdiscIsC illd total cropis IlSth]lost iird dcsrruc'l, 

liss is 1101utlcliiiiii . . pirc\dlc1it (ollilh s L''to loi
N la (987t. Black Icaliirold is iricrcisilL\ on 

in tihcleos Niala0sia I (98Th. Ilic's 1 ilcs rci
lnds il 9l8i7. F"rt dill luind rtho dlliiiill pcsis. 

Lack of adapted varieties. Nlost tiriAtic's ;i1ii' lurctc'l iill[ li tiitiniiiirllciiirs such as 
thic Callicr'oi li',ilanr I)lrt 01 tlw' csoil (or slos c\inision 0)1 loss kind lcca, c.s ithe kick 
of %Iictics aatlcd to l(a{dild culi alt10. rc'isltilt i ' it,Majr dis'iscs'. and \ itli acccptahlc 
\icld. \'ariccs sluitahlc loir priccssiric a 1cnoli-c\isicili. 

Other problems. Mlorc lcrtilc soils in ihc cour hic h'ccn utili/Lc or pla tation rI-o)s. 
)nlk itarc1illll 1,1nd is usuall\ isailahlc lI'- \ cctahlc rIodnctio ,ild inlluis anid ii iii icnt 

skills arc nccded to pro)ducc thc crop12 . o1 soils, icrlili/crCcI0 Ioniiiictlls Ccansc iil thc' ssidc Ianc 
rccoti0iiCildatiiois Mic io cllcil sitisl"icoIr\ anild taliicrs appI\ fcrlili/,cr lccordicli to thcir 
to%%iIcXpl icrlicc or Fil{los rc'iiiiiiiicildtlliiisil tIe sUpplicr i..\i ii. i) s I 

Research and Development 

Varietal improvement. A hYrccdinL prVLraiii s\is initiatcd in 1))8 at ihc eFactil\ of 
,'\criLculturLc. [Iii\ cisit\ iil lil\ a I I );dIciiillhasi/il bactcrial wilt Icsistaricc I(irahill cl al. 
1977,. erclh conduct il ',a uic-\ car p id rlc l in thc irirLiductitin o ttre'c tolcranrt 
litres Iliaillcl I-P I. I"P-2 ril F-5. til \cc(l iil s lich ssclc rildc as ilablc for lar2'c-scalc 
planting. llo\cvcr. laricrs' :rcccptililcc ol tct salictics %sas ptil'ac to thlcir small I'ruil si/,. 

With (inlild ics'1iilcCS aiiiill5vcl. NI\RI)I hila I1s1o2Itccollaliiratc \iil A\'RI)(" all 
thc 'Ttopical '\cricutlhUrll Rcscarclih (ciitrc I \R('I in ilpaii ollc\pcdilc thc ii0_Icrss 0l its t0iiilat 
sarital iilpro\cilclnt riiorAiir.ILicilCrial ss, It s'cLccIii tc'chiliiULC hls c hccl clpcLhl1cs h'\ 
.M IR I (Iioi. 1987t. M.ARI)I sirtCuL rAVcc i1c i\',I)(' iwi, rils in 1 74 ISiti et al. 1980). 
.horc than tcn \ cars \ clc spcnt in '\,alualtlil, ltc iatcrials and Altcr scs eral sc'lectiois. NI.\RI)I 
has inally r'ccrllnicidcd si\ hcat-tolcrranl and hactcrial ssilt-rcsislaill lilies 0N1 .NIT 2. NIT 
3. NIT 5. NIT o .NI' IT %%,icl oulptplcrlit Ihc local c'ultisars niini10 a aid local Wlrtic INlclir. 
1986. 
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Not rnuch breeding is done to produce varieties resistant'to other diseases. However 
evaluations of germplasl for resistance to nematodes (Graham et al. 1977). viruses and early 
blight are conducted (Mah and Melor. 1982). 

The Department of Genetics. National University of Malaysia (UKM) (Johari and Mahir. 
1986; Apandi and Mahir. 1986) is involved to a limited extent in a screening program for 
resi.,tance to tonvato mosaic virus. At the Asricultural University of Malaysia (UPM) screening 
is conducted to identify tonato genotypes tfldt can take up potassium nore etficiently, which 
should ultimately help to reduce fertilizer cost. 

Pest and disease control. Chemicals for tile such as earlycontrol of important diseases, 
blight and black Icafniold ate evaluate I by MARDI. Presently mancozcb is the recommended 
fungicide for earh' blight and beiiovll for black leafniold (Mah. 1987). 

The use of systemic insecticides such as plothiofos prolenfos and inethiocarh before and 
after transplanting has shown to reduce the incidence of tomato spotted wilt virus to a tolerable 
level (Aziz. 1986. MARDI.Bertaro. personal communication). 

MARDI has been evaluating insecticides for effective control ol fruit flies and fruitbrers. 
Fenvalerate has been shown effectively to control fruitborers. 

Postharvest research. The present practice, whereby tomatoes are packed tightly in baniboo 
baskets and transported on lorries to the market outlets, has resulted illsubstantial postharvest 
losses. Storage of toinlito is lemed necessar\ especially\where there is a glut on the market. 
Postharvest research by MARDI has resulted illthe recociniendatior of a packaging technology 
involving precooling and storage temperature requirements, and reconmlrentdations as to harvesting 
stage and ripening induction proccdtire. 

Future Needs 

Proces,'irng varieties suitable for cultivation under Malaysian lowland conditions need to 
he developed because o1 tile of Ilonley which is spent yearlysubstantial ainounlri to import the 
raw materials for the local processing industry. Research to resolvc the bacterial wilt problem 
must be continued and intensified. International cooperation with research bodies such as AVRDC 
and TARC, which have interests in developing tomato technologies suitable for the tropics, should 
be intensified. 

Chili Pepper 

Current Crop Situation 

Production. Chili pepper (Capsicumantuum L.) isone of the most important vegetables 
grown in the lowlands of'Malaysia. The crop leads all other vegetables grown in Malaysia in 
terms of value and total acreage. From 1980 to 1985. the acreage planted to chilies fluctuated 
between I .100 and 1.500 ha (Table 6). 
Table 6. Total acreage, production volume and value, and ex-farm price of chili produce inMalaysia, 

1980-85. 

Item 1980 1981 1982 1983 1984 1985 

Acreage (ha) 
Production (t)' 
Exfarm price (UJS5 
Production value 

(US$ '000) 

kg) 

1,357 
16,284 

0.58 

9,444.7 

1,5i3 
18.156 

0.73 

13,253.9 

1,065 
12,780 

0.76 

9,712.8 

1.115 
13,380 

1.06 

14,182 8 

1,275 
15,300 

0.92 

14,C 6.0 

1,153 
13,836 

I 

13,836 

:Based on an average yield of 12 t ha. 
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Perak is the leading state illchili prodLction with 3.144 ti 1985 (Ministryv ol Agriculture 
Malaysia. 1080.1985a) with major prodictioni areas in the Kinta Valley near lpoh and i tile 
Lankap anrd Bat.t1 Padairge areas near Tapah. The state of'K,':mlan ranks secolnd followed 

ard .lohorC. ThesCfi ate 

prodUCtiOll (Table 7).
 

The yield of chili per hectare is fairly stable from v:ar to year. However great fluctuations
 
arc observed from season to season from as lowv as 5 t/ ha tip to as high as 11.5 tha (Anon.
 
1981 ). Farmers opinions as to the cause of the fluctuations cite poor weather conditions, increased
 
pests and diseases and scarcity of wvater (Anon. 19811. dry season, with good management
 

yvKedah. Ter 11eanu. SlaC- aceIftLed for about Xl' of the 1985 

In tile 

practices. yields call reach 20 t/ha (Leong. 1985). Two lvpes offchili are grown, the long and
 
slender Cili 3esar and Cayenne type (Capsicum a(ini/ m vat. amnum), and the highly plingnt
 
and smaller Cili Padi (Carpsicum a(ilitirlm var. avicuare). The first type is economically more
 
important. 

The 'I craee. kI+rir size is (.25I la(.Anwi. 198 1l. Chili isphlnteId all \Cr rourind either ;s
 
a rironocultu re or polyculture. the latter in the frrii of inter or relay cropping. Mu,,oculture is
 
molre ptpilar. Chili is intercroppCd \i cocolult...
0ilh tr 'it oil pdlm. rubbCr arid oir,:,rpple.
 
or itis phlntd as,a relay crop to cabhaeeu arid other leafy \ eceables CII.cn,.-. The in,
1985). lruo 
pCriOd callraci,.h up to si\ inloith + 'miii so\ ili,to last h9res (,\rior1. 981 


The cost Of prIOdILItiol is Cesilllat.dlar_US2....140 per hecrar.c host o1 \\liclh is spent on
 
pest arid discase conrrotl. riarJilri n ard lr''cir. The ret irrOrIC'l frorrr chili producliori is
 
eslinialcd al t ,iS4.10I hr)ecrrctii Ior ,a,caso l(),i\ i.lrl pr~l itable \c Clahlellolirhs alid itis a 

\hien yields are rCowbl, ar.idI prices flt\ Prices of chilies Mcrarc
arc nabhlC. I fro111 \Car to 
\ear (Table 3) but tend alko) 1t fl,ctuaItC \,icl\ Iror Iiorrhhi to illoitlr ihiri the \ear. Prices 
ar,.eCsIcciadll\ hih duIrirr the \Ct ciesolr hecase of, the increased irncidenc of, disCasC, aild 
flowvcr aboriion (II.curr. IU"8S). 

Chill hls olne ol the hihrc,,t per cap'lit courptll(puiorl allillg the \gclilales gro ri. ,.iIch 
s,,cstirliiatcd 'at_ k,-, i 19,84.2.0 per capit 

Table 7. Acreage distribution of chili pepper among the eleven states of peninsular Malaysia inl 1985. 

State Acreage (hta) Major production areas 
Perak 262 Districts of Ipoh and Tapah
 
Kelantan 23; Districts of Kota Bahru and Pasir Mas
 
Johor 121 Districts of Kular
 
Terenggaiu 142 Scattered throughout the state
 
Kedah 175 Scattered throughout the state
 
Pahang 79 Scattered throtghout the state
 
Pinang island 53 Scattered throughout the state
 
Selangor 55 Scattered throughout the state
 
Melaka 20 Scattered throughout the state
 
N. Sembilan 9 Scattered throughout the state
 
Perlis 2 Scauered throughout the state
 

Seed production and supply. ,\pproxiritelv 780 k,! ard 90 K,ol chili %eds\crc iliported 
in 1983 and 1984 respectiveklv Rlirah "+ f'lii Thailnd ald Taiwvan.t aid Cla. Io), irainl\ 
'Ihere is no epaplatiol alvaila le fOr the drop in irports. At pretscl. there is no commercial 
seed proLductill. 

Cultivars. The rsmo coirioily phlated cultivars are Ktilai arid llatigkUp. CuTrelirlv MARI)I 
is pirttlinig ,,c eral higher-yieldini local selections 1ILeong. 1985) (Table 9).The selections 
were made froil locally gro'n Culi\vars. 

http:Cesilllat.dl
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Table 8. Varieties of lowland chili. 

CUIlvars Pungency Av. fruit size Av. plant height Av. yield Reinirks 

(cni) (cml (kg/plant) 

Local cultivars 
Kulai Very pungent 12.0 x 1.5 (long and thin) 60.0-180.0 0.5-1.5 Thin mesocarp 

Langkap Not pungent (11.0-12.0) x 2.0 80.0-100.0 0.5-0.8 T-ck niesocarp 

MARDI Selectionsz 
MC 4 Not pungent (8.0-9.0) x (2.0-2.5) 60.0-70.0 1.0-1.5 Ripen3 in flushes 

MC 5 Pungent (12.0-13.0) x 1.5 100.0-120.0 1.5-2.0 Long productive period 

MC 6 Fairly pungent 13.0 x 2.5 75.0-95.0 0.7 Fruits contain few seeds 

MC 7 Not pungent 9.0 x 3.0 70.0-90.0 0.7 Fruits contain few seeds 

MC 10 Pungent 11.0 x 1.2 70.0-80.0 0.S 

Source Leong 1985 "Curr'nly 1xlr g promoted 

Crop management. On mincral soils. fartiers olten apply 3 tio 6 Ihalo'chicken dlung one 
week hel're transplanting. A out 2 2.5 t haol ctomplete fertilizer 15: 15:15 is applied as basal 
aInd t1p rciSSim,, at monthlv iitcr\:al . Seedlinu'-s are raised in shaded secedling b,,eds and transplanted 
4-7 \ eeks after simin. Betwcen r1M. s spacing \ arics iroiti (0)-180 Ci1i and be Ctn lant saixtcing 
roit 45-8(1 ciii. \VCCdin. is nnainl, done itiuallh (leon. I9851. 

Imports and exports. Import and espot't Of chilies ald chili-relatcd )l'otLtlls h\ Mala\sia 
is sho, 11ill Tahlae idCs more1tC Of Singa2,porC's 'Cltlil CnCmnt l'0r fresh). Malasia pro than 9()(. 
chili with more than 5.0(l0 t of' fresh chilies \aluied at inore tlhan t .I,;1.2 million exporlted to 
SingatpoC C\CI yeir (hOld and Nlhdl. 1985). NMala\ sialitlt) imp)rt, I'rCsh and Ldried chili and 
chili riloducts Front India. Thailand. T'ai\ all id the IcO Ilc', RCpuhlic,1of China. with a total 
\alue Cxceedinu US.SI 1.0 million. Thailand is the imain suppliCr lf fresh lilies. The inipiort 
of" d:Cd chili is a,.ltied at approsiinatel\ US$9.2 million. India and Thailand are the Ia;jor 
stuppliers of' grotnd chili. 

Table 9. Import and export of chili and chili-related products b)' Malaysia, 1981-85. 

1981 1982 1983 1984 1985
 

Itenis Import Export Iniport Export Inport Export Import Export Import Export 
(t) (t) (t1 Wt (tj (t0 Mt Mt 1t) tL) 

Fresh 
chilies 1,026.5 6,243 926,1 5,915 1.485,- 5,623 3,357.5 ,.407 5.150 7,316 

Dried 
chilies 13.354 / 216 12,314.8 102 16,262,8 98 12,599.2 63 12,403 83 

Ground 
chilies 269 7.147 209 1.121 298 I 259 2 371 4 

S-turce: Ministry of AgricuIt re, tay,,si 119801985b) 

Problems and Constraints 

Pest and diseases. Pests anid discases alC the most important constraints to successful 
proluction. as cited by iore than 80),,( of the ve.octable farmers interviewed hy MARDI in 198 1 
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(Anon. 1981). In 1984. the IFCdcral Land and )e\elopnient Authority (IFELDA) tried to grow 
cli on a a ce scale in their oi pahn schene but failed because O1 highcidisease and pest inCidenuce 
which resulted in 95 teld loss Rahinat and Tang. 1985). 

I)isCases aftectine chili in NalanSia inclM. Iillorder of importance): virus diseases Caused 
11 chili veinal Mottle (CVMV cucuber mosaic \irus )CMV, virusV\I \". imilato spotted \ill 
TSWV) ,and tobacco mosai vilus INIV: bacterial wilt 'lwdi nu'o~0)U.\ i'u'wn
 
anthrac nset' /C[tori'huntm leafspot f( 'co.ora ca basal
c',pici: (erci,pora ic'i): rot 
(Sti'/'le itmi i/.siihand Icalblilht ( /lwt'phtori ciurhimrot' (Noraiiii. 1984: I986: Fujisaait 
et al. 1986: Malh. 1987). )aniac to \ iruSc, usuall'\ I )10 IS'; thedue ra.cs roin to ill case
 
of late infection and na', reach 0()'; in the case of carl\ inection (tOn et al.1980: Noraini.
 
1984). Bacterial +'..it isserious M..ien chili is planted continuOusul' oii ,i fild.
t same 

Anthracruosc is de, asating partcularl. in the '\ Ct sCaSon. IIan CpidciCiC situation. rcduClion 
10 has rieitt 19851. 


IV"rduxlck b bharrier Crops ( It)87 ,th r . c maii mthe Control i 


il ield of1' to N'Y; eICn (Mli. The incidcCC 0I arlthraCHitS, \\'.,is slit.+mi, to 
ll. w , pra3s still rei be,,t CIItit(l.
 

[he iost ili0ortal pCs are fruit IliS O)CHA tAor.t/i\) and flruilborCrs, ([ili,1t/ti sIp.)
 
(A/i/. 1986. MARI)I. sb;leraru. Prai. l'enaiic. personial ColtIinnititol.
 

Nutrient deficiencies. I)eiciency >\nmptoil associated "iti lack of Fe. \n alnid 13\01hich 
also alfect \icld sotictiimcs occur \.hen chili is planltel oii ilmrinal solls such as,peat. tin-tailiuc 
and bris soils Viiiiala and Kho. 1985: /iharali and Viiala. 1985). Wiater a\ailabilit\ is also 
scarce ill tin -tailing and hris soils due, to their hissCr \\ atCr-hmoldilll CapaCi\ . 

Varieties. [le availibleowaristie are lio -A icldin,2. suscptilC to disee,C', and no: unilhtrrii.
 
\'arietics suitable for dried chili arc lackiil.
 

Marketing. Ilie suppl\ is gcmenrall, lo, Ilhe price il chili is unstable and is usuall', tied 
up . itlhhe finbleim oifsasitmalii\ i btt stuppl.\ and dit antAd it) the \\Ct sason. The se-asolal 
inil]ti\0i Iresh .1ili front l'hdiilaiid also aIffcts the d tmimaimd chili. Market outlets arei.iItocal 

lota .a\ s
'a,' CCl'd. 

Other problems. The high deiice otfpisthiars est hisses, lack of l'prop r stitruc and Iraiitnsrl 
facilities, high traiipIt't tOists aid poor ltlalii\ aCiOuLm fiothe i lulimarinS dCnludedl b\ the 
imarket intcmCdiarmc, tto jtltil\ the ri,,ks aociatCd ith the crop. IIadcqualtc market ilmrlilatim 
Imakes imatters \.iirsc. 

Alotittl lit i prime immitirlamee. cither CtinsIraints also aflclt t..'lilm ptiiCiti .('us. sio 
piidUCtiti arc hi.ch lfr chili. Mchiii is a Sliglll\ iltorc dclicate crop Itantonl;tto. good varictics 
iarescarce. and there are labor shora cs. As at1csult if these pitiblems and tIe risks of chili 
Culti atitn. tllIims, oftenm ha\C difliClh\et'.C l11-sou.'Cc , of crtledit. 

Research and Development 

Varietal developmrent. Noible 5ariciatl imipro\tumcmit has been aclie.ed resultinc in the 
rCCm lUlndalti of NRI('4. MC M.\C6 .. \IC7 aiid NCIth\ ANIRI)I (lon. 1985. Further 
iMpriC1tCnt if niturit\. and flruit\ iCld. ,.luality iseurrentl\. under research at MARDI (,Anon. 
1987). 

IEffoltts arc also a1 iir:IttrC i'I,,cl.uit\ ttlN) produceUnder s a the .- tl Nlala\ sia I 
gcencticallh stperiir ,ieies. suitablc fu the fresh ntrkCt and ir pirccssii'c' (as dried chili 
and ketchup). Altempt, ft illpYt c the.: resear,.Chers atthe otNalasaicld further b\I 'ji cisiti. 

ki.\]Ilas t0,o , (-M 31 and CPK Il
led to the RdICifiticatiOn i iO Ibritl cius,,s IIria 0110-I) 
hich ',hCLIsd sicificat lieterosis in\icld pittcnital .Mak.1987. I)eparuicnt fl GeCtctics. 

Li'crsiit\ lNlala\a. Kuata ltltlti r. IMsi aal i,,im mmi,.' iiitt. 
lheC dCesC\loptimct oif\ i's,-rCsistanl \,aiufics is in piro trcs. IARI)I scientists ha\c 

intetrpltated ('V'l rCsistance.. dtclndL roln (O/l.It.ottMtnumn I(MARI)l \ce. No, I70) into 

http:O/l.It.ot
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local susceptible cultivars. An intensive multiple virus resistance breeding program has been 
initiated for CVMV ;nd CMV. Two conbinations have been identified as potentially resistant 
materials. A project of' a similar nature has also been started by breeders at UKN. 

Studies on arithractnose have indicated that allthe highly punge nt Cili Padi genotypes
(Capsicum (Innuum var. avicauare) possess resistance (Wall. 1985, Chew. 1986). Several advalnced 
materials in which the resistance gene or genes have been incorporated are being evaluated for 
agronolic perfornancc. 

Disease and pest management. Currently, basic studies on tiheidentification of chili 
Niruses, their Cpidemnioloh1v and their effect onl the hrst are being pursued vigorously at MARDI 
and UPM.An integrated virus management team consisting of several researchers within MARDI 
is actively conducting research to de\elop effective Control iiCasures for tiledil'flrenl viruses. 
The same integ ratedI ariagcrient concept isalso being evaluated in the fianlrers" fields by scientists 
froni UP. Another ptro ject funded b, the Interationa I hi iundatiin lor SciCrice is designed
to evaluate cultural practices intended it)control \irls diseases, such as the use of reflective 
mulches. tileCultivatioti of protective or barrier crops, tileuse Of ririricral oil sprays. arid 
combinations of these techniques,. Studies On tire bioloug aid host-parasite relationship of 
arithracnose are beine pursued by UI1PM. 

Research on fruit flies is preseitl\ clillied mllainly to tile of effective insecticides.screriiri, 
Basic research on the lifceycle. taxori oinV and !tie idetifi,:ation of' possihle predhators is beine 
pursued by scientists at U11\1 and MARI). 

Nutritional requirements. NI AR hast de\elopcd eqLuations th:t predict nutrient relovalt)

b\ chili which iniake it pRssible to estimirate the aniount,, (f1'
nutrients to be Applied at v1arious 
levels Of productiOn (Viralht ci al 1985). A specific fertilizer recommendation lOr very sandy
bris soil has also been f'iniulated Z.ahar;h arid \"iniala. 1985). At tPNI ;inNPK predictor" 
to deterinine tie nitrogen and po)tassiil retlirenelrInts for chili Ilabeen de\reloped (Jabar el 
al. 1982). 

Postharvest research. Research ol iiiiproeiiient of1sloragc conditions ar1d atti ficial ripening

is heig conducted 
at MARDI. The best harvesting tinle Ikir the degrecrin. treatlment is whnc:
 
the fruits start to tUrn pUrple or red.
 

Marketing. TO aissure market outlets, the Federal Agricultural Nlarketin,, Atuthorit\ of Malaysia
tFANIA) has been encouraging direct trading to supplerlieit cortract farriiing. To expand the 
exasting market and to de clop new iarket outlets, FANIA is implementing tie so-called Market 
Pro motion lProgran. FAMA is also trving to estahhsht appropriate Otnon impotrts to,help
stabilize prices. The study of' market potential is another step taken h\ IAMA to help define 
optimum production b local grnwers. FAMA has also initiated the establishriiCit of' standarl,;
and gradcs in conjnction with the Stilnda.rd Ilslitution arid Industrial R,CseaM'ch o1 Mialysia
(SIRIM), in addition to the introduction of' appropriate packinL, teclinologies. 

Future Needs 

There is a ercat need l'r a concerted effurt to dcvClop am] irinproe the crop. P:istexperience
has sho w.n that the eXisting Utncoordinated clfrts by intdividual scientists to itprovc the crop
to suit the local environment has leo to little proress. It is sueVVcstCd thcrclore that an active 
crop imiploveint group. invokling scientists frori both rcscarch aid a,.adellli institutions as 
well as fron the private sector, be set up at tilenioral level. 

A larger portion o'the research funds iard elffut's aVailable shoulI be chalnellCd into research 
on pest aind disease control. VariCtiC suitablC fur pro,:ce,,,ngilust be dCvelopCd at tilecarlicst 
possibli: time. Small. reliable and inexpensive nliichincis arti equiprierit should be testcd or 
modilied to improve the efficicncy ofllari opertionis..


Rescarcher, and institutiris involved in pepper improvement are listed inthe Appendix. 

http:Stilnda.rd
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Name Organization Area of Research 

Melor RejIh 
Ches Bioi I-hock 

NI,-\RI)L 
NIARI)1 

lin. Kebun. Kelan. 
S,..yrdie. S.lan mi 

Selan,,r Hr,,ii 
hreediie ichili) 

Mali. S.Y. 
lo. B.I.. 

NIAR)[ 
NI,\RI)I 

Ilht. Kebun. Keldaf,. Selanor 
.fin. Kcbuii. Klame. Selaneor 

Patholog, 
Bacleril e 

,,olid. Rot. NI.N 
Nld SitrP . N 
l.':tmng.,,.(C. 

NIARI)I 
lARI).

NIARI)I. 

.11n. Kbtui. Kel:iii. Sclaiii-or 
Ilmi K n. Keighlaii,. lahaq,
Pontian..Jh o~ti,+'.\ 

\'iroIoey 
lhurc 

t t 
itorllite ) 

Villala. 1). NIARDl) .ln. Kihin. Kelang. Sc'lawol Nuiritit :nal Reuirmemnt 
,,zil Al\ta. ,NI. Nt.,RI)I. 13IItaitm. Ilill lh14mu1 Flot llg,I]I 
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Name 

Syed Abd. Rahnian 
Mak Chai 
Ahmad Mahir 
Noraini Samad 
Cheah, C. H. 
Mohd. Md Ali 
Jahar Kamal 
Sariah Meon 
Zakaria Sidek 
Inon Sulaiman 
Kalnarn/ailai SiiJam 
Hirvati Abdullah 
Isni Bujang 

Shukor, Chew, Noraini and Rofl 

.Organization 

NIARDI Cameron Highlands, Pahang 
Univ. of" Malaya, Kuala Lumlpur 
Univ. Keb. Malaysia, Bangi, Selangor 
Univ. Agric. Nialaysia. Serdang, Selangor 
Univ. A'ric. Malaysia Serdang, Selngor 
Univ. Agric. Malaysia. Serdang, Selangor 
Univ. Agric. Malaysia. Serdang, Selangor 
Univ. Aric. Malaysia. Serdang, Selangor 
tUniv. Agric. Malaysia. Serdang, Selangor 
Unix Agri,:. Malaysia. Serdang. Selangor 
Inix. Ayri,.\ i rJ ic.Sla",w 
LUniv. A"ric. Mala sia. Serdang, Selangor 
Unix. Ar I Mala sia. Serdang. Selangoric. 


Area of Research 

Entomology
 
Breeding (chili)
 
Breeding (toniato)
 
Virology
 
Breeding (chili)
 
Agron. & Physiol. (chili)
 
Fertility (chili)
 
Pathology
 
Virology (chili)
 
Virology (chili)
 
... tcrzlor,. (chili) 

Bacteriology 
Breeding (tolato) 

Symposium Discussion
 
J.W. Scott: What are the sources of tolabo late Night resistance you mentioned' 
N.M. Shukor: They are P1 1(2679, from AVRI)C gerniplasni collections and West Virginia 
Accession 700 from US)A. 

N.S. Talekar: iII From \%here io\ou iimpti oLn.r pepper? (2) How serious is Liriom.va 
sp. on lonlato illMalax sia. 
N.M.Shukor: I 1)Dried chili pepper arc imported from India and China. (2) Not very serious. 
The Iost serious pest is fruithorer. 
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Tomatoes and Peppers in Mexico: Commercial 
Production and Research Challenges 
J.A. Laborde1 and E. Rendon-Poblete 2 

1Empacadora General Agricola del Bajio, Apdo. 522, Celaya, Gto., 38000 
Me),ico 2Campbell's Institute for Research and Technology, Campbell's de 
Mendco S.A. de C.V. Apdo. 285, Celaya, Gto. 38000 Mexico 

Abstract 

Peppers Capsicum annuum and tomatoes Lycopericon esculenturn are together
the most important vegetables in Mexico, in terms of acreage, hand labor, value and 
export. Relative importance can be inferred from the size of the Mexican population
(close to 80 million), the daily use of the crops at every social level, and their importance
in foreign trade. The combined effect of Mexico's tropical lication and the variety of 
available agricultural areas ranging from sea level to over 2,000 m, allows year-round
production of the two crops, both for local consumption and export. Winter production
is located on both coasts, whereas summer production is on the central plateau. Most 
research is done by the National Institute of Agricultural Research (INIFAP) which has 
a large and active pepper germplasm bank at the Bajio Experiment Station. 

National annual production of tomato is close to 2 million t on 73,000 ha. Most 
of the tomato production for fresh-market, processing and seed production comes from 
Sinaloa in the northwest coastal region of the country. The region produces high yields
of good quality fruit, because of the long harvest periods and effective cultural practices
such as hand-transplanting and staking. The summer supply for the huge fresh market 
of Mexico City and the surrounding metropolitan area (17 million people) is produced
wiLhin a 300-ki radius, which includes high-altitude valleys. Small-scale local production
is undertaken in virtually every state. Foliar diseases, pinworm, leafminer and fruit 
firmness are the main research challenges. 

More than 30 commercial types of peppers are cnntinuously marketed in the area, 
but local consumption is restricted to pungent types. Pasilla and Ancho types supply
most of the dry pepper market and are produced in the temperate central valleys,
whereas Jalapefio and Serrano, the leading types for fresh production, can be produced
in areas where the climate is warmer. Bell peppers (sweet peppers) are grown mostly
for export to the USA. Wild populations of C.annaUum and C. frutescens, known as Piquin 
or 'bird-pepper' are found in several coastal locations or frost-free inner valleys and 
are marketed fresh or dry. Resistance to tobacco etch virus and Phytophthora capsici
found in landraces and Piquin accessions, has been successfully used in breeding 
programs worldwide. 

Introduction 

l'aken togiethe. l r spp. tono a.ItN, r l I d'e nall liehecr - -C , (Cpl.%i'u arilld ll L icot l)i are 
iost 11m1pt)a1nt vCeCtahlC ill Me xico,. In acreCaic. hllnd la1or. valu adc port. The' arte used 

dailh in the Me\ican diet 'cvrxsocial level. The tropical CiironmiClt and scalteeCLd eroMio
areas from sea cxcl to over 20(6) In. ,llo%, yCar-rotilld 1[)dt.ICtii1ofthe to Crops. i oth f0 
locl InLlll)tiOn ll C\pi)rt. 
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Thie use af Ihese tvo crop, in Mexico es back to anci'nt times.and laite have ak,av's 
Ie,..n all'LtOtll iul0rchiappI. .andill, , ith pe10t ,alt.linked. TtiteS \\h hot onion, and 
so oi lfI "salsas'. The ie.retdientS 0f ">,Iia*. \MAar X h 'i' lll-inguriccoriliie to IeClon. bInl t. CIICrS 
are alwav,. part of it. Inll 'en /Ior litt haI ((,'/Jlt. or * ttiatlJi i >sti I1I 1tuo01i11 . 
.. c.<teh-',tno and C. ,mut t rtint,..Ld in SoIth .rica. hth tt,,crc domeI.sticated ill\xliCO 
in early times (Rick. 1976: Pickersill. 1971 ).Wild trains of L./ imnlliIidlium, L. es alennun, 

,var. ('eltasinc' C. 1an ta1tt, ,a. g, ahrint. it and C. ,'rttesCens ar" C Ni tnttti I fou nd in 11a1r1v 
plaes, and their special LIavor is \ iLiC\ cLceptabie. 

1alttf diftercnt cittlIwcictlt. pc,, t tot and ,ct l ipeper c \ist in xl\ico. l'pler contriblutes 
llaa color.t arOlli. ald condiellt t tithdr ich Nle\icalt cuisaine. It ia, pliaed a kc rolc 
in tradition. l(k ICine1i,., and eastltttc iirit SelcCtion tar tiso lt)rCfcrcn,.:C anid local 
Use IMC, o,t o0cCn.ltlrIC,. ;a t 00111 o11t01,0tl0otItstac p)Cppelr, Nie\JcohasCben cart Ited ,1111Stud, 1lC ill 
V,,uld hC InStOu.t.-C.]'tottOLlth stutdie, ta; t alt ,, hcI itnatie 0f he le ot lppp.4rs ill \lc\iAnl 
'tnhtne ant trldIiti]. irld rk ha, beeun do.th t)t their use ill relieiott. as trihutc ill ancieunt tne. 

and as it .oI.!-Soli,.afhzik mnedicinet I 

Distribution in Mexico 

In ,hiter, the tsa crops are 2ot inthuelos AUitnt&e 5alitS al(o[ both coahsts. B\ c0t1t11,t.. 
sutltttr prtiuctiO 0n is tot ih lhittit' 5ales s it tile cCnter t( Itc countr. Pepper andItollato 
arC iVtiucci intaur tita jOr area, i [icr. II. 
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Figure I. Tomato and pepper distribution of Mexico. 
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West Coast 

Reui ionl Iat. L llprises [lie noielicr \%esi Coast fi-oliuahoti paralilei 204 N upl 10 (lie US borderI' 
ITis rceaollIM haar- IriLated1 U10 Mic\adIN,chlaracttcri/d h.\ Ir\-\c ~iiitcis. deep ',oil anid 

01)[11111.111 [Oell ;)erltllles,.\lostill (lite hreshi-miarket t0Itilat. hell PL'l) I tCUIithei'S. 
iitehttiis. .11d e M~plltx.I d C C\ptt'C~ ltc toite U'S Liming. the \ tile[ are- jirttihnCCd tIrcV. ats
\\clI as Illoti~ i sn tomlaltoes. Tis I-L,1ittit ISO lAl illlftOiant Iole ill th" \\inteal snpll1\

ohl Anch lt .1t Scvvantt 
 peppers or tile \le\!eman111et. Ilt telnlmtertnres (35 it) 40 C(. htigh

ttl01tti-Cfre tlI L'ii\.\ IM111,11 .11tIle 
 peak tIl the 1iaitil seCsttll (000l 1111). p1'CAIcinLes itn\ Commitercial 

Ia~ efe iuui2.111iL. iutuhi'ii tat tttls. IIIC ilill ItlilI ttvII' I)C io lI( I)CCIt\Ihe\ toile l. 
I htIIL' NOI jte'itt %\ tlielN W l01V1 iii k ,it t it hi eits. thu c ielii)Rcio Ili l teIttn lns 

liiN lld (L.teilttthNopl uiot.lNth )tilstILeli t ilicltei.1Il -I \HIC-,T eIC iI 
11,1N iLtoi 2)I11 ,Ihiesitt 1I1tttIsl i 1eC iii) I11 ecitI s iLi h tJ\ \kiIicI1 ' illo Ilth1 Mid siti 

trttlt IN 1,11 l.thel F~o i oft leIntl i~il ttOIcl~ltl Ilak c -Luitl pI, ii ilt \%t~ier 

ht l~lt tt %\fillith N1111t11ttIiIN\C tNI till Na. itt N Nt0 ii1 ,CLNIlitLIti) .;(ifetl dutilitt iihc u 

lllIltLI2 hittii. I11 I i 1o stl-iaiindeittD'1 n lI\ itll e Ititel li illNiii.\ ep itNesi~d(01,10t Nt i\hitti1 S
 
IlielllrltL.tttpeidLiell itiIcst 
 fl(it Itu ,tlt lltttller thus tI i- Olhe cvlI;tuciltoItu 

2((11i tllt hIs lilt IttttCHililuaestttLthlt(I t~IIt e.2111 lit hisout ietNd Ierllic of n cpller 

INttiltii-1l1 diIII- 1(111N 1C M llNlClets' ) l()li to ll D L II) I 

tlahl-h11 \ INLtt i sh Jakue siinpet li. l tli ll Cihllloihllhith~. ll \jihlNtia lP 

noftl smallatt 'ILIIrw C111.tosa ailla(11 acrILCall h11l) 0outtostIs~cireth t'ilsth*Ie lcilntl i ll 
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Fresh-nmarkc IO are ill with 

fall and wirtcr plt.l,'tion in the I0\N \alleVs Solth of %Iexico (Cit\. and spring and summer 
iproduction in mCdIiuml to hich-Altitudc \'allCs. AreaS which used to produce processing tomato 
;al'e ollionger do s. bcause of lo\ ields which a111attributed Io irus diseasCs. Flowevr. 
the2 eXcess lp'roduLItion Of Irle'sh-iiarket tomaltos iS soldto procesors,.t,. 

Zacatecas to Guanijtato. iit ltw's )rtdnCCd .vcalr r1o(1ud tiis area. 

Production and Export 

Tomato 

(Grtmx\inc arca., ait\ e viClds. inl naitioli productiin fiitn's arc IprcSetitcd in Table I 

ald probably inclide both Ir.sh-mrkeand processing toatlleoS. lhC llilli produlcillg State." 

and their c 'rreSi)ondini. Shares inlla' and ti'itilti'itil alrC presented ill TalC 2. Inlthe last I0 
veaCl's, [Ite total acreat'2et h,, litlctuaill bm eci 01()(.lt)() and 77.0111 hla. \\ ith an anm ilu'Cicld ot 
about 25 t la. More than 511'; tl the total acrLeau'C s in the lliirh,, es't Coastal re'titn Sinaloa 
(RcLion 1a. Ficure I i. ina.,i prtldteMaJbiul)t 1 tol ioltatoes aiinuaills oil31.0)0l .3 inillit 
ha and avClr'l ict d11 1'42 t ha are obtimcd. 'he eie leltads in exprt.dolliiiet'i prodiction 
.iiId processing. "lie importanceiRTitn l thep 111iies)ntl il dIi,, sse coast Ia)1b es idci Ilie the 
C\p)it Illakt In \\ intel and sp0ring tI eportIll Sinaloa. and durim!is,considCI'Cd. Co4 

Table I To.nato production inMexico.' 

Yicll ProductionAreaYear 
 ('000 hap it ha) ('000 t) 

1977 61 7 15.8 974
 
1978 65.4 21 3 1394 
1919 77.4 202 1,565 
1980 69 5 19.0 .321 
1981 61.8 17 4 1,075 
1982 56.5 23.2 1.313 
1983 63 0 23 4 1.472 
1994 68.) 23 1 .574 
1985 70.1 25.4 ,779 
1986 73.0 26 3 1,925 

ZModif~cd from Union Nactonal de Productores de Hortaizas (UNPHI. 1987b 

Table 2 Tomato production areas in Mexico." 

Region Site. Area ( 0 Production (0o) 

I.a Sinaloa 43 66 
I.a Baia California Norte 4 2 

I .a Sonora 2 2 
I.b Michoacan 4 2 
2.b Tamaulipas to 4 
2.b Veracruz 5 2
 

4 Morelos 3 3
 
4 GuIanaluato 3 2
 
4 Hidalgo 3 2
 
I to 4 22 other states 23 15 

Total OO IlCO 

zContribution by States. 1986 season Modified from UNPH 1987b 

http:01()(.lt
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(he fall, exports co111 exclusively f'rom1 the northen'n Ba; Calil'ornia. Ini 987 Sinala Cx poruted
359.161 1and Baja California Norte 52.141 1. The United States iipo, ,s about hall, o , its tomato 
requirem1ents . Illol[ froll NxicoJ. The importance of Mexican toil.atos in the %,tIrcr market 
of lite U!SA is prese1lted ill Table 3. 

Table 3. Mexican share of winter-spring fresh market tomatoes in the USA.Z 

Year Total USA winter-springconsumption ('000 E) 
0 impor ted O0USA imports

from Mexico 
1978 737 50 99 
1979 
1980 

728 
773 

43 
40 

99 
99 

1981 
1982 
1983 

723 
758 
789 

35 
32 
36 

98 
98 
99 

1984 
1985 

723 
823 

42 
39 

99 
98 

1986 745 45 98 
1987 807 45 98 

SModified friom UNPH 1987b 

Peppers 

The statistics hlir pepper' are not ver" reliable,. becaulse they are e.xpre.ssed in two dillferent 
,.i\ s as nngent" and in pii nn I )etpe .lIs,and s cet Pc p rs of- as dry and green pep.Tper
l1oss Cver sollte plngcllt types such as A\Ch and F'asiIll (Fi iure 21 are marketed as either drs, 

,1t green pcpcrs. ('urrnet tigures do not ,lpecilfv+I hi el pCplCrs arC incIltided ill \hich u.°l'RI[
)fficial fiurcs for enccn pCppers I'(ablc 4) 2\ C a +carlk acrca-c of o\ e-r 0.l0Ill ha. with 

.i mean yield oft). I t/ha, The individual contributiol per sate is given in Table 5. A noticeable 
,nii,,.siot lfrolm this table i,, lainaul!lilas State, the 1rain SCrano producr. The differeucnl ratio 
)I percent area prOdLcon of 'Vracru,"and ()avaa i 12 7 and I- 6 in contralt ', ith Chilhahl a 
- 16,. roa\ be explained b th iewidespread 01'tl'. ip,,. hihIicl ii .l!lapl)fO cuhiltiar , 

in Chihuahua. inIl cnttrastCtM h-qaLIt,, buthllo c- \arictiCs inl ( )aaea ,iand\'eracr.hi eldine erCIsC 
The ]luost accurlt sttliC. a 'C \Aa iC ler e\ptrted peppr. b1tC Ofuof Iaspecial pn'l'lllir 

v, hicl ha, it be preCnted at the 1s Nle\iCtill bordcr. Bih1ll peppers. s, hil are LroMs it itiosll 
for export have shiW it a steady iIcrea,,e iltt ouction ; recent ycars. tromt 42.709 t in 1982-83 

to 97. 101) t inl 1986-87. lost of the L'S IIIIptort Iceds irC cn er.ed b, XLsiCau t1o11.0(1161 
the share tak .n b pclpI r in the I'S s..inrci market is hlt, ci th.im that achicscd ho tlolatocs (Table (). 

Table 4, Fresh green pepper production in Mexice. 

Year Area t eld Production 
('000 ha) it bal 1,000 t) 

1977 49.8 9.7 482 
1978 55 9 9 5 531 
1979 57.9 8.6 498 
1980 60 7 8.7 531 
981 45.4 8.9 405 

1982 66.3 8.4 554 
1983 48.5 9.3 449 
1984 51.3 1 .0 566 
1985 ,8 I 8.2 639 
1986 63.5 84 536 

Includes many different kinds of peppers, ZModified from UNPH 1987b. 
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Table 5. Fresh green pepper production by state, 1986 season.z 

Region State Area (0b) Production (0o) 

l.a Sinaloa 17 22 
I.a Nayarit 6 8 
2.b Veracruz 12 7 
2.b Oaxaca 14 6
 
4 Chihuahua 7 16
 
4 Zacatecas 12 13
 
4 Guanajuato 6 6
 
4 San Luis Potosi 5 6
 
4 Puebla 4 3
 
I to 4 22 other states 17 13
 

Total 100 100 

Zincludes many different types of peppers. Modified from UNPH 1987b. 

Table 6. Mexican share of winter-spring fresh bell peppers in the USA.' 

0Total USA winter imporred °o USA importsYear 
consumption ('000 t) from Mexico 

1978 131 39 95
 
1979 137 36 94
 
1980 149 45 96
 
1981 130 32 92
 
1982 145 40 94
 
1983 130 33 92
 
1984 139 36 93
 
1985 166 46 95 
1986 176 49 96
 
1987 185 50 96 

'Modified from UNPH 1987b. 

20 
b0
 

Some commercial peppers 
grown in Mexico: (a) used 
fresh and dried: I a. 

3 ~Chipotle, 
Ancho, 

lb. jalapend; 2a. 
2b. Poblaro; 3a. 

5 6 Pasilia, 3b. Chilaca. (b)dried 
usage only 4. De Arbol; 5. 
Guajillo. (c) fresh usage 
only: 6. Serrano; 7. Peron; 
8. Caloro; 9. Dulce (bell). 
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Pungent peppers, in contrast with bell peppers, are exported year round, although 72%
of the total export is in winter and spring. Serrano and Jalapefio are exported throughout the 
year. Pepper exports (lorthe last It years are presented in,Table 7. The trend to export isgeneral'
increasing. Jalapefio, which is mostly exported in cans, is not inclhided in agricultural export
statistics and the even in,:reasing USA demand of processed Jalapefios. has prompted the N1exican 
government to stipulate a condition of the export pernit by the canning industry to provide enough
product for the domestic demand. Nobody can predict, least dares to l'ace, the consequences 
in Mexico from running ot of Jalapefios. 

Table 7. Pungent .esh and dry pepper export to the USA, 1978-87.z 

Year .Type of_pepper exported ('000 t) 
Jalapefio Serrano Anaheim Caribe Pasilla Othersy 

1978 1.9 1.2 1.8 1.2 0.08 5.0
1979 2.1 1.0 - 1.4 0.1 4.4
 
1980 2.6 1.1 
 0.4 2.9 0.01 1.0
 
1981 2.2 1.4 0 6 0.4 
 0.2 4.1
1982 7.6 1.2 0.6 05 0.2 5.4
 
1983 4.0 2.0 
 0.3 0.2 0.3 7.4
 
1984 3.0 1.5 0.3 0.2 
 0.6 29.6x 
1985 6.1 3.0 1.4 0.7 1.0 5.4
 
1986 4.9 2.5 1.2 0.7 1.2 
 3.4 
1987 5.7 3.1 2.5 1.9 1.3 2.3 

'Modified from UNPH 1987a, 1987b YPoblano. Calcro, Cubaneile, Ancho. Cayenne. De Arbol, Seco, Fresno,Gualillo, Cascabel, Chilaca, Hungarian, Cherry, Mirasol, Piquin. Negro, Puya, Bola, Chipotle, Guerito.logical explanation for th;s figure "There isno 

Cultivation Practices 
Tomato 

Tomato production techniques vary somewhat from region to region. In most parts of the
Countr.v,, ground tomatoes are grown in vows 1.8 ni to 2.5 ,i1apart, with plants spaced 30 cm 
to I m. Direct seeding or transplanting using traditional seedbeds ae standard procedures, except
in Sinaloa where seedl ings are grown under plastic greenhouses.

Si nahoa's t-aditional competitive edge has been based oinharvesting pink or vine-ripcned
tthnlatoes. lh isiaccormiplishCd by trellising the plants between agave or plastic strings, supported
hv thick wooden stakes. This requires huge inputs of hand labor. About 20.000 ha of staked
tlolatoes are crown arLLuullv in Sinaloa., bich far exceeds the hcctaragei of pole tomatoes in 
any other single recion in the world. Indeterminate tomatoes are pruned to two sterns. because
increased frui size is a well knmvn response of two-stern pruning. Only two growing points
ire allo-, (rand all sacker, below the first cluter of flowers are removed. The weekly removal 
tf side branches, above the first tlruss, is practiced for as long aS the exuberant fol d,,ecrowth 
peri lits.
 

However. deterninate cultiVal's nlw occupy' the largest heectarage of slaked tonatoes. Pruning
has chanced accordincl\ . All leaves and growing points are sLppressed below the first flower 
truss, hut ilight1 prunigil is nmade above it.Sev:ral gro\ ing points are allowed in contrast to 
the t\mi in the traditional method for indecerninate types.

In the early season (August to Septeniber plantings). teniperatures are 35-' to 40'C with 
,0; to i00' RH at Sinaloa. To allow extra Ventilation under these Xl'eltre conditions, growers 
remove allIleaves aii'rolnd level ipto 0 cm. Upper leaves are removed on the side of the 
row with lower solar exposure. uncovering fruits to be har\vested within one ionth to decrease
incidence of gra \%'all fruit disorder. Leaf renloval is claimed to promote earliness aid 1t flacilitate 
control of fol iar disases. 
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The vine-ripened tomatoes are harvested at the hreaker stage. 95 to 105 days after 

transplanting. They are har'ested daily for 60 da ',s in tile case of*deteCrn inate cultivars. al 
for 90 days it' indeterninate IiVhr ids aIretUsed. I n contrast. iiiatutire grte'en tat ittcs ire tIsially 

harvested loLI r tilmCs at 10-dlv intervalhs. These I its are aritificiall\ ripened b ethylene. Tile 

production cost is rcatlv reluced and a I!rI'Cr fIruit is thus ohtaincd in this Wt\ though \ith 

inlleior color aild Ila.voI. 
C'ultural pr;iwticcs. including pruni:techtChniLteS.i cOIIItiledC ultivars anlid re-i.,terd 

chei icalIsi i r inl ctl .tul lidisCa COiltro. ire uCpdIatcd yearlI' by regional cx periment stattioins 

(Silvzis et al. 1987).
To tlllto paste for export it) tile LS. Ca nadla ind other Ctlintries is obtained from hi gh1-ciual ity 

processing tin iatoes prnduced in RCiO Ia liunlder stadlalcrd Caililirnian grnwing teclinKcIics (Sinis 

etl ll. 1979). somiic incltdilnumachinte hIarvestinu, For doimestic cotnsut ptio i. a lirge share of 

tolltato paste pirotuctit colltes front leftovers of f'resh-inarket fields. 

Peppers 

Peppcrs aterC trnMsplantld. ol v SCcloll the'y direct-seecd. Due to theuIsuKiIy and are 

diversit\ i type. regions. ld ecottolllic StatUs of rowe!s. ciffe'eit systems for producing 

tratisplatnts are to he totllnd. iattgitg fIltl ve'' rldilltiieutrV SC.dhedN. L'ctolLnd-Ibtlilt aIl Series 

f 1 ril x I Ill SdLLia.s covereCd l] lcortn stalks for frost pruteClttt. t o s,,'ctllitig iroductiotnit-l\ 

tiLtCt' llastic gcuh LtSe,. MItr tetClllpetaltLi'C. itrigittol, lests atild diseases attd lertiliers arte 
li c r:Iiinic techiliqluce is Ltcl. iill trattIsplaiitiug isclote Cxclusively

cottrollecd. No tmlter hat scl 

b\ haitcd. 
l)istiice hCtXccn i*OvkS Mlsid iplntS vaieIs iccotrdit t. ittcliVilLMIa planlt sics: ttalditional 

Nlexicayn t tccl 10 hIvcl latgc phmtitS. tid tuL IMNOpopilitiOtil Leisity. 13ell Ippper trpCs 

and others uto\ n for Cyport hitve Short. ct'ilpa.tct pIlatit strLIctrC. \ ilich allo\s planting ol two 

ro,.vs per bed. Peppers gr, rI durithng tile Itai ny sCasonl reCjal irC deCp r0\\ s to facilitate %\aterrtnoffl 

from the base of the plant :o that wilt, caused by Pittoplthora apsici. ,an be mininmizecd. This 

practice is tiiial,.tor\ ftor Re!iol 4. Flaltrows reSL . clrzlitecdlfIelcis tic cotiplete lossill ol 
(file to w:ilt is collilon. 

the f'ully ripeHtrvestitic is al'%Ss 1mantll at the ttiaturCrti ,tIIIC (lor fresh fruit) Or at 

slialetll'for dried frLit) Il dbchratilig iMethods vary 'roti sLln-dlill'. to the Use Of coitnercial 
dclvdratcrs. Sucn-dryiiu is used in small eliter1rises where "I'ljli] tue inhers Iproviide tilie I bor 

requird to turn the fruits clil\ ulitil they are flk[ dlrN . [)elvdrat ors. which bow hilt air under 

a slow Iitoivii., bell On which I'rlits ire pliced. are LIsc by Iatc coutorcial operatiOns. 

Cultivars 

Tomato 

fretsh icessing totiato iin theAce and San NIarzano were the statlard~ cUiltiVars for tl Ian 
Cent ral Plateau (R ec ioii4) f r zt .ti yar s OOtit the west coast (Re ,,i n I,a) Ites ll l:kt c It i rs 

mostly reflect the Florida releases of' the 1900's slch as Indiat River. Matnapal. Tropqic. 
id ceLInlitlyHomestead. and others: \Vater. Florida MI -1-I . at t Hiysli,. re leased iii th l I)7()'s 

Floradade. SItiny. CalltiICIi. ContCssI . NhuIntinin Pride. Pole Bov. Pole Kinc. etc. CLIItiVars fn tIcl 
to be successfuloIll the west coast arte tricd ill tile rest of tile coLill\ . %%hleit Iocalprefercnce 

decides the prevalence oftone or another. \,ex ican releases. suchit s Culiacat I . Culiacan 361). 

Pacilico alid Ituiav a. has e ntcer had a significattt share of tile market. 

Lasscn and Alt are the main processting cultivars. representing abthtt a t of1Lr'ltihe total 

lectarage of irocessing oiati. Other plroCCssiLg cLIltiN'ars stich its UC-82B. I-6203. ;il 

leIrSe sI- . secLft p LIrlposeRed St(lle. are also used for ti UIiarktPlOcssitt c tOillilta to r Stich tre 
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collectively called "Saladez tonatoes'. a generic derivative froni Saladette. a cuhltivar no longer 
ill
use. There isa grow',ig trend towards prepa ring homemade salsas with these kinds of tori atoes. 

Iandraces can be fbtlnrid illtilelocal markets. They arC usually fasc iate. Wild plan.ts of L. 
.scientIlflUl v'ar. cL'rosifirfe and L. pimlnill/ifi'1 are cmimtonly found and their fruits are 

prelerred ftr certain local dishes. They are not coriiruercially producCd. but havC bCc- succCssful H 
used in breeding programs. 

Pepper
 

A parlticuar class iica ttlll tleces apply to Other countries.used ilone Cotnt'v does lot lsary 
Classification oflpeppers in India (Muthlukrishian et al . 1986) or tie US (Sith ,tal. 1987)
does not apply to the diverse Mexican types. The nlain Mexican peppers and their common 
growing techniques have been dcscribed (Laborde and Pozo. 1984) and this infnruation is 
summruarized inTable 8. 

Sonie conjinnercially rown types are presented in Figtre 2. Ancho and Pasilla arc thc illost 
popular dried types. r,:spcctivcly named Poblano and Chilaca if used fresh. JalapeCio is called 
Chipotle \hen sMloke-dried. o others used exclusivcly dried are l)e Arbol and (lajillo. ThoseT1'% 
used onh fresh,are: Serrano. Peron, Caloro arid Boll. The last to are geovm n moslh for the 
export ilarke'. 

The tniajior peppers comnnercially gro'n1n in Mexico are groupCd in Table 8 h\ their market 
dCst irat natinal conisumtitii and export. and (b)xcii',hielhloll: (it) Ior export. Cultural practices 
are not included in Table 8,even thou0h hey form tle subect If a lar-e research effhrt h\ 
INIF,AP. The lack of proper llant selection in tile field ha., led to a large Variabilit' \Nithin the 
lanuraces. The National Istitute olAgricUitural Research (Iirnuerlv INIA. no\\ INIFAP. I'rtni 
-aCr(llylll ill
Spanish ).has rlC!Cased imprt\cd Ciilti\ ars from these larndraccs. InlmIst ca:Cs. 

111, and pedigree scIOctitir Ifor a nunlber of Cenleratitonis has been liCCCssar\ beftore releasiin 
iliprOvCd cultivars. A total of' 21 irimpro ed cult\ ars are described \with complete pedigree 
inforrnation (Pozo. 1981). The ,lost common ones are: Jarocho and Papaloapan (.alapcfio type), 
Cotaxtla. Veracruz S-69, Tarupiqueflo 74. Panuco and Altarnira (Serrario type); Verdefie. 
Esrneralda. 1020 (Ancho type): Apasco, Salvatierra (Pasilla type); V-2, and Roque (Mulato 
type): Loreto and Real Mirasol (Guajillo type): Uxial (Habanero type). Inproved peppers have 
been iiiniediatelv adopted by the growers. There is ample evidence that Tanpiquefio 74 was 
used in every growing region and replaced all landraces within less than four years of its release. 
Genetic erosion was prevented by preservation of tile frinit typeoriginal collections. Uniform 
and high fiuit quality have been the main factor:; n the success of TarupiqUefio 74 and other 
improved Mexican cuhivars. Some Jalapefio types released by American seed companies have 
become the dominant cultivars in sonie Jalapefio-producing regions such as Chihuahua, because 
of their very high and uniforrii yield, although their quality and pungency do not camparc with 
the traditional types. For bell peppers and other comnimon US pepper types, only American 
cultivars and hybrids are used. 

The pepper sced trade ill Mexico is quite unique. Seed distributin til"roost 1fthe Mexican 
t.ypes is undertaken h\ brokers whito produce their own seed Or itl\it frotmlselected grtwers. 
The big brokers partiallk finance cotnimercial pr(Oductiir and provide the seed. 

Marketing of Pepper and Tomato 

The exptit trade consists mostly of' fresh winter products to time United States. although 
a smalliamutlnt of peppers is exp.rted on a year-round basis. Fresh tomait oes arid peppers are 
shipped by refrigerated truck, to tihe closest LIS border where the\, are distrilbutcd according 
to their destination. Many growers have their twnri brokers. To control export production, the 
total regional acreage is agreed by tlie local grtwer's associations, and c nso ,hidated fiiall the 
counitrv. by tile National Confederation ol Vegetable Gro\vrers (UNPH. acrory uminSpanish). 
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Table 8. Major peppers commercially grown in Mexico. 

Type Pungency Adaptation' Use 

A. National consumption and export 

Jalapehio Mild/hot Warm Mature green, fresh, in salsas 
(2b, 4, Ia) Mature green, canned. Most popular use 

Ripe, dried by smoke, called chipotle' 
Serrano Hot Warm Mature green, fresh, in salsas 

(2b, Ia, 4) 
Ancho Mild/hot Temperate Mature green, fresh, stuffed or in slices 

(4,la) also called 'Poblano' or 'Cuaresmefio'. 
Ripe, dry. Very popular 

Mulato Mild/hot Temperate Same as ancho, but ripen brown, not red. 
(4) 

Pasilla Mild Temperate Mature green, fresh. Called 'Chilaca', for tlices. 
(4) Ripe, dry. Widely used. 

De Arbol Very hot Temperate Ripe, dry. Special flavor for hot salsas 
(4) 

Piquin Very hot Warm Collectecd from wild plants. Fresh or dry use 
(2a, 2b, Mostly C. annuum, but some C. frurescens in regions 
lb, la, 3) lb. 2b and 3. Called 'bird pepFer' 

Various dry Very hot Tem.perate Costefio, puya, cascabel, mirasol, guajillo, bola, 
and warm negro, etc. are hoc peppers sold only as dry peppers 
(0thru 4) Marketing volume is much less than ancho, mulato. 

pasilla or arbol, but are mandatory for many special 
dishes 

Habanero Very hot Warm Exclusively grown in Yucatan Peninsula. 
(3) The only C. chintnse grown in Mexico. The name is 

Spanish, not Mayan, suggesting recent introduction. 
Consumed only fresh, matur e green or ripe 

Manzano Very hot Cold The only C. pubescens commercially grown in Mexico. 
(4, only Produced at very high altitudes, above where no 
above other Capsicum can survive because of low tempe
2000 m) ratures. Probably a recert introduction 

B. Exclusively for export 

Bell Sweet Warm Fresh, in salads, limited local consumption 
(Ia, 4) 

Various Sweet and Warm Fresh, appear very seldom in local markets 
fresh types hot (Ia,4) 
(Cubanelle, 
Fresno, 

Caloro, 
Hungarian, 
Anaheim) 

Numbers and letters refer to regions inFigure I, and are listed according to their commercial importance. 

Production plans, and corresponding acreage proposals, receive final approval from the M/linistry 
ofAgriculture which enforces them through a system of export permits. distributed and controlled 
by UNPH. 
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There is no equivalent control fo the prodtuction for local consumnption. Acreage and product
availability may fluctuate widely from year to year. The national market is dominated by three
main centers ofdistribution: Mexico City. Monterrey. and Guad:lajara (Figure 1). each affecting
large regions of the country suchi as central and south, northeast, and west. respectivelv. The
comhined population of' these three cities. includil their chose dependant suburbs, is over 20
million people. roughly a quarter of the Mexican population. Price fluctuatiors ir-all other cities 
are atfected by these three main marketing centers. 

Production Constraints 

The factors limiting tomato and pepper production vary between the different growingregions. The most relevant information is sunLinarized in Table 9. Emphasized hcre are those 
problems where international cooperation would be extremely helpful.The relative importance of tile liniting factors is ever-cianging. Although tmonato f'rit
firmness has always been studied by the national brCedilg programs, it has become a critical
factor in recent year., particularly in Sinaloa \where tomatoes arc produced for export to the
USA. Florida mature grcen tomatoes, which arc palcr and less tasty and ripeness has.ahose

been induced hy ethylcne. arrive f-liririto the con.suler anl com1nianid highcr prices than the 
better flavored and colored vinC-ripe tom thioes. 

Diseases are very important in hoth crops. A nuntcr of diffterent \iruses lavC bcen the 
nost devastating constraiints both lor toniato and pepper. A (0'; reduct ntiOin ian;t Idie Ihas
been attributed to viruses in the Bajio area at the center of Reguion 4 ((arzon. 1984). As a 
conseqtince iletheclarage has been reduced to less than 3.000 ha tod .i\ fromli 13.)0) ha ill 1974.
A similar situation has been recorded for peppers in the winter producthion are.a of Tanipic ,
Region 2b. Research efforts haie concentrated o) the ideiiti fication of the roises 

Whereas pests are a serious cCoinomic proleiern o I' mirtiIat and inot lior peer.)cr Icet
research dealing with insect control of tomato has heen strongly inluencCd h\ the ever-lowcr

tolerances ot chemical residues in veg;ahles. The year-round presence of pests favrcd h 
 ihe 
absence of' winter frosts, the pests' short iifcvcles arnd tolerance of or resislarice to ccrain
insecticides, has forced researchers to look for lie\% approaces. Priorilics have shithet, froni

chemical control to ntcc rated pest inanagelti I IPNI . The ntuittral lcvels of parasitisn and

predators are ve high, and positivye resu)Its have been obtained in Sinalo t 
 or process ino th mialtes
(Alvarado. 1987). After tonitoring piirn\'.rit. frul\torni, arit\orin id Icafinliiner populations
and their corresponding parasilisiti levels during the 1980-87 -seasor., iore than 900 ha out of 
attotal of 2,200 ha were grown under IPM. sin, le cherawthot .icalpplica.tion. Five 1t nineapplications had been commion in previous years. Ajoit elflort bx griw\ers. industrv and INIFPAP
is tinder way to implement the IPM programti for both fresh and processing tomiatoes in Sinaloa. 

Research Institutions 

In many developed countries a large part of the agricultural research efft)rt is based in the
university system, and the exension service is linked to or derives feedback front the university
system. Teaching and research are Mutually dependent , and so they have a continuous feedback.

Mexico, like iany ether developing Countries. does not f'killo%% this pattern. Teaching
institutions are virtuilly void of research. Ilmostly because if lack of funds and an oe'crload of
teaching assignments rather than because of a lack of qualiflIed researchers. Thus agriCUItUral
research activities of the counitr\ are led unchalleniged hy federal governieni agencies. The
National Institute of Agricultural Research (INIAi was recently iterged \with thie Research
Institutes of Forestry and Livestock, to becomie INIFAIP. In spite of its federal status it wassubdivided in 1987 into 31 partly independent state research centers, though sorie national 
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Table 9. Limiting factors of production and r,.carch projects. 

Main 
Evident regin Solution to Suggested goals

Problm since o ccurrentesmc 01 rregions the problemy of research' 

Tomato 

Plant pathogens 

Late blight (Phytcph" iora infestans) SOs Ia, 4 	 Forecast G.R.' 
Early blight (Alterr' ,ria solani) 50s All 	 Partial G.R 
Powdery mildew (Leveillula taurica) 80s l a 	 Partial E'ffcient chemical 

chemical control control and G.R 
Bacterial spot (Xanrhomonas 80s la 	 None G.R. 
campestris pv vesicatoria) 

Bacterial speck (Pseudomonas 8Os la 	 None G.R. 
tomato) 

Curl)' top virus 70s l a 	 None Positive virus and 
vector identifica
tion 

'Virus Permanente 70s 4 	 Partial G.R.. IPM 
del romate' 

Tobacco etch virus BOs la 	 Partial G.R., IPM 
Tomato spotted wilt virus 80s la 	 None G.R. 

Insects 

Armyworm (Spodoptera exigua) SOS All Promising IPM 
(in region Ia) 

Leafminer (Liriomyza sarivae) 50s All Promising ;PM 
(in region Ia) 

Fruitworms (Hehothis zoa) SOS All Promising IPM 
(in region Ia) 

Pinworm (Keiferia lycopersicella) 60s Ia Promising IPM and G.R. 
(in region Ia) 

Quality 

Fruit firmness 80s Ia 	 Limited Breeding
 
postharvest
 
management
 

Pepper
 

Plant pathogens 

Bacterial spot (Xanthornonas 80s la 	 None G.R. 
campestris pv vesicatoria) 

Pepper wilt (Phytophthoracapsici) SOS 4 	 Resistance G.R. 
Tobacco etch virus 70s 2b Partial G.R. 

'Regions refer to those of Figure I Based on research results obtained in Mexico. XGR. = genetic resistance; 

IPM = integrated nest management 

coordination k still in effect. The main research teams for ttomaIes and peppers are located 
in Sinaloa. Tamat,lipas and Guanajuato States. Informration oil reseaich projects and other INIFAP 
activities in tonillo and pepper can be addressed to: Dr. Eliseo Redondo. Vegetable Crops Leader. 
Apdo. 112. Cel"y... Glo. 38000 .Mcxico. 

There are no formal joint research pro iects on tomato and pepper with international research 
institutions of the sort conducted with CIP on potato, and with CIMMYT in wheat and corn. 

Private research is carried out by international companies. Seed companies usually limit 

their activities to generation advance during winter tine. Although they may select a particular 
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line with outstandin., perlorinance" ulCr Mexican conditions,. the development and evaluation 
ft' arctnldUctl lCsherC. Research in the priate tlomat ildnstl' has beelnlinies or hybrid, C, 

addressing localiproduction problems and has pro; idCd outstandLg coltntriblutions to intc'rated 
pCs anagmentI as well a e,Iocall,, -idapied cultivars. 

LilnitCd )ro.ecCt ortiCnted cOllabioration \k, reear o'eani/ations does occu1r. stclith forei_'jn ,chI'4l 
as a joint cnture \\ ith the UierSits of CialiIrni aitA ivCrside. to0 investigatc toiato piinworm. 

ore SUCh ilntCrna.tionl, CIT t ,"inCCded.
 

Growers' Associations 

Thle ilportance illthe C\port illarkei'totli and peppers lieIllored .I .It cannot Much 
ill ile credit lfor e\po't Success goes to the National Coafederation of Veetable and Fruit 
Producers LNIII) ,shich ,ss creaCId inl 12. It has acted as a link bhet,l.se local rot, ers, 
as',Mati , ,nd d Iditlerin go\ CIilCtilt aeInCies deIli1 \ ,ithC\p'tlperits, and rcLlatiolns. Its 

carefIul .,car, grov. a,projections has c beCn iistriltentai king a pIlpepnr h-ilaiice beissec 
andIuppl.de an . [I Ca ts four rictIuItu tIl iSNOciat.-on, rt)C renC tI,, ' t oto 23XIaI'ioIial C 

local Cro,s asso arc a filialted h,' atohII o Cr 22.t)0(0 iIdi\ idual11a1lon, ,itlh the VN,PII. in ot,I\ 
"rossers. Ai tiItp'iiianii +'NIlh cintribttiotIha. tii p ,i.oiisl' ad %Ise eibee ll,+h.k. mnd i Sr 

On sII i li/ lih ,l ciLi II\ itexol . .h Ilis, c ,I 1t01 L.I'n C etHrts aliiid li tlI altoll alout 

I XPI I iliits sPeC,iili/el i'0)cI lriuJ), cin ll, ltLiiCl Iiriil: I A PI I. .\hilt,. 712. ('uliaCati Siitall. 
\lexco. 

Potential Contribution of Mexico to the International Community 

)ruii/atios such a the .\,,ai\'ecctablelhcResearchl and I),,cltipiiicnt ('iltelr I.AVR)C) 
shou1ld pla\ in] atIli\C 1rol ille\salutigl. rtl lntung and helping to l'cs nailtillal cu'lllplasnl 
* olleOt,. and in ,o..ling int .stures s.it na.tonal research orcani/attons. (1osiderincg 
;I., .e .ittatio sho(ud a lteical noll Asiall partir cottllItr\.ulli s .Meico he 

lie. fact.ors, CothLiitl the Otitading' posilti ol titat~lol.l lllid pepper illNl\ico are: 
\I.xic\i'', posillton ISiadotllestiitI ,lil ol olthl (il pl p onl, 10 (1.ent r crops. r 111\ or C.
 
is' , ild u ldis laiidrace Ce,of1 ,esIJtaice 1t an ees
ailah g pilli an!,d .'ulti\,rs. si'l set, is 
itlintena'lltional itip't.tice. .tg sie prcdattr,,alid paraIstis i itul o Pests ltiillelllIultin-g 

.tid t chlitoii1t'l ci ditl ,,,s CniutmitC aln,,L conditiOlldittos: rcit climatic Colidioit 55hil t',\1 

:tIteI.tIilCed.I ,il.: 11,.h e c fac'ilities thr uCI Iutr ,.ii I ani/Cd ctuifdcr.itiolII llut the cI : daI \k,l 
to, s rs Issoctti ii-thIt ctrllnil. prt ide sigiiiticaiit ecutllotlicstpptrt Itr Iese ich prjiects.
 

(C1. 1pl ii s . ll+oit' siLIItucs I irOiHiilntl siCsses.
l llilt resiNtalIc. iWie11' pe.,ts a1nd diseases'. 
Is ()I pr illita1,ce. A cotinuous, huhiiitd, eIffrt sIt lsce INIFAPI1976 hIN..\I 
,iigr4i2J isiti ,cIucti ItIl C\sd ai oii ledII le ,t2,tIlishiitctll td ',aIage plP rgetinplam 

Bait, Statiis ,plicate Iatil 

&tdid .cctii I kept iere. Lrallr'tnlll tielra ll (entic rlces i II (kt) 
,tiIleclion al the l, .rittn.tn! . Al l.'is. d u ()I ttst (dt )r. (. Sllith's 

,+ A Itel d borIilI P e u 
J O% iCL Ixtra support Ifo('Opiutoo citlltitts il \lC\ict) (IBPGR. I1)31. ixatiples oI 

iltIibmtIinsilllad lie .'elItupI;.ill collecte.'d 1lh, t% asto I'M r'soIrcS of resistance ii 1lh thihona
 
il/), -i. ald i act ecLh iIi1 . . eLS are2 C.IIurtIItoeLd ill 2dieleuh tIe.
lhese u, l b ' ill 
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Symposium Discussion 
G.Y.H. Grubben: I ) Which proportion 4 the area and production is accounted for by small
farmers? (2) Why is there io tiational secd p.,,duction if all conditions are so favorable? 
J.A. Laborde: (1) There are small farm operations both for pepper and tomato in most 
agricultural areas. The' maN be located next to hit! farm operations. but represent well below 
30/ of tie area and production. (2) For a reason we call "Malinchismno' which means 'better 
trust foreigners rather than nationals'. 

D.J. Schuster: Have the tonato landraccs fronm Mexico been caluiled hor insect or disease 
resistance? 
J.A. Laborde: No. not in a systematic way. Sorie have been evaluated for fruit-set at high 
temperatures. 

N.S. Talekav: What is the status ol' piniworl dariage ill the southern or iore tropical areas 
of Mexico? 
J.A. Laborde: It is not vet of ecnonlic importance as it is along the nor:hwest coast. 
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E.C. Tigchelaar: What is the status of tomato virus diseases in Mexico? 
J.A. Laborde: In central Mexico (Baiio area) 'permanente virus' has been so severe that the 
acreage has been reduced from over 15,000 ha to 2,000-3,000 ha. Along the Pacific Coast, 
south of region I-A at Autlan Jal., similar damage has occurred. Integrated pest management 
has given promising results by controlling vectors. 

R.L. Villareal: (1) Are you ,ro,inc US varieties of tomatoes and bell pepper in the Culiacan 
Valley? (2) What are the major vegetable research centers/institutes in Mexico? 
J.A. Laborde: (1) All important tomato and hell pepper varieties in the Culiacan Valley, as 
well as in the rest of the countr\ . ai LS) varieties. mostly hybrids. (2) INIFAP. the frnmer 
National Institute of Agricultural Research. 

H.C. Wien: Why does the lasciated tomato type persist in local varieties? 
J.A. Laborde: The large, f;asciated tomlatoe, of Oaxaca are locally used because of their 
particular and pleasant flavor. Dr. Villareal mentioned a similar situation in the Philippines. 
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Present Status and Prospects for Increased Production 
of Tomato and Pepper in Northern Nigeria 
I.D. Erinle 
Horticultural Crops Research Programme, Institute for Agricultural Research, 
Ahmadu Bello University, P.M.B. 1044, Zaria, Nigeria 

Abstract 

Tomato (Lycopersicon esculentum Mill.) and pepper (Capsicum spp.) are 
indispensable constituents of the daily diet of over 100 million Nigerians. They are used 
mainly in the preparation of soups and stews which are essential complements to staples 
based on cereals and rootcrops. Although the two crops are widely grown in Nigeria, 
the maior areas of production are in the Northern Guinea savanna ecological zone 
between latitudes 10N and 12'30'N. Currently, about 50.000 and 77,000 ha of tomato 
and pepper, respectively, are under cultivation. Yearly production is approximately 
600,000 and 695,000 t, with average yields per hectare of 12 and 9 t of tomato and 
pepper, respectively. Factors contributing to the low yields are the genetic limitations 
and poor adaptation of many currently grown varieties to local environmental conditions: 
suboptimal levels of inputs, such as fertilizers, and inadequate control of weeds at 
critical stages of plant growth: diseases, especially leafspots (Septoria lycopersici and 
Alternaria solani) on tomato, rootknot nematodes (Meloidogyne spp.). vascular wilts, 
leaf curl virus for both crops, and pepper veinal mottle for pepper. Aphids and whiteflies 
are important pests in both crops, while the fruitworm, Heliothis spp., can Substantiall%, 
reduce marketable yield of tomato. Based on the recently developeo technologies for 
increased production of the two crops, 20-60 t of tomato and 12-15 t of pepper can 
be attained. In on-farm trials, average net returns for tomato production were 33 to 
95% above those obtained under traditional practices. Similar trials are planned for 
pepper. The prospects for expanded production are enormous, and producers and 
processors intend to exploit the possibilities. 

Tomato 

maol. 'riloi ' l ., 

Port1l't!uc",. trId. nrIC,i ,ns ,0 .\lric+ ;iI r Sl,d Ihe \VC',I indiCS. Of lkt+' 

I"l Iyu/4 '\lrl , !- puh-11il.ly s itroduL ced intO Niicria 6ithr10 h\ 
Iand- .,N ft1 or th,e 

,Flropeanl tefrchait,, ,tt. cOtdtI1/Cl ( iriidalL . 1)77: \'illareal. I)7X. IYX9)). rtln"ollthern 
Ni~eria. th.C, l~ uh tltOuIi pIrts (l th,' tO It Ias Im, l cul.d-,l,..er,.,I the ntltthr c tFl1"\. heco 
InIilll'r. I art Il l tll t 01 l ah,Ito 11t Lt

+h1 tli,,'t ot,t N iLClilw, ald aI 1u t st llOr',..c ;I le 11tu 
o~l latirlll.', nlidd~lnue'l a.1;dprIoce"++,t'\. 

Current Crop Situation 

Climatic data of major production areas. TloIhIto i, cultivated pritciluMll\ in ltvuetem 
and north1rn Niucri, I)lbc.t, II1 N and 12 31) N in the N rthern (iIunr;lliH2ltre ,et laititude", 
.n(ldSLIL 1 Saii\:II /tu 'It"I i:"charactri/.ed h\ ,,ct ,,Isel i' . h"e aca a ditilct SO
 
'roltleithe' April Ior l S I11hcr2( )ctol. a distinct se:t
, ta t or and h\ ll itil ()Ctoh.t 
to\ I 21 ,k it (1,,lkI RlaRinl1 i,,rie,,aIch ( I- ur,.c hen l:WOducti(l tl UntLer irricatiO itthe aIea 
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Figure I. Major pepper and tomato producing areas of Nigeria. 

I"oiii about 60(0 to I.3() mitu. v, itl one peak in Ill\ o1r Auust. Temperatures are tropical 
toi1u1hout thle are,. ,,ostl, itlh night temperatures above 2 1. I 'C and la r temperatures higher 

dhan 32.2 T (Quitn. 1974). l)urine the dry seasont there is a three to 'our-imonth period when 
iiiht tel I peraturrte, iii LI be()lo\\ 15 C. 

Production status. \n estimated 225.()0)( t o1 toiato \'crc produced Cal, ol 25.(0(ha 
bect\.en o73- J977 ill(ra. I90). Curent p ro)ductioi i estlmated at (()00.l)() t ltin, 50.0() 

hl. l.ocal demltands lla not beCIn ]miet 11toni ]ocal proCuctitlila d con1siderable importation of 

toihmat pate 1,itCLde to aimetint local production (FCIlralOfliCe o Statistics. Lalgos. I985). 
The gre'itest prIcL'tion occulr, Itv,Cell ()ctober to FCblt v. durilipthe co tlest part of the veall. 
There is \er\ little production bCt\%Cen Mtch and .lutln du to hith tCluprtlfiturCs. A si'eable 
Crop Is produced hct\ c il Julic aid SeptCmbler. Yields \ ilrV gmtl\' hets colti ildl \k ithin ilseasIls. 
[ lh ( (1984) has e,,timmatd all ia\ erac national \ icld of1 I 1.4 t hi. It is cmi all\ \%ell k its II. 

Itwc cr lds :trc higher in the ntiot Iorn parts of tile co.1utr\ thall in tie sou1thwest ([ti.1t1eer, that \ 
Ii)\ here toltial o Is also gmo ii ( i)ntoti alltild 555t,am). I Q)9]. Yields ioni Iarlllers' field> i1 

1tot a ailblhC. but Oll \5 ll imainacd stiliall irrigatcd hhlimi,. o (ilt0,r hal is rcadil attained. 
hi a te i-\ m iltilocational iortlhmii rac haIdUtlillar,t Irial ii Niuria. as\ siclds of 48. 1 t the 
,,cra'tiil 56 t ha4dltliime theLldi r\ , ,,,cas terc obtailCdts ((Quinli. 1981 ). 

It has been cstiniated that it cists between U S$ 491 Ito USS 908 and USS 1,286 to 1807 /ha 

to produce tonato during the dry aind wet seasons. respectively (IA R Cropping Schetne Rcport 
1985). hilier cost L to the C S Otsof miiulC.hmor 1978 and The foIr the 't.Ct . s i cue 

il ,takiwmi, Control of oliace diselss an1d Nottili2 Of rotted fruits. Tomimato is the most itlipirtatlt 

egetab illtIa itolous nolth-,soath trade it Nige iia. Its prtiducition offers cnpilovlmelit to a large 
lniitllr of1 suitsall-e,1 producer, hooelli1tnes make gross margins of up to N2.700]M10 
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Figure 2. Annual rainfall and temperature (maximum and minimum) for three sites 
in Nigeria where pepper and tomato are produced commercially. 

(USS 3.00[)0 hia. A lareC number l'l)Coph., arC alo Cml'aged in transporialio . packing. sortinuand sale to CoSu r- The pIodUetiooh cr r the three processinr cm paniCs loeatld
in Variotus paIrts t llorthelrln Nigeria. al,0o )ro0vide,SeIIIp)lovIICeIII and I'V\ ellu to local. slate and 
national -o\ ervllltnlls. 

Cropping systems and cultural practices. 1 1lMtl o1hthl ta ropS tranl)lantCd. [)irect
seeline is a re'cnl introduction \ hich has not gained Populalrt. Trditiolall. tolrratto and other'eg,'tahlC,. iincludin,, carrot. onion, pepper, okra. ,,linach (.l1(,1/'11. sI. Iand e.gphilnt. are

1ion in ltoldi.,,s rarel,inl mnixturc, C\cCding 1).1 ha. The l)rl)rtionit0 0'tomnlato in the trixtUrvaries dC[)eldine oi1 the riixiillit. Of Maljo road, and large to\\IS. arnd On l.arket forces.Mt,,t soils of the area are deficient in nitrol.n and lhospholrol,,. Traditioall, l rllel's Use
high rates of organic IMtanure ill theInlrir of poult is, droppin . co\%dung and hon11estead \\ aS." .or fertilization of fielis where cetahles are er(M, i. IecatUse of iradeo.lUalte stl+ \ of or2anicmalirre, ilt , farurrs now',' rely either pard, or ,olcl\ or comrpletc inoranic lerilizers. such 
as 15: 15:15. 20:20:0. Or 2(0: 12:) Or ,in.l SUerlphp-)hiate (1 "I P,0 5 . calciurrr arfnioniurranaitrate t2'-'' + N) or urca (46 '; N). 
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The wet seao: crop k either own ton ridges or on raiSCd beCLS ind is usLIal' st'liked ()"
iulched. The dry Sea son Crop is eirtr oileo hn (he side tf ridlges or in sunken beds. Small
ioltdileS trIdilionall\ s\cr \vatered illaL l\ I) the shadoof systill. Nott, h, e\r\1:..',In st
htodings Clhlo clin,,e-dri\ en pumps. Spacings sars front 45-10 Cl il a I-m\\ and 00-90 cll 
illtOrW. Plant dnslities inl Cwcss of t48. (,,) plants, ii:t have been lCC ttlllCCO111dtd lutIl'ttlMls 
usuai\ plant loss er populations. 

The toito I, it poor compe.titor and lclhc.ilke d s,CcL .'i(;\ Ill atl',S ablout 08'1 loss il
\ild (Simliha ani a.oke. -I,,. uua\ nt\,eed .Corroiiro ,s M1 Inal ltitouCh netrllLiil SCCor).
diilhcnaIniii ( Luide and other iiebicide, arc l,,C(I more frilucntl (illthmical\\CdCciontrol otcI'rs 
a better lternatis e th an untll Control. \hiii:h ma Ilc ,carce at tilies of peak ieIand. 

The t .l seasont crop is protected bs Itrlit to0 ,i\ 1tLiiic Spra\ SappliCd ls\sckl\ in the \\ettcr 
areas and Velr\ i la\', ill tih.'e iti\el iirier Ieei ',. Futei,,scidte ,! t n,llt \ usil ate 
manco/ch (1)itlhane .\145 . caplttol i1)ililatiii) and boius I ( leI.lalti. Insect control. cspicialls
Of ll'titl\otlIt. I, i J5ltte \\ ith tc),llall. p a,. ",, O in"cIc+.Sidhe ds :tas hiar- I (SC% In. \'eto I 
and ,, p iilntiiis (s ibtilt \iii. iSIi R otlklit ieilatth,1 i.' ill the ,,ee.dbelI are ct. trollICd
h)\ Sotil trcatnlent %;ill iintt ticiii , 1, tOrits,, C,'lti: sOil stCrilitIs suc0 is da/itIi ' I lasaillid) and 
c-al'h+fl-lall (lll a ~ rl 

ltars,,stinu iS done b\ hand. Fiiits are picked at mnaturc . brce.ker stageo te-ripe.
Slacs dlependig tin the distance to tile itakct. \t least lton pikin, arc normal. Fruils are 
ltasportellin It lit ond bst,,ket,, m ooden or plastic crltes. 

Marketing and processing. lir is nitilh traml in tresh tNOait ht enu tle rth, rn alnd 
sitlthiicil' as Oif Nl2oriil. \\t . !P'rOCeSill 
thiiigh thleii appilitedipcnts. ( )nu f r itklllilrm e., l tttto and popper iclh.i ltled pc 

i, h Iiio.1 \ C i l'ti1,Hidlei tICi Itttu , sell tileil piidtLiCts 
ma i IIi ii Toiai,,%ith low dL .' c,-, S Of ttl +'t+. I \,o lil11 rltl l alll\. 1cI. ,+l 0 t1 COHNIla,, h,..itl l i ll+ttta.lli ll OI plllCC. 

Ni,.riau-ln pureeIS intt l\italh.'d inl S, lltil 1N(t )( - ' ca h. 

Utilization patterns. ( )ni\ till Iluitiiultl h to,mmio oill i, atch mss. ,,\lostof it 
IS 't su iIt. iit t0lt itill \' i 11O I i Pit. r iIll ,iiips i'ld ste\s S. .\ CloI'ie per capita
ciitsilliptiiill IS ,ltitllatdil 9. I. ' itlt. \\ hiil i, abo1ut I N'; Of thea 'rli' Ci lsitlitplt0)n

oi 5 c' 1tables ((tilast d Ai Inl. )721. .-\ s,IIaI li rp tiiihm is I.CLItoiSd I can
useL itsu l loo(ds. 

Cultivars and seed supply. Iln siomth\,,tertl Nig.'tlt. IoclI tIuiletrmurttatiC sClctions ar,c 
preterreil to t. illilllici'l onsL ecus'ti miheli lll-set ald holCr'it.' \toI'al dISaSS.
Inllnorthern NicIo. hc' ,election,, are olsy dl uris\ the cit s,,dt,,Ow1"Ii. li olloss iu
AM m ilu 

S0 n llllirOduced pricesiti iltiain ale clirliltlt 
 15 llllec ltdcil: Rotlia VI.. Roita. liac , t 
)104. (atlad. e . Nlar/Amino Aid Ila:\ester. liee 1rCh-Market tonuatocs. Si/.( ickui 

fu+Iterpriser. lIa Bonuita :iit fle I ar also ecot eimitCled (i11111. 1)8)1. Il additiOn to thet'se. 
soe, lard tolli lOcs. Sucita, arl\ toit ., are alsot imulc\ I l ccniiti<tastl ,,us \\V: 

ilmul,.id tlie m'itke.tilli RItuit c tl These cltsi\ts a'le I a,. adIaptedt, oul\ it the Cool
and di- part it the wr hih las t o hioiNthree tur I ciA Ii l lIllti to' in tis b I 
(alilliia alnl ltld . Me h) L'\i[illalei tut1, usbrid sC d co'nnallt Ct\s1 iI NIveri'a.Itl 


[riliti lit ih. lltfte!" si 
 d theil 05mn Seed \\ hih mi ritl c.ilte ltllrot ut italkta h.bleIlits.. 
'Ihere is not itl articulatcd tnalitital plr l'atitl OI \ Cctahlc Seed nio ctlit aditilcitm erVial !lrosse rs 
hIas \ ito Ctahlih orle. n,1iLit ploilu lioli Ali ,t1ttidalltr Seil is o ale/ d h sIeC ttuiu ltstuitS 
antil itet2',\M CIIIita el2 iC . lhere I, ai lciiiiCldal ,u seed,l Ittporalht'll iiluitalt. 
Hollalld ald ) itnark si te sCei trId; hm hl 1 lhis e;1\. .t tuiid h0 e aillluaicil. 

Foreign trade. Nigeria relied tii huca\ imltorltatil (it hOatl;ho paste pureess huc.: reacheid 
a peak f'23.711 t it I177. \atlued at 1LAS 21.J13.50) ilabl. 2. In wtuonl'ar termns, tle higcest

Lain in 'hirci1t ,C\ihaI Celtc 
 i lutih.. ,I.3.247 I \ahcd at L.S 38-1511541 was in 1'78. 

-Islts'-thlreiu.'llirics. ltiistl\m iiiropaui. lik're cteqaCd Ill this triade'. s%ill tu Fdral Ripuibhlic
(irllalle . France and Itals tlotethCr aCCotUt1l,- lor ttunt S.0)0) t. Imuportation ha beell 

http:ilmul,.id
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Table I. Some important cultivars of tomato grown in the northern Guinea and Sudan savanna 
zones of Nigeria. 

Cultivar':Line Year introduction Source 

Chef 1973 Petoseed Co. California & USDA. Beltsville. Maryland
 
Chico 1967 Texas A & M. Texas
 
Cirio 56 1968 Stazione Agrana Sperinseiale Ban, Italy
 
Earlystone 1974 Petoseed Co . Califoi nia
 
Enterpriser 1967 USDA. Beltsville M-aryland
 
Eurornech 1977 Peto Italiana. W.ily
 
Gamad 968 Hazera Seeds Lcd Haifa, Israei
 
Gemed F 1972 Hazera Seeds Ltd., Isael
 
Harvester 1967 . Calhfornia, Peto Italiana
FMC Corp & USDA
 
Ife I 1967 IAR & T. Ib.ad.a, Nigeria
 
Ife I P 1974 IAR & T. Ibadan. Nigeria
 
La Bonita 1968 Texa: A & M
 
Laurano 1976 Tainzi Armando, Parima, Italy
 
Marmande Extra 1967 Ohlsens Enke Deninark
 
Marzanino 1967 Stazion Sperinmentale. Parma, Italy
 
Napoli VF 1973 FAO, Rome, Petosecd Co
 
Pavebo 1974 Raci Sementi. Italy
 
Piacenza 0164 1967 Inistltuto Nazionale. Rome, Italy
 
Roma VF 1973 Royal S!Lis, Netherlands
 
Roma 1968 IARI. Delhi. India
 
Roma VFN 1973 Pete Italiana. Italy
 
Ronita 1967 Stitioi d'Amehoration des Plaotes, Monfavet, France
 
Rossol 1971 Station d'Amehoration, Monfivet, hance & OhIsens Enke.
 

I aastrup. Denmark 

Source Quinn. j G 19:30 

Table 2. Imports of tomltC puree paste, 1972-80 

Year Quantity klg) Value (USS) 

1972 24,318 259,783 
1973 566,997 270,874 
1974 394.333 423,890 
1975 2.238,138 2,687.144 
1976 17.049.000 15.808,000 
1977 23.71 1.000 21.613.500
 
1978 13,247,000 38.250,554
 
1979 1.958,303 2.756.152
 
1980 3,943,063 3.701,694
 

Source 1972-1980 Nigeri rade Suim ar y.Federal Office of Stmitsric- Lio M,N (2rita 

tamnsitLCuIlN IredIje I \\ . I in I'85 ( F dleill ()llieL'inl -Ct % ()Ill\ 1) Iipin ted ohStillisties, 
1985.)
 

Constraints 

Environmental factors. lhe railall patter is hi-hl.seaoinl illiiost igeions itlNigeriii 
IIiguie 2). l)uril, Ile iain scasll. heav\ d fll'iis and hipli felalise liiili ircinimnicaln lili's 
ti Ioloiao piodntioi. \ACp( dhlrill %\ iesltllCSWdll(h ()lehwcr-FCh-ruir hen Illi I(eliipera dire' 

1
rc 2). hil, Ieiliperilllnes olleil iniliii' iiiid ,'1iSS 11 illid i (le uMli:i 

T'le[C M. ()s.CeikIeS %\C( WeaSsill C i"iC lll',lh. 


los (lFiLe I:Imlst \iri0 h i 
dninu (1te etdlc asniil'I lon 0 Ile l )urilii 

(he slr\Wseall i il iCdiucC asiillhC siiiishiliC alild(lihe ,-lad'n,atill,phereC (hirlli;lllii. ihC
 
tlnS( isioin tlheplilsllina\ i'duCC pllll iilan,liiii.
de1p12 OH 
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Table 3. Marketable fruit yields of tomato cv. Harvester transplanted on 12 occasions 
between August 1968 and July 1969 at Samaru, northern Guinea savanna 
of Nigeria. 

Date transplanted Yield tha 

August 13, 1968 33.4
 
September 14, 1968 39.2
 
October 14, 1968 28.6
 
November 12, 1968 33.2
 
December 9, 1968 30.9
 
January 14, 1969 11.3
 
February 17, 1969 9.3
 
March 3, 1969 1.5
 
April I, 1969 2.0
 
May 7, 1969 14.8
 
June 4. 1969 31.6
 
July I. 1969 38.7
 

Source: Quinn (1974). 

field and after harvest result 
in significan yield losses (rinle. 1979: Dentoni and Swarup. 1983). The most important pests 
are whiteflis (Bemisia tabaci Gcnnadius). aphids. especially Myvzus persicra Sulzer. and 
fruitwori (llefiothi.s a'migera H1hbrier). Whiteflies and aphids are of'special importance because 
they are v'ectors of \irLs diseases of tomato and pepper (,Aictbeio. 1986: Ladipo and Roberts. 
1)77: Lana ard AdeoLla. 1977). 

A, elsewhere. the toniato Crop illNigeria is plagued by aLlar e nlrriber of diseases caused 
by bacteria, fIrn ci ,neimt odes and viruses.lie11 tI llOst ilprta n! ItCrialdise'ases are hacteriali 
spot (Xoatlthomoni campt.stris p\'. ve.i'atoria o D,_o\,on) and bacterial xwil'-, (Pseudononmas 

Pests and diseases. Pests aid diseases in the seedhed, in tile 

'( I 
olara'eortwnt F.1. Smith). The latter often selvel\ liriits areas where tomato can be pro.luced. 

furr re!y affect )rodction durin \\et n. 
Ilm st im portant L:re '(qoer'(i Speg. I. earlv bligt .-lternariasolani 
l.eaf discases _tSCd h\causdb i sex torriato the seas The 

Septoria leal'sptlt (Seplo'ia /.1 , t 
Sorauer) aid lea friild idlvi dil(Coioke) Cif'. ICo/adi.ol m Coke). Late blightla rit!n/t 
(Ph. ito iti, .ta'lls Bar\ ) is enrd ernic illighI altlitulde but ha aliso been 
reported at 680 i irinle and Quinn. 1980)). Nemnatodes. rmostI spe,:ie of lcloido ,ne (roc'tknot) 

are iliportant incertirn regions. Peppi \Cillil mottle \ irus disease is widespread I .alipo) aid 
Roberts. !9771 but pr11ablx iot as dariaclil as leaf' curl. wkhich is Most )re'mleit during tile 
\ arm i (r\ 

jlaor MOnt)IC areas 

ard mnitihs. 
Fusariulill and slcrotiumil \kills are irmportatit in many arLas. Two races of"Ftsiuilm 

oxykt'ywlT-n1 1'.sp. I'ucolwsici have bel ieporcd. Most of' the currently grown eAltivars are 
susceptible to rac, 2 (1Eirinle. 1982). SclOytilum ,'olfsii causes srO'ee losses (\;okocha. 1984), 
especially where loliat) -iher (peanUl 0r cowpea,Iloxvs grouirdnult 

Pre- and posthan\,est fruit lose, c'anis.d principall\ by sunrscorch. Geotr/i'hum cal idlll 
Link ex Pers....l.per'ilu. ni er v.Tieghem. Rhizon.(q sfolonifi'r Elireniber- cx Fr. Lind aid 
Fusariun, spp. scxerclv plague prlducers (Onesirosan and Fatunla. 1976: Erinle. 1983: Okoli. 
1986). Fariiers sonmetimres adlopt a io-risk stirateg hy har'eStIri bef re f'ruilris all tile ilatlrc 
grcen stage: hoxover. there isatten.dant loss in qmuality. 

Management and varieties. lhOuitli Ohe Slliail-sctaeC iiLensive growers of' tomato have 
attaincd a generalkI hihlvel of ritartaiCeenl. frurthier advaices in trims of age of'transplants, 
fertilizer application. watering, regiric. optiirnunl spacing, crop po(cction. and etc. need 
addressinc. Lack of'.ldaptation to high rainfkall, high huniditv. heat, and resistance to leaf diseases 
are crucial areas of concern. 

http:ICo/adi.ol
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Socioeconomic and marketing factors. There is a considerle intrpla, of market l rce.
which affects tomlato lP>roduuctioln in Niet-ia. In ont laurp, irrititinn sc.heme priiarilv desiene,d 
to producc whea., arnite is did inot flhow cro(p rot atioii recoIilttild atit ns c+atIis, le\ preferred
to proILice a poor Crop of"tollat rather th a .t t' \k,ht. hei us ,heat InmprtiCagl or clit;p sresulted ill weal, dtiauti lr local\ poLuccL wlet. III Snt, \a 'S. Iglut ill ttialttO prOLctin
occLUrsIILd ill the aehceII 0I'rOCeSsiueIp OItlt to ab1SOrb the siluts. fltrtiIeCrSbCtile disCloura,tCed
alld swill ovI 0r rtoithe ldLt'ctiOul Of less per)Isltle \tetables like Carrot nd I rih potto, I'h\ sical
irtf'rtstrLICture.,. lPriipahll roat.,, clTicicutt trallspol't , stels mnd suitahle storace,, flacilitics are 
not always ideal to sit,tilad ii're ptmlute'toMn. 

Utilization. Thicr. is ticd IorLIfu elltl1 dirSiltIL'iioii 01 toittato ut.S oRl. than ill traditional 
stews and solipS. Luti of* rMx tlto is Stid lalr!k ree'a;1rded is F:urlopeCatn. Other Lnc lta
 
develp with tuCrin,6 illduLstriililtiOn.
 

Funding of research. Research is haillperedl h\ Uns sl't inadute fuWidine,'. Less th1au 1

ofl" thie c nIIIWll" 'Oss, Ilpitrtodll I)LI't is spen
uc , :t NapipJ)lied 'rCeeirch in+sculice and tecititoln\,
of x\hich .igriCultutre,Ifotit'0a niti+poteltmlit. h-ut+ndiii ill htrticultutre is less,,, ,xhlul etia reCd to0tI er 
.agr'icLtill'C tl't. Fo lF 'ties. e. Ill\ aho t ).."; ofillth u xiestillicll ill u'ricuiltui \\:Is atlocated
to horticulare by lederail a;d State 2,0',finet, bI.I\ |Celt 9o6- 1980X()O.eholitl. 1983 ). 

Research and Developrmient 

Varietal development. ,\t !e'si three cltetNrs "res'h ilnlitutLe' tl\IxL'ities) hivL altiVe
 
breeding, pro tra
-il0 t deveIl local.\ adalpted toiiatoes. onurcial stabiishiiieiits onl\ are
iuiportiiue aiid seteiiiUg culitlx ars, l)is ase re,..sistance to bacteriail \\itl ii Septolria lettlspot.
iil de\eloing heatl t tolerantlineus aire: pritncipll goalls of' tue brelin. pr aiti at ilte n titute 
Ior AerieLttra l" Resear.ch".SiIIar ltria. \iiere bredi2 st1.trted i ItX2 . AdIaIIced 'dclil,'

lies, -especially CL 119-1 -2-0, CL 143-0-413- 1-0-0. CL 8d--
 1I-0-0-0 auL CL 32d-0- I
troii AVRDC. hax c forited the hulk of the Mitlerials, heitig used il ali attetlyt to inlc lrptrak

resistanCe to bacterial \ i ill COtiticif linc,. lF'celle Slorces of resistilce ito SpCtriaIilClspot
 
hav% beCntI idClitifiCd in the US!)DA accessions. 

I- I-p-O-O-i) 

Managc.nent. ,\txaiimes ii pititi estalblishtiiii practices. IC\Cls Of fellriiliCr anld f'rlc Len\
 
l'iplicfa titl . p~icng. iiiulchikg. staki11. CroIp prtoicit il. 
 Ctc. hut\c be.CiIInadcLe but 1u101V Icalapltix e

tli als tilcd teslin ulunder f,'triuers' co'ldititsli. .lanx of1thl're Caii'h flIdi2ii\havebe' tailored 
to sIall-sctle piLdlcCrs. but thereU is nuo\ IiidtL ocu attenin tii the ili'triteldCialtel'if.)uLticer.sit 

is xell.
 

Economics and marketing. All that hts Ibeeii doii ill this Iegard is exilUtlalit ollfrecomllielided practices ,t tie fariti" level to demonstrate prfilbilit\ . Fex\ or io i arketing
stuiliCS have beenhcenlidu;i:teCL Mid rice liltts i tilet commt il\ lrC [lt t cxll llciiitor,:d ol a
 
. stlliichtnbsis. Coptellltd tI tie xw'ork Li 
 t (ii cels. n Cil d 0trlotlerp .. Ilitich relilsil 

to be done on tllllltlo. 

Utilization and processing. Collaborat ioin w\ith ildist rIihas nlit been strtiii!. There is i 
ieleC to fo ter this lu'tinosiip ra.ittcrkr for the utili/latinn of' the crolp. 

Funding. Funs arlie Clifhc'utlt to obtain. 01ne 1tolato proiect. SceltCii2 for toletl+;iile to he.l, 
is en Frirt t up)OrteCL a .nierC] l'Ciil liltl. Sotie firillis SuLppti esearch oiittitlilt7 

tlv being 11\ t ofl 
pesticides oll the crop1). Intelnaitial SLplo)ii+! fort re.sear'ch and proLdLuctionl is Iil. 

http:Resear.ch
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The i!lstituLtes aild res. archers wor!,ihg on tolito inlprovenient are shown in Appendix I. 

Future Needs 

I. 	 Researci. ft:id':- is iii,: :'ttest illiiting factOr in toillato iniprovenient in Nigeria as the 
uLIIids piv ide.I t reseai:!i institties by gcoveiiient barely cover persoIal en1110LtII tents. 

2. 	 Greater nat oni.l, regional and international collaboration is needed. Unlike the situatiol 
with respect to staple crop s, there are no0 Or' allized links hetm\een research workers toiltoliato. 
Researchers rarek kno, off developitients within their own reoimis let alone on a lobal 
basis. It NewV of tile iprtal tic1e ol tO itatO Is I Ifod and illdlsLtrial crop. an 
interlational newsletter on thi, crop would be hichlv desirable. 

3. 	 There is a need for ittenified adapti' e research and st.[roner extension services. 
4. 	 Storage aid preser ation Should bei 'Ie greater attcltioit. especially illtprosed lacilities 

at the "rassroots level. 
5. 	 Greater access 1t0tuILic.t itIns J! 1llIZIc prices wttLId be o1 iliiitenise a.ss istaIce to workers 

in I'reico exchluCe-starved countries like Nigeria. 

Pepper
 

Pepper. 0 iih. 1,1spp .. are t0ought to have been intludic ed into Niceria I'ton the New 
World. T\vo imaini species. itp.iituni antoi t L+.L.and C..fi,'+tetSCens (sweet pepper and hot pepp: 
or chili) are widely !rown. Most Of' tile proLduction is utilized in tile prepIratiOt of stews alLd 
sOUl,s hut export of chili, iostly to Europe. is currently a lucrative business. 

Current Crop Situation 

Production and consumption status. Nigeria is the latCst pro)ducer 01' pepper inAfrica. 
accuOLntiuc for about 50(. of' tile African productioll. Accordinc tt 1983 FA() estimates. 
production \was 6t5.00 t of green chili iand pepper ohtined from an area ofl' 77.000 liai. c,ivin 
a averace1nyield Of alout () t'ha. Ol fariners' fields. vield varies front 2.5 to 10.5 t 'li fresi 
fIruis ttl' s\\,eet pepper. These yields arle low%Mlien COttut pIed to0 18 to 36 ha tof fresh frImits 
in desCelttchl cttunttrtcs. Yields of hot pepper rat.e betweei, 0.5-4.5 trha (personal
coitnunnication ). ()n-s tatittn , elds of htot peppers as high as 9 t ha and 14 t,/Ia of ,\\ cet pepper
(C\. California nild' hia\e heen reptrted (Adicuit el ll. I)87: Adicun ct al. 1983).

The hot Pe)iCr has, rxCeived a ne\ boost in production ttll%winc the reactivalitto ofCxptort
ill the collnttinodit\. Cost t)I prOductito is a oL!t USS 440 to 701ha. a gttd prtpt1ritit of which 
is due to weedilu and hrvstic. 

Consmll+,tittn Otf p)CerC iCOiutS for aboul 2)' of tile i\ eral-C cgetahle 'IettuunipSLltiollper 
person per d;\ . hI1it sCd as a spice III \airiots loId preparations. The lare-fruited, less pitungeit 
peppers are ertiu.d \%ith toil all'tnOtiiV)ii in the preplaratioti t stews and soups. Other uses
.ire in iniediciinal preparations. l1a\'O:inI, and colttring cCertain ftotd preparatiols and tor stufflhlg
.inid in salad dishe., Iss eel pepper). A hod\ tf Iolklore has been built aroIunIeI peCr COStuniptioll 
-and i popular adac sa\s 'a ',,Oind bttd\ eailta.leMs tit ,pper intake".f'tn enli 

Climatic data of major production areas. IPepper pitiduclion occiupies silmilar climatic 
Z01.'IS s1tlitatOIprtduOttion (FiguIIre I . There is a sizeable production in the rainforest il.1 and 
deni'cd savalla iOf souths\ estern Niccria where inostlv the chili aid stnall-sized types off ihe 

ilditlrIns1 are pre\aleCii. The hulK Of the couitrv's produtctioi s fo unid. however. in tile savanna 
zloiles to tie iolrth. 

Cropping systems and cultural practices. These are very siinilar to those for tomiato. 
'[le crop is intOstIN cro\\n ra ineLd, hit a sizeable crop is als prtJucCd iLnler irrigation. In contisrat 
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to tomato productio., the crop neither requires staking no1 muitlchig. and little or iol Ct'ol) 
pr'Otction inptt, are ctll'rttl\ LIsed. HertbicidCs are nlot Vw\idel\' uSed in pepper production ald 
two to four hoe-to.e.din.s are UtI>,all\ dCne depending oil the ,easoll and eIisilte. 

Marketing and processing. There is a si/cahle Ire>,h fruit trade ill St. CC[ pepper. For clii. 
the crop is dried an tored otn flat rOnHiplluntil reqtiired f6r sa.le. The pollduce is batgged inl 
jute Of" propylene bags,, in 20-40 kg unit, and niarkeLed. There are tMO processing outlets \\ hiclh 
nIakL i tortn:lto paste petpper blncld I' Use ill ,tes, stand soups 

Cultivars and seed supply. TherC are cUrreltl no r.'Coinni11entded] culti\ar' of pepper iu 
Niceria. ()\ r 211) local election,, are gi;ns it iiroeito1t the Co1tnirs. Certain 1' rt, of chili 
are identified %\il] ',()ile imiporrant areas of1 p odtictionl. e.g. Iiunlua peppers (zble 4). Introduced 
culti\tirs of sssct pepper slch ias (alilornia Wonder. Bell o\ .t.-ltdheill ald Yolh WonldCr 
arle a.lso roI..Seed upSpl.\ .he rcs>li)hiiislit\ erow er. secd1 is lartel\ Of each Nol commercial 
companies produce pepper seceds. (o\ erillnent agenciC, producC sill quatItit ies of fo0tun.d1ation 
seed. 

Table 4 CharacterisUcs of some important local selections of chili pepper. 

Selectioi Fruit characterstics 	 Market description of fr'uit 

Dan Mayere 	 Pendant, slim, 3 7 x 0 8 cm Fairly good appearance but
 
Average fresh weight 0 7 g tends towards loose seed
 

Dan Tsiga 	 Erect. very short and with blunt tip. Good quality. some pungency. 
2 0 . 0 6 cii Average fresh weight 0.3 g Very acceptable on world market 

Kashin Bu, gi 	 Erect. siort aid with blunt tip. Reasonably good appearance, 
2.0 x 0 8 cm Average fresh weight 0.6 g. tends towards loose seed 

Kimba 	 Erect. smooth with blunt tip. Good appearance
 
3 5 ' 0 8 cm Average fresh weight I 2 g.
 

Sakarahoh 	 Pendait, simooth with acute tip. Virtually unacceptable on the
 
3 5 x 0.8 cm Average fresh weight 0.7 g. world iMarket
 

L 2155 	 n.a' Tends towards loose seed 

L 2190 	 Pendant 3 7 x 0.8 cm Average fresh Unacceptable on the world 
weight 0 6 g market. Dandicut 	 type which 

would grind to an unattractive 
appearance. 

L 2096 n.a 	 Suitable for grinding but probably
 
low in pungency.
 

All possess a compact to sembushy growth habit. Yn a. iriforrnation 	 not available 

Foreign trade. Nigeria was an itilortauit e\prter of whole, dried chill. sshicit raIted well 
on the world market. Most e\ports tscut to the Uinited Kingdom. B.1\1954. abtout I .(((1 I were 
exported. Exportation declined, howvcr. to about 151)t annumf dtrin thehirtl hall tlthe'I 1970's. 

,Since 1976. exports hase heen minimal. Maiis Nigerian chili lend t.o.arsdl i se seed. aind at 
l'Cesthat do conihitne good appearance. heat and other lualities arc not coinpleCtitiVe on the ssorld 
market. IBetsseeu IL)(6Uand 1977. aintal as etac prices ol NiCerian chili ioed Iroitll 0 67 to 
Cl. 1(). CIF United Kiiglon. Duringl) 1979. local prices ol Nigerimn chili suitahC lr c\port 
wete Nt) illdai NI .13) t. The market prices in the UKI for chili flrori elsess hcre swerc ill the 
ranlte of [80()) to LI . e'x-tore. The two curren,.'ics had abot11 tIe atie value at that tte. 
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Constraints 

Environmental factors. tEnvironntient pIiohahly does njo:, pla.y IScrucial a role in pepper 
prtoduction in N icria as it does with tomlato. i'wcept fo tlh tilie to ftour lloliths durinethe 
coolest tille of the 'oti isisel el'ly adearIreeei telvper;.ain re is Us1ua1ly ad.-quaie -lieavv 
rainfall and \ercilst skies ca. as ill tile case if tomiato, result ;ilad eise ef ects onll urowll. 
fruit-set and irtit .lualitx Pliurseglxe. 1977: ()poku-A.,iania et al. 19, 7). Most varieties of sl,,et 
pepperInatulre t\ aIl. tile en1d of tIe rains in tile N:I\ illlla and llit \eorch tcanl he \,'I-" severe. 
"'ilts tile bes1 sCeet p e a r n liLdcr itricititon tldurLine2 tile ColerIt part Of the dr\ sesIOtil. 

eitChili seemis ;o l,ft1in better durine- tile \ t scatsol. 

'Pests and diseases. litcct pcts aphiis and t';itcllics in paliCuli arc tlaolrl lnitiine 
fictors, plticularl\ a, tile arc \ ector, o iprt.ll\t P l' disLasets sit a.s pet+ppe'r \ citlal ,iIOttle 

IRs and leacuirl disea,,es,,. l'i ire cotrollkld lailo h\ the use of ill,clicides. Rootrot,. 
lealllod" adt \i, i ls r il liportiti t+slp iaill.x ill h\drolliolrplhic sotis ,hire rottitill is 
neele.ct.d. Frullits of illai trlllrodlCCd (C. ti/11iii1ui pLppcr5, suffe,.r ctllsirdeabl, troiii unllscolc 
and or i.lfectiotl h\ (' ilolwhh'iml Species. 

Management. Peupper. K ini, a hard\i c rI ipI ottc itenssl\ icgl'ctl. Seedile, are otlte 
\ er,_ro, l toCre trariplariir..lttlrtili the use ttC or-laic Iaie, tradilitorallk ofllCts ICh 

itfte utritlllll d l+'iciencies of Of ilo tinl h tihre crpC i,,O 1 . Ille dt llh ill :uppl. aild pe'riodic 
,irorti _'c,o1f illoreallic fcrtii/l" oi'lln pirdi'.ptse tie crop to atsh\l stait,. lik+'e hlo lato. plppelr, 
af pr c ipe.titir, arid unchecked v c.d ,rIih hrehut tile lif c dcc callr suIlt iiiar-9W; 
r.d'tr1tiui ill pttLtrlal ild it chill pe}peri (.\dientil. L.:i.2oke ind Kaikari. I98'7) fir tiidpt 
tr;inispiaiiil herbicide, la\te i l ,hbeiii ii h ottter a ai citoialtenri ti\ t" IhanLrIl 'cellll l. 

c frop.1 c(2, peiod, %iet deirlrlarliSein, atsh ro, melrs til\ rLi tH U1i\.lti allnl alid citleCt 
onl their tillte frll terln iirlei lltaplC croip alliio \ or it. The 1ii2i lablo s't is, tNne iioilltr collstr;irill 
Ill tile IOLductILti Oftthi, Lro0p. ep+cTLil1\ for preking tile tChill fruit. 

Varietal factors. Man Of tile \: 'lie , be'iie el't',\ Iare rather liririlted ir the+'irtell'i c ptclllill 
as. \\ell as in \ilrietall traits such'I as fruil shal , contetl arid soito InhCresi/c. +olor.Lapsaicil til. 
has tlrt Kler a s-lts Cfo0rt to colle1t ai d crle ailrli2' etulctioti if e.errplairi rid nil r;Iti\ e 
brccding- ip-cLranI, c\its. 

Socioeconomics and marketing. A.. tLtid rlarketrin s\',stcnl is in opcitio hllut tie price 
i ,a CotrsurriIler pa,,s at thL end of'thre trad is otIn_ dictatId lire r iiniwr of inriddlnenii through 

v,llose hands the ,hiiinot , It is riot Utuniton bets'ceiiiSpasCsd. itu" rice, Ito apptrciait I)' 
tire tittc t inritiil aid tiral . occur ausc" iopul cha, This Illa\ ill i lltlltllh, 

Utilization. This ha, I,cn outlined ill the pre2 oU'i iscussituis. Furt1her uIsalc.'ill the pri'ducts 
,.\ill ilccur a, procesire flacilitics alid urbailialitli de clhip. 

Research and Development 

()til h lileIristi fUrl \eieiItI i- Rcsitei'rch. AIIIriNu tKilt tticr Sii Mitu. Zatia 
Appeldi\ Ii. has ai t i-oll ir prttgrlri ti pepper irirpros-errieltHit Sicl iiprius cii selectins h1asc 
ItMI,Kerrli obriiiindid breedtiire \\urirk Il s,, ecI pepper I intt , r)_'ss. TheC artc etIisiderable 
liftlicalies ill co)Ilt++l rnl , u l i1t, tIle Idiilitail it folrri0iri iriltsu, , tif tOMAitltr ar iii 

lurtlheL ise..\eirili rile. tir1irtiu poiccts are beirre rll'ri ikeir Oil \ iritlal 0'1ahliti,in. rise 
if f'ttiliict e. c1ii, fithierhiCie,. aild pe', atlit,,pain \l etL itti \ iliscasC ctrlr (, k sptradic
.fliuts arc beirng ilratl. uss CsCr, itI tire ,;i,. iOfcCtritunriCs. lialket iie,-', nrcesii id urrilLl. 
:hilriliI, iCliaiits a s,, ere lifilitin,litfctor A" presllr lcr 'we lio esterlalh fulIldCL pri'et-,:ls 
iii iliternitirlal support firl resacih atrul prOLitItC1l is lillAitili. 
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,.Sc.
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()gun;III It1. 
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Symposium Discussion 

J.C. Girard: DO)i 1 nitcnidci Sel~tmn i italpoI as iiimajo iiCil l'd'IFll In iiiCttl 

I.D. WErne Yes intdeed. Septirta lcealuis thc most %%IrL'i-d LI 110i'ti't LLIItA,ic!12i iIJ d'ilet~ 
(It tolinati diIiitititle \\%~ "Ci1cJ10i. 

R.1. Ope'~a: ihcrc diL mtic Scfhliia Icdtipillt .NiNtiii LtiltI\dI-N andl (11itiii.ii;\~iii~
 
C12tIon 11. kltcto' proi.ain IN'A.\ I~i\, IIc%ItcCIHccticLI itt \itcrii.' \\h % .. s Scptoiki
 

jUl'. 1.\CL) Icd tCHItii1CkiI I tii MClNII\ (11 \ww \\ ~,I a~iuOlitiNLijiNIII PI(I.L''ii 11A- pJiiiltdtt 

Which pe~ls are aid\ cr-NCl at Icctcdi h\ 11o 

I.D Erinle: NIAIStI\ t1iti ) *I i lld kAi1I1IiLL 

A. Sajjapoigse: 15LjuhLIntlon diwiyt Ad 4SU IM I~iN hadI, i~ilihi l WC IIa\%c Iituld 111t 

tA1111 IlIC huI!kN0101 \le 1 \ 11ut1\Il ;C %Aii't- ic'NpoiiiscN iX'\id t11hiN iiNik~k.-I %%C0I 

Miouind 48 01 11, 1 Jlilits c oLilliiuIIIIIHN 

JI. Yoon: (Wi \on c~ihoic ot tic pvic~ s'.l n,1 tl \i ctcl cmol a10 iclitcl ic"Caicitl 
\%%iik it) peppi lt IIit\,tIuoTI In sii iA 

11 HNLIJ1i\ 	 1ck2I.D. Erinle: In II c \ ,CCLI Lulitili tii,iiii,t hit %3l,i tLt It j - mnid Ilk"t-

A. 	 Sajjapongse: Ini ill it iii nititilt/ii mt ifi tdtL ii I) 7 kLi- 1.h uiipIt killed holi 

litl ICII)I Lt int(,, (I l tIII1)INN\Akct uld p liiIlil tilt IiLihki sN \L il to thL. Cropj~. 
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Tomato and Pepper Production in the Philippines 
Jose W. Soriano', Ruben L. Viilareal 2 and Virginia P. Roxas 3 
'Assistant Professor, Department ef Horticulture, 2 professor and Dean, College 

of Agriculture, 3Resoarch Assistant, Institute of Plant Breeding, University of 
the Philippines at Los Baflos, College, Laguna 4031, Philippines 

Abstract 

Tomato is probably one of tile most important vegetables in the Philippines. In 1986,
the total area planted was 17,490 ha with a production of 143,888 t. It is commonly 
grown in the lowland rice p,.ddies during the dry season. The crop is grown throughout
the country but the bulk of production is concentrated in the northern regions (Ilocos
provinces). Supply and prices fluctuate widely from the dry season to the wet season 
and 	can increase as much as 10 times.
 

Processed tomato and tomato products 
are widely used in the country. The 
processing industry is still at the developmental stage so thay the country imports
tomato paste worth US$4.224.486. More research and development work is conducted 
on tomato than any other vegetable. Presently, the main research priority is the 
development of varieties resistant to bacterial wilt and viruses and with good fruit-set 
under warm temperature (25 °-300 C). Studies are also directed to growing tomato during
the rainy season under low elevation conditions to help stabilize the supply throughout
the year. Pepper is a minor vegetable crop in the Philippines. Hot pepper on tle other 
hand. is more commonly consumed and is grown in most parts of the country. Howeve,"
there is a need to increase the utilization of the product to improve the demand and
 
to encourage more production.
 

Tomato 

Current Crop Situation 

Production. . hiolil ir'i tfI 7.49)0I(alc pl1uiId t lhllill l lt )8 k illil e Ilal;im. productiuin

IIcis I1 llocuu\. ( ,lr I.tl/mii ll ti Sitlvti l uil c -u01'ciiii lTaIl II. NIOt ;.irl'k. ar l ami'i.l
, 

1112,'t.dIM Inc tl, dh\ .1ldlh', il ',,'. I ).tu' l'-J;Irltltl\ Iicc In1n 	 t i \'1,,ilmhc' ,..rup ,ill.'r Il,.' rmtil\,, 
I IikC A l'i,iIImJ,' illthe I(" lli l, l Ili ll-IiIL mmd1, 1 rl l,,,111. lii, l l \ OCLLillCI11 IuXTal 

F mt~ Ihh. \~ l , - ) 1-. 1 1l l i tUk l:1, " h1 ,.,0 t ', . ,t1 I IL CJ I ll ,lA l L',t t l lt J \ iIIU C ,1cJ8 I ,1 1I I, sI I h It, l,, L cl c.mlI- i ui ' ll cI lhiLh 	 ,ti ,. l li m l ; I ml ,iI ii t+ld '[loil ('I 

ll'L\t uh1 I,C I )II A. )[, 11 L l t1 ',,In) t Ct(II,+iI (11tl I(It l t[11c ,ItII lk. I I'1 C IIIl ICIrl tIll'.' IU t 1 '8 . . I, ,i , t :I2 Ik.*\ III C' ,,IC 1 Iill ' h ill i kiiI , , lii\, l,. I', die'llii" luIth i iii l, l iIt) 	 cl ltlin L- i 

Climatic dta of major production areas. li, m . n,,1 i ll\ ,,\ IM1 c1 ,ii10l ,'-I Ill \ 
I , Il i mIWI' llh ilhill i OL I () 'ti l 1h \ 	 iIl, thu IIk i , [II\ .. ,i',, ll the 0 It d th \.+' m )Li tI 1 1 dilik ). 

tl tlu il i Ii uu i +. Ie l'li l \ill ,i i 111I,11itI ll ll,_llli i i ;I\ Clt IClnICU ttillltI t\LI tilt \ i ,.111 :lii,. 
i

h . i , i) lln,, . I t ICi, (I ilt ill\ i ., , (" IC',I 1mIl iilllltll l ;\ mLii mlltl ilII \mmt ttll'" 
,Itc . ,mliid 32-4 \ eIiti I in imc l,itc lminilnl . m l I11 ll(m. 1 l\ I I l , \ Cii \\il li 'l.'mImI1 iI i il 

iLl.lam ,i.mile ct I l +\ hit 1111i let thile 11 lI'.iuiiiiitm Lid" iii u1ifIC ilru ltl h lillii ulllh,. hlli IIII , hm i t 

I)'C d l+W (11 it\,'", \%CJ ilicU Lt~iillIM l, NiIJh ;1 + 
rIlln". ilillc" hllC'llcilt (CIiItl ;lil < 
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Table I. Tomato production areas in the Philippines, 1986. 

Region Area planted Production Value(ha) (int) ('000 US$) 

llccos 5,780 .4,275 13.050. 15
 
Cagayan Valley !.120 5,594 1,417.11
 
Central Luzon 2.450 17,763 3,212.95
 
Southern Tagalog 2,380 22.340 5,302.7.1
 
Bicol 920 4,376 1,040.57
 
Western Visayas 1.400 12,348 1.747.56
 
Central Visayas 1.000 2,750 531.67
 
Eastern Visayas 150 1,717 432.45
 
Wcstern Mindanao 230 928 205.47
 
Northern Mindanao 1.090 14,910 3,318.28
 
Southern Mindanao 700 3,400 658.19
 
Cntra' I lid,anao 270 3,487 622.53
 
rotal 17,490 143,888 31.566.67
 

Sources Statistical Handboo, m Agriculture Agricultural Crops Summary Bureau of Agricultural Economics. Dept. of 
Agriculture Republic of th, 'hilippones. 1986 

Table 2 Volume of tomato production in the Philippines, 1972-86. 

Year Area (ha) Quantity (kg) Yield (kg ha) Total value (US$) 

1972 15,770 81,133,800 5.144 4,049.188.66 (0.05 kg) 
1977 18,550 145.900,000 7.865 9.520,234.60 (0.07 kg) 
1982 15,210 127.340,000 8,372 5.554,447.70 (0.04 kg) 
1986 17.490 1-13,888,000 8,226 31,566,666 7 (0.22 kg) 

Source StaUisiUca Handbook iniAp rculture Agriculturall Crops Simiminary by Region Bureau of Agricultural Economics, 
Dept of Agriculture Republic of the Philippines. 1986 
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Figure I. Air temperature m.nimum, maximum, mean (°C) and average rainfall 
(mm) in Ilocos region. (Pangasinan tomato growing areas show similar 
temperature and rainfall patterns.) 
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humidity. Rainfall is at its peak in August. I'achihij around % cm. The poor perflumce otf 
tlllomatoes in places throlgh iIlg season Se pie inler) islilan' ut the contri'y dtutrthe wet (June ti 
caused by high I.,ht temperture and huniidity which inhibit I'ruit-setting. and promote diseaseS 
which re'ducC plant r yielding and fruit quIality. In addithon. the tICCii cIncCI,. zbility rI'CLunL 
of tylploons dturin this time eCvereliy affects the crop. 'le cot is struck by an avcrage of' 
I9-20 tyl)shoolln 'perI fho\ever, areas the thereyear. there -tic ill Mindanao recion vhere are 
practicallyno tyllhools henceIt colsiderable share oI''resh-iarket tolnaio is pitn!hucCI there 
d11r11z" the wholC el -roul I )CaIXon and Villirfeal. I)XX. 

Cropping systems and cultural practices. Iresh-mtarket toimto is connuol) plamted in 
Upa]+.Itl ttolli. teilier hand, i- ro:i as aIonllocrop in Pallg! sinallnal'aS. PItrOCeSSInI onIfile 
and Ilocos Noteith tic ri.cec l to redCUce Iacterial and to liake nia\innuIilection by \\ilt 
use of idle rice paddics \\hich are utsually not planted to rice from September to April (Villareal. 
I9X: \'ilfareal and Beltritl. I9O)6. Productiom I processirg tomato is Closely su eIrused by 
le processing, illipanies starting Iront tihe plamimiuii and SchCeLulhn of hars Cstine. The fanner 
I)!'0% Id, the land, labor and H~llatnlClillent Of all 0Iperalions ,ihile tlhe coipany gi\es tilematerial 
inputs needed (i.e. seed,. lerlili/Crs iindpestieidIes. All inputs pros idCd atre sultractcd atcr 
the dCli\Cl\ theC IhlIduLiC, 

For ploccsi,le tolilhtos \\hili Urc tlcr t crop f'rili!aIltto 136.5llaunted rile00. rale i,, 
k, N. '90 k,, and 18(0 kg K pet hectaire using Coumplete 114-14-14). urea (46-0-0). and rnuriat 
oI pttih (0)-0-0)I. Basal fertilhatioj 145.5 k, N. 9)0 ku f anld (N)k K is done during the 
,econd and !tourth \wek ater traspilItine. Furns irripatiotl is also Coummonly applied. C';eumical 
control of pests is onuly cmplo\ ed 5,hneCsl, lnCessrilrs (1l13. 1987b. 

Stikiric of tolllo is,olll\practiced in ,(otil parts oflMindanao and BeIntI2 I1)1r0iniicC thigh 
Ces atii arcas ) hcre tl;2 intei,.hite tresh-iarkeli \rties,, arc g,ros ii. \lulhii' \.i lhdried 
iice stalks is Ci'iun ltiiC c lltist'ue .nid l \,l'il\ h\ lb InI cr to0 heClp+ciir' hi.,ntrl Ceis. PrUlline 
lt6 traiiiig of llits. hoss sr. IIs c. t bcoi pptlr becius 1 tle hiigh labor Cost ills toled. 

Cultivars and seed supply. "l'h, crossn h- ake prOCCsil.commonl.y Il and toillato 
culti;ars il the CoLurltl\ iaI listed i Table 3..Man\ of the fresh-iarket t.'Iltitrs bred itt the 

ITl Ollee0I AriN'ultUre and tie buL o ¢ th etrmhitiat p.reu Plant Industr", are ,Ie t hett 
tolerant and are plIantCd Lu1,laiid Count[tr\. I lies lh~l\resistalce Itobactrialinl tle areais of the 
w ilt( I.selldoionllts lllun), le'I'noleaf mn ldt u/-i( I'l/tl) and gray letf spot (.Sr'Iplts,lillh: 
,pp) (IPH. 1985). 

In 1)75. the IMhilippinc Sedclard appros ed ai . Iilrv\.d PopC. a \ill't.'. pcd hyLe\ 
Indulsr\ . Si.ce it been ill Used tomllo 

proclttio. It is n ill Climate of the imiidlcC\ alloi areas ol inorthern 

the Bureau of1Plat Ihcii. has the domlil \ial-iCt\ lor 
cros the Ia\ oable oll-selson 

M\lindanlao I I to other parts of the comtUr . liIt197. the Philippine-Mtsltl it lltad shippCd 
SCedboard iproscd C\ . Marikit . a sariCt\ deel0pCd b\ the LPI.b ('ollecC ol AriCulurC. 
Institute otPlant lBIrCCdine. It i,, isar. has detCrimiitmaic .rossilh and shows resistanceanl all-seasOu t 
to cterial \\ Ictl mold and Sepo ria leal spot. liI9X(0. the Philippl~inIC ScCdboaLd releasedIli. 

c\ Lt. T T1- (4Nl ia at. an CI-IiIll iidted., dCtCriin'iniC cultisar \\hiCh s as dC eloped by 
J.R. l)eanon .1r ot tilehistiltt' ()IPiilt breedimclnk. Nlaiuas considered "is itnll-season tlliatt)i,, 

suited Ir cLIos tIhdurinli the sa', i.inlls+\ It bcars smll. pink Iuiti and has r,'siStalncc to bacterial 
\ it bilsl\a Il I 11143. lS)7ai .It has at cstimated icld of 34.115 1ha turitlc the dr\ season aind 
2).X) 1 hi'aduritU the \SCt sacsron 

A unti\e cutlti\ ar. Na carlan. I,, i SoutliitcIII .pm sha "o\ses plait durig Ine,ross itl 
Call- part o tIne rains sCisoll. It ts siall-IruitCd. exhibit, tolCraiiC tu bCiai\ils illithsets 
fruit tairlk ssell d tli., the rain\ ilmoiths. 
ltIdeteiiiiinatc Insbrid cultisars. naitel.'. Pinmn,-ttlat] and oiamnua. s\crc continiercialls 

released in I980 b the I eit Seeid ('oediipanl lt \\ct sc.isl pIantin,'. It \ts the firsl titeilte 
,lat h.ibrid Itoli'loes \\,Cre cross I il C imercial scale in !he PIhihppitis. The \ icld of Panall
ilan duril2 the ssetceason us 54'; to 1()9' hiicher and thaIof bonaina 57 toI 57'; iigher 
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Table 3. Commonly grown tomato varieties in the Philippines. 

Cultivar 	 Description 

A. Fresh-market (IIPD. 1985) 

Marikit 	 an open-pollinated variety developed by the UP College of Agriculture; 
determinate, vigorous and moderately resistant to bacterial wilt (mixtures 
of all biovars), shows intermediate drought and waterlogging resistance; 
fruits are relatively soft; average yield is 25 t ha during the dry season and 
13 t. a during the wet season. 

Marilagan 	 open-pollinited variety developed by the UP College of Agriculture; indeter
minate, resistant to bacterial wilt (brovar I11,spotted lady beetle; moderately 
resistant to gray leafspot, heat-tolerant; intermediate drought and water
logging resistance; frui ar2 relatively soft; yield ranges from 25-30 t ha. 

VC- II -I UG 	 a determinate type developed by the UP College of Agriculture: moderately 
resistant to bacterial wilt (biovar Ill); intermediate heat tolerance; resistant to 
drought and waterlogging 

Improved Pope 	 determinate type developed by the Bureau of Plant Industry which has
 
become popular becau e of ts ability to withstand transport damage '
 
resistant to bacterial wilt biovar III). intermediate drought tolerance.
 

Maigaya 	 an all-season Open-pol,nAted determinate variety developed and released by 
the Institute of Plant Brecding. UPLB, resisanui to bacterial wilt (biovar III). 
early maturing and tolerant to waterlogging and moistur'e stress. crimson 
colored fruits. yields 34 t ha (dry season) aid 20.89 t ha (wet season). 

Nagcarlana 	 farmer's variety which has become popular iii Southern ', zon; determinate. 
sets fruit fairly well during the rainy season. 

Bonanza 	 Fi hybrid developed by the East West Seed Company (EWSC); determinate, 
early fruiting, moderately field resistant to foliage diseases, and bacterial 
wilt; fruits are high round, firm, thick-fleshed, and deep r.i: postharvest life 
is longer; average fruit Smze is 38 g. 

Par .. ulan 	 Ft ,',ybrid developed by the EWSC; determir ate; early fruiting, moderately 
resistant to fray leafspot. higher level of resstancc compared tc Bonanza; 
fruits are oblate, rrm,thick-fleshed, and deve'op a deeper red color; 
postharvust life is intermediate between Bonanza and Improved Pope. 

Marglobe 	 imported indeterminate open-pollnated variety which is romn-nly planted in 
Benguet province; fruits are oblate and large 

Walter 	 imported indeterminate open-pollinated variety which is D. oted in the
 
highlands of Ienguet arid Mindanao areas; fruits are large., uniform green.
 

8. Processing Tomato (Villareal. 1988b) 

Peto 95-43 	 ain iiportud open-pollinated variety grown in Central Luzen. determinate.
 
vigorous, with concentrated fruit-set, fruits are round, firm, yield ranges
 
from 30-35 t ha, susceptible to bacterial wilt and foliage diseases like
 
lcnfspot and powdery mildew
 

UC-204 	 an imported open-pollinated variety grown in Central Luzon; determinate,
 
vigorous, fruits are oblate; yield ranges from 32-35 t ha: susceptible to
 
cracking.
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Table 3. Continued. 

Cultivar Description
 
VF 134-1-2 the most popular open-pollinated variety grown in Central Luzon; deter

minate, very /igorous with concentrated fruit-set; fruits are very firm but
have the tendency to become blotchy and puffy; yield ranges from 35-40 
t ha. 

Bronco 	 the na'or processing tomato cultivar grown in the northern part of the
 
country (Ilocos); fruits are relatively small but deep red in colo-; high TSS
 
content. 

BPI-TI-1 P-I 	 originated from AVRDC (CL 2784-1-1-4); determinate, fruits are round,
 
relatively soft, intense red in coior. resistant to cracking, high TSS content:
 
yields 36 tons ha
 

,lan lmpr edd Pope. In tiledriseas int. 3llian;ILIand Panae-ulIh C\ceC,.Ld Ihnpi'o\Ld Pope h\
 
7Wt:;-83,; and 7-)'; to 123'; . re',pcctclel (Rasco. 1987 lonialoes pianted in the high Clesatiol
 
atea, (Ite-n-u ct pro.mino I Coinmlllolll
l the indcterliltt t Iype.+ as and Walter.such NIaIreobh,

A les, fllitIs rtclt-,12ir (\tit Seeds bultl most kt, the seeds ol l-Ale open-polliilated

Irelhiarkct tolilatIr ,clti\ars aIC Iodut-ed h\ fh- Intitute 
 +Plant lieedine' ol tie I.'P _olluc
 
til.\triCULitieC and h\ (he l)eparlmeninln i \s. the participaitln nielcted prisvat
l riculture ith 

cros\ cr,. Is b0id ,eeds. i th i ther hand..Ie [)rnIdUced h, the liast West 

of 
Seed ( itipany.
 

thi scer, illf'tilui lllittoi l iiii ,clliting solIliie i,,lii0 a\ ilad le.
 
('ilikarn, t III prI cesini ar. nlils inrlduccd li it' lie iCd StilCs alid A\VRIC
 

Villaral. I98811i. hiprFil-oCsinlant ill -
Cciitrai iu l tVes ihs itinpoirted cullisal,,Peto 95-43,

1 C-20-4 
 heilthai tnl i,, useand VI: 134-12 	 cos Norl tit,c 0hroco i lhniandia 4). Yields rallCe 
lloil 250 t tla. Il 90.IhteBuitu Ll Pl I ldhtr,1 oflicia1l\ IleaisCd (CI.2784-1 -1-4.ian
 
intrLductionl frm AVlR)C'. pinpiIirl\ kiin \is;is+apula.
 

Ilie ,i, 
 sec_'li ntilports celified cot'upanies..-\

ofl ,ed is prscelnil pi)ILducCId b\ the pirlcessine fiiis oili trial ba.sis aid fI't- Use illcse of
 
,,cC'd shortlliwell due Itoiiiportatioln prblelis. 

cicleu, 	 .COs from irCliahle seed all ailtLtllll 

Marketing and proceising. The nlarketing ss lteiis loi fresh-ltlarket toiato illthe Philippines
 
,*;Ill ;asfollows:
he described 

a) Direct sel!ing: proiducts are delivered It local iairkets aild sold di;-'Ctl.s to collullCS or" 
to retailers. 

hi Selling thi0u,-h iolesalers: the prinduec is hroueht to tradine cters in the to'ns or cities 
wvhere sshlolesale busers Io[l the prnducC. TheCe wholesale buyeicrs then sell tlecompete i 

pro)duceIto either the retailers in lilo oir Itils io
hcalit\ to )otlr r cities. In sonc csecs whelCtralnspotlation1 lalciliti-s i-radeuate. thC w0hole-sale, bu\cr go0 to the !iltC+l1 1pirtOdCLtiui 
to buI\ (te Prii iducc. 
Selling thi-oueh con:,ienntic-t Coiliissiul: the produce is brought to a tI hualifni which 
ha lkcilitIC, lir 10hoiWC. TIheirlnithCe sells the-'pridu.c !of, IcOUiinnissiln prl'eviously agreed 

nliiltopintc..Ssing, oif) the lliihard, is ConIiIed naitlly to t p lductlio Of tIlliato paste.- ll 

\ pr,-sew. there are tM\o protcessiilt plntls in tie cotrl. one in Cential LotiOn ad iiotler 

in lthe Northern locins pro\ Together they pr +ce ti1011 il
t(s ever, these pl shave ntl altaitied their tia\iiLni capaciiN 

hei uice. 1.501)0 a. f now. 
so Ihalt the ,outitr\ still imports 

lllllato pastC i Iect the requlirts lfid prIlcCSStnrN. 

http:C\ceC,.Ld
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Utilization patterns. Tomiato plays t111ai r ile in tile diet, pilticulIkrlV that 0 Ithe lw itictnn 
er~up. It is often used itsi fresh ripe lruit in salad rieplations togtether ill other ','etgali s 
such as olliolls. lettuce, peclia nd Inustard (Knotlllnd I)nlh. 19'7). It is also colttillilll' 
coisIuitId cooked \\ith fish or neCat Or \0it Other \ ctable.'s M.Cl. blantas bitter Igoulrd. 
.o\ p.a. strin e'an, and 1an\ others (Villareal. ls). 

Ill thlieproce Issed tomato110 is Used itiait]\for, asi salce for sardines, bealns ild tlleat products 
ort is a salted preCpINtion of' \Cr\ small shrimps alltl.llatig) olr small fish (bagooli). and ilso 
its tolniato ketchup. 

Foreign trade. lhc coulr\ imports toilato ill the for+I1 of [Alee Ipislte) ald coliell
tle itillountin,.e to 1',SS4,224.4S0 llureau of A.e\ricultural cIitini,.iCS. 1986.tAt tilmies 

\,,hlen the stuppl. iS ab1tundant (F.lbruar. to April). the f'resh and chilled htlatoes of the lare
frtuited cLiri\s,_rosv i in the hihlands ;Ire C\prted to Pakitlan., lhoi Koii. Siniapore and 
Bl"runui. 

Production Constraints 

Environmental. I,0o iiCuh rinlfall. freiuent phoFs and high nligh teliperfiAlt limit the 
prtOIlictitol i'trm .l\ to% )W1oelWet \st. l s ites tbCcaus oI reduced rluit-sel. plain growltlh.C 
\ dcland l'riit (ual 

l)urine the dr\ SeasonI tihe lack ol irricattio falcilities lhiit,, production and inuinl\, the smtall
fruitCd I1cal \irietics arc plaited. Ver' f .w\ io,r lsha\e irigtionl s\stelis \shich can help 
in dlain. plantin t) ecipC the 21ut. Cold storae to dlela\ rinCin is sCldIti piiCticed Ibcaise 
it is too C\epili e 

The Ui-tlUite'd. rclaticle ,t, cctl- tiatocs for cxport I.2. \LIarLhlbC. Waltr. etc.) cal 
011', !-- proldLice-d protfital ill the limlhited iigtaii areails tBeuetlkl prt ine sshere the 
lelilper ture is hv. -r. er. these i uttctiOui aireas at liiiiited aid nlotiiiiich explsansion cantloes 

be C'\l,-ctued. 

Diseases and insect pests. Tomatto is proie to diseases ind itisect lests sshich decrease 
'il, Sonetimes causing total crop failure. NI ost of the varieties .rown are susceptible to theso 
(Knott and Deanon. 1967; Villitreal. 1980). 

lactertial 5\ iIt.tuetld b /h.u/o\ ln.o'o#itolo',t is suoiio. i ollo tile Most serious prtlleill 
o) tuitilt . in the I'hilipplki", (\A'lcle]. 19,85 . Fiiiems are Ito\ , AOdtlting the pr cticC 

,of !tt0\\1 i t iat hcs Mice t0 niillili/ VtdL I386: h187h).',iitter iitl'clil tVillat+al ltelttimi. I1113. 
Seseralc.ttltivarl,. iicltCline2 Mariki. NIaril'I alnd \hLiLeasa. \ amhis:bcoatpllplikr because of 
their resistance to theO Valdc/. : IP. I 98S. 19 87ai. I)atiipingprt.thoell I tdll (Rlizoc'ti 

splp.. Pl/'lhou or /h,[p/htgf, I/i(spp.t is a prtbliii iii the seedhCd anid iscotiolled hy moil 
sterili/aliou ,it t lk h% nclichinu tile' ,cckllin!s \o ith ti cides suich a, captan or thirailli Kiltt all 
)eatioru. 1907: C("l I9871. [usarinii \\ tit h17irusoium (no.w/()/i is ital obiclni ilthe highlarnlds 

anld caln he o cu olii h\ plaililig (li ,cas -icsisllit saricties. ial blithi. tlit'riiitn' 5/ uli) is 
coltition itilte iortlherm patls ot theLcoulltl'\ alid i, coit',olled h\ s iiig iico/c' e\erytt wo 
\\ Cks. IX.titLrl ;icI toimitii0,aic sirls hco'i\tie iiiore p'il.it. durilg ,tinmiir.+itL pairlicularl, 

, .Rootikilnot ciiiiatodle 0.1(oitj(()LOi'1, sp arc pic's;lem lin alhl tiMao prod ih aa. "[heplintitig 
oftresit itl \arielic,, is recomillelmlICd (i\'all& . I 7t). 

Frtits%til i sfp. r coii llll It ,fldih\iiig thiodan I\sicemIiji a \\cc k :ind aphids (lphi.s 
) bypp.,pra\ ing ss iialatliioli. tlioditil or diii/inoil. Spider 7t ol'lo0/.'sh\ illi init.s O 'll-,toi[iunt 

are iltirc p leit durine the sallier Thc\ Call lc' comitoleCd b\ in112 the plantis with eitherpres h 
carhair I o iaOiiloli oitt iill )Cili. 11,o7t. 

In aldlitio)n. tlilato i, piiie to certain pit iologicll diORIcleS like bloo-elnd 14,s, mnclcll. 
hltc'h\ rillnint. c'i.cIJi2 aicl l)ifliiisS. 
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Management. Growers tre reIctint to adopt improved cuhural practices which need
additional inputs becatse they add to the high cost of production. Only the contract growers
of the proces:;iu firuns Iiave Uaranteed ulininiurn returns for their produce. 

Research and Development 

Varietal improvement. The scient i efforteI to develop ideal toinato varieties for tropical
areas such ts tile Philippile S has a long hislor,. While the Asiai Vegetable Research and
Development Ceiter (AVRI)C) has tile tiost sicni'icanit id successflul work I rLeCCnt years.
attenpts hv local scientists long preceUes tie establislf. ient of AVRDC (Rasco. 1987: Villarea. 
I9,Xat. l'o" yeaS, tile breeding progranl at tile UP College of Agriculture. particularly at the
Institute A PlaNt BlHreed it,has bt, gcred tosards the devClpm1ent of varieties which are
resistant to dise+AScs (ntitalh bacterial s,ilt. Seploril leaf spot. ICafntukl, tIlato ttoSaiC \ittS)
and \%ith fhigh temttperature fruit-set. Foreign ctltis ar ate collected and are heine evaluated for 
hortiClenfural characteristics. GertirplasIt maintenance arid breedinu works are also heine carried 
out at tl:e inistitutre. Reslits lof"the hreediuc eflorts has e led to tfie rcleae of, several \arieties 
likL Narikit. Niaila. and Nlarilac, which hase resist:tce to diflerent biosarso bactl'ial \willN 
arid can produce fruits under hightenlperarure cotrditiotts. Pristate seed coritieslrlice .also 
in toLed Il tomlatO ilntro\ etCrnt. In 198(,. tile ist We.t Seed (illp:ln\ rClCasedo too off-season 
culltiars 'tanelII PaIIta-U[:ll aid Bllotia. 

Rc.eairch al the nationaelIL-Cd is corudinatCd b, Ihe l hilippinte 'ouncil fOlr Ag1riculture ind
Natural ResoLur+cs Resea-ch an lDC'.eloprlneltt P(ICAllRRI) \\ ithith help of tile I)epartmnent of 
AgricutLItturC (IA) atlc heaIded 0\ I proJect coordinator. Ness sarieties desClopc h\ tie
istittuteS C0ttpniCs ar tested 101rfin to i sea1s 0c:tits fili CreIls 'At dllfelenir ;IanrccolllilcIdcd 
for cOttttitercial prlOdtuctiot foltishsti a Clsi\at release 1'schem tlChe Philippine SeCCLlhoard 
Villareal. 19 88at. 

Breedi, fOrpocesing hoiahoes. hee. Is still ill its initial s Tae.The 5arietal 
itiproseteit ofltiocessiin, tonatocs fiis led to the dcs,e opienl of processalle. alth ,12h bacterial 
silt susceptible. ",i'ieeS (IPB. I1 )87hi. Rea releCr, ati the lust iniUe ,i Plaill Breediucl hase been 
suf~portir1 and coolditatiti ssirh the t proces"sit, ettrnllptries of the coulll\ itllcart in oUt 
ariets trials aid cultural arllalielitei stuldies. 

Others. Cuilural ,ttrdiestianiaeierlssith elItphasis on fertiliationi hive been conducted h\ 
the 1I13. bil recotmmtendations h.\e not set bee.I issuted , die fillll'ers. 

Presenls ro torit!' tutdies OtilecoIOilics and tmtarketing ar-e beiIc cotuI ucted b\ Uo\ erriellt 
agencies except f0r ltUworing acti\i ties otil proidtiCiioi arid priceS to2erlIer s ith other vegetables
to .,erve :is a ctid. i traders andMolstlters. Sirilarls theie are no0stuidies Oil utilizaitioI except
those by procesing companies who tare iI c,,tia.itig tile prtiCssiric lialities of tile different 
\arieties th t ate ltro ii. 

Future Needs 

lonoto is an ittportant comnent of' the Filipirio diet. therefore, Crsuring it.s steady sippl
th rttighout the ,year is ar1Ltl'gelt riced. This coutld he tllrade possible through tile developmuent
of lines better adapted to local conldilions. Iportttion if processin2 tori~li) pl'odtlCts coutld be
rliinini/ed, if not totall\ elirliiiaLed, if proessiIg tollnlatoe ca be illore e ltensivl crosyri in 
the e.ttrv. While they cart already be .tid t the cool. dr\ sctwri it tIie northerni provilrces
ill tile coullt!. probletis of lo\ iJI aId poor qu.tllt\ COIItilluC 1htplague the iTdtslttL'. A \ ico0roui.is
toilltato re.e:trcl progritir k i.,iperatise. lcotilorlics and niarketinu strateics should also be \well 
studied to improve produtctot eficielrmes 

Externally Funded Projects 

Presently there are rno extertally funded research and develop lni proJects for tonliato. 

http:ico0roui.is
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Pepper
 

Current Crop Situation 

Production, cultural practices and seed production. Hot pepper (apictim aminnl 

L.) is a minor crop in the Philippines. Production is limited to very small. scatter,.ed areas only. 

It is grown throui1hOLlt the Veal hecalse it is ltoe tolcrant to freql11t lils d els Irllit \\el] 
The demand 1ir hott h temperatures. Prtoductio statistics oti this crop ae' not available, 

pepper is hosc\cr increasing ald the crop tit\ Iec'OitiC illportant ill the fIttle. 

S\\ect pepper (GC-mcwufll,.icntoO I..). on tie other hand, is eitiown i-i larger prodtLCtioll 

area.I he illn o teJ is ill llcOs. inf e rthern parofthe ctlOntl (Tahc 4). The 

averacuei th temtperature thimumeadnriii' ,_.thcieLIM incl'- ,Z101)- (l)ccntber-F'ebruar. 2sr~rg tqctr t othsarea i.t5\ season ) is.2 C 

%,ilha 111) C 'n I,tiaitum otl 33 C). Mshich is slightly lo\ser than inl the tiajol 

tomato production :rc:ts. The rainfall distrihution is sitiilar to that of the tolttt l' int.ares. 

()thcr crostnc areas areC SoUthCrn l'aal2 andILasterti \r"ist as. l)uritt the la,,t nine \ears. 

there has been practicail: ito chatnce il the arva planted(lIable 51. S\eet pepper is ustally plantec 

ais atIIttOntOCIp both ill the uplatnd and i Coearfo .areas duric the cool tiioi-s of"the (Decembe 

Februarv altCr the -tais\ sCason. Inl tile lo\ lands it is planted a1ler rice. Seedhlngs are pr1Oducec 

oil seedbeds and train,,laItted hen a t 1i1to1tl old. I lC\\ tlteavnsIte is 10 1)Ila. 

Ihlnever a atilable, onIIe s cck bctoIC plailiti1. and atCottletI fCrtili/Cr at plantii,2. SidC-drhC,siI 

with Iitrogent attd potassium lertili/ers isICCo1qitteiLd C\ er\ tMsO ssCeks ip to () da\ s aftel 

tranisplanting. 

Table 4. Production areas of sweet pepper in the Philippines. 

Area Production Value 
Region (ha) (kgl ('000 US$) 

llocos 370 1,285 44721 

Cagayan Vailc , 20 27 6. 16 
17 8 31Central Luzon 30 

355.62Southern ragalog 260 854 
50 91 25.32Bicol 


100 125 44.43
Western Visayas 

201 98.78
Visayas 210 


Eastern Visayas 80 419 170.38
 
20.28Western Mindanao 40 45 


Northern Mindanao 140 198 77.71
 
110 280 105.62louthern Mindanao 
40 54 17.06Central Mindanao 

3,606 I.376.88Phiiippines 1.450 

Sources Sta, -,:al Handbook in Ag,,culture Agricultural Crops Summary. Bureau of Agricultural Economics, Dept. c 

Agriculture. Republic of the Philippines. :986 

Table 5. Volume of sweet pepper production in the Philippines. 

Area Quantity Yield Value 
(kgl (kg ha) (USS)Year (ha) 

1977 1,470 6,540,000 4,448 1.528,787 88 (0.23 kg) 

1981 1,460 3,534,01)0 2,420 899,413.49 (0.25 kg) 

198, 1,450 3.606,000 2,486 1,376.880.00 (0.33 kg) 

Sources- Statisucal Handbook in Agriculr..re Agritultural Crops Summary by Region Bureau of Agricultural Economics, 

Dept. of Agriculture Republic oi the Philippines, 1986 

http:1,376.880.00
http:899,413.49
http:GC-mcwufll,.ic
http:scatter,.ed
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Cultivars and seed supp!y. Vety few elultiars of ss\ eel p pper are grown ill [he I'hilippines. 
The most wideli gro\V is SinaItala. a usl dsCeloled, opn-pollinated euhltisar. It has big 
ftilts and is hi2,hlv adapted to the loc al Conditions. Based otl rating schi nle deveCloped I' tile 
plant Iithologislts of tie InstilutC ofI Plat Breedinu. the ultivar\was Iund to be oderatelhy 
,'esisitI1 to toiCCO tit.IiC Viu. batcte'rial Will Ind also sllto\ s llOdCraitiot tlhri[.. aphis 
tild f'uit tot. Iosses r. it i sceptible to stiiscald. t ill'I aid lloitnre s'tress (11'1. 
1985h, Ili the hIliglands (1BntILCt pIt' iltC imo)trted varietiCs like California Wonder and Yo o 
Wonder ate a1lso Iro\nI. h'llese lifnes ate nlt \well adapteid to loss elevation planting and ire alko 

ghlv susceptil to bcterial \\ ill. 
Most hot peppers Cannot e acctIatCl idttllif'ie*d is Cultivars because the, ;aro Ili\ILII'es 

resulhillt 1'rom1 tihe seed poilticthui ,!tt[l)Ved b\ (le Lro\ers thei211lie.The ll ttt tnllllilllI 
c'ro.n \ariel\ is Nlatikas, developed ad bred b, tile UPlI('ol1ece of .\cricullure.I is popIular 
;illhtl. the Iaiirs bc(auseoOt ils n- iCldin., abilit\ ild earls iartt\ It is resistant ito bacterial 
sIll :id liltoderatel, resi[ill to tobacco Ilosaic sis (I\IV- \e.llo\s aud r12101 trnlls) 1113. 
I98 ). ",'lie frtils . L i natid Se isoln ie%, elI date \ eltngI)MIE' kC atltCh. Ctllioterullta ,-\11ll 
:nd IireL-d hv tie lP ('ollece of A riL'Llltle'. %%, ItshIeased. It is tlloretl olerait ll t)Iacteriall \\ ilt 
intd hlas Uood lUil-',itiie ;Ibilits Ond lalre frItIs. 

UIanl\crCosl ,ra " ,'h.'ill thIetr omil s eds .lntl otlv I les% Use inIprte'h.d certilied seed', 
,0lhlittllii lossr. there Is no1itltorimati,:n a,;silabie on the 5ollllt ot seed produted and 
imllporled. Tihe Isstitue of PltIII 3edih.'' tgf the LI College o11'Aric.uhure pioVdusC, see'ds Of 
locall\ de\, l peid cultis ar, for ,ale, irlc , to crotsto. Seed f. iltiporled s\\Ci lepper1,0pl\ 
Is llailsI mOt, ItI ho0ues, hi,Inh lupIon tihe selds. 

Marketing and processing. [here ar to rCular establislIL tnarketing , tletn it tlhe recion. 
The fill'Icr has the ption to s,. dirells to\ctIlli,,ers at ilie locill illtlket, setl to wholesale 

" S o 
()ll t a sINmll 11at1OUti1t 0f 5\kCCit. pli i processed. ntoslh ;Is an itiredietit it pickhCd 

UetUables and to a IL ,,let e\etIltu1,a t[:Lsers ed fruit ill britie Noltion . There is a gros tig ddtlliald 
for+ inCCW.,,,d htot pepper for u,, as hotIlt Lc.e;iler as a pule peCpIper irtdtutIt llli\d s itlh 
ba illlaot toltato. 

buuu Ors 'i! to1ItiddIleitt:e sslhi20 to the flarl. 

Consumption and utilization. Ilot peppe'r is ti.,uall\ eaten cooked witdi itiat fishh or other 
''Cetabl S atnd a, thile t1;1ti inc'dieint ill ht ,Lt.'C tild ill pickles. Ss et pSpl\'r i', usutall\ 

Consumted cooked \sith Other s eCetabls. Ittil atid fish. allhough ,tsmall allioutll ate also eatel 
fresh s ith otlher etabhl, s., ,S.lais.It is also proess'd illt siuces ort as, pickled irdticls. 

Foreign trade. The lIreign trade on thiN crop is tiiinitti1tI. attilttill 10oltlv 'Lot ISSIX.0)() 
fur the %ear i forlo ftIlh fruits e\lpotte,d tv1:inlv 1t Hti KotiI aid Intdotiesia. 

Constraints in Production 

Environmental arid varietal. S%%s.t pcppr I dnetion IIide 1M clOVI eli itittnssitt ilCus 
aud Certill LWOWuni, islititCid b hilluupet.res1Il'V' a)'ishort rowinc seasot strtinc frollt 
Novenh er to Jantiars. 'he lack of sarietis adalpted to high ttulipera.tuLreS is ihe iii jr ctsllItriiill 
in produicti mi. MOst of tihe I-fruteld vatie\tis hae beon iniported froiu1 ttlllperale ctltllt'ies 
%%hiChl. hwver. ai tlllv b e ctossn in the liihhlids tr ill [lie losslIhdLriiut Ih dr\ and Cool 
seasOlt. There has been \r\ little work coltiUcitd tca.Irditi1 Crop illl'tov.lcfit and Ctultural 

Insect pests and diseases. Iln the rainy s aotll. diseases rte ie mtajor prthnlu. The iliost 
illporiaillt d dstCs Of PIppc r incILtid bacleri l \k ill (I.'selld l, l a. Sp.). lealf'sp t ('Wer.ropra 

s/ic.i). alithrlcitlose (Collehftrichum sp.) and fruitrot (Collhtotrichum cap.wi). Viruses are 
prevalent year-round in all productiotn ireas (Knott and Deanon. 1967). 
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Socioeconomic situation and marketing. The lOw deIand for sweet pepper isattributed 
to sonic degree to high prices and the niarkeling aspect has always been a signlificant constraint 
in vegetable produ :tion i thile ci Uitrv. The hiigliyl seasonal produ tion isattributed to tile inherenli 
characteristics of' tile crop and to the estal-lished crOpping practices in tile mi "Jproduct ion areas 
which grow vegetables only at certain nionths of tile \ear. The growers share of tihe income
i, quite lowv beev,use of tll, lack of an organiZed marketing s\ster bv the growers themselves. 
The insufLicient inf"Ormation on prevailing daily prices in th: different miarket centers accounts 
for the wide discrepancies ill prices paid h th1e consuMiers (Deanon and Villareal. 1988). The 
lack (of' prop,.r pa-kaging maerials. poor transportation and storalge facilities also acconn1ut for 

Ca"real duallof'poStlarvest loss. 

Research and Development 

The llStItute of Plant Breeding Of the UP College of Agriculture is the onl1y institute engaged
in hot as \ cli as sv. cet pepper irnproenieni. For years, the breeding program has been geared
towards tile die cliprllct oft , a ri ClieS with l,ceptable processing qialities combined with resistance 
to diseases, specifically thacterial will.\ ritl-klnot neniatiode (Mehbido,' /' incognita race I), leaf. 
mold (Clado.vorium/flvuli)and tobacco mosaic virus (yellow and green strains). This has led 
to the development o 'c !livars like Sinagnala (swetpepper). Matikas and All Season (hot pepper)
with illlprovd yield. iIatnrit\ ald resistances to tile linajor pests tioneLld aOve. Since nt 
all of, these Iraits ha\e been Coibined in a single variety, there is ,till a pressing iced to continue 
reselircll. 

Future Needs 

While there is an increa,il deimand for this vegetable. mire research and development
Work is necessary to produce( pepper va:rieties better adapted to the Philippines. The present 
cultural practices IFllowed b\ tile farrIlers also need to be iniproved. 
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Appendix. Institutes and researchers working on tomato improvement. 

Institute of Plant Breeding. C'lIlee of AgricultUre. University of 'the Philippines at Los Bafnos, 
College. Laguna 

a) Prof. Jose R. l)eanon Jr.Breeding - Breeding
h) Di-. Ruben .. Villareal - Breeding and cultural mallngemlent
c) Dr. Fuftelio T. Rasco Jr. - Breeding 
d) Ms. .o:sefina 0. Narciso - Breeding
e) NIs. Virgilna P. Roxas - Breeding and cultural management
f) Ms. Marihn M. Beltran - Cultural mlanagelenlt 

Department of Agriculture (Bureau of Plant Industry) 

a) Ms. Adoracion Virtucio - Varietal testing 

Symposium Discussion 
G.Y.H. Grubben: (I) It appears that poor soil structurt- and low fertility in the paddy ficlds 
after rice are the prinary catses of peor growth and l(% production of"tolato. His there been 
any roscarch on this'.) (2) Do IM',-input tolmllato growers intend to blv expensive improved 
ConllmllC,'cial seed,.,
J.Soriat.o: (1) Ido not discount the possibility of soil compactness contributing to low yields.
As far as , know there has been no research oil this. (2) The lo.-input growers will buy
expensive ira, roved seeds if they have an assurance of good markets that guarantee good returns. 
The willingnc., of the contract growers of processing tomato to tbyexpensive seed is a good 
example of this. 

R.T. Opefia- Please explain the slight bu' still discernihle difference ii: the general climate 
of production for pepper vs tomato, i.e.. why are pclper., grown more Linder cooler conditions 
than tomato! Is this varietal in nature or is it a reflection of general diflerences in climatic 
requirement between the two crops?
J. Soriano: It seems that the sweet pepper has a lower temperature requirement than lotlato. 
The data on climate refers to the major region where pepper is grown and the pepper referred 
to in tile production statistics is more likely that of the sweet pepper. 
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J. Sorlano: It seems that the sweet pepper has a lower tempe'raoture requirement than tomato. 
The data on climate relers to the major region where pepper is grown and the pepper referred 
to in the production statistics is morc Ilikely that of" the sweet pepper. 

N.S. Talekar: Do vou use the Same cultivar fOr utilization of pepper as lealk' vegetable and 
fresh fruit? What is the elfect of deloliation on the fruit V'iCld? 
J. Soriano: The cultivar c01tmonh used For leafy vegetable is the small-fruited hot pepper 
cultivar. Fruit vield isdr:,isticallv reduce.d hut theCre is not much nifted fOr their fruits hecause 
hot pepper oIF this vafiet\' is n1ot used co1nm ercially in large amounts. There is now a grox, ing 
demand For hot pepper sauce. Probaly \ hen the demand I'M hot pepper becomes high and stable 
there -will he a separate productior' "Mr Calu'and fruit. 
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Major Disease Problems of Tomato Production and 
Their Control in the Sudan 
A.M. Yassin 
Agricultural Research Corporation, Box 126, Wud Medani, Sudan 

Abstract 

Vegetable production in the Sudan, especially tomato and pepper, is gaining 
importance, both for local consumption and for export. More than 50,000 acres are 
grown to tomato. Several cultivars of tomato have been introduced and acclimatized 
throughout the Sudan, including canning types such as San Marzano, Roma, Romano 
and Strain B, and salad types such as Pearson, Money Maker, Early Pack and others. 
However, tomato throughout the country suffers from leaf curl virus disease, tranamitted 
by the cotton whitefly Bemisia tabaci, from infestation with the rootknot nematode 
Meloidogynejavanica, and recently from powdery mildew. Leaf curl virus disease can 
rcsult in more than 70% yield reduction. In the absence of a commercial tomato cuitivar 
with resistance against this virus, control is achieved by integrating various approaches, 
including both cultural and chemical. Rootknot nematodes can be controlled by growing 
tomato on heavy clay and by the use of resi!tant commercial tomato cultivars like 
Nemared and Monte Carlo. 

Introduction 

"'hc'Sudan t(h as Iridia, ,011ic Iillion suItIN Mils.Tlecser,an arca as hiLe ie he total cultiable 
area. rarel. excecd, cihl million ha. Ihosc,-r (nl' one tenth oflthis. (t ei htmillion ha is 
atllyI Under cUlldailo. lhe c]irriate is mlostis arlid In the northern part. cxle.'ndinu, o subtropical 
or lropical in llr'o t. ,Accordin,l. . rainfall ,arics trorri aa Ie,, millivicters per annum in the 
'xtreine north, to rmore than 8()nlin in(tire 4(0(-60(1 in thec entrale\lrc:.;e Nouth. Os e'ankir minn 

:iii where the CuLitls\.hl cxists. the tem'aitLue of aIr0ostIo area Ill the noirIth is t\picl 
.ir1 clillilc. ',IInlIIl eri I) -15 IlinIIriru1LIi ald 25 -30 C (Ill aIll i lLIIrbetssC U"IrIj: xnl dIl .n 
(lie.,, rrnber cell 20 -25 C inican rr1iiirLIl arid 40 -45 Cinter period tiNo\ [ebruars, het,\ 
Snliean triaxilnuni durfit the summler period o r J arid Soie h ri-btslsCMCcii durimr, 
the raii, period of Jul, -Septeinbr. In theC ,outth0rri les, arid part Of the courit\ .hbowes r. 
the cap h',teern in llirrirli Mid riir\ilirll termperaturLs, isru1'h irialler. The relatis\, hLiilidit\ 
is a out 5'' or less in the cxtrirli north. \%ihd l!it I r110 aId aounld 2( ;-30'()r.lnfill. 
00"(' -80"1 in he central aid soitherir parts respeccti\sel. The soil is either rivrerain m- olcaric: 
1ii1he ri\cain car, or1-\ tuulll -- silnd illthe be either sa ,il\. the \olrMiic N ies froni puLi'e 

the scssiern rce mi in ,lie souLIth. itihear the cetelCr 1 Soil pHto allus ia l cl s iIll arid east. 
is luOStl\ nutrall Or alkaline. firorind till 7-8 (lTihiil. the irlii laillt1952). ,A imil clop plailt 
oru uw n throutLghout tIe SUill are fir. 111ia11i1\ io crop 1rotlndriut SCSailc.rop- to e, and1L 
:creals 1SOIr Lil]rirad %01heat0. a, %%ell , s cenanle crops slIch ;IN1o11':1o. onion . eogplalt. [lot 
riid s\ ctipCpr aI.d se't ral cucuirbits. sare oftelln exportecd to II'ope.le Fear ataind 

solnc Arah coitrits. 
Thle pro.dulctionl of tmillato ard peppelr is gairi ricresine i irumtance in Ihe Siall. boIth 

bir local consumiptioni and !or e'.port. The total area gros 11in torriato Under irricantion exceeds 
50.0() aires. Mos ctis1\ars arc introduced. The insl inipolrtint are the 111annig tpI)es such 
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iSZki Mm-titi. R,4nwj. Rommluio .111d StrailI B~. dflli Siid l\ pCN suchl as 11'arlsol. Hin/.i Farl 
Patck wlid Mnluc\ ()nt OIIICI Mrea epper Ii\%C ~llMidiilc. tuIle i. Itue ii PCIC 4I ~i ,\ fi 
lIe\ e l \mitites~~\ II, Bo~th t.op d144 l i. pIl441U..C1I h\ 5I11 iil4 ers Mio lllIpl4\ IeiW.ei\li14 


jP44I* C1,01) lljljk'~~l r~c~e.I dii4 ll WVC Illkac
and pe s Illt 11111Crlll le iCI\ate tlie 
sitli~io441. Csp~CIlIi\ II liccs ti.4"C 4l 

Tomato Production and Its Disease Problems 

III f111 141I4Il0'l5II AfctC tom 1i'ti 4itlCHl~ll III 111C SLOll: ICA1--if[] if'.Ils11101 if11Ckii4\\ if v 

4l~l1at41ie.411l~llll.I~li\ liese ii( *\ is I lI~it\ 1\ 1 1 1L IllJ%: Allil' til(kll lCAl I l 

tit111 11112. IC1IIC al IC5/.514121, 1111O1W2 11 44111COMM \1'1l11 1i4\ IIIINCLh 111111 

SSOC CIreei(eiiiic 01uthreCA N 11I\ C hCIIl I fI~1 lick. 11-0111SIlIIII .l111IH ILi ll d4IC111111Ci li tfllll 

.1115, 11111Okllll 11\1 1i. 'i k-V 4sLu1 tlc' 4 1411,li OL Fm 1-1 11 1dSN t~II \t1 'lS,1111. ""4711. 

I sae Il the Sudan'1I Rus'lL o tlllloI c,1aIiIk) pI nl C dl lll lldIldL 011(1ifI It1heei )I Icli ctc I 
that thecurl111C Isral' caused .orplea d0111,11" 111111,111 0 1011,1( m till'slu ia si\tins11 

1111C ' CC l- 11 I)AINO M till 1144 1.1 )It1[C l IK Il IC i I I I I I I' )d I I 0651)I lll:e 111111 111 141 

Use ofcihih-ildcingII 1 11 1 L'ti '14,1or dieae-eist1,(ant cltIIs.IIk1111 It11 \44CIII II it AlVd 

Iit45 I' itq11. 14tI4 21 I I5 A4 I '. i~lk Il N I1I(IIIIlIi I IktI I I . 11 i f S' '.1 QN Is 11M %1111/ 1 1C' 1111110 Ith I '?'. 
(I I'SC 11 lI . ' od 114 I .I l'\ 111211111 11 MI L l'll&I 511 itS'.145 151)JI LJIS I .1.11 It144, I 114111 

Uset[ltofA ln Il ISImesh alIC *i' \ p)I.INhre ulturaC klcies MC4 pMSLI)\1i,, sshea 01rlS CCIrIlie 

of insectdeUse~k C and o~i pray. \1-il.llis 4Ist" 51111IIs. 1dINil sPO\s 41111 4111 

441tiLlI~t4 S It4 \ C 1,l% Il L'i, I 1111 ills' t 1 142/11. 1, 12111 C .l ICf)41 ICNtIS1,1ll 01 1"" 1 C14-1 4,lI IS 
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reconlnlendL.! for use on vegetable crops. such ils I)inethoate 8()S and forinnthioi, 25! . %%ere 
found tia be effecli e in reducingz disease incidence"and iIrtreasineg tr.it .\ield signilficantl\. Since
the highest rate of infcctiol usuiall\ occurs ill the earl, sta es of toallito ro\th (Ilp to 12 \%ecks 
after plainlg), insecticide ilpplicalims hrac to h, started before tra.tnspia:ntiti1 a2nd cotUeLCd 
fIr several wecks afierst;ards (Yassin. I975). Insecticidal application arc ntk %sidcl\ practiced.
Recently, the use Of rtIClhlold ha.S beco¢M po0pulIar. n)ot ols ill the Sudanul IDltialla. 19X3)
but also in tile t'ied Arab Finiratcs (,hi Sallh. I94. ers)ti-Ollal c inctiMonII tl cotMol 
torth le.ill tnurI disease 

Mineral oils u'\ been sho n ito bc effCL- c Illt contrl, Of ,s diseiases (Cap1lltos.
196: Russel. 1970). Sinh. Sastr\ and Sasi\ I10741. sCrc thel fir0t to u,'e mnineralI oil iasilillt 
t Oitti leaf ,'.lil \1111, inl Iniai I l t S. dalill. piirl, I,, resllls, \.lth n ,inclaloils h,\e been 
otlaiied. resltCir I,reIuced disiaLsC inScidueiCeCsit" \ktll as IIicreCt;ised htIonia frlitI .%Cod IYassi 
anid Abe Siuli . 1975. Yasnet,l al. 19821. 

Rootknot nematodes. Rotttkiiot nciiattOdC, ail k\ I\dcl\ disti buteld il i\ er silt a eile Nile's 
blnk,. alid llso allu stoi il liI' e.iil lii al ,Ithe S IrI aid st lihtrri pai, i tlile Conii'\ (iYassll.

et al. IQ9Tf: Deck, etlaI 1980. Yassii 1o'74. ,Iassi, aid /eidan IQ79: Iri821. Inl tile (cra
 
area sherei ris ci silt soils ar predoiiant iiari\ Crol '
aiid \%Ced Illllt cfctCd b\ nIlliattides. 
-.,peallt. c,.tabs. .A lotal of i't c ,,CIiiMh0dc specic, h,\c thus, fh bcen idenlificdf iDecker 
el 	 .ll 198"h btill tilt ttI nipoiaitt ll IM *iiid1 i YasiiIt"i.11. ,, I l1 /V inn11a 1974) \Vhile
 
Al. ,otw'o can i1tl ct Ica \ daillinat" ic pcCall\ onl toillit arid h'tccol 
II, ti n1orth pail of 
ite' Coutrl\ .lM. 1i, ttiiho Is lnlrore pie rri , li 	 e1C both on) hitllo 'assisoulth. i,d eggplantl I 

1974i Var ion tolt 
 prac(ti'es to prttct toHInlt atlislt 1l. Itiltil/ott h\C beenC11Insstitlled. 
Anmn1, (the Illost iI,portiat.ll all.: 

1. 	 The use ofCreiat"A u tir. Nuch as NerItiil. NfMolic (aIh arid IIcaliirX It S\i. ROSSol
 
and MNarsol Frantcei and Rorriai Ilal\ IISissct arid
L1Kibs 1979)i IiescullI\,tIi haseebeen 
It"std ulndlr Sldill ctindiLtiois, rid found sUiLable. 

2. lilline oil Iwil\ S .hon il\ il asit uLldill 

possihI. becaduse ,lrllitd hLit, tlrt1hri\ C Ill h\ 


,tlchs thill Of the (c/ira W] 11iC e illlillds. s Itree\er 
% l\ . It i, thougL2hlt t rot esudieN 

\hinch laso hatchiil ard lrlh1ti\ it! do 11or ,ti\ crcl\ tider, thcse con1ditio,,,ns:
3. Rotatiotn r suchif lih ,ohosts ,,, cotion and .rou fi1li Mhcli ar'c ln1i,,1.,,iC to l. tItItMIUC 

and .Al. llot'ti/i,1. illd ]llr pepper \\ hich Is iliilnikiic%N 	 to 1l 4iMto ( i I Yassii and /.eidL,,+ 
19 8 2i: 

4 The Use t(ual ract.is, suc'htl i as, deep iohli arid dr\ flho . tohkill niCriModsC 
hs d in iio,tsiccatitn aridstr 

5 'hC Use of itniaticidx'. suth a,, NCIiIclr. Furadan. I)). etc. (Yisin. I974: YaSsill Mind 
A idmn. 1982: itsSiti. I'.S4b): ht vt"er. this practice Is i,0t cet"lalls. rctitiellllltided becaituse 
Of l,'itlh hillil s anid tile hielm cost in tilt Cl. 
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tita S ,tliposinioiit \Vccd Rc', in l d.i. \Wald .Cdani. I'lt'rsit\ iflolielhe'iil. Fcderal
 
Repnhlic it ( ici \
allll 


ass.iii. Ni. 19 84a. l.ci cIIn idciiuc" li ll i i lldiI)pOsilh ciMtill siale't i.s, .-\ctli
 
+horliculturic 143) 4S. 40s'.
 

,,  Y'a,,in..\ . 1841 It o k t nciiiahdc p lci 'li cllt.'ilc 1l1)i,Ill the SudaLln..\cila 
lolrti'ultil ac I-(14:4)-'--4 i6 

Yassill. I. ald \hi .ali. 11.1lilt,972. lea)i iot cli. No.3. ARC Sudancu'il nluI. 
Yasill. A-\.MNI.id .btlSilil 1"5 .\niial R potli (RS. I17.1 74 sc,isl. 
Yassilt. Ni. . nnin (I'/ii ;1)75 70 Na'on.A.M l. i Aniciltlll , CClhlStatiii. 
YaSsiin A.M. lld \bui SAli. II S I')'-. Anit RtI. c/iria A,,ricutiurlial Rc'.icc Statllioll. 

1
19t"h 77 ,ca'il 24 I
Yi 1iiA.NI...\u Salib. 11.5S. and I).iitiLa. (Sl. 9 Ci2 LilI 'iliiiic.a.hIltct to tomatoIc'! c 

litiduictiit inlli the Si iilli. Vlro tl.lstl 'asicur. 133l. : 175-181. 
Yassin. N.l ,,Nir \.A-. otti ciii) its, on M l i'A,i 19 65d. .lic. \ iclhcat 01h)ct 

sUS'ceptl hil\ Sudall .\ rilc J. 12 .- 7. 

N. IL).5,b llilhlato il ll 
to tobaccocl curl -\till.\pl. tiol. 56:21)7-2 17. 

Yassi. .- . loot. I .\. ()ostIciirink. 197). latodes (ictSItil,. 

Yassiti.i . il) Nomri 9M C. curl diseascs ilc Suda dild their r ielln 

NI . a.ti NI. latil parasitllic ii ill 
N tnato'l ,.iI" 5 51 

''assill. A\ iidand . Rotltiotl W Sldal. 2nd/.cdili..N. i )1). tealldc,, ill troess Ri-port.
 
lt'trtiali lal.1h old'/ lle- hliu ccl. Ri o ti VIl. 1I1.('tlil.. .\tliets. 1-3) No\
2tlid 197)9. 
l'rocccditic, N.( State t,'iicsit\ A ikalech. 

+
l'assti.N. and /cidall. \.1. I 82. Ri:t-kiotincitiodes illthe SLuLal. 3rd Pr gr. Rp. 
ttrtitatllilal Nielot2i \iic lro Jcc;. Rc iol VII. 3rd PI.('tif.. Colitbr'a. POti-t'-al. 13-17 

tSep. 19)82. in lll 'cccdii'sot North ('arolita State lii'rit\ at1Raleigh. 

Sym-nsium Discussion 
ha\ nSl tried s'\ cril tinImes to send seed 

neighboring cutrtlll's [-h'\\c'i. there was failure thain SLcceSS. thCre'. discOriia'ltille 

R.T. Ope.: \VWe ltC C i)rLi imaterials to the Suidal and 
' Itore 

fturther attLlmp)s. [)o allertlili \\ai t tile of mtteriate ing .i ha\C all\ ' to fll\ tls oiln 
sllootthlv'. 

A.M.Yassin: YOu Call .'Orr:spot il \ ith llte in the list), orLlirectl\ (IidreS .%ith oLUr tlatiolnal 
corditnator for htictilturial research. l)r. A. A. (eiitf tsaille addressi. Ve appreciati. our 
sustainred 'fort!,. 

http:Ilo'/,i,,I'roc.NC
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V.P. Roxas: Is cracking an important problem in tomato producuion in your country? 
A.M. Yassin: Yes,. because. iour very' dr. hot weather (relative humidity is aibout 2W)<, and 
telperature I11onl than 30'C at thle time Ottomato planting). Our main problem is heat tolerance 
alnd \e hope AVRI)C or other or.ani/ations can help. Th% other prtoblem is Ieafc'url VirlU. 
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Tomato and Pepper Production and Improvement in 
Thailand 
Manee Nikornpun and Pipob Lurnyong 
Department of Horticulture, Faculty (f Agriculture, Chiang Mal University, Chiang 
Mal, Thailand 

Abstract 
Pepper is the most widely grown vegetable crop inThailand. 'Bird pepper' and chili 

occupy about 60,000-80,000 ha of the total vegetable and flower growing area of about 
400,000-450,000 ha In 1985, the total production of pepper was about 116,501 t 
from a harvested area of 58,159 ha. However, production is not enough for local 
consumption, and about 1,000-3,000 t of dried chili are imported each year. For the 
local diet, pepper *s more important than tomato. 

The tomato growing area is only one-seventh that of pepper. Even though the area 
is small, tomatc's economic importance is the same as pepper's. Production of tomato 
is mainly for local markets, processing plants, and F1 seed production. In 1985. the 
total production of tomato was 93,986 t from a harvested area of 8,277 ha. Production 
of tomato satisfies the local demand. About 1,300-3,200 t of tomato products are 
exported each year. The main constraints on tomato production are leaf curl virus,
bacterial wilt, late blight and inadequate performance at high temperatures. Programs
for Improvement of varieties for heat tnlerance, disease resistance, and good processing
qualities are under way inmany institutions and seed companies. 

Pepper
 

Production 

Pepper is one of the most importart ingredients in tileThai diet. The tmo niajor t.,p.S ,I 
pepper in Thailand are 'bird pepper' and chili. l'ird pepp,.'r,. called "Prik Klii Nu* inthe Ihal 
language. is the iost pungeni, ,'r, shrt, andofall pepp aid has S.n:,'. fruits.% ith erect pedicel. 
There are v noIIon1a,".' C. (/hin1. '..Chih. called 'Prik ('limo bird pepper Species. ( ap.ibm 
Fa' in tileThai laneuage has l0\ 10 higIh pungent,\ and largeC, hl and ehlonated fru,its % Itl 
pendant pedicel. Tfhe three chili species are: (;apl u n (o1m Iuulml.C. (+h11n.+'W. and ('. ./I'll. w',I' 
(Wora.os. 1986. Bird pepper alld chili c,,er more oftihe total ecgetahle ortming area in the 
countr, than anl\ other '.ecetables itNinistr" lfAgriculttc. 1985. [e totall eC,etablc r inlt-, 
area is ahout 40t1.00)()-450.0(() ht. Inl 1985. tile otal har\.estcd a laot pepper \%as 58. 159 lt,ij 

of hich 401.231 ha %as bLid pe pCr and 17.92, ha chill Ilale [ Ilhe tlcllkf chill I potti lti Ilil)\ 
a decliing trend. pr,lbabl\ causCd b\ itiport (itIo%-priced chili 11rom1 India. lie total produtlCllll 
ol"bird pepper \kas S(O.714 t. and that of chili %%as 35.787 t. iti 18,5 I Fities I and 2). The 
main production areas of bird pepper 'ritd chili arc in the %\est.northeast. and ioltlierie Inelolls 
IFicure 3). 

There are tm,0 t', oppnt, ,.stein, hr chill and bird peCppers. upilatd ,ind padd\ hlndpcs oI c 
pepper. Upland pepper is romk ii onterraces (t hillSdcS. almost all of1%Iich ate taiCtd. I lie 
planting is ilJune or JI\ ard har.esl is frotn Octlcr it Jantiar, . Padd', land pepper IS ri iit 

after rice. usuiall\ oi irrigated paddx fields. It i,planted ii Octohcr or NoCtitbltt-d Itar\csted 
from Januar\ tlApril. .ll pepper is transpli nted Tranpllult InIof upland pepper ISpracticed 
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Table I. Total harvested area of pepper, 1981-85. 

Harvested area (ha)Cro p . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. . . . . .. . . . .
1981 1982 !983 1984 1985
 

Bird pepper 41,104 40.902 38,007 41.906 40.231
 
Chili 36.380 32.388 22,094 24,560 17.928
 

Source Ministry of Agriculture 1985 
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Figure I Total production and yield of bird pepper in Thailand. 1977-1985. 
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Chili 5,000 tons 

" 
, I Bird pepper 5,000 tons 

46 Tomato 10,000tons 

Figure 3. 
Production of chili, bird 
pepper, and tomato in six 
regions of Thailand, in 
1985. 
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which possibly include C. pubescens and C. htwcatun. Both the Chiang Mai Lniversity and 
Khon Khan University have collections of hot pepper germp!asin. 

Varieties and Seed Supply 

All local varieties are open-pollinated and most of tlhen have not been improved b', either 
government or private sectors. Imported hybrid valietis have been tested in the farmers' field 
by seed companies. Hybrid varieties are not veltcrown by, farmevs. Hluavsiton I is the only 
variety of pepper released by tile Department of Agriclture (Ministr\ of Agriculture. 977). 
This variety has been seleCe d from'Chind,. a local variet. It has higher yield and bettezr fruit 
quality than other local varieties and is widely used b fariners. Khon Khan University has released 
an improved hot pepper variety. Prik Wee which bears fruit in clusters. The variety has not 
vet been accepted by farumers becau se the pl;.uit is short (abo ut 30-50 cin) and difficult to harye st. 
Mest I'armers produce their own seeds. Only a very small all oalit of iepper seed is imported 
lable 2). Two seed companies. Seed C'ompn and tietile East \West ;,1y (a lo[Ci.go company) 

Chia Tai Company (a hoca i company). are involved in arieta improvemen oll hot pepper. Tieir 
main objective is the development of hybrid varieties for the local environmients. Although at 
preent, the market f1or seed ill Thailand is very small. the companies expect to expand it through 
el hybrid \arieties 

Import and Export 

Thailand imports large cliwrntities 0 I"pepper each \ear (Table 3). The imfort o pepper has 
been increasing in ie last I'w years. wlile export is declining. 

Table 2 Import of pepper seeds into Thailand (1983-85). 

1983 1984 1985
 
Crop
 

Quantity' Value " Quantity Value Quantity Value 
Pepper 0.63 14.46 0,91 17.92 0.14 3.1 

Source Ministry oi Agricuicure 1985. ZQuanty con YValue US$ 1 .000 

Table 3. Export and import of fresh and processed pepper (1983-85). 

Crop 
1983 

Quantty' VAICue Y Quantity 

1984 

Value Quantity 

1983 

Value 

Export 

Chili (dried) 327 710 1,867 1,902 957 882.8 
Other pimento 23 6.9 I 1.5 9 18.2 
Import 

Chili (dried) 2,901 2,600.9 1,095 I,180.5 1,876 2,501 
Other pirnento 120 130 9 22.6 26 73 

Source: Ministry' of Commerce. Bangkok. Thaidnd ZQutlity: ton. YValue US$ 1.000 

Economic Analysis of Income 

The per capita income in Thailand was US5,560 in 1984. which is low compared v idi that 
of developed nations, sLci a,,tile United States. w hich was US S13.567 (Office of the National 
Economics and Social De\ elopment Board. I9f6t United Nations. 1980). However. it i: slightly 
higher than in the Philippines and Indonesia which are US $459 and US 3447. respecv'ely. 

major proportion oflariiers" income is from crops. Approxi mtely 847c of the incomne 
is derived from crops and only about 14.7 %;from livestock (Center thr Agricultural Statistics. 

http:lo[Ci.go
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1986) (Table 4). Pepper represents about 0.62 ' of the total farm income ('Table 5). AlthOWuh 
the avcrage income from pepper ma be low%,it is;animportant SOUrce' ot'cash income for farmers, 
Farmers in the northea;t can earn up to USS 485. I,ha of prolit (Table 6) (Office of the National 
Economics and Social Development Board. 19861. Pepper production is attractive to farmers. 
although they usually have 11o choice in the type 01 land they use (or peppers. This is often 
the upland rainft-d areas which cannot be used fOr other crops (particLIlarIIonla to) beca use 
of i' distaincc to tileonlato processing Ilt.ctoies. 

Table 4. Cash farm income per farm per crop year 1982 1983. 

Region Livestock Crop Other Total
 
Northeast 10C."'6' (22.7 .. 336.67 (76 5I) 506 (1.15) 442. 09 (100)

North 73.34 (9.30) 708.67 (89.87) 6,56 (0.83) 788.56 (100)

Central 175.71 (11.861 1.297 (87 52) 9 17 (0.62) 1.481 88 (100)

South 124.14 (18.97) 512 69 (78.34) !759 (2.69) 654 42 (100)
 
Average of
 
whole country 109 86 (14.711 629 3 (84.2,1) 7.86 1.05i 747.02 (100)
 

Sour'e Ministry of Agniculture 1985 Ui,,. USS farm YThe iumber inbrackets is the percentage (f cash income 
from tileagricultural sector by type of various income sour ces 

Table 5. Cash farm income pcr crop per farm (i982!831. 

Crop. . ...... .. .. ... Reg;on. Average of.. .. . .. . .. . . . 
Noruo~ist North Centi, SoutH whole countr 

Onion 0.24 P 27)' (482 2.09) - - 4.00 (0.64,
 
Shallot 0.76 (0.22) 
 2.85(040) 703 j054) - 2.33 (0.37)
 
Garlic 0.50 (0.15) 77 14 j10.98) 044 (0031 - 20.59 (3.27)

Chili 0.68 (020) 6 88 (007) 9 75(075) 0.40 (0 08) 3.89 (0.62)

Garden veetables 4.67 (1.38) 19.57(2 76) 45.72 (352) 12.94(2.52) 17.01 2.70)
 
Other crops 329.82 (97.98) 587.41 (82.89) 1.23406 195.16) 499.35 (97 40) 581.4 (92.40)
 
Total 
 33667 (100) 708.67 f1001 1.297.00 (100! 512.69 ((00) 62 JO (100) 

Source Ministry of Agriculture (985 "Unit USS farm 'The number inbrackets is the pircentage of cash farm 
income 

Table 6. Production costs and profit on upland pepper in Northeast Thailand. 

Cost Cash Non-cash Total 

Variable cost 
I. Labor 121.9' 55 116.9 
2. Field supply 8.8 3.1 11.9 
3. Opportunity co: - 18.8 18.8 
Total variable cost 130.7 76.9 207.6 

Fixed cost 
I Land 29.4 66.3 95.7 
2. Depreciation - 10.0 10.0 
Total fixed cost 29 4 76.3 105.7 
Total cost of pro,uc.tion 160.1 153.2 313.3 
Yieid (kg ha) 5,931.3 
Total income (US$ ha) 798.4 
Profit (USS ha) 485.1 
Soirce. Khor, Khan University. 1986 'USS ha. 

http:1.297.00
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Constraints 

)iseases. lack of good varieties and poor mtaaligem lt a-rc [Ihe IIa.jo r production ConstraJints 
for pepper. Incidence of virus diseases is high. Four viruses have been reported: cucumber mosaic 
vir'us. tobacco mosaic virus, chili veinal Mottle virti.s and inthird which resemblcs pepper mottle 
virus (Su.tabultr el al. 1985; AVRDC. 1987). Besides viruL.S disa.e, leal'spot (CerT.ONIsOr sp.) 
and anti lilac nose Wm are \er\ se r ions (ir pepper (\Wannagee and ha.srikul.(CO)ll",'tri 'JAiC'i 
1977; Jutsakul and Taunlt'panich. 1979). 

Tomato 

Production 

The lotal harsested arca o t0matt oCCuLpied 8.277 ha in 1985, producing it total of 93,986
tFiure 4) (Table 7). This ismade ll maiii of procCssing tomato.tusing imported seed ('Tahie
8). The trend o production ha, been incrcasing in recent years. The main production areas 
(I tololto are ill the lortheiast aid northern rcigioli (Fiu.,re 3). There are t\\o types of tom1ato 
crow\vn: th1oSe fl ruit and those bl'r F1 h\ rid secd prodtlCion. IIplorl, o" tiollfo prodlctS ha\ C 
declinCd and e\port-Iot or increased sil.'c 1983 ([ahle 9). ThLI decline(rsIro/tn fruit ha, 
inllpoled prOLdlICtN is CatISlM b\ illcre;asling prod licuion tltt01 loIt inl the coLtlr\ . Toto11t paste 
i,, ihe main imlpOr't prodUct. Thliiand toatoll a. ilas heCl inIpro\ ,L i quahlit recenitl\ so 
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o--o Yield 
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Figure 4. Total prcduction and yield of tomato in Thailard. 1977-1985. 

Table 7. Total harvested area ot tomato, 1981-85. 

Harvested area (ha)
Crop

1981 1982 1983 1984 1985
 
rornato 9.240 8.465
8,110 7,906 8,277 

-,orce Ministry of Agriculture 1985 
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Table 8. Import of tomato seeds into Thailand (1983-85). 

1983 1984 

Crop
 

Quantity' Value y Quantity Value Quantity ValuC 
Tomato 1.2 34.12 2.53 71 49 .01 40.1 

'Quantity: ton. YValue: US $1.000. 

Table 9. Export and import of fresh and processed tomato (1983-85). 

1983 1984 1985 

Quantity' Valuc' Quantity Value Quantity Value 

Export 

Fresh or frozen 1.360 307.7 2.123 477.8 3.270 618.3 
Sauce. ketchp 41 47.7 68 82.4 47 47.9 
Import 
riainly paste 460 329.4 18 14.4 17 15.2 

'Quantity ton YVa!je US $1,000 

that tileIocal paste canii be used instead 0f the iuNported paste . Fre.ih tomato fruit,. have been 
eXported Ito Sillgapore'C. l-aree amotnts of freshiLfruits are hi%-prodacts for processing plants. 

Economic Analysis of Income 

Tonlato k all illpol .t.:! for Solia north and 101llheast.sOuI'C Of CIsh illcotme1 frmers in tile 
Farmers in the north can earn U)S $259.6 ha of profit fro'll padd land omato Tahle 1() 
(\W\ivutvonlvana et zl. 1987). Both fresh fruit production and seed pNlrtoduction are very pood 
sources of' income for farlilers. The northeast is the onlk region for F1 twbrid seed I rodCtu'lt m 
and farmers can earn a iross income of U)S S6,000-10 .9{0)ha. 

Varietal Improvement 

Several tomato %arietics have beeCn relesCd bsb o\ rnment institute+,. The %ariel\ Sida. 
which is a ver\ 1po[pular \.iltto Thal conillilers. has been de'vClopeCd b\ K:isetsart University 
and tile Departmeln of Agriculture I\Vis'usvts ara et al. 1982).Atel'r long cooperation with 
tile cloplent Center, two outstanding heat-tolerant varietiesAsian V'egce!,ble Rescarch and De 
have been rcu.ased. nanmer SVRI)C 4 developed h\ Khon Khan Universit\. and 1. 22 dev'ClopCd 
b\ Chiane .Mait 'i\ersit\ (',. vot zia c Both \aritics haill al.198-21). e been accepted h 
farmers in nails parts of the contIr\ . The arieties arc detcrninat \\ith \er\ small fruit, 
(appro\iniatCI.\ 0) e fruit). Their gro\int perioed is about four 111O1ths. In tNo0 rain\ season 
experimncnts, the \allet\ 1. 22 .iclded I2.3 imd 17.9 t Ih.and tue \ariel\ SVRDC 4 I .5 and 
20.2 tha. commpared to 5.4 and 3 ha of tilesta, lard \ artsi\ VI 134-1-2 (1.um .on1 adl 
Wi\ Lit\(11n\llia. 1984). 

About 801\ari'tivs of ilrocessine tomlato lasc been introduced and their ilorticu.ttlral 
charact,'ristics were rccL Ied bs I descri pit ( lI+PG R . 1981). I:ort',-I0Fi3'GI mrs r \ariCit s ert. 
Cealuated ill \\inter 1985 (\Visuitonevana ecal. I 87.I The\ \'ere compared \\ith the currentlk 
ar osn sarieties such as VF 134-I1-2 anti P52 and Pelo 94. The \iehd of most imtrduced varieCtis. 
aind po~stharsest and proce:+sing tlualitic. ssee similar to tIle ctlrrentl\ grlo\. '.arietiCe. The 
most promising \aricties are Farmers 219, Lima VF. CI. 1591-5-1)--1. I-typeel 235. Aranon 
1l1. UC 82 VF. Poto 95. and Earlspeci i448. 
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Table 10. Production costs and profit of paddy land tomato in Northern Thailand. 

Cost Cash Non-cash Total 

Variable cost 

Labor 100 267.5 367.5
 
Field supply 310 24.4 334.4
 
Opportunity cost - 18.8 18.8
 
Total 410 310.7 720.7
 

Fixed cost 

Land - 494 49.4
 
Dcpreciation cost 13.1 13.1
 
Total fixed cost - 62.5 62.5
 
Total cost of prod. 410 373.2 783.2
 

Yield (kgc.ha) 24.225 
Total income (US$ ha) 1,042.8 
Profit (US$ ha) 259.6 

Management 

There are two types of cropping systelis for tomato: one for hili land and one for paddy 
I1end tomato. Highland tomato is grown in dhe lililand, and upland s in the rai nV season, starting 
from March to Noseni her. Fariners get almost twice ;. nU-h fruit yie ld from1highland to1mato 
compared to paddy laind tornattW. PaddV arid tonato is urtwn after rice inirrigat'd paddy fields. 
froin Noveinher to April. In general. plants are neither iulehed nor staked on ilepaddy land. 
whereas highland tomato is staked. though not mulched. Most 1tnnCrs produce fruit fbr the 
fresh market and for processing at tilesi e time. Lare fruits are seiected for tilefresh market. 
the remaitn;.ig fruit is taken to the processing plants 

Cost of Production 

Economic anlses of cost Of productiOnl and rturn oi processing iolattr in \winter werc 
studied (W'iVtlttVolivala et al . 19,7). Produc:tion cost:i of tomato in farmers' fields were 3.257 
baht/rai (US S79k3,'ha) and at the Experiment Station 4,022 bahit/rai (US $967/ha). Tihe net 
income was 2.610( haht rai (US S627 ha) ii foarmers" fields and 2.962 baht/ rai (USS 712/ha) 
at the Experiment Station. 

Major Production and Marketing Constraints 

One of' the ma tior constraints of tomntato prtiduc.lion is tile inadequate perormarce of' tile 
present cultivars. They are nu t well adapted to high temperatures and are susceptible to bacterial 
wilt. toniato yellow leaf curl virus 1d late bliht, which aie serious diseases inl Th,,id. Potor 
crop managernient. particularly of procks+sinu totnlalo. isanother constraint. Niariaenient is not 
a pr ihleii for toirato sedcpr dutcitin, hecause iniensie cx tellsitol progranis have hetrin ciloiiducted 
by the private seed colpanic I. All processing tolltao varieties presentl\ L_7rowIMnin Thailand are 
ir,trodneed frotn tile United StaCS arid ILurt pe. Yield and quality arc poor. not only hca.tuse 
they are unadapted hutltalso becaluse of poor ninllaellierl. Tollato paste Iroiil local conpares 

.cannt he produced tip 0 worMld ttrliard heca..use oi poor 'ol low viScosity and lalrT ntll1mbers 
Of insect l'agnients. Weed control. fertility itanageriterit aid imprtvenent of field managemient 
and processing facilities should illlit quality One weak point may he the\C tile o1 th1e paste. 
existing hot-break s,,,tet n tihe processing lines of local paste Iluaetories, which may he st poor 
that tle viscosi tvtf IlC paste is lower 11]an with a3cIiiod hol-hreak s'stci. 'The iack of pro titn 
on uses of tl;11110o id lack of postharvest tech nolny are other itnportant constraints. 

http:remaitn;.ig
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Research and Development 

Breeding programs have been initiated to improve heat tolerance, and resistance to bacterial 
wilt and late bliight (Wivutvon'ana el A. 1987). High yield and good processing quality are 
other major breeding ob.jectives. Fi hybrid production, single seed descent, and modilied 
recurrent selection metlhods are used in these programs. 

Researchers from tile \rsities. [)epartme nt of Agricu lturc. Departient of AgriculLreLin 
[Extension. Agrictittil CO,?c.UeS. and ,otue viMVate cotmpanies are involvcd in VariOIs tspcctS 
o1 tollato reseat¢,ch. [he hax e o.anli/eCd into a national working grot., the Tomato National 
Comtmiittee. I hc main rclcrch tarects are breedinlufor heat tolerance. discas,' resistance atainst 
bacterial %ilt lld late hlliht. tthCitilroduclion aid C\ aluaion of ie\% \aricties. antt tle improvement
 
of crop imallactnlent.
 

Researcher,, at Chiane Mai Uni\ersit\ hax'e hici \wrking otilt ;'pcts
vaio, o1" toato 
iiprovement sich a, idCilliflcationo toa' aLid tiwarketin cmnstraints. arietalllilor produktlioil 

introduction aind Cvalutilion. breeding aild selctlion. crop ilttielilt, 
 ttainine aid extens;iol
 
(\ViiutvontLvana et al.1987i.
 

Future Prospects of Tomato and Pepper 

The fut ure prospeets of both pe pper and ttunato ar x e rN good. Ilot pepper is in deinand
 
for local markets. Alt1ough the local detiand fOr totio and totiato products is not so high,

the export potential of totIato producLt, is better than that ol pepper. Tolnwto F, hyblrid SCeed 
production is a boinine business which gi\ es higher returnit flirlnrs than fresh frttuit produCtiion.
 
Inprovetient of toilato varietICs and CtulturaI prac tices is expected to provres.,, "I.te[rthan pepper
 
becaust of ieconton ic prospect, and exteny,i\e prior research. 
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Symposium Discussion 
N.S. Talekar: Is the labor used in pepper production family labor or hired from.outside? If
 
it is family labor the crop should be quite profitable.
 
rMl,WiVutvongvana: Mostly, the labor used in pepper production iseither timily or exchange

labor. Hired labor is used only during transplanting and harvesting periods, but farmers usually.
 

.	 avoid it. Yes, the crop is quite profitable because the major production input is labor. 
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Black leafmold 87 (see also Cercospoia Brunei, tomato imports 554 

fuligena) Buckeye rot 'see Phytophthora parasitica) 
Bornbus sp. 28 Burkina Faso, processing tomato 
Botryodiplodia palmarum 38 improvement 63 
Botrytis cinerea 

biological control Cabbage looper (see Trichoplusia ni)

amino oxyacetic acid 271 Calcium translocatijn 270
 
ethylene inhibitors 268, 270-271 Callus culture, pepper 9
 
film-forming polymets 268-270 Cambodia
 
fungal antagonists 268-269 climatic data 405
 
silver thiosulfate 271 production zones 407
 
Trichoderma spp. 268-269, 274 soils 407
 

chemical control 269 tomato
 
culture medium 269 cultural management p,,ctices

fungicide resistance 270 413-414
 
host predisposition 270 leafcurl
 
Korea 500 control 413-414
 
necrotic reaction 270 diseasc 405
 

Brassica spp. 36 local germplasm collection 414 
Brazil production constraints 405 

climatic data 397, 399 Candida tropicalis 38 
pepper Cape Verde Islands, AVRDC tomato 

breeding 56, 60-62 releases 18 
Capsicum chinense 55-62 Capsaicinoids 51
 
cultivars 402 Cap3aicin
 
diseases 55 anthracnose resistance 188
 
flavoring peppers 55 bacterial spot resistance 188 
marketing 403 screening for 96, 462, 503 
ornamental pepper 55 synthesis, in Capsicum chinense 60 
perennial peppers 55 Capsella bursa pastoris 254 
production Capsicum spp.

constraints 403 acceptance 4 
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autogamy 28 

AVRDC (see Asian Vegetable Research 


and Development Center, pepper) 

bird pepper (see also Capsicum 


annuum, types, Piquin) 

Mexico 521, 5' 7, 530, 566 

pungency 566-568 

resistance to PI-ytophthoia capsici 521 

Thailand 566-568 


breeding (see Genetic improvement, 

Capsicum spp.) 


cayenne pepper 109, 194, 197 (see 

also Capsicum annuum, types) 


characteristics 3 

chromosomal interchange 5 

chromosome 5 

cleistogamy 91, 96 

constraints 


Australia 393 

Brazii 403 

China 416, 419 

Ethiopia 442, 445-447 

identification 86 

India 452, 462-463 

Indonesia 472, 476-478 

Japan 485 

Korea 490, 495-496 

Liberia 504-505 

Malaysia 508, 515 

Mexico 531-532 

Nigeria 545 

Philippines 557-558 

Thailand 571 


consumption 

Brazil 402-403 

Ethiopia 442-444 

Indonesia A77 

Korea 490 

Malaysia 514 

Mexico 522, 530 

Nigeria 539, 543 


cropping systems 

Australia 392 

Brazil 402 

China 419 

Ethiopia 444 

India 464 

Indonesia 478 

Japan 480 

Korea 492 

Malaysia 514 

Nigeria 543-544 

Philippines 556 

Thailand 566, 568 


cross pollination, natural 28-29 

cultivars 

Australia 393 

Brazil 402 


China 419
 
Ethiopia 445-446
 
India 452, 461, 464, 466
 
Indonesia 476
 
Korea 494
 
Malaysia 514-515
 
Mexico 529-530
 
Nige'ia 544
 
Philippines 557-558
 
Thailand 569
 

cultivation practices
 
Australia 392
 
Brazil 402-403
 
China 419
 
Ethiopia 447
 
high bed cultivation 476
 
India 459-460, 464, 466
 
Indonesia 476
 
intercropping 478, 514
 
Japan 485
 
Korea 490, 492-494
 
Liberia 505
 
Malaysia 515
 
Mexico 528
 
monocropping 495
 
Nigeria 543-545
 
Philippines 556
 
plastic roofing 478
 
protected culture 416
 
protected facilities 480
 
Taiwan 423
 
Thailand 568
 

dehydration methods 528
 
diseases (see Bacteria: Fungi; Viruses)
 
dispersal 5
 
domesticated species 3-5, 36
 
domestication 3-5
 
drought stress 90
 
ecological adaptation 9
 
economic potential 4
 
embryo culture 9, 28, 32, 34
 
flower abscission
 

drought stress 90
 
prevention 478
 

foreign trade
 
Australia 393
 
Ethiopia 443, 445
 
India 452, 460, 471
 
Japan 480
 
Korea 495
 
Malaysia 515
 
Mexico 525-527, 544
 
Philippines 557
 
Taiwan 429
 
Thailand 569
 

fruit drop
 
drought stress 90
 
prevention 478
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gene transfer 7 

genetic diversity 9 

genetic improvement (see Genetic 

improvement, Capsicum spp.) 


genetic impurity 86, 91 

genetic manipulation 7 

germplasm collection (see Genetic 


resources, Capsicum spp., collection)

highland pepper 4 

human selection 9 

interspecifi barriers 7 

interspecitic crosses 6 

interspecific gene transfer 6 

interspecific hybridization 7 

introduction, Africa, Asia, Europe, Old 


World 3 

isozyme coding genes 6 

isozymes 7, 29 

landraces 13 

Liberia, local cultivars 505 

linkage, undesirable 7 

marketing 


Australia 393 

Brazil 403 

Ethiopia 4A4-445, 447 

India 4.64 

Indonesia 4 '3 

Korea 493 

Malaysia 516-517 

Mexico 529-531 

Nigeria 544-545 

Philippines 557-558 

Taiwan 429 


monocropping problems 495 

nomenclature 7 

nutrient deficiencies 516 

nutritional requirements 517 

origin 3 

outcrossing 15 

phytotoxic substances, from 


residues 495 

oollination 28 

processing 


Ethiopia 444-445 

India 464 

Korea 495 

Malaysia 515 

Mexico 527 

Nigeria 539, 544 

Philippines 557 

Thailand 569 


.roduction cost 

Ethiopia 442, 447-448 

Indonesia 457 

Malaysia 514 

Thaiiand 570 


:iroduction statistics 

Australia 392 


Brazil 402
 
China 419
 
Ethiopia 442-445
 
India 459-460
 
Indonesia 473, 475-476
 
Japan 480, 485
 
Korea 490-491
 
Liberia 505
 
Malaysia 513-514
 
Mexico 525-526
 
Nigeria 543
 
Philippines 556
 
Taiwan 423
 
Thailand 566-567
 

protoplast fusion 9
 
pungency (see Pungency, pepper)
 
research and development
 

Australia 394
 
AVRDC (see Asian Vegetable Research
 

and Development Center)
 
Ethiopia 447
 
India 464-466
 
Japan 486
 
Korea 490, 496
 
Liberia 505
 
Malaysia 516-517
 
Mexico 535
 
Nigeria 545
 
Philippines 558
 

seed
 
abnormalities 9, 30, 33, 41
 
ageing 35
 
AVRDC 14
 
breakdown 6
 
certified seed 28, 39
 
color 28-29
 
dark seeds 9
 
drying 15
 
emergence 31
 
extraction 15, 471
 
genetic integrity 14
 
germination
 

mean germination time 31-32
 
pregermination treatments 28,
 
35-36
 

rate 14
 
tests 30
 
temperature 31-32
 
uniformity 31-32
 

mineral absorption 33
 
moisture 34-35
 
morphology 29
 
multiplication 14-15, 28
 
osmopriming 28, 35
 
postharvest ripening 30
 
production
 

general 9, 28-42
 
India 452, 446
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Indonesia 476-47,' 
Liberia 505 


quality 30 

regeneration 15 

seed-borne diseases 38 

shape 28 

sources, general 91 

storage 14, 28, 34-37, 40 

supply 


Malaysia 514 

Nigeria 544 

Philippines 557 

Thailand 569 


tetrazolium test 30 

treatments 15, 463 

trisodium phosphate ireatment 256, 

259 


variability 6, 28-29, 37 

viability 14, 34-35 

vigor test 31 


somatic hybrids 9 

spice type 3 

taxonomic complexity 36 

taxonomy 9 

utilization 

Brazil 403 

Ethiopia 445, 464 

Indonesia 477 

Mexico 522 

Nigeria 543-544 

Philippines 557 

Taiwan 423 


wild species 36, 418 

C.annuum (see also Capsicum spp.) 


anther culture 45-47 

biochemical traits, screening for 471 

capsaicinoids 51 

capsaicin (see Capsaicin) 

cayenne pepper (see Capsicum annuum 


types, cayenne) 

chromosome mapping 5 

;hromosome races 5 


Cili Padi 514 

collection (see Genetic r, sources, 


Capsicum spp., collection) 

cultivation practices 


fertilization 

nitrogen management 365-374 

nitrogen requirement 366 

nitrogen use efficiency 369 

nutrient uptake 367, 369-371 


irrigation 

effect on yield 368 

evapotranspiration 365, 371-372 

frequency 365, 368, 371 

furrow 365-367 

management 365-374 

practices 90 


water use efficiency 386
 
mulching 386, 392 (see also
 

Mulching)
 
shading 345-348
 

cytoplasmic male sterility 93
 
dispersal 5
 
diversity, genetic 5, 9
 
domestication 3, 5
 
doubled haploids 48
 
evapotransporation (see Capsicum
 

annuum, cultivation practices,
 
irrigation)
 

flower abscission
 
causes 150, 152, 154, 157
 
control 157
 
effect of ethylene on 150
 
mechanism 154
 
resistance to 157
 

flower characteristics 3-4
 
fruit abscission
 

causes 150, 152, 160
 
control 157, 164
 
mechanism 154
 
prevention 161, 164
 
resistance screening 158, 161
 
resistance to 150, 161
 
role of ACC 156
 

fruit characteristics 3
 
fruit characters, importance 92
 
fruit deformation 488
 
fruit set
 

conditions 164
 
effect of diseases on 153
 
effect of insects on 154
 
environmental influences on 152
 
varietal differences 150
 

fruit uniformity 93
 
fruit wall thickness 92
 
haploids 45-46
 
interspecific gene transfer 7
 
introduction, Africa, Asia, Europe, Old
 

World 4
 
isozyme coding genes 5
 
male sterility 490
 
mutants, yellow fruited 47
 
nitrogen requirement 366
 
nomenclature 7
 
nutrient uptake 367, 369-371
 
origin 3
 
ornamental type 3
 
outcrossing 52
 
pigments, leaf 348
 
Piquin pepper (see Capsicum annuum,
 

types, Piquin) 
pollination
 

artificial 488-489
 
insect 28-29
 

processing 
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dehydrating methods 528 

oleoresin production 445 


purple leaved cultivars 3 

soil moisture requirement 365-366, 371 

somaclonal variants 7 

spice type 3 

tissue culture 44-50 

types 


Anaheim 527, 530 

Ancho 523, 525-527, 529-530 

bell 526, 529 

bird 566-568 (see also Capsicum 


spp, bird pepper; Piquin) 

Caloro 526-527, 529-530 

Caribe 527 

Cascabel 527 

cayenne 476, 514, 527 

cherry 527 

Chilaca 526-527, 529-530 

Chipotle 526-527, 529-530 

Cili Padi 514 

Cubanelle 527, 530 

DeArbol 526-527, 529-530 

Fresno 527, 530 

Guajillo 526-527, 529 

Guerito 527 

Habanero 529-530 

Hungarian 527, 530 

Jalapehio 523. 525-527, 529-530 

Manzano 530 

Mirasol 527 

Mulato 523, 529-530 

Negro 527 

Pasilla 523, 525-527, 529-530 

Peron 526, 529 

Piquin 521, 527, 530, 566 

Poblano 526-527, 529-530 

Pola 527 

Puya 527 

Seco 527 

Serrano 523, 525-527, 529-530 


uti zation 

leafy vegetable 560 

medicinal 418, 522, 543 

oleoresin 445 


variability 5 

virus resistance 51 (see also individual 

viruses) 


wild types 5, 521 

yield improvement 


by irrigation 368, 371, 373 

by N fertilization 369, 371, 374, 


378-380 

yield loss 463 

yield, maximum 365 

annuum var. aviculare 513 

annuum var. glabriusculum 522 

baccatum 


as spice 4
 
AVRDC 10, 12, 14
 
Bolivia 4
 
Brazil 4, 402
 
characteristics 4
 
chromosome race 5
 
domesticated species 3
 
flowers 4
 
interspecific gene transfer 

interspecific variation 4
 
introduction, Africa, Asia, Europe 

pericarp 4
 
pungency 4
 
resistance to
 

cucumber mosaic virus 486
 
spidermites 403
 
viruses 6
 

C. cardenasii, AVRDC 10, 12, 14
 
C. chacoense 

AVRDC 10, 12, 14
 
interspecific gene transfer 6
 
resistance to
 

tcbacco mosaic virus 6
 
viruses 6
 
Xanthomonas campestris pv.
 

vesicatoria 221
 
C. chinense 

Amazonia 4, 9
 
Andean region 4
 
as ornamental pepper 55
 
as perennial 55, 60, 62
 
AVRDC 10, 12, 14
 
Brazil 4, 9, 55-62, 402
 
breeding program, use in 56-57, 60-62
 
capsaicin synthesis 10
 
Caribbean 4
 
center of origin 55
 
commercial production 58
 
consumers acceptance 55, 58
 
domesticated species 3-4, 55-56
 
evaluation 55
 
flavoring pepper 55
 
flowers 4
 
for humid tropics 55-60
 
fruit 55-57
 
fruit quality 58
 
fruiting potential 56
 
gene transfer source 55
 
genetic diversity 9
 
hairline constriction 4
 
home garden production 58
 
interspecific gene transfer 6
 
large-fruited types 4
 
Mexico 530
 
morphology 4
 
pericarp 55, 57-58
 
production cost, Brazil 55, 58
 
pungency 4, 96
 

4 
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resistance to C. praetermissum
 
Colletotrichum gloeosporioides 58 AVRDC 10, 12, 14
 
Erwinia carotovora 58 Brazil 402
 
flower abscission 157 C. pubescens 
Phytophthora capsici 58 abscission, resistance to 157 
potato virus Y 57-58, 62 Andean region 4 
Sclerotium wilt 58 AVRDC 10, 12, 14 
tobacco mosaic virus 486 characterization 4 
tomato spotted wilt virus 58 corolla 4
 
Xanthomonas campestris pv. fruitset 4
 
vesicatoria interspecific gene transfer 6
 

shade reaction 57 lowland tropics 4
 
stress reaction 57 Mexico 530
 
sweet pepper substitution 55 Middle America 4
 
thick-walled types 4 pericarp 4
 

C. eximium 10, 12, 14 pungency 4 
C. frutescens seeds 4, 9 

AVRDC 10, 12, 14 CATIE (see Centro Agron6mico Tropical de 
bird pepper 566 Investigaci6n y Ensenahza) 
Brazil 402 Celosia trigyna 446
 
Caribbean 3 Centro Agron6mico Tropical de
 
characteristics 4 Investigaci6n y Ensenahza (CATIE)
 
Costa Rica 4 germplasm collection 12
 
cultivation 3 global base collection 3
 
domesticated species 3-4 preservation guidelines 36
 
flower 4 Cercospora capsici
 
flowei abscission, resistance to 157 Malaysia 516
 
fruit 4 Philippines 557
 
introduction to seed 38
 

Asian tropics 4 C. fuligena
 
Old World 3 AVRDC tomato improvement
 
Papua New Guinea 3 program 82
 
West Africa 4 Malaysia 512
 

large-fruited types 3 Cercospora leafmold (see Cercospora 
Latin America 3 fuligena) 
Mexico 521-522 Cercospoia leafspot 87, 571 (see also 
Middle America 3 Cercospora capsici) 
morphology 4 Chapeu de frade 4, 402 
Nigeria 543 Chili veinal mottle virus 
nomenclature 7 AVRDC improvement program 94 
Panama 4 importance 88 
pericarp 4 Malaysia 516 
Tabasco pepper 3 resistant germplasm 516 
Thailand 568, 568 Taiwan 425 
weed 3 Thailand 571
 
wild populations 521 tropics 86
 
wild types 3, 4 Chimera 46
 

C. galapagoense, AVRDC 10, 12, 14 China 
Capsicum Genetics Cooperative International collaboration 486 
Capsicum repository 51, 53 pepper 

establishment 51 breeding 416
 
New Mexico, USA 51 cultivars 420
 
research 53 diseases 419-420
 

Capsicum microcarpum, AVRDC 10, 12, export 515, 520 
14 production constraints 416, 419-420 

Capsicum mosaic virus 256 research institutes 421 
Capsicum newsletter 53 tomato 
Capsicum nigrum, taxonomy 7 breeding 416 
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cultivars 419 

cultivation seasons 418 

processing tomato 417 

production 


constraints 416, 418 

statistics 417 


research institutes 421 

Choanephora blight on pepper 87 

Choanephora cucurbitarum on pepper, 


Malaysia 516 

4-chloro-2-hydroxymethyl phenoxy acetic 


acid (CHPA) 359-363 

4-chlorophenoxyacetic acid (CPA) 133-


144, 147, 175 

CHPA (see 4-chloro-2-hydroxymethyl 


phenoxy acetic acid) 

Chromosome linkage, Capsicum 5 

Chromosome mapping, Capsicum 5 

Chromosome races, Capsicum 5 

Chrysonotomya punctiventris 279 

Cladosporium fulvum (see Fulvia fulva) 

C. solani 38 

Cloxyfonac 175 

Colletotrichum spp. 

cross inoculation studies 192, 196 

nomenclature 187-188, 190 

pepper 


chemical control 189, 191-192, 

194-195 


China 416, 418 

disease development 197 

host specificity 198 

importance 87, 89, 189 

India 452, 463 

Indonesia 477 

inoculum source 191 

Korea 184-188 

Malaysia 516 

Nigeria 545 

pathogenicity 191 

Philippines 557 

resistance screening 98 

resistance sources 96 

symptoms 190 

Taiwan 89 

USA 189-199 

virulence 191, 198 

yield loss 189, 191, 463 


species 189 

C. acutatum 187-189 

C atramentarium 190 

C. capsici 

pepper 

anthracnose, cause of 189 

crop debris 197 

Malaysi 1 508, 516 

nomenclature 187-188 

Philippines 557 


pods 193-194
 
seed 38, 191
 
Taiwan 95
 
Thailand 571
 
USA 189
 
weeds 197
 

tomato, Malaysia 512
 
C. coccodes 

anthracnose, cause of 189
 
control 189
 
Liberia 505
 
resistance screening 188
 
USA 189
 

C. dematium 184-188
 
C. gloeosporioides 

anthracnose, cause of 189
 
control 189
 
damage 184-185, 188
 
inoculation method 189
 
Korea 80 184-185, 188, 496
 
nomenclature 187
 
on debris 197
 
on pods 193-194, 197
 
on weeds 197
 
predisposing factors 188
 
resistance screening 185-186, 189
 
seed 191
 
spore shape 187
 
strain G 184-185
 
strain R 184
 
strains 89, 184-185
 
Taiwan 95
 
USA 189
 

C. graminicola 190
 
C. nigrum 190
 
C. piperatun) 

inoculum source 191
 
pepper seed 38, 191
 

Colorado potato beetle (see Leptinotarsa
 
decemlineata)
 

Commefina benghalensis 446
 
Commonwealth Scientific and Industrial
 

Research Organization (CSIRO) 391,
 
395
 

Congo
 
AVRDC tomato releases 18
 
processing tomato 63
 

Cook Islands, AVRDC tomato
 
releases 11, 18
 

Corky root (see Pyrenochaeta lycopersici)
 
Corynebacterium michiganense pv.
 

michiganense 
Brazil 401
 
Japan 480, 482
 
resistance in Lycopersicon pennellii
 

483
 
Corn earworm 418 (see also Heliothis
 

spp.)
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CPA (see 4-chlorophenoxyacetic acid) fungi associated with 454
 
Crop improvement (see Genetic India 452
 

improvement) losses 454
 
Crop losses 309 Philippines 554
 
Crop productivity 309 Datura rhabdovirus, Australia 250
 
Cross protection, virus control 478 Datura stramonium 254, 446
 
CSIRO (see Commonwealth Scientific and Diabrotica spp. 292
 

Industrial Research Organization) D. speciosa 403
 
Cucumber mosaic virus Diaporthe capsici 38
 

pepper D. phaseolorum 38 
Australia 249-250, 252 Digiyphus intermedius 279 
AVRDC improver-ient program 94 Dihydrozeatin riboside 138-140, 
China 416. 4113 143-144 
effect on poller 154 DNA hybridization 260 
host range 254 DNA probe 260 
importance 88-89 Drechsleraspp. 38 
India 452 diHZR (see dihydrozeatin riboside) 
Korea 496 Early blight (see Alternaria solani) 
Malaysia 516 Egypt 
resistant germplasm 462, 486 pepper 
seed 38 production statistics 345 
symptoms 252 shading effect 345-347 
Taiwan 425 vegetables
 
tropics 86 production statistics 345
 

tomatc Eleusine indica 446
 
Australia 250, 252 ELISA, detection of
 
CARNA-5 5, 258 geminiviruses 263
 
China 416, 418 pepper viruses 89
 
hairy tomato studies 76-77 potato vrus Y 252-253
 
host range 254 Embryoculture 28. 32, 34
 
Japan 480, 482 Endovum puttleri 285
 
Korea 500 Erwina caroto,,ora, pepper

Malaysia 512 Brazil 55
 
necrotic symptoms 258 China 416, 420
 
satellite RNA 258 importance 87
 
symptoms 76, 252, 258 Taiwan 89
 
Taiwan 428 Ethepon 150, 159-160
 
weed hosts 254 Ethiopia 

Cucurbita spp. 36 agroclimatic data 442, 443 
Curly top virus pepper 

pepper, Brazil 403 consumption 442 
tomato cropping systems A44
 

Mexico 532 cultivars 045-446
 
sources of resistance 483 cultural systems 444
 

Curvularia spp. 38 disease control 447 
Cutworm (see Agrotis ipsilon) diseases 446 
Cutworm, variegated (see Peridroma foreign trade 443, 445 

saucia) marketing 444 
Cyperus spp. 446 oleoresin production 445 

processing 444 
Dacus dorsalis 508, 512, 516 production 
Damping off (see also Phythium sp.: constraints 442 
Phytophthora spp.; Rhizoctonia solani) cost 442 
peppers research and development 447-44. 

importance 87, 89 weeds 441 
India 452 tomato 

tomato cultivation practices 449
 
control 454, 554 processing 449
 



SlIlli 

production 

constraints 449 

cost 449 

statistics 448-449 


research and development 449-450 

Ethiopian mottle virus 446 

Ethylene 


pepper 

artificial rippening 528 

effect on flower production 150 

in bacterial spot infection 154 

in stressed buds 159 
,ole in bud abscission 156 


precursor 156, 349, 355-3bb 

tomato, artificial ripening 531 


Ethylene inhibitors 

amino oxyacetic acid (AOA) 270 

control of Botrytis cinerea 268, 270 

L-methionine 270 

silver thiosulfate (STS) 270 


EUCARPIA (see European Association 

for Research on Plant Breeding) 


European Association for Research on 

Plant Breeding (EUCARPIA) 87 


FAO (see Food and Agriculture 
Organization) 

Fiji, AVRDC tomato releases 18-19 
Film-forming polymers 268-269 
Flea beetles 284-285 
Folicote 269 
Food and Agriculture Organization (FAO) 

505-506 
Founder effect 5 
Fruit rot 

China, tomato 418 

resistant germplasm, tomato 24 


Fruitborer (see also Heliothis spp.) 
Malaysia 512 
resistant germplasm 24 
threshold level 278 
trap crop 447 

Fruitfly (see also Dacus dorsalis) 
control 393 
quarantine restrictions. Australia 390 

Fruitworm (see Fruitborer: Heliothis spp.: 
Hehothis armigera; Heliothis zea) 

Fulvia fulva 
importance on tropical tomato 70 

Japan 480, 482-483, 500 

Korea 500 

Nigeria 541 

Philippines 551, 555 

resistance 483, 551 

resistant germplasm 17 

Taiwan 70, 428, 433 


tLungal antagonists 268-269 
Fungi (see individual species or disease 

Inidex 595 

Altemara alternata; A. capsici-annui: A. 
solani; Botryodiplodia palmarum; Botrytis 
cinerea; black leafmold; Candida 
tropicalis; Cercospora capsici; 
C. fuligena; Cercospora leafspot;
 
Choanephora blight; Choanephora
 
cucurbitarum; Cladosporium fulvum;
 
C. solani; Colletotrichurn spp.: 
C. acutatum: C. atramentarium; 
C. capsici: C. coccodes; C. dematium: 
C. gloeosporioides; C. graminicola; 
C. nigrum: C. piperatum; Curvularia spp.; 
damping off; Diaporthe capsici; 
D. phaseolorum: Drechslera spp.: fruit 
rot: Fulvia fulva: Fusarium sp.; F. 
equisett; F. oxysporum; F. oxysporun f. 
sp. lycopersici; F. semitectum; F. solani; 
Geotrichum candidum; Gibberella 
fujikuroi; Gloeosporum piperatum: 
Helminthosporium spp.: late blight:
 
Leveillula laurica; Macrophomina
 
phaseolina: Myrothecium roridum:
 
M. verrucaria; Nigrospora oryzae;
 
Oidiopsis taurica; Phaeoramularia
 
capsicicola; Phorna destructiva;
 
Phytophthora spp.: P. capsici; 
P. infestans; P. parasitica; Pichia 
membranefaciens; powdery mildew; 
Pyrenochaeta lycopersici; Pythium
 
sp.: P. ultimurn; Rhizoctoma solani;
 
Rhizopus stolonifer: Sclerotinia
 
sclerotiorum; Sclerotiurn rolfsih;
 
Septoria apiicola: S. lycopersici;
 
Stemphylium spp.: S. solani:
 
Verticillium spp.; V. albo-atrum:
 
V. dahliae) 

; ungicides
 
Benlate (see Fungicides, benomyl)
 
benornyl
 

control of
 
Cercospora fuligena 513
 
Fusarium wilt 428
 

fungi, tomato, Nigeria 539
 
resistance to 199
 

benzimidazoles, control of Botrytis 
cinerea 270 

Bravo (see Fungicides, chlorothalonil) 
captafol 

control of 
Alternaria solani 356 
late blight 449 
Phytophthora capsici 304-305 
Septoria spp. 449 

on tomato, Nigeria 539 
captan
 

control of damping off 454-554
 
effect on VA mycorrhizae 305
 

carbendazim, control of 
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Botrytis cinerea 269 

Colletotrichum spp. 463 


Ceresan, control of 

bacterial leafspot 447 

Colletotrichum spp. 463 


chlorothalonil, control of 

anthracnose 189, 191-195 

fungal pathogens 201 

Phytophthora capsici 304-305 


Daconil, control of Phytophthora 

infestans 428 


Denmert, control of powdery 

mildew 447 


dicarboximides, control of Botrytis 

cinerea 270 


diethofencarb (see Fungicides, NPC) 

Difolatan (see Fungicides, captafol) 

Dithane M45 (see Fungicides, 


mancozeb) 
Dithane M47, ccotrol of Phytophthora 
infestans 457 


dithiocarbamate fungicides 191 

etridiazole, control of Pythium sp .
 

303-304 

isopropyl N-(3,4 dioxyphenyl) carbamate, 


control of Botrytis cinerea 269 

Kocide, control of Alternaria solani 428 

Kumulrn, control of powdery mildew 


447 

mancozeb, control of 


Alternaria solani 456, 513 

Colletotrichum spp. 463 

fungi, Nigeria 539 

Phytoplthora parasitica 457 


naneb, control of 

anthracnose 189, 191-192, 


194-195, 197 

tomato leafmold 428 


Manex 4F (see Fungicides, maneb) 

metalaxyl, control of 


Mycorrhiza 304, 306
 
stem blight 447 


Mycorrhiza, effect on 303, 305 

NPC (see Fungicides, isopropyl N-(3,4 


dioxyphenyl) carbamate) 
propamocarb HCI, 

control of 
Aphanomyces spp. 303 

Phytophthora spp. 303 

Pseudoperonospora spp. 303 

Pythium spp. 303 

soil-borne pathogens 306 


effect on mycorrhizal fungi 303, 

305-306 


integrated pest management 303-306 

Ridomli., ;ontrol of 


Phytophthora infestans 428, 449 

Septoria spr 449 


Terrazole, control of Phytophthora
 
capsici 425
 

thiophanate-methyl, control of
 
Phythophthora capsici 304
 
powdery mildew 447
 

Thiram, control of damping off
 
454-455
 

Fungicide sticker 269
 
Fusarium spp.,
 

resi3tant germplasm 16, 23-24,
 
111
 

resistant tomato cultivars 18-20, 25
 
F. equiseti 38
 
F. oxysporum 

pepper seed 38
 
seed treatment 39
 
tomato, Philippines 554
 

F. oxysporum f. sp. lycopersici
 
pepper, Liberia 505
 
tomato
 

Australia 386, 390
 
control 428, 456
 
India 542
 
Japan 480, 482
 
Korea 500, 504
 
Liberia 507
 
Nigeria 541
 
race 1 482, 483
 
race 2 391, 428, 541
 
race 3 386, 391
 
race J3 482-483, 489
 
resistance, genetics of 391
 
resistance sources 483
 
resistant cultivars 397, 427, 456
 
resistant germplasm 391
 
Taiwan 428
 
tomato-bean polycu!ture 296
 
yield loss 386, 391
 

F. semitectum 38
 
F. solani on pepper seed 38
 

GA3 (see Growth regulators, giberellic 
acid)
 

Gabon, AVRDC tomato releases 19
 
Galinsoga parviflora 446
 
Gametoclonal variation 44, 47
 
Geminivirus 253, 260, 265, 562
 
Genetic improvement
 

Capsicijm spp.
 
Australia 386, 394
 
AVRDC 93-95
 
backcross method 52, 95
 
Brazil 55-62
 
bridging crosses 9
 
Capsicum chinense 55, 59
 
China 416, 420
 
early maturity 94
 
Ethiopia 447
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heat tolerance 94, 159 

high dry matter 51 

high pungency 51-52 

high temperature fruit set 466 

high yield 94, 466, 516 

horticultural traits 52 

India 461-466 

Japan 486-487 

Korea 490, 494, 496, 502 

Liberia 506 

Malaysia 515-520 

Mexico 529-532 

New Mexico, USA 51-54 

Nigeria 544-545 

pedigree method 52, 95 

Philippines 557, 558 

processing qualities 52 

recombinants 9 

resistance to 


Cercospora spp. 463 

chili veinal mottle virus 516 

Colletotrichum spp. A63, 465, 496 

cucumber mosaic virus 463, 496, 

558 


diseases, muitiple 51, 94, 256, 

496, 558 


Fulvia fulva 558 

insects 463, 465 

huafcurl virus 463, 465 

Meloidogyne incognita 558 

mites 405, 463 

Oidiopsis taurica 463 

Phyophthora capsici 403, 496 

potato virus Y 256, 394, 403 

Pseudomonas solanacearum 496, 


558 

tobacco mosaic virus 463, 465, 


496, 558 

viruses 516 

viruses, multiple 517 

Xanthomonas campestris pv. 
vesicatoria 226, 228, 403, 496 


Taiwan 430 

Thailand 569, 574 

USA 51-54 


;copersicon esculentum 
Argentina 107-112 

Australia 390 

AVRDC 15, 70-71, 80, 157 

backcross method 70-71 

bacterial canker 401 

bacterial spot 184-188, 200-228 

bacterial wilt 


Australia 390 

Brazil 405 

China 416 

Ethiopia 447 

India 99-106 


Indonesia 473
 
Malaysia 512
 
Martinique 63-69
 
Philippines 552, 555
 
Reunion 229-234
 
Taiwan 428, 430, 438
 
Thailand 574
 

biotechnology 44-50
 
Brazil 113-122, 401, 405
 
China 416
 
combined traits 15
 
disease resistance 70, 99-106,
 

200-228, 419, 432
 
drought tolerance 83, 458, 552
 
firm fruit 63, 81
 
flavor 79
 
flood tolerance 552
 
fruit Lracking 81, 230, 416, 553
 
fruit quality 79-80, 124, 458
 
fruit size 70, 79
 
fruitset 157, 555 (see also
 

Lycopersicon esculentum, fruitset) 
Fusarium wilt
 

Australia 390-391
 
Brazil 401
 

heat tolerance 16, 18-20, 63, 66,
 
71, 83, 85, 430, 432, 438
 

Heiiothis sp. 459
 
India 25, 99-106, 458
 
;rsects 240
 
isogenic lines 79
 
Japan 483
 
Korea 184-188
 
late blight 459, 574
 
leaf mold 555
 
lycopene content 416
 
Martinique 63-69
 
mechanical harvest 430
 
nematodes 459
 
Nigeria 542, 545, 547
 
off-season production 435
 
Philippines 552
 
processing tomato 107-112
 
Pyrenochaeta lycopersici 483
 
resistance to
 

cucumber mosaic virus 416, 483
 
potato virus Y 249, 256
 
tobacco mosaic virus 47, 70, 430,
 
483
 

tomato spotted wilt virus 401
 
Reunion 229-234
 
rootknot nematode
 

Argentina 107-112
 
Brazil 401
 
Indonesia 99-106
 
Taiwan 430
 

salt tolerance 173
 
Scrobipalpula absoluta 113-122
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Septoria leafspot 416, 555 

shelf life, improved 124 

soluble solids 416 

soluble solids, high 47, 63 

somaclonal variation 47 

storage 123-135 

storage quality 475 

strategies, AVRDC 80 

Thailand 572, 574 

tissue culture 44-50 

transportation 24 

tropical adaptation 71 

tropics 70-71, 79, 81 

tropics, lowlano humid 63, 70, 81 

uniform maturity 432 

USA 200.228 

Verticillium wilt 401 

yield 16, 23-24, 435 


Genetic resources 
Capsicum spp. 


characterization 5, 10, 15, 38 

collection 


AVRDC 10, 12-14, 18 

CATIE 37 

France 37 

German Democratic Republic 37 

global base 3, 10, 12-14 

Italy 28, 36 

Mediterranean 37 

Mexico 37, 521, 533 

Netherlands 37 

Thailand 568 

United Kingdom 37 

USA 37, 51 

USSR 37 


conservation 14, 28, 533 

descriptor list 5, 15 

distribution 10, 17 

documentation 10, 17 

duplication 14 

evaluation 


agronomic characters 15 

AVRDC 10, 15, 20 

bacterial wilt resistance 15 

climate, unfavorable 36 

Italy 28 

Mexico 532 

nematode resistance 15 

pest and disease resistance 5, 36 

tobacco mosaic virus resistance 


15 

virus resistance 6 


exploitation 2 

genetic impurity 86, 91 

maintenance 28-39, 465 

management 37 

multiplication 10, 15, 28-S9 

variability 37 


wild species 36
 
Lycopersicon spp.
 

characterization
 
AVRDC 10, 15
 
India 22, 23
 

collection
 
AVRDC 7, 10-12, 14-16, 18, 20
 
base collection 10-11
 
India 22-27, 465
 
Mexico 533
 

conservation
 
AVRDC 10-12, 14-15
 
domesticated species 12
 
landraces 533-534
 
Mexico 533
 
wild species 11-12, 14, 23, 533
 

descriptors 10, 15-16
 
distribution, AVRDC 10, 17-18
 
documentation
 

AVRDC 10, 17
 
India 22-23
 

evaluation
 
agronomic characters 16
 
AVRDC 10, 15-16
 
cold tolerance 16
 
disease resistance 16, 533
 
environmental stress 533
 
flood tolerance 16-17
 
fresh market qualities 16
 
heat tolerance 15-16
 
high yield 16
 
India 22, 465
 
Mexico 533
 

information management system 10
 
multiplication, AVRDC 10, 14-15
 
passport information 12
 
resistance to
 

fruit worm 17
 
Fulvia fulva 16
 
Fusarium wilt 16
 
gray leaf spot 17
 
late blight 16
 
powdery mildew 17
 
Pseudomonas solanacearum 15-11.
 
rootknot nematodes 15-17
 
tobacco mosaic virus 15-17
 

utilization, India 24-25
 
Gene transter, interspecific 3, 6
 
Geotrichum candidum on tomato,
 

Nigeria 541
 
Ghost soot (see Botrytis cinerea)
 
Gibberella fujikuroi 38
 
Gloeosporium piperatum 191 (see also
 

Colletotrichum gloeosporioides) 
Gray leaf spot (see Stemphylium solani) 
Gray mold (see Botrytis cinerea) 
Green peach aphid (see Myzus persicae) 
Greenhouse whitefly (see Trialeurodes 
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vaporariorum) 
Growth regulators 


abscission, role in 150-165 

abscission of reproductive 


structures 150-165 

abscisic acid 


bud abscission, role in 156 

fruit set, effect on 139, 141-142 

pollen germination, effect on 146 

translocation 146, 180 


auxin in embryoculture medium 34 

auxins, synthetic 


CHPA 359-363 

Cloxyfonac 175 

Tomatolane 175 

Tomatotone 175, 181, 498 


auxin-type bioregulators 34, 150, 

174-181 


blossom end rot, effect on 361-362 

4-chloro-2 hydroxymethylphenoxyacetic 


acid 3A9, 355, 358-363
 
4-chlorophenoxyacetic acid 133, 144. 


147, 175, 181 

cytokinin 34, 138 

dihydrozeatin riboside 138, 140, 


143-144 

cmbryo culture medium 34 

extraction 139 

flower retention, role in 156 

gibberellic acid 140, 147, 139, 


143-144 

imbalance 6 

ind:a-3-acetic acid 139, 141, 146 

inhibitors 139-142, 1b3 

NAA 155-156 

Parthenocarpic fruit induction 147, 


181 

peppers 


abscission, reproductive structures, 

prevention 150-165 


flower retention 156 

Indonesia 478 

off-season production 174-181 


pollen germination, effect on 146 

purification 140 

quantification 139 

tissue culture medium 45 

tomato 


application 140, 175, 180, 355-357, 

359 


blossom end rot, effect on 361-362 

fruit set, control of 138-139, 


178-179 

fruit set, effect on 


4-chloro-2 hydroxymethylphenoxy-

acetic acid 349, 355, 358-363 


4-chlorophenoxyacetic acid 133, 

144, 147, 175, 181 


cytokinin 138
 
dihydrozeatinriboside 138,
 

143-144
 
giberellic acid 139, 141-143
 
indole-3-acetic acid 139, 141
 
N-6 benzyladenine 48, 138
 
zeatin riboside 138
 

in Japan 174-177, 180, 359
 
in Korea 498
 
parthenocarpic fruit induction 147,
 

175, 181
 
quality, effect on 178, 181
 
tolerance 175, 177, 181
 
translocation 180
 
in Taiwan 174-175, 178-180
 
yield, effect on 175-177, 180, 349,
 

355, 358-359
 
zeatin riboside 138, 140
 

Guam, AVRDC tomato release 19
 
Guizotia scabra 446
 

Heliothis spp. (see also Fruitborer) 
control 278, 457
 
damage 291, 297, 299
 
India 452
 
Indonesia 475
 
integrated pest management 277
 
Malaysia 508, 516, 520
 
Nicaragua 289-302
 
Nigeria 535
 
Philippines 554
 
population dynamics 295
 
yield loss 457
 

H. armigera 
pepper
 

Ethiopia 447
 
role in fruit abscission 164
 
Taiwan 90
 
yield loss 447
 

tomato
 
antibiosis 78
 
Cambodia 409
 
Ethiopia 449
 
importance 70, 409
 
Nigeria 541
 
pheromone traps 285-286
 
resistance screening, AVRDC 78
 
resistant germplasm 17, 79
 
trap crops 447
 

H. assulta 496
 
H. virescens 290
 
H. zea 

co., rol 428
 
life cycle 290
 
Mexico 532
 
Nicaragua 290
 
Taiwan 428
 
USA 284
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Helrminthosporiumspp. 38 

Herbicides 


crop injury 352 

tomato 


alachlor 352-353 

diphenamid 539 

EL-5219 352 

Metribuzin 339, 352-353, 357, 388 

oryzalin 352 

oxyfluorfen 352-353 

Paraquat 388 

Pebulate 388 

pendimethalin 352 

trifluralin 352 


Heterosis 25 

High performance liquid chromatog-


raphy 53, 139, 503 

Honeydew 


correlation, tomato yellow leafcurl 

virus 242, 244 


excretion, whiteflies 242 

Hong Kong 


pepper import 393 

tomato import 554 


Hormones (see Growth regulators) 

Hot pepper (see also Capsicum frutescens; 

C. annuum) 
as food 444 

Ethiopia 442-448 

flavor 92 

fruit characters, importance 92 

genetic improvement, AVRDC 93-94 

pungency level 92-93 

seed sources 91 

shape, importance 92 

size, importance 92 


HPLC (see High performance liquid 
chromatography) 


Hungary, tomato paste export 506 

Hybrid sorting 44 

Hydroponic culture 


production cost 364 

temperature 363 

tomato, effect on 


fruit quali , 361-362 

fruitset 360-361 

yield 358 


IAA (see Growth regulators, indole-3-acetic 
acid) 

IBPGR (see International Board for Plant 
Genetic Resources) 

IDRC (see International Development 
Research Centre of Canad-

IFS (see International Foundation for 
Science) 

IIF (sec Indirect immunofluorescence) 
India 

All India Coordinated Vegetable 
Improvement Project 468-470
 

climatic data 366, 452
 
pepper
 

capsaicin screening 462
 
cultivars 452, 461, 464, 466
 
cultural practices 459-4G0, 466
 
disease-resistant lines 463
 
diseases 452, 463
 
export 460, 514, 520, 566
 
irrigation management 365-374
 
marketing 463
 
nitrogen management 365-374
 
pests 462-463
 
processing 463
 
production statistics 459-460
 
research and development 463,
 
465-466
 

seed production 452, 466
 
utilization 463
 

tomato
 
breeding 23, 25, 99
 
cultivars 452, 455-456
 
cultivation practices 453
 
diseases 452, 454, 456-457
 
genetic resources 22-27
 
germplasm
 

evaluation 23-24
 
utilization 24
 

growing areas 25
 
growing periods 452
 
marketing 454
 
processing 454
 
production statistics 452
 
resistance breeding
 

bacterial wilt 99-106
 
rootknot nematodes 99-106
 

seed production 452
 
selections 25
 
yield, average 22
 

Indirect immunofluorescence 210
 
Indonesia
 

dietary shortage
 
iron 472
 
vitamin A 472
 

pepper
 
cultivars 476
 
cultivation practices 476-477
 
intercropping 478
 
production
 

constraints 472, 477
 
cost 477
 
statistics 476
 

research and development 478
 
seed production 476
 
virus control 478
 

tomato
 
cultivation practices 474
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foreign trade 474 

marketing 473 

production constraints 472, 475 

production cost 474 

seed supply 473 

varieties 473 


INRA (see Institut national de la recherche 
agronomique) 

Insecticide residues (see Insecticides, 
residues) 

Insecticides 

abamectin, control of leafminers 279 

aldrin 447 

aphicides 254 

Bacillus thuringiensis, control of 


armyworms 278 

cutworms 285 

insects 283 

loopers 278 


carbaryl 
control of 


cutworm 285 

fruitworm 539 

insects 283 

whiteflies 245 


effec. :,, spider mites 981 

integrateo Pest mrdgement 


283-285 

chloropyrifos on pepper insect complex 


463 

cypermethrin, control of 


African bollworm 447 

Heliothis spp. 463 


cyromazine, control of leafminers 279 

DDT, control of whiteflies 245 

deltamethrin, control c' 


African bollworm 447 

Heliothis spp. 457 


diazinon, control of aphids 554 

dimethoate, control of whiteflies 457, 


563 

endosulfan 


combination with Bacillus thurin-

giensis 279 


control of 

African bollworm 447 

aphids 278 

armyworms 278 

stinkbugs 278 


effect on leafminer parasites 279 

endrin, Heliothis spp. resistance 290 

esfenvalerate, control of leafminers 


279 

fenvalerate, control of 


armyworms 278 

fruitflies 513 

Heliothis spp. 457, 513 

loopers 278 


stinkbugs 278
 
tomato fruitworms 278
 
tomato pinworms 278
 

formothion, control of
 
leafcurl virus 563
 
whiteflies 563
 

Furadan, control of leafcurl virus 463
 
Lannate, control of (sep also ;isecti

cides, methomyl)
 
Diabrotica spp. 292
 
Heliothis zea 428
 

methamidophos 
control of
 

aphids 254, 278
 
armyworms 278
 
insects 283
 
leaf miners 278-279
 
lepidopterous insects 285
 
stinkbugs 278
 

int-'grated pest management 285
 
toxicity to beneficial parasites 285
 

methiocarb, reduction of tomato spotted
 
wilt virus 513
 

methomyl (see also Insecticides,
 
Lannate)
 
control of
 

aphids 278
 
armyworms 278
 
insects 283
 
leafminers 279
 
lepidopterouz; "nects 285
 
loopers 278
 

effect on leafminers 284
 
integrated pest management 205
 
variegated cutworm 285
 

methyl parathion, Heliothis spp.
 
resistance 290
 

mineral oil, control of
 
leafcurl virus 463, 563
 
whiteflies 457
 

Monitor, control of Liriomyza sativae
 
290
 

parathion
 
control of whiteflies 245
 
effect on Myzus persicae 284
 

permethrin 
control of
 

armyworms 278
 
fruitworms 278
 
loopers 278
 
stinkbugs 278
 

temperature, effect on 278
 
phorate, control of whiteflies 457
 
phosphamidon, control of whiteflies
 
457, 563
 

pirimicarb, control of aphids 254
 
profenofos, reduction of tomato spotted
 

wilt virus 513
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prothiofos, reduction of tomato spotted 

wilt virus 513 


pyrethroids 

control of 


aphids 257 

fruitworms 539 

leafcurl virus 563 

leafminers 279 

whiteflies 248, 563 


temperature, effect on 286-287 

quinalphos, control of Heliothis spp. 457 

residues 269, 478 

resistance to 290 

Senprotathrin, control of whiteflies 265 

Sevin (see Insecticides, carbaryl) 

Smash (see Ir cticides, Senprotathrin) 

Thiodan, coniol of aphids 554 

tomato, recommended for 278 

Vetox (see Insecticides. carbaryl) 


Insects (see individual species or pest 
Aceria lycopersici; Agrotis ipsilon; aphids: 
Apis sp.; Bemisia tabaci; Bombus sp.; 
corn earworm; Dacus dorsalis: Diabrotica 
spp.; D. speciosa: flea beetles; fruitborer; 
fruitfly; Heliothis spp.; H. armigera; 
H. asculta: H. virescens: H, zea; jassids; 
Keiferia lycopersicella: leafminers, 

Leptinotarsa decemlineata: Lriomyza 

spp.; L. sativae; Lygus 'ineolaris: 

Macrosiphum euphorbiae; Manduca spp.; 
M. sexta: Myzus persicae: Pendroma 
saucia; Phthorimaea operculella; 
Scrobipalpula absoluta; Spodoptera spp.; 
S. exigua; S. latifascia: S. litura; S. sunia; 

stinkbugs; termites; Tetranychus urticae; 

thrips; Trialeurodes vaporariorum; 

Trichoplusia ni: Tripetidae; whiteflies) 

beneficial insects 280, 285 

control 


biological 275 

chemical 278 


damage 291 

growth regulators 301-302 

parasites 275, 277-279, 281, 285, 531 


(see also Parasites [of insects]) 

predators 531 

resistance screening 240-241 

thresholds, tomato 278, 286 

traps 


light trap 285 

pheromone traps 285-286 


trap crops 297 

Institut de recherches agronomiques 
tropicales et des cultures 
vivrires/Centre de cooperation 
internationale en recherche 
agronomique pour le d~veloppment 
(IRAT/CIRAD) 

tomato
 
bacterial wilt resistance program 230
 
bacterial wilt-resistant lines 65
 
breeding program 63
 

West Indies 63, 229-234
 
Institut national de larecherche
 
agronomique (INRA)
 
pepper
 

anthracnose-resistant germplasm 96
 
germplasm collection 12, 37
 
pepper veinal mottle virus, resistant
 

germplasm 96
 
tomato, bacterial wilt-resistant lines 65
 

Integrated pest management
 
control of
 

aphids 276, 278
 
arnlywcrms 273, 531
 
fruitworm 531
 
greenhouse whitefly 265
 
leafminers 275, 531
 
lepidopterous larvae 275-282,
 
285-286
 

loopers 278
 
stinkbugs 276, 278
 
thrips 278
 
tomato pinworms 276, 278. 531
 

insect
 
action thresholds 277, 286
 
parasitism 285, 531
 
predators 531
 
reduction 289, 294-296
 
scouting for 277, 285-286
 
surveillance 286
 
toxicity 277
 

insecticide
 
application 286
 
recommendations 278, 285
 

insects, beneficial 280, 285
 
intercropping 290
 
pesticide residues 478
 
pheromone traps 285-286
 
po:yculture 289-290, 292, 294-296
 
practical application 268-306
 
protective crops 517
 
recommendations 268-288
 

Indonesia 478
 
Malaysia 515
 
Mexico 531-532, 535
 
Nicaragua 289-299
 
USA 275-288
 

ilective mulches 517
 
wced management 277, 284
 

Intercrossing, Capsicum spp. 2
 
International Board for Plant Genetic
 

Resources (IBPGR), pepper
 
collection 3. 12, 533, 568
 
crop situation summary 87
 
descriptor lists 5, 10
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de3ignated ge-ebanks 14 

taxonomy 7 


International Development Research 

Centre of Canada (IDRC) 17 


International Foundation for Science 

(iFS) 517 


International Hot Pepper Trial Network 

(INTHOPENET) 86, 93-94, 405 


Internatirial Society of Horticultural 

Science (ISHS) 87 


Interspecific hybridization, Capsicum 

sp. 2
 

INTHOPENET (see International Hot Pepper 

Trial Network) 


Intraspecific hybridization, Capsicum 

sp. 2 


IRAT/CIRAD (see Institut de recherches 
agronomiques tropicales et des cultures 
vivrires/Centre de coop6ration 
internationale en recherche 
agronomioue pour le d6veloppement) 

ISHS (see International Society of Horti-
cultural Science) 

Isozyme analysis, tomato 12 

Isozyme coding genes 5-6 

Israel, tomato 


gray mold disease 268-274 

production constraints 239 

tomato yeliow leafcurl virus control 


245, 248 

whiteflies 239-247 

viruses 239-247 


ISTA seed germination method 30-31 

Italy, pepper 


germplasm collection 37 

seed storage 34-35, 37 


Japan 

international collaboration 485-486 

National Research Institute of 


Vegetables, Ornamental Plants and 
Tea 484 


pepper 

constraints 485 

cropping systems 480 

cultivation practices 485 

diseases 485-486 

production statistics 485 

research and development 486 


tomato 

bioregulators, use of 174-181, 359 

consumer requirements 489 

consumption 482-483
 
cropping systems 481 

diseases 480, 432 

foreign trade 480 

fruitset improvement 173, 349 

Fusarium wilt races 482-483, 489 


growing season 174
 
hydroponic culture 481, 485
 
processing tomato production 483
 
production statistics 480-481
 
protected culture 481
 
research and development 483-484
 
yield increase 174
 
yields 349
 

Tropical Agricultural Research Center 
(TARC) 486
 

Jassids 452
 

Keiferia lycopersicella 
intcgrated pest management 266
 
Mexico 532, 535
 
threshold, tomato 277, 281
 

Kelman's medium 64
 
Korea
 
pepper
 

anthracnose 184-188
 
Colletotrichum dematium 184
 
C. gloeosporioides 

strain G 184
 
strain R 184
 

consumption 490
 
foreign trade 495
 
'kimchi' 490
 
pest and disease control 492
 
pests and diseases 496
 
Phytophthora capsici 184
 
production
 

constraints 184, 490, 495-496
 
statistics 490-492
 

research and development 496, 500
 
shading effect 345
 
sick soil problem 493
 
varieties 494
 

tomato
 
commercial seed companies 502
 
consumption 490
 
cultivation practices 497-498
 
foreign trade 499
 
marketing 499
 
pest and disease -ontrol 498
 
pests and diseas's 500
 
processing 499
 
production
 

constraints 499
 
statistics 490, 497-498
 

protected culture 497-498
 
research jnd development 500, 502
 
varieties 499
 

L-methionine 270
 
Laolab purpureus 562
 
Land equivalent ratio (LER) 289, 293-294
 
Late blight (see Phytophthora infestans)
 
Leaf blight (see Choanephora cucurbitarum)
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Leafcurl virus (see also Tomato yellow 
leafcurl virus) 
pepper 


control 463 

India 452 

Nigeria 536, 545 

resistant cultivars 461-462 


tomato 
control 


chemical 457, 562-563 

cultural management 562 

disease escape 562 

high-yielding cultivars 562 

interplanting 562 


detection 260-266 

DNA hybridization 260 

Ethiopia 446 

India 452 

Indonesia 75 

losses 75, 457, 562 

Nigeria 536 

Rilippines 75 

relotionship with tomato yellow 


leajcurl virus 78 

resist.'nce screening 78 

resist, it germplasm 23 

Sudan 561 

symptoms 562 

Taiwan 75, 78 

Thailand 75, 566 

virus particle, associated with 562 


Leafminers (see also L riomyza sativae: 

Scrobipalpula absoluta) 

breeding for resistance 113-122 

effect of methomyl 284 

pepper, Brazil 403 

tomato, Brazil 396 


Leafmold (see Fulvia fulva) 
Leptinotarsa decemlineata 

integrated pest management 283 

USA 283-284 


Le /illulataurica (see a/so Powdery mildew) 

pepper 


cause of defoliation 154 

control 447 

Ethiopia 444, 447 

importance 87 

Taiwan 89 


tomato 

importance 70 

Mexico 532 


Liberia 

agroclimatic data 504 

pepper 


farming systems 504 

local hot cultivarE 505 

pests and diseases 504 

production constraints 505 


Subject Index 

production statistics 505
 
research and development 505-506
 

tomato
 
production
 

constraints 507
 
statistics 506
 

research and development 507
 
Liriomyza spp.
 

control
 
biological 275
 
chemical 278
 

damage 276
 
defoliation, caused by 275
 
integrated pest management 275-277
 
Malaysia 520
 
parasites of 275, 277-279, 281
 
threshold, tomato 278
 

L. sativae 
control 290
 
damage 290, 293
 
insecticide resistance 290
 
integrated pest management 289-290
 
Mexico 532
 
Nicaragua 289
 
population dynamics 295-296
 
tomato-bean polyculture 289, 296-297
 
USA 284
 

Lupinus albus 171
 
Luteovirus 252
 
Lycopersicon spp.
 

fruitset, high temperature 72, 174
 
genetic diversity 12
 
glandular trichomes 113
 
interspecific gene transter 7
 
interspecific hybridization 44
 
isozyme analysis
 
landraces 529
 
nomenclature 21
 
off types 15
 
parthenocarpy 17
 
resistance to
 

insects 113-114
 
nematodes 7
 
Scrobipalpula absoluta 114
 
virus transmission 239-248
 

seed extraction 15
 
soluble proteins 12
 
wild types 11-12, 14, 23, 113, 245, 533
 

L. cheesmanii 
AVRDC 10-12
 
india 23
 
salt tolerance 167, 173
 

L. esculentum 
alcobaca variety 125, 135
 
anther cone splitt'ig 73
 
artificial ripening 528
 
consumption
 

Japan 482
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Korea 490 Mexico 527
 
Liberia 506 mixed cropping 538
 
Malaysia 511 mulching (see also Mulching)
 
Nigeria 539 black plastic 349, 354, 357
 
Philippines 554 rice straw 354
 

cropping systems silver covered plastic 357 
Australia 386 Nigeria 538-539 
Brazil 400 Philippines 551 
Cambodia 407-408 polyculture 289-302 
China 416-417 protective tunnels 317-318 
Ethiopia 449 pruning (see also Pruning) 15, 527 
Indonesia 474 rainshelter 317-318, 339
 
Japan 174, 481 seedling raising 350
 
Korea 497, 498 soilless culture (see Hydroponic
 
Malaysia 511 culture) 
Nigeria 538 spacing 349-350
 
Philippines 551 staking 15
 
Taiwan 174, 423, 426-427 Sudan 562-563
 
Thailand 573 Taiwan 438 

cultivars transplanting 349 
Australia 389 USA 309 
Brazil 397, 398 water fertility management 323-338 
China 419 water management (see Irrigation) 
India 452, 455 fasciated tomato 535 
Indonesia 473 fertilization 
Korea 499 application 331 
Malaysia 510 efficiency 324 
Mexico 528, 531 irrigatior 323-338 
Nigeria 539-540 nitrogen 
Philippines 551-555 deficiency 376, 383 
Sudan 562 demand 332, 375-376 
Taiwan 427 effect on maximum yield 377-380 
Thailand 572 excess 375, 382-383 

cultivation practices loss 376 
bed preparation 349 management 375, 377, 380-381 
continuous cropping problem 500 firmness 436 
crop losses, associated with firmness genes 134 

309-310 flavor 128
 
crop rotation 456 foreign trade
 
fertilization (see L. esculeutum, Brazil 401
 

fertilization) Indonesia 474
 
forcing culture 481, 496 Japan 480, 482
 
framing 439 Korea 499
 
high bed 435 Malaysia 508, 511-512
 
high pot 439 Mexico 524, 528-529
 
hormone application 139-149, Nigeria 539-540
 

174-175, 180, 358, 362 (see also Philippines 554
 
Growth regulators) Taiwan 429-430, 435
 

hydroponic culture 481, 485 (see also Thailand 572
 
Hydroponic culture) fruitset (see also Growth regulators, 

India 452-453 fruitset, tomato; Genetic improvement, 
intercropping 511 Lycopersicon esculentum, fruitset) 
interplanting 562 affected by horrnones 138-149 
irrigation (see L. esculentum, affected by temperatre 138
 

irrigation) cool temperature 174
 
Japan 481 hairy type, effect on cucumber mosaic 
Korea 498 virus 76-77 
Malaysia 511 heat tolerance, genetic basis 71, 73 



606 Subject Index 

heterosis 25 

hollow cavity 181 

irrigation 


basic concepts 314, 329 

California 315 

drip 


distribution uniformity 330 

efficiency 324, 329-330 

elimination of leaching 324 

fertilizer injection 331 

frequency 312, 314, 323, 339,


354 

high frequency 323, 325, 328, 

334-335 


high frequency subsurface 

323-328, 334-335 


low frequency surface 323, 325, 

328, 335 


low pressure drip 349, 355-356 

plugging problems 337 

subsurface 309. 312, 318, 320, 

323, 334 


surface 312. 323 

volume 314 


effect on yield 312, 315, 323, 333, 

339 


evapotranspiration 310-311. 314, 

316, 320, 325-328, 335 


furrow 324, 349, 355-356. 551 

problems 309 

scheduling 314-316, 330, 354 

sprinkler 325, 328 

systems 312, 324, 340 

trickle 325, 388, 391 

water balance 311 

water fertility management 323, 335 

water management, tropics 


317-320, 339 

water requirement 310-311, 313,337 

water stress 320, 326 

water use efficiency 310, 312, 314, 


323, 330, 333-334, 341, 354 

isogenic lines 70 

lowland lines 509-510 

marketing 


Australia 389 

Brazil 399 

India 454, 457 

Indonesia 473-475 

Korea 499 

Malaysia 511 

Mexico 529 

Nigeria 539 

Philippines 553 


maturity stages 124 

mutants, ripening 123, 135 

off-season production 432 

parthenocarpy 17, 41, 131, 141, 


147, 481
 
postharvest diseases 541
 
processing tomato (see Processing
 
tomato)
 

production constraints
 
Australia 249, 390
 
Brazil 401
 
Cambodia 407, 409
 
China 416, 418
 
Ethiopia 449
 
Guadeloupe 239
 
India 452
 
Indonesia 472, 475
 
Japan 480, 482
 
Korea 499-500
 
Liberia 504, 507
 
Malaysia 508, 512
 
Mexico 532
 
Nigeria 540-541
 
Philippines 554
 
Sudan 561, 565
 
Taiwan 428, 435
 
Thailand 573
 

production cost
 
Brazil 401
 
Ethiopia 442
 
Indonesia 474
 
Japan 482
 
Taiwan 432, 435, 438
 
Thailand 573, 575
 

production statistics
 
Australia 386-387
 
Brazil 396
 
China 416-417
 
Ethiopia 448
 
India 452
 
Indonesia 472-473
 
Japan 480-481
 
Korea 490, 497-498
 
Malaysia 509
 
Mexico 524-525
 
Nigeria 537
 
Philippines 549-550
 
Sudan 561
 
Taiwan 425, 428, 435
 
Thailand 571
 

profitability 381
 
regeneration, in vitro 44
 
research and development
 

Australia 390-391
 
Brazil 402
 
Ethiopia 449
 
India 457-458
 
Indonesia 475
 
Japan 483
 
Korea 500
 
Mexico 533
 
Nigeria 542
 



Philippines 555 

Taiwan 430 

Thailand 572, 574 


ripening aberrancy 125 

ripening behavior 123 

ripening inhibition 124-125, 133 

ripening mutants 123, 125, 135 

Roma type 229 

salt tolerance 


mechanism 167 

screening for 166, 172-173 


seed extraction 15 

seed maintenance 15 

seed production 


India 452 

Indonesia 474 

Korea 502 

Malaysia 511 

Philippines 551, 555 

Taiwan 428 

Thailand 571 


seed storage 14 

seed supply 


Brazil 401 

India 452 

Indonesia 473 

Nigeria 539 

Philippines 551 

Thai!and 572 


shelf life 

definition 126 

improvement 123-127 


sodium 
recirculation 167-168, 170 

translocation 167 

uptake 167-170 


storage 
effect on quality 128, 132 

environment 131-134 

extension 126-127, 130 


style elongation 157 

substitutes 522 

tissue culture 44-45 

transgenic plants 77 

transplanting shock 349 

utilization 


Brazil 401 

China 416 

Malaysia 508 

Philippines 533, 554 

Taiwan 425 

Thailand 571-572 


weed interference 349 

weeds (see Weeds, tomato) 

yield 


factors affecting 349, 352-353 

improvement 


AVRDC 16, 70, 435 
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fertilizer 349, 355
 
genetic imorovement 16,
 

23-24, 435
 
growth regulators 349, 355,
 
358-360, 362-363
 

hydroponic culture 358
 
mulching 349, 475
 
pruning 388-359, 361 (see also
 

Pruning, tomato, effect on yield)
 
maximum 377-380
 

yields 293, 297, 309, 349
 
L. esculentum var. cerasiforme
 

AVRDC 12
 
India 23
 
Mexico 522, 529
 

L. glandulosum 
India 23
 
resistance to Pyrenochaeta
 

lycopersici 483
 
resistance to tomato mosaic virus 76
 

L. hirsutum 
AVRDC 10, 12
 
India 23
 
resistance to
 

Pyrenochaeta lycopersici 483
 
potato virus Y 78, 249, 254-255,
 
391
 

tomato fruitworm 287
 
tomato mosaic virus 76
 
whiteflies 240-243
 

L. hirsutum f. glabratum, resistance to
 
Heliothis armigera 79
 
Manduca sexta 79
 
Scrobipalpula absoluta 113, 117-121
 
whiteflies 241-243
 

L. hirsutum f. typicum, resistance to
 
Scrobipalpula absoluta 113, 117-121
 

L. pennellii 
AVRDC 10, 12
 
leaf tackiness 242-244
 
resistance to
 

Corynebacterium michiganense 483
 
Fusarum oxysporum 391, 483
 
Scrobipalpula absoluta 113-114,
 

117-121
 
tomato mosaic virus 76
 
whiteflies 240, 242-244
 

salt tolerance 167-171
 
sodium accumulation 169-171
 
sodium translocaton 167
 
sodium uptake 167-170
 

L. peruvianumn 
AVRDC 10, 12
 
India 23
 
interspecific hybridization 44
 
resistance to
 

curly top virus 483
 
Fusarium wilt 483
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leaf mold 483 

nematodes 107, 483 

Scrobipalpula absoluta 113 

tomato mosaic virus 76 

tomato spotted wilt virus 483 

Verticillium wilt 483 


L. peruvianum race glandulosum, AVRDC 

10, 12 


L. peruvianum var. humifusum, AVRDC 

12 


L. pimpinellifolium 
AVRDC 10, lz 

Mexico 522, 529 

resistance to Fusarium oxysporum 

391, 483 


L. pissisi, collection, India 23 

Lygus lineolaris 154 

Lysimeter 325-327, 330, 335 


Macrophomina phaseolina 38 

Macrosiphum euphorbiae 


pepper, Brazil 403 

vector of tomato yellow top virus 252 

Malaysia 520 


Malaysia 

agroclimatic data 508-509 

international collaboration 508 

MARDI (see Malaysian Agriculture 


Research and Development Institute) 
pepper 

cropping systems 514 

cultivars 515 

cuitural practices 515 

diseases 516 

foreign trade 393, 471, 515, 520 

production constraints 515-516 

production cost 514 

production statistics 513-514 

seed supply 514 


tomato 

AVRDC releases 19 

consumption 511 

cultivars 510 

cultivation practice 511 

disease control 513 

creign trade 511-512 


hydroponic culture 358-364 

marketing 511 

production 


constraints 512 

statistics 509 


research and development 512 

seed production 511 

yield 349 


vegetable consumption 511 

Malaysian Agriculture Research and 


Development Institute (MARDI) 

international cooperation 486 


pepper
 
bacterial wilt-resistant lines 96
 
germplasm collection 12
 
improvement 519-520
 

tomato improvement 519-520
 
Manduca spp. 289
 
M. sexta, resistant germplasm 79
 
MARDI (see Malaysian Agriculture


Research and Development Institute)
 
Martinique
 

oxisols 64
 
tomato
 

bacterial wilt, evaluation for resistance
 
68
 

breeding 63
 
Mauritius
 

AVRDC tomato release 19
 
tomato selections 231
 

Meloidogyne spp. 
pepper
 

Korea 496
 
Nigeria 536
 

tomato
 
Brazil 401
 
control 325, 338-340
 
effect of irrigation 339-341, 343
 
Ethiopia 442, 449
 
India 452, 457
 
Nigeria 541
 
Philippines 554
 
resistant germplasm 15-17, 23, 99,
 

435, 455-457
 
Taiwan 433
 
yield reduction 435
 

M. arenaria, India 457
 
M. incognita 

pepper
 
Liberia 505
 
resistance
 

breeding 51-52
 
screening 52
 

tomato
 
control 482
 
India 99
 
Japan 480, 482
 
Liberia 507
 
Mi gene 107
 
multiple resistant lines, AVRDC 82
 
resistance
 

breeding 7F 

genes 78
 
genetics of 

marker genes 


99-105
 

71, 101, 107
 
78
 

screening 78
 
screening methods 78, 100,
 

108
 
resistant cultivars 25, 99, 108-110,
 
343, 427-428
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resistant germplasm, AVRDC 78, 81, 

99-100 


Sudan 563 

Taiwan 428 


M. javanica 
control 


chemical 563 

rotation 563 


India 457 

resistant cultivars 563 

Sudan 561-563 


methyl bromide 340-341, 343 

Mexico 


growers association 533 

international collaboration 533 

pepper 


center of diversity 3 

consumption 514, 522, 530 

cultivars 529 

cultivation practices 527 

foreign trade 524, 527, 530 

germplasm 


collection 533 

evaluation 533 

wild germplasm 533 


marketing 520, 530-531 

production 


areas 522-523 

constraints 531-532 

statistics 525-526 


research and development 535 

salsa' 522 


seed production 534 

types 523, 525-527, 529-530 

wild types 521-522 


research institutions 531 

tomato
 

consumption 522 

cultivars 528 

cultivation practices b27 

foreign trade 524 

marketing 520, 530 

processing tomato 528 

production areas 522, 527 

production constraints 531-532 

'salsa' 522 

wild types 522 


MINISIS 11 

Mites 


pepper 

Brazil 403 

control 425 

India 452, 462 

Korea 496 

Polyphagotarsonemus latus 403, 


405 

Taiwan 425 


tomato 


Aculops lycopersici, Brazil 401
 
spider mites 283
 
Tetranychus truncatus, Philippines
 
403, 405
 

tomato erinose mite 442
 
Momordica spp. 36
 
Mulching (see also Capsicum annuurn,
 
cultivation practices)
 
control of tomato leafcurl virus 562
 
effect on yield 354, 357, 475
 
plastic 349, 354, 357, 386, 391, 417,
 

439, 494
 
rice straw 354, 551
 

Multivariate analysis 5
 
Mutaclones 47
 
Mutants
 

Capsicum spp.
 
carotene 123
 
fruit ripening 123-135
 
nonlethal 35
 
nonpungent 2
 
somatic 46
 
tissue culture 45
 
yellow fruited 47
 

tomato, closed anther 25
 
Mutation breeding 25, 46
 
Mycorrhiza, effect of fungicides on 303,
 
305
 

Myrothecium roridum 38
 
M. verrucaria 38
 
Myzus persicae
 

Australia 253
 
Brazil 403
 
Nigeria 541
 
USA 283-284
 
vector of tomato yellow top virus 252
 

National Bureau of Plant Genetic
 
Resources (NBPGR) 22, 25
 

National Plant Genetic Resources
 
Laboratory (NPGRL)
 
AVRDC pepper germplasm collection,
 
duplication 14
 

pepper germplasm collection 12
 
National Research Institute of Vegetables,
 

Ornamental Plants and Tea (NIVOT)
 
biotechnology 484
 
international collaboration 484
 
pepper improvement 486-488
 
tomato improvement 483, 487-488
 

NBPGR (see National Bureau of Plant 
Genetic Resources)
 

NBT (see Nitroblue tetrazoliun)
 
Near infrared reflectance (NIR) 95-96
 
Nematodes
 

Meloidogyne spp.
 
pepper
 

Korea 496
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Nigeria 536 

tomato 

Brazil 401 

contr(, 325, 338-340 

effect of irrigation 339-341, 343 

Ethiopia 442, 449 

India 452, 457 

Nigeria 541 

Philippines 554 

resistant germplasm 15-17, 23, 


99, 435, 455-457 

Taiwan 433 

yield reduction 435 


M. arenaria 457 

M. incognita 

pepper 
importance in tropics 87 

Liberia 505 

resistance 

breeding 51-52 

screening 52 


tomato 
control 482 

India 99 

Japan 480, 482 

Liberia 507 

Mi gene 107 

multiple resistant lines, AVRDC 82 

resistance 

breeding 78, 99-105 

genes 78 

genetics of 71, 101, 107 

marker genes 78 

screening 78 

screening methods 78, 100, 108 


resistant cultivars 25, 99, 108-110, 

343, 427-428 


resistant germplasm, AVRDC 78, 81, 

99-100 


Sudan 563
 
Taiwan 428 


M javanica 
India 457 

resistant cultivars 563 

Sudan 561-563 

rootknot nematodes (see Meloidogyne 

spp., M. arenaria, M. incognita, 
M. javanica) 


Xiphinema ifacolum 

pepper, Liberia 505 

tomato, Liberia 507
 

New Zealand 

pepper, import 393 

tomato, import 389 


Nicandra physalodes 254, 446 

Nicaragua, tomato 

cultural practices 291 

integrated pest management 289-302 


pest control 290
 
pests 289-291, 293
 
polyculture 292
 

Nicotiana benthamiana 78
 
Nigeria
 

climatic data 536, 538, 543
 
pepper
 

local selections 544
 
marketing 544-545
 
processing 539, 544-545
 
production
 

constraints 536, 544
 
statistics 536, 543
 

research and development 545
 
seed supply 544
 

tomato
 
cultivars 540
 
foreign trade 539-540
 
marketing 540
 
pests and diseases 541
 
postharvest losses 541
 
processing 540
 
processing companies 538-539
 
production
 

constraints 536, 540
 
statistics 536-537
 

research and development 542
 
seed supply 540
 

Nigrospora oryzae 38
 
Ninhydrin 242
 
NIR (see Near infrared reflectance)
 
Nitrate quick test, tomato 375-382
 
Nitroblue tetrazolium 262
 
NIVOT (see National Research Institute of
 
V getables, Ornamental Plants and Tea)
 

NPGRL (see National Plant Genetic
 
Resources Laboratory)
 

Nucleic acid hybridization 260-261,
 
263, 265
 

Oidiopsis taurica 463
 
Oeoresin 

assay 54
 
expert, Ethiopia 445
 
production, Ethiopia 445
 

Opius dissitus 279
 
Orobanche spp., tomato, Ethiopia 442
 
Osmopriming 28, 35
 
Osmoregulating substances 32
 
Oxisols 64
 

Pakistan, tomato import 554
 
Panama, AVRDC tomato releases 19
 
Papua New Guinea, tomato imports 389
 
Parasites [of insects]
 

Chrysonotomya punctiventris 279
 
Diglyphus intermedius 279
 
endoparasites 277
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Endovum puttleri 285 

exoparasites 277 

hymenopterous parasites 275 

leafminers 275, 277, 281 

Opius dissitus 279 


Parthenocarpy, tomato 17, 41, 138, 147 

PCARRD (see Philippine Council for 

Agriculture, Forestry and Natural 

Resources Research arid Development) 


Pepper (see Capsicum spp.: C. annuum) 

Pepper fruitrot (see Colletotrichum capsici) 

Pepper mild mottle virus 88 

Pepper mottle virus 


importance 88 

resistance 


breeding 51, 52 

screening 52 


Pepper veinal mottle virus 

importance 88 

Nigeria 536, 545 

resistance sources 96 


Pepper wilt (see Phytophthora capsici) 
Peridroma saucia 

head capsule 286 

integrated pest management 283-286 

size determination 286 


Phaeoramularia capsicicola 38 

Phaseolus vulgaris 33, 153 

Pheromone traps 285 

Philippine Council for Agriculture, Forestry 


and Natural Resources Research and 

Development (PCARRD) 555 


Philippines 

climatic data 549-550 

pepper 


consumption 557 

cultivars 557-558 

foreign trade 557 

processing 557 

production 


constraints 557-558 

statistics 556 


research and development 558 

seed supply 557 


tomato 

AVRDC releases 19 

commercial seed companies 


551-552, 555 

cropping systems 
ctilt,ars 551-555 

cultural practices 

fasciated tomato 

foreign trade 554 

marketing 553 


551 


551 

535 


native cultivars 551 

processing 


industry 549 

tomato 552-553 


production
 
constraints 554
 
statistics 549-550
 

research and development 555
 
utilization 554
 
yield 349
 

Phoma destructiva 38
 
Phosphoglucomutase-2 29
 
Phthorimaea operculella 449
 
Physalis ixocarpa, tomato substitute 522
 
Physiological disorders 

pepper
 
blossom end rot 

chlorosis 495
 
fruit abortion 90 

nutrient deficiency 

sunscald 86, 89, 

sunscorch 545
 

89-90
 

151-165
 
516
 

i, 164, 405, 420
 

virus-like syndrome 6
 
wilting 495
 
yolo spot, Australia 393
 

protected culture 485
 
tomato 

blossom end rot 
effect of hormones 361-362
 
India 457
 
Philippines 554
 
resistant lines 397
 
varietal susceptibility 362
 

blotchy ripening 554
 
cat face 457
 
cracking 499, 554, 565
 
gray wall 527
 
puffiness 554
 
sunscald 200, 457, 499, 541
 

Phytophthora blight (see Phytophthora 
capsici) 

Phytophthora spp. 
control 447
 
damping off, tomato 554
 
pepper stem blight, Ethiopia 446
 

P. capsici 
Brazil 396, 403
 
control 303-305, 425, 528
 
importance 86-87, 89
 
Japan 485
 
Korea 496
 
mass screening method 95
 
Mexico 528, 532
 
on seed 38
 
resistance 

breeding 51-52, 403
 
screening 52
 
sources of 96, 184, 520-521, 533
 

resistant cultivars 403
 
Taiwan 87, 425
 
yield losses 528
 

P. infestans 
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pepper, Liberia 505 

tomato 


Brazil 396, 401 

China 416 

control 277, 428, 449, 457 

Ethiopia 442, 449 

importance 70 

India 452, 457 

Korea 500 

Liberia 507 

Mexico 532 

Nicaragua 293-294 

Nigeria 541 

resistant germplasm 16 

Reunion 231-233 

Taiwan 428, 433 

Thailand 573 

tomato-bean polyculture 292 

yield losses 457 


P. parasitica 
India 452, 457 

losses 457 

Reunion 231 


Pichia n,embranefaciens 38 

Pinworm (see Keiferia lycopersicella) 

Piquin pepper (see Capsicum annuum, 

types) 


Pisum satvum 33 

Portugal, pepper 157 

Portulaca oleracea 351 

Potato leafroll virus, strain 252 

Potato tuber moth (see Phthorimaea 


operculella) 
Potato tuber worm (see Phthorimaea 

operculella) 
Potato virus X 416, 419 

Potato virus Y 


pepper 

Australia 249-250, 393 

AVRDC improvement program 94 

China 416, 419 

control 249, 254, 256, 393 

Ethiopia 446 

importance 88-39 

India 452 

Liberia 505 

resistance breeding 394, 403 

resistant germplasm 96, 255-256, 


402-403, 462 

strains 89, 249, 251, 255, 258, 


402 

symptoms 251 

Taiwan 425 

tropics 86 

yield loss 250, 251 


tomato 

Australia 249-250, 254, 256, 386, 


391 


Subject Index 

Brazil 401
 
control 254
 
genetics of resistance 405
 
Malaysia 512
 
natural hosts 254
 
necrotic symptoms 77
 
pathotypes 77
 
resistance breeding 249
 
resistance screening 77, 405
 
resistant germplasm 17, 78, 249,
 
254,386, 391, 397, 401, 405
 

strains 249, 251
 
symptoms 77, 250
 
Taiwan 75, 77
 
yield loss 77, 250. 386
 

Powdery mildew (see also Leveillula 
taurica) 
tomato, resistant germplasm 17
 
tomato, Sudan 562
 

Processing tomato
 
Argentina 105-112
 
AVRDC 281-288
 
Brazil 369-402
 
breeding 111
 
Burkina Faso 63
 
characteristics 111
 
China 417-418
 
Congo 63
 
Ethiopia 449
 
evaluation 67
 
importance 308-310
 
India 24, 26, 454-458
 
Japan 480, 482-484
 
Korea 497-500
 
Liberia 506-507
 
Ma!iysia 511-512
 
Martinique 63-69
 
Mexico 521, 524, 528-529
 
Nigeria 539-540, 542
 
Philippines 549, 551-555
 
production cost 298
 
Taiwan 423-430, 4:3-438
 
Thailand 566, 571-574
 
USA 281-288, 323-338
 
water balance 311
 
yields 309
 

Protoplast
 
culture 44
 
fusion 9
 

Prnilg, tomato
 
cultivation practices 15, 527
 
effect on fruit quality 80, 348
 
effect on yield 358-363
 
in hydroponic culture 358-359
 

Pseudomonas solanacearum 
culture medium 64
 
pepper
 

AVRDC improvement program 94
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Ethiopia 446 

importance 87, 89 

Indonesia 472 

Korea 496, 500 

Malaysia 516 

Philippines 557 

resistance screening 94 

resistance sources 96 

seed 38 


tomato 

aggressiveness 236 

Australia 390 

AVRDC improvement program 70, 


74-75
 
biovar III 100, 552 

Brazil 401 

China 416-417 

control 


crop rotation 236, 456 

grafting on resistant rootstock 


482, 509 

soil amendments 237 

suppressive soils 236-238 


Gual0oupe 235-238 

India 452, 456 

Indonesia 475 

Japan 480, 482 

Liberia 507 

Malays.w 508, 512 

Nigeria 541 

pathotypes 235 

Philippines 551-552, 554 

race 1 237 

resistance 


breeding 63, 82, 99-100, 104, 

386 


combined, nematode 99, 102-104 

mechanism 74, 102 

multiple resistant lines 82 

polygenic 236 

screening method 74, 100, 231 


resistant cultivars 18-20, 68, 74, 

390, 427, 432, 435, 510, 552, 554 


resistant germplasm 15-16, 65, 

74-75, 81, 99-100, 236 


Reunion 229-234 

Thailand 573
 
variability 66, 236 


P synrigae pv. tomato, Brazil 401 

P. tomato 

pepper, Australia 386 

tomato 


Australia 386, 390 

Mexico 532 

USA 283-284 


Pungency, pepper 

bird pepper 566 

breeding for 52, 496 


genetic control 52
 
high pungency lines 96, 480, 494,
 

505, 517, 525, 527, 566
 
measurement 52-53, 95
 
preference for 86, 92-93
 

Pyrenochaeta lycopersici, resistant 
germplasm -183 

Pythium sp.
 
pepper, control 303
 
tomato
 

control 292, 303, 428
 
Taiwan 428
 

P. ultimum, control 303
 

Raphanus spp. 36
 
RDA (see Rural Development Authority)
 
Regen'3ration, in vitro 44-47
 
Resistance screening 240-241
 
Resistance to virus vectors 240
 
Reunion
 

agroclimatic data 229
 
pepper cultivation 229
 
tomato
 

adaptability trials 230
 
AVRDC
 

lines 233
 
releases 19
 

bacterial wilt 229-234
 
late blight 232
 
lowland tomato 233
 
marketing problems 229
 
processing tomato 63
 
varie t v trials 230
 

Rhabdovirus 252
 
Rhizoctonia solani 

on pepper seed '8 
tomato
 

Brazi' 401
 
Philippines 554
 

Rhizopus stolonifer on tomato, Nigeria
 
541
 

Rootknot nematodes (see Meloidogyne
 
spp.; M. arenaria; M. incognita;
 
M. javanica)
 

Root rot (see Phytophthora capsici)
 
Rural Development Authority (RDA) 12
 

'Salsa' 522
 
Salt tolerance, Lycopersicon 166-173
 
Sclerotinia sclerotiorum on pepper
 

seed 38
 
Sclerotium rolfsii 

pepper
 
importance 87
 
Malaysia 516
 
Taiwan 89-90
 

tomato
 
importance 70
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losses 541 

Malaysia 512, 516 

Nigeria 541 


Scrohipalpula absoluta 
adult emergence 119 

Brazil 113-122 

damage 113, 117, 119-120 

feeding habit 113 

importance, Brazil 401 

oviposition 116-118 

resistance 


assessment 117-118 

breeding 113, 118 

screening 115, 118-120 


resistant germplasm 113-114 

yield loss 113 


Seed-borne bacteria, pepper 38 

Seed-borne fungi, Capsicum spp. 

Seed-borne viruses 15, 38 

Senegal, AVRDC tomato releases 

Septoria apiicola, peppar, Liberia 


38 


19 

505 


Septoria leafspot (see Septo.ia lycopersici: 
Septoria apiicola) 

Septoria lycopersici 
Brazil 401 

China 4i6, 418 

control 449 

Ethiopia 442, 449 

importance 70 

India 452 

Liberia 504 

Nigeria 536, 541 

resistance sources 542 


Seychelles, AVRDC tomato releases 19 

Shading, pepper 


effect on 

ethylene production 156 

flowering 154 

growth 54 

yield 164 


role in flower bud abscission 154 

Silverthiosulfate 270 

Singapore 


pepper 

export 474 

import 393 


tomato 
AVRDC releases 19 

import 389, 511, 554, 572 


Sodium nitrophenolic compounds 478 

Sodium-4-chloro-2-hydroxy-methyl-

phenoxyacetate (see Tomatolane) 

Soil 

Bris 516 

conducive 64, 235 

ferralitic 235 

fumigation 325, 337, 339, 340, 343 

disease control 


Subject Index 

liming 237
 
mineral amendments 237
 
organic amendments 237
 
nematodes 318
 

influence on bacterial wilt of
 
tomato 235, 237
 

matric potential 316, 319, 326, 365,
 
367, 372
 

oxisols 64
 
phosphorous adsorption 324
 
problems 493
 
smectic clay 237-238
 
sterilants 539
 
tin tailing 516
 
water content profile 327-329
 

Solanum spp. 83
 
S. americanum 254
 
S. lycopersicoides, cold tolerance 485
 
S. melongena 33, 36, 253, 509
 
S. tuberosum 252
 
Somaclonal variation 44, 46-47
 
Sorghum spn. 446
 
Southern blight (see Sclerotium rolfsii)
 
Spider mites, (see Tetranychus urticae)
 
Spodoptera spp.
 

damage 291, 297, 299
 
integrated pest management 289
 
Nicaragua 289-290
 
population dynamics 295
 
tomato-benn polyculture 289-290,
 
294-296
 

S. exigua 
Mexico 532
 
weeds 281
 

S. latifascia 290
 
S. litura 

pepper
 
Indonesia 477
 
Korea 496
 

tomato, Cambodia 409
 
S. sunia 289
 
Squash blot 260
 
Sri Lanka
 

AVRDC tomato releases 19
 
pepper import 480
 

Stellaria media 254
 
Stern blight (see Phytophthora spp.)
 
Stemphylium spp. 551-552
 
S. lycopersici, tomato, Korea 500
 
S. solani
 

importance, tomato 70
 
resistant cultivars 397
 

Stinkbugs 284
 
Sudan
 

agroclimatic data 561
 
tomato
 

cultivars 562
 
disease problems 561-565
 

http:Septo.ia
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irrigation 561 

rootknot nematodes 562-563 

tomato leaf curl virus, control 


562-563 

vegetable 


export 561 

production 561 


Sunflower ringspot virus 250 

Sweet pepper (see Capsicum spp.; 


Capsicum annuum) 

Sweet potato whitefly (see Bemisia tabaci) 


Taiwan, China 

agroclimatic data 426 

pepper 


cultivars 424, 427 

export 515 

production 


constraints 425 

statistics 422-423 


seed export 511 

utilization 423 


tomato 

AVRDC releases 19 

bioregulators, use of 174-181 

cropping systems 427 

fruitset improvement 174 

growing seasons 174 

marketing 429 

otf-season production 432 

processing tomato 429-430, 432 

processing tomato industry 344-347 

production 


constraints 428, 433 

cost 432 

statistics 422, 425-426, 432 


seed 

companies 428 

export 511 

hybrids 422, 428 

production 422 


utilization 428 
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Tomato erinose mite (see Aceria 

lycopersici) 

Tomato fruitspot (see Xanthomonas 
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pepper
 

Australia 250, 252
 
Malaysia 516
 
symptoms 252
 

tomato
 
Brazil 396, 401
 
Malaysia 512
 
Mexico 532
 
resistance screening 405
 
symptoms 252
 

Tomato yellow leafcurl virus (see also 
Leafcurl virus, tomato)
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tobacco ringspot virus; tobacco streak 
virus; tomato leafcurl disease; tomato 
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Eleusine indica 446 progress, evaluation 214-218 
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Taiwan 89 

yield loss 393 


imato 

Australia 386, 390 

Brazil 401 

confusion with bacterial speck 206 

control 200, 428 

disease 


development 208 

pressure 202-203 

severity 204. 208 


disease development 208 

Ethopia 446
 
foliar infection 200-20 1. 203-204 

fruit infection 200-201, 203-204 

importance 200
 
Korea 500
 
lesion 


development 208 


diameter 211
 
number 200, 213
 
size 200, 213
 

Malaysia 512
 
Mexico 532
 
Nigeria 541
 
races 207, 213
 
resistance
 

foliar infection 200
 
genetic control 200
 
inheritance 200, 207, 213
 
inheritance of field resistance 200,
 
202-203, 208
 

selection for 200, 207
 
resistance screening
 

conditions 206, 208, 210
 
field 201-204
 
growth chamber 210
 
hypersensitive response 208-209
 
iroculum preparation 209-210
 
methods 210
 
preconditioning 202, 204-205
 
quantification of bacteria 208-210
 
seedling 201-202, 209-210
 

resistant cultivars 200, 202-203,
 
208
 

strains 212
 
Taiwan 428, 433
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