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Bacterisl  w i l t ,  caused by Psatudornonaar ~solana~aarypa 

(E.F. S m i a ) ,  is the most serious disease af tomato 

(~ycoeetreicon Zyeo~w#4cum (L) IQsst) in Kerala. 

Conventianal plant protatztion masthods, a m  found 

ineffective to control the disease. Reeistance 

breeding 1s then the  obvious method, *ich woula 

make possible the cultivation of lmmato in the 

problematic tropical acidic sofla. Two sources of 

resistance to bacterial w i l t  have been repom - 
one from H o r t h  ~ s & a  type of msietpmce and 

other derived from &co~ersicoXi p&@.nellif~Aium 

(PS 12780ZYr). A t t e m p t s  to Incorporate the above 

bvo SOWGQS)~ of I I B L I ~ B ~ ~ C B  I n  s ing le  variety(ro) would 

be a rmrt=h\vhile effort: to dotrelop multigenicsfly 

resistant plant type8 w i t h  broad apecf;rum genetic 

base. The FI hybrids involving tho above hro 

sources of resistance and further their progenies, 

if developcd,could give ~ansgressive segtetljantas 

with combined wilt raesiatance and w i d e r  adaptability. 

Genetic cataloguAng is a key (and vital step 

taken g prAox& to any diseaae resistance breeding 

prograrims, GenetAc uataloguing tmubd identify 



line(ar) bsed on distinct mrphological and mendelhen 

chmecters. Information on l inkag~plaiotfopim €misting 

between wPlt resistance and morphological characker& 

could act as aids in plant aelaotiona, 

2. TO catalogue and &cu13ent tornam lines, rwrted 

resfstsfit to bacterial w i l t ,  

2. To iuevelop Bl llybrids involving tho two soucces 

of resistance, Lvco~ersfosn &Qplncll%faliura 

(ir;S 127805~) aa rnale and L~co~er81-~0y[il aseulentm 

lines as fee-nalc*. 

3. To svalua+a t t u  interspecific Fx hybrids for 

heterosis and xcaslstm5:ts ko wilt. 

4. To cevalwte parental lines, FIS and F2 hybrid8 

under f i e l d  conc3ftions k~ fiild ou t  inhcrbtmee 

of canbind w i l t  resistance, 





A. Genetic ~6talOguing 

Gonetic catalogu$ny is done priori to any 

ef f octiva resiatence breedins programme, It 

helps to evnlu~tte plants for sources of resistance 

and identify marker chalcacter(s) linked with disease 

resistance. Information on genes, their reference 

anG so& source in tomato were pmvfded in the Repofis 

0 5  th.2 Ibmato Genetics Cooperative (1980). 

B, Sources of resistance Co bactazial wilt 

Bacterikal wilt, caused by i~seudcrmw i&&anecerwum 

Ss t h o  m s d  scricw <.t.Qa,s~sc of torr.ato in m a n y  

trcpiczl,  s.i~.btscq:ical 2nd cmm tmgerate regians 

of tho world. 3tecdiny bacterial wilt resistant 

tomatoes by crossing wild torimto strains and 

ccrm,>erci:rl varieties was started st kiorth Crsrolina 

Agr1ctiltur;-ial i3xy~erirnent Station as early as i n  

1'3.tl4 (!.'ewer, 1945).  Crosses between Loufsiana P i n k  

and a Lyca~arsican es~ulsntm line, T 414 were 

con~i,:sre8 GO be ~romfsinc, sources of rssf stance 

.do bacterial w i l t .  A b d e m  (1946) tasted a number 

of t o m a t o  v e t i a t i : : ~  for resistance to bacterial w i l t  

9n zwskralba <:nc: found theL s t r a i n s  derived from 

Louioizna idink werc rsef::tant in qucensland also. 



Annual iceport of the SC3h~01 of AgrI~Ult~re, NO* 

Carolina Slate College (19%'5$) contained r$:pow 

on lines w i t h  good field rssistance tr, bacCerics1 

w i l t ,  but only a few bore frultar o f  marke-3-e aiza. 

Testing i n  green house indAcatd higher 8~4~cwCfiility 

af young plants than o3d ones. Abcsygunawwdena 

and siriwmdena (1963) tested 89 tomato varieties 

and hybrids far rasirtaca to bacteriisZ &.It4 The 

Nor* Carolina lines 196018, t9lSOI2~t~ 1962-B2 and 

1961-57-55M and varf etltw Wstexg10bO and RahQngala 

sdaetion XI were t h a  most re#isGmtr 'The 

Banos strain reportad resistant i n  Phillippfnea 

was observed sumeptibke in Sri Lrsnkn, This  was the 

first indication o f  the presence of dfff races 

observed bacterial w&lt rereist:mce in LYCO- 

&$p&n~lliPolium (PI; 127805A). P3artmn & (1966) 

conducted a study to f And out the sero1~c;icarl 

relationships of raaes P12 and 3 o f  

aolanacswum, They indicated races 2 and 3 wene mom 

closely rolkattsd to as;& ather Man ei ther  wa8 to sac@ 3, 

The ensst38 Involving the popular varlr~tle~ 02 USA* 

Manalucia m d  SlosadeI with a resistant stock from 

North Carohinu resulted in the  evolution of a few 



l ines  resistant to Paeu-nae solanaeem- 

(University of F lor iBa ,  1967) The presence of 

certain plant parasit ic nematode species i n  the 

soil could affect tho  susceptibil ity of tomato 

reported suacept ibi l i~y  of bacterial w i l t  resistant 

variotim %a the pressnco of nomutadea* The local 

l i n e  2 ASS wasi oberem& toterant tm Pseudrzmonas 

so&anacsarum ( Serere Raseaxah Station, 197bJ7 1). 

Henderson and JanWna (1972) reported bacterf a1 

wilt rer~ikjtancc An Venus and Saturn, which had been 

derived from crosses among Zodsiana Pink, 

asltsville 3814, Pan b r i c a ,  mtgera, i@rg2obe, 

STEP 174 and 2tanalucie at: differen% hvels. 

Akiba & (1972) rsprted high levetls of 

resirtance i n  three tamato introduc=tlom 65 S2, 

66 S52 md 68 S4 VeSeA.  I3aly (1973) 

oonfimod resistance to b c t e r f a l  w i l t  i n  Sat:Um, 

Vsnus and En local l inea T l f :  Z i ~ T  and OTB2. Xn a 

screening psogramne involving 247 cultivara, two 

additional sources of res2stance to Psewdnmonrns 

salcinaceagwn, accesslaona 1737 and 1937 w e r e  isolated 

after being clipimculate3d in the seedliq stage 

(AVRLC 5'omat:o R e p o r t ,  1975). blew and kfo (1976) 

screened 43 viarietiee and lines and found that 

VC;8-1-2-1 was resistant; regardlass of? inoculm dael ty .  



.;unsrjona $r& a. (1976) screened tomato varieties 

and isolated the AV-REX resistant lines 15, 22 and 33. 

On the bensia of 2athogenLcity 10 isolates of race I 

of Pseudomonaa solnnnccsam were idontifiad by Pzsth 

and hady (1977). Sonoda and A~gur~t ins  (1977) 

isolated Mawaim aolect.%on 7997 as resioeane o u t  of 

72  torn?tm lines screened against bscterial ~ ? l l t r  

sonoda (1977) further evaluated 121 cultivars evrd 

lines of tomatoes in three tests in a fia3.d mt~rsllg 

infested w i t h  k-seudornonc.~ solanacaarm and observed 

resir;tanse fn Venus and Sturn. Graham & (1977) 

re~xxtod the realstance i n  VG4, Tho line VC 48-1 was 

obsentd resistant to bacterial tsilt in Tallwan (AVRDC, 

1978). Of the 25 lines reported a8 being resistant, 

only the  l ines  L 3972, L 3987 and CL 86L017-1 

w e r e  moderately resiskant fn P3igczria ( 112Ae 1978). 

Villareal and -1 ( ~ 8 7 8 )  inoculated area 

bacterial w i l t  resfstme t;omako vsrietles ;and 

tl-~cir FIS w i t h  a virulent ioolate  group 12, 

P s ~ l - ~ t e  2) and! a weak isolate (group 16, isolate 17) 

of Gseuc3omonas solanaceartan. They absentad higher 

level of resistance in PXS than in the cultivanr. 

Sight AVRM: advanced breeding lines and 109 newly 

collected accessions were ervaluztsd for  resistance 

to b-icterisl tailt. Qnly two adgrtncod breeding 



l i n e s  (Ct 1094.c0*015-7*0 and CL l2b2-4) and Lou 

sccerssions (Lt+ L 467163# L 4683 and L 4712) had 

survival caQ;es above W% IAVW, %999). swrarjona 

(1980) reportxw3 the breeding  net^ A= 33 eYta 

AVf-UX: 15 were res i s tant  to Y r r e u ~ n a ~  @anaccsq. 

Hawaii m6)$ was resistant .Zg baaterial wilt un&r 

lowland condftions. Sonoda &a. (1980) reported 

s t r ~ n g  and stable sources of resistance to 

Psd-ne~ lanacsaxm Pn m a g i  7997# CRA 66 an4 

PI 12640% liamachmdlrana&. (X980) evaluated 

36 tomato varieties for sowce# of  m s i s t m o e  %o 

bacterbal wilt under the warm h a d  tropic%% 

conditions of Ksrala* Thay obssrrvesd rereist;ancg in 

La 3oni-i;a and CL 32&&I;ZIP% (2% Celine (%981) 

report& Efeld tolerance to bactariar wilt in 

CL 32~3-0-2-19 GS. Wth & a. (1983) wed eight 

ksolatss oC t'seudamon'io solanaceam (race 1-K 60, 

A21r TFP 12, TEP 13, t2640bl  9Md T l f t o n  8 h l t  

race 3- 1.;82g race unknown - FF) collected fm 

diverse X~cations  to study tke bacterial wilt 

resSstanca of s e l e c k d  tansto linsa and ~UPtivardl. 

They reported t h a t  t;he Line CL 32bO-1-19 GS Esom 

- 4 V b C ,  raiwclln which was later rimed as LE 79 at 

Kerala Agricultural UnAversity, Vellmikkara, Txichur 

tras resistant to three iaaEatai8 K 60, 12MO8-1 etnd 



Tifton 80111 of race 1. The cultivar Venus was 

obsen?m% resistant  to Ehs isolata 126408-1 of 

race 1. Goth et a. (1983) replorked affect of 

root knot nematode ;in bacterial wilt of txmzto, 

They observed th,t  bacterial w $ l t  resistancls in 

LE 79 was broken down when root knot nematoPie 

& A o i & e  incocsni* larttetcs wars added 

1100/10 cra pot) aC the time of fnoeulaticln wikh 

bacterial i~oletesr They suggested that 

$ncoc;niM should also bo ans idered  as a 

factor in the development of betar ia l ,  w i l t  

resistant tornz-to gemplasm. 

2 " r a . m  p r i m c r y  Wwc(38 OC xretsistance to bacterial 

wilt wesa reported (~irnssell, 3.978). ~ h t t  fir~tt 

bc%ti, NOrth Carolins type of rsslstahae, exprrar%a;lcsd 

by derivatives aE Loufeima Pink wens MerhariLed as s 

recosoive ch~ractar atmd csntrolZed by plygenes 

(sin:h, t961). Orahm anG Yap (1976) conduct& 

a vilrionco c a n ~ o n e n t  analysis of parents, PIS. 

PZS, BCiB end ul a cmss between a resistant 

l i n e  VCq an2 o swceptzlble l ine h a l t e r .  i u l l t  

raof:l;tsricc sho:.cd a narrow sense httritability of 42"/., 

bro-cl.d sense h:-r i t&il fQ of 53;; arid a dcsgrrets of 



rkmtinance of 75%. me poltlpgauric trersistivlo~ An 

tomato tsga observed modifled by changes in tQwperatrurs 

(Mew and HQ, 2977) . Another f aeWr whf ch $atanttinad 

t h e  disease reaisWnca was AnOOUfufft a9nslty, 

V i l l a r a r a l  and La1 (1970) also suppr9s8 #e 

hypothesis of aa&itlve gene acOian for khe 

inheritance of aiseasrlls xesiatamae. 

A second type of resistanas was reportsed i n  

&gao~exsiao?, ~ i n e l l i f o l i u q 1 1  (PI t2"/OSA) by maray 

worker8 (ACQ8ta & $&a t4ohanaktsmaran a*, 
1969 and lbddick, 29741, Ar?srsk& J& &&,a ( 1964) 

observed that the resiatfmce derived ftom 

~ s ~ s A w g  plrePinatllifolium wari parbfally 

rliominmt in the sltlsdling stage. In mature plan-, 

resistevlce was controlled by ~eceerarive g@nar 

Rcosta (1964) rapostced a possible linkage 

between Sp+ the gene for indt!&amlnat. plant habit 

and backsrial wilt rars2stLawa. Acosta & ( t964) 

observed no aemciaaon betweem gene *Ug 

contmllfng inmature fruit coZour and resistance 

to bacterial w i l t .  A few reskstaxxt seleoUonr 

had a ydlow gel round the sre- of ripening Pmits, 

but Ron6 of the resistzant eelactions had fruits of 



aomareial sfzs. fnvostfgatZone on mistanem 

t=o PssUdm- Andleated c l o s ~  l h k a g a  

between reassafw gendgr for rttilbtxu~ze and genes for 

poor fruit characCerie~Uc8 (Wnivffsity of Wsrt 

Xndias, 1968-69 1. -liner ( 2905) rebpor%ed yellow gal 

around tkm seeds sf re~istant ailnet LfZ 79 

(CL 326cQwt-19 0s). 

~ h m w . a r a n  1964) rrstysxtad higher 

oontent of stemiclal glyczoc3ulkaloid &-tin ha 

resistant pasentss and hybrid& A E t m  incrcutatiion 

et greater increase in kmatfn cantant: was abeervd 

in reahstant: vardatleea. RbdUbk (1934) dam 

P ~ ~ M X W W ~  h i g h s  leval~l ofaG.txxneUn i n  rootst olt 

L ~ c o ~ e r r r s L ~  pimf nalLif&LSug auSC,ivars, zrsrsf stem% 

to than in s \ f e~~tSb le  

cul tittaras 

8, Variability sI~8dia# 

success of arry amp Smproveanont prog- depend&# 

largely on the geneeia vax5abilAt;y of the amp. 

Srivaatavcn and Sachem (1973) reparted that the 

genotypic, phenotypic md aavi~menea;l crosfficienf;o 

of variaeion wem t h c b  highelst for f r u A ~ ~  an8 



the lor~eat Eor patduncle lengm in tomats wgtri%tfeAs 

they studied. ibritabi l i ty  i n  broad sanapd wets %he 

hfgheet (88,2Ph) for ta-1 wlubls solids* 

Heritability and expscted gcn##k%C2 adtrance wore 

r-rt=ed to h high (74,19% and 43.35 remrpeetively) 

far fruit weight. Sfngh (1973) rworded 

high h~ritability associated w i t h  Wgh gernatfc 

varf a b i l i t y  fo r  p L ~ n t  heijht, locules/fr%l+tJ 

f ru i t  td fdeh ,  days ta Slower and y i e l v p l a n t  which 

are na in ly  duc to additive gene effecta. 

Parthasasathy t& s. (1976) obslrrrmab wide range of 

varierbildty for a l l  the  charac+ers they studiea in 

tomato. They observed high heritability for alP 

charactera except stem g i r t h  (28.9%) and the 

highest value waaj recorded Eos f r u i t  sPze C83,69%), 

Expected genetic a & w e  was l a w  for yield (1.17) 

and primary bramhcq/plant (4,Qa) while it was 

m a x i m u m  fa r  average E r u d t  weigh% (124,331 * The 

ycnc t ic  gain was found W be quite high fo r  yie ld  

(329.501, fruit size  (131,56) and average emit 
weight (275.32). P ~ a s a d  and Prasad ($977) reported 

that tho genotypic and phenotypic aosfficigsnta o f  

variation were high for  plant  height, leavefycplant, 

primary branche8/plmt and fruitas/plant. ilsritabiljitzy 

was more than 50% for all characters #cy st:u&Led. 



Nandlapuri a. f 1977) obserttQd that fmitzB/plant 

was the  mst variable character. HeritabSliky 

estimateia were high for plant height, days tw 

maturity, fruft and yield/plant* Fruit size, 

fruikr/glant and yield had the higher values of 

expected genetic advance indicating mnsidtmable 

scope for selecUon* 

H, Hetarasis as & Pwction of genetic di~teuroa 

G e n e t i c  d.istance ~?)eisthncc between parental liners 

Ln a hybri6 has fnquwaclly b a a  related to the 

e.qrassl on of hcter~cis in dif %arefit: crop planta. 

Genrt-tc divergence stu* in tom2tf) by Petet and Rai 

(1976) revealed t h 3 t  genetic and gertogrerphic 

Sivorgcncc were not mlated. amatic divergence 

was mo::tly cq9reaoed by characters such as 

loculag/frv.it 2nd pl.%t height. & m a  and 

zcishrn (1977) atul?lled SO varfatics a:. tomato Oo 

i2stbata the taxondmfc distanca morn; them using 

2 t11e Mnnalanobis D ~tat%stic. The varLeties were 

~rclrpod in to  Lm clustas on the basis of 

intracluster and intamlushar ~ 3 i s t m e e s  w i t h  

respect to 2lii1it hei*.jht, f tui t d p l e n t ,  branohedplant. 

locules/fruit, days tF3 first flo~rer, to ta l  eoluble 

sol ids  (and fruit yfeld. ZTotal soluble sslfda, 



loculea/Eru;Lt and fmieer/plan.t: ware found ta be the 
2 major detmminants 0f D value. Higher 

hetsrotic values ware observed Zn intercluatei- 

hybric?s than in fntrescluater hybrids particularly 

for  yieli':* hjanna (1977) rqarlxd a 

quadratic relationshi,; between tha extent; of 

heterosygote advantage and gernethc divergsncbr 

They su,.;geet& that: rerslection of parents f o r  

hybridieation on the basis of plant height, 

loculsq/frudt, and W e s  to first inflorescence 

would lead to the  election of genetically 

divergent rnatarialne Peter and K e l  (1978) could 

not tmrk out an opthum gemtic distance b e t w e e n  

parents for rnaxinrtltn m@loitation of h&emcfs in 

Intaxvarietal hetesxosis for total yield/plant, 

average fruit weigh%# fn;litas/plant, days W first 

f r u i t  sl&, days Co firest h m s l  and plant height 

were rq3orted by mny war-8 (Kolhe, 99701 

rdttal & u. ,1974 and VSr&r?lwaItn & , 19813). 

Sadcjai: (1967) and Qtcrubh~fy and ic;hanna (1973) 

re, orted hetsrosis for P r u f t  s i ~ d l r  fb teros fs  for 

y i e l v p l a n t  was obsemd by icolha (1970) a d  



Chouac.ry and lCh.ama (1972). Ibteroais for* f ruf t ~ /  

;->lmi; were obseleved by Saakjsnn 45967) and Shevelen 

4 1977). Avdeerv (19Xb) rqmrted negative heleroais 

Ear  rnaturiky* U t t P E L  et (X974) wminp2d 14 

hybric2s Involvfn:~ aeven selected l i n e s  and two male 

pcr::-antB investigate tha extent of ;Ln 

variou:; C ~ B S ~ S .  rrommced h~tssoofs was observad 

in m a n y  F hybrids f o r  early yic?ld than ?40r 1 
tote12 yield* Fruite(/plnnt and f r u i t  v:cfght ware 

HetatoaAs over better a d  the bent check for yirfd 

+;ere observed in pew-shaped t C m i 3 t 6  by Sidhu laf; u. 
( 1981). Virdeltrala f& IlC281) abaenrad 

hetorus is  for  to :a1 y&@ld/plent, avermje f &t 

wei ,ht, fruj-tq/plcurt, days tc first set m d  

maturity, dut no hybrid showed signlfic~mt 

heterosir; over better parents, Eie~~orter an 

intorspecific h&er.;sia a m  rather Lim3ted in -mato ,  





~ h s  experiments were conduclad at the Enstxuctional 

Farm of the College aE Horticulture, Kerala 

Agric~l tural Unf vers i ty ,  Trf chur, during A u g u s t  

3ecember. 1982, January-Nay, 1983 and July-OcCober, 

1983. 1PIa fam is located at eul altitude of 22.25 m 

and at  10°32H M l a t i tude  auld 36511" E longitude, 

The soil of tAe expsrimcn-1 site is deep, well 

drained and moderately acidic w i t h  a pH of 5.1. 

The area enjoys a typical w m  humid tropical 

climate, The soi l  is highly infee3W with the 

bnc tcrda BseuBomnas 8ol3fn~cs- sesul t ing  heavy 

cfPp d m g a  in s o l a n a ~ ~ e ~ u s  vggetahlea. 

The matorials fo r  the study comprised sf Lines 

derived from the two reported saurces of resistance 

to bactarfal wilt. The first being Hor+fi Carolina 

type sf resistance, expreeteed by ten derivatives 

of Louisiana Pink, included I& 200, Id 207, 208, 

LE 209, 210, LE 232, LE 212, Ld 213, Lk 214 

and LE 217 (Table 3* 1). A few O F  the  above l ines  

wore reported resistant to bacterial wflt in diverse 

geographical areasr Tha second type of resistance 



has bean derived frm ISulycaperaicmn speaiacs 

-eraicon e i n e ~ L L w  (Pf; 227805A) and is 

accsss&i as LE: 218. 

'J33c ePavm paraea3 l a c s  were ~ m w n  in raised 

beds WAng August, 3982 and the seedlings were 

observed for cpa3itativo characters as given 5n the 

R e p a t  of M e  Xomto @emetics Coapcrative, layl. 1980 

( T a b l e  3e 2) '3%~ seedlPnks w a r e  Euxther classified 

InW f f v ~  distinct: yraugs based on the aprwd and 

intensity 0% purple gSpentatiun* 

i, C m p P e t e l y  free of anthocyanin 

ii. Uppor part of #a Ifypocotyl free of anthocyanin 

iitl. k r l Z  hygmcotyll regdon w i t h  ankhocysr?in 

dv, iiypueotyl and epicotyl vlth mthocyanin9 and 

V. i - ~ ~ k y l ,  w f ~ ~ w l ,  cotylW3ens rutd E b 3 ; ~ ~ t  18av48 

with nnthocyarrbn 

datflfncjs were again grouped based on phyllotaq 

as sucjycsted by B i b l e  (2996). 

b. Juvenile and adult plant &;sraoCets 

The seedlings were9 transplanted and obrrs~nted for 

juvenile a d  adult plant charactare as suggap~td in 



the tseport of the ' T t r m ~ t o  Cbnstics Cooperativ~1, Nay, I980 

(Tables 3.3 and 3.41, 

2. Development of PI hytrrich 

F~ hybrids wets dweloped through hand 

emasculation and pollination using b y w ~ e t g j i ~  

g,&,@~inel&3.fo3iunt (PI 32780SA) as male line and 

Carolina Lypa of resistance as female lhes, The 

10 hyhri- thus dwelopad w e r s  catalogued eaa per the 

Repork of Tomato Geastiga Qmperative, May, 2980 

and aleo grouped baaad an phylloteucy an6 spread 

and intens i ty  of gurgle pigmentation, 

3. LvaZuetion of PI hybrlds for h e t ~ s i s  and 

resiotturce to bact;srie*r wilt 

The 11 parental lines and %O F1 hybri68 darAvcd 

f omed the materials for thda experiment. They 

were grown during Januaxydhy 1983 fn a mc3amiaed 

block design w i t h  three fqjlicatAans. The parental 

l i n e s  and PIS were randiomioad sepsra-y within each 

block, The susceptible l ine Puaa Ruby was -awn all 

around the f ie ld  to c h e k  for the incidence of w i l t .  

LE 79 waa used as resistant standard check. There 

were 20 pl~ttit/lineJrerg1tcatAon both in parents md 

FIS. The spacing given was 75 x 45 an. The trial  

was conducted in the field where *:he prawiow crop wiias 



banat0 and the fie24 was known for disease 

~ ~ ~ ~ ~ t i b 2 l f t ; y  ~ n d  pkrrxrYA& 

Evaluation for resistance 4m bacterial wAlt #Qd 

done by W n g  ebsexvation~ on number of grants 

wilted me 15 days in"p.efyorrS, The occurreme 02 

bactexial wilt m a  confirmed ehmugh wse test in 

each of t%& wSfted pLm?s, The di~ba8di ~ C L U I E ~  

waa dono a@ p a  "Ae mw&cr suggssrWd by 

sif.xwama*# & a* (3943%) - 1 o ZrnmWRs (0% plants Kil w) t 
2 n Highly rrslstarrf: (t ta %O% pXanta w%l1.cea)$ 

3 tr PIL-dri~ra-Zy remistant ( f f, W 30% plmb wilted) ) 

4 ia WO.dt~tat@ly susclsrpCSb&e (52 to 70% plant& ~i l lxad)  and 

5 rr HLghZy ~udiaapktb3.e (71 W 108% plan- whl-). 

n;'fver didasrase Erma plants w a x  randonily a e l e M  

in each & h a  and hybrid end obsdxwationa wega 

rcpcodtsd on days to i t x s t  f;lwcarl days to f Zrrslt 

harvest, plant ho2.ghtl 2,ranchs4glant, loeulss/fmrit, 

fruitbl/plmt, average fm%P; weight and fruit yield, 

O'usakvat=ionrr ware rrlw mat% on the incidence of mot 

knot se~naode after upt'aotfng plants and recorded 

as low ( 4 5  noWss/pEant) (rt!kW nndultrq/pLamt) 



and hfgh P S b  nodule-slJplant). Data on 6ifferent 

quennUtat&ve charwtietrs we&@ subj@cfx+d tm akatistf cal 

analysis, The ~nnalysFs of variance technicL%e . 

eu~gestea by Fisher (2954) was employed and useful 

genetic parameters ware estimated* G i C f t s s e s n t  

components o f  variation ware bergved using the 

M3etL squares 
Sources of mrtation df a-P 

0bs-M eurptac?t.d 

To+tal 

HeplicatSsns 

Genotypes 

3 m alack variance 

a. Csnotyyic and phonot:ypic eoef2ieien.t: of variation 

Genotypic and phenotypic coeff fcient of 

varidtion were calcuiated by the fannula euggcsatmd 

by &tsrton (1952). 

P h a n o t 2 ~ i c  cooff icient , of variation (p-) I T D  X 
IL. 

X 

- vfiere p EZ ..'hanokypir= standard deviation 
a 

:c m 23m ~ j i  Ura character wdar study 



w h e r e c g  am Genotypic a~teurdarc? d e v l a ~ ~ n  
*IL 

x = Man of We chaamctss:. under at* 

by Ute Eonnulae suggestad by AZZard [1960). 

a. m t e d  genetic ac4vance at 5% intensity sf 

selection m calculat(t3d by the f~nnWaae suggestd by 

nllsrd (~960 
2 Genetic manes (R) r & ~ G R  

where 2 r 2,06 at 5% intensity of selection 

h2 r N e r i t a b i i i + y  

a 
X 

where R .r 8xp%e?ad genetic aclvartee 



a. Analysis of gsnotic divergence through mstroglyph 

metho4 

Anderrson (195'7) proposed Chis  mentho4 to study tb 

pattern of mzpho1olgica.l varlta+ian in parents an4 

hybrids. In the  present study i s  genotypas were 

analyscld in  a re:.licated trial md frofn the Bsta 

m e a n  tablets were pam#pesratX, TcJu, m a t  variable 

charactes viz., fruit weight am3 plant height was= 

selected, F m i C  weight we8 taken along thre x - axis 

and plant height on the y - ax%#. The mama of 

y - value@ wore plotr4mc3 against khs moms of x-valwte 

for each genotype, A particular genotype was thus 

reprosentad by a glmh on the graph* 

The other &t~l~mterta vizec locul,ea/ffsn;rit anB 

disc-se scars wetre fqresmtQd by rays an the glyph, 

the rays for sma ~ b r a ~ t e r  having the &me posiuon 

on each g5yph. The range of valriati~n in caaah 

character was represented by different length of ray88 

ie,, a genotype havSag l a w  valuw for the characker 

wiLf have a small ray* Thus the length of the ray 

is either short, medim or Xong depending sn the 

magnitude of values. 

f ,  Estimation of genetic d i s W c e  among 1% liner 

The genetic distmce wars cerlcuLa;ted consis.iering 



the following charaaharb. 

The ~ n s % h u d  ~uggdblrW by ~ e r l a n o b t s  (1928) 

vas usd  s e a a t r  th. tmt.1 D' bmsn the 

lines w i t h  xi. x p  x3aad x4 a# 

respectively being the d l f E : ~ ~ ~ e m c m ~  in the means 

oi WM li lines. m w b i s  D' atatiaeicr 

is *fined asr 

D~ - bldl + bid$ + badg + bl% 

Hem the bi vak&uss wua ekst&maM arh 

-a+ ractlo of varhnccr, bekram ppulationio W 

variance within populattons ~ n a r  maxh&sda In 

terms of variances m d  caveutianceer the 

D~ L w l j  (X1..ll - X1*a) (X;' - 4  + w h . r r  *tj 

is We inverse off sstc4amWd varhennm cxma-fan- mtrtrr. 



From the Baea variance8 and covsrir9nces ware 

calculntd using linear mode&, From thc?se estimateas 

a. disparsion W l e  pdaa preparaba. U s i n g  sCatis4Ac 

which in turn utAlized wilk'kir criteriall a 

valuca of a number of cosrslaM variabkes was 

done (Rao, 2948). 

t e a t  with a?prapr$ste t3egr-e of freedom. Since 

the variables were highly corselstc& they" were 

trcnsEormo& usf ng pitrob%l condensation method. The 

parental l i n e s  were groupocl fn4m different clusters 

usPnc_: Pc>cher Ftethcx!i (t3Lngh and Choudhary, 1979). 

g* 2hc general combining abi l i ty  effect of malm 

parent LE 218 was estimated as Une average 

perfomancta of the kiae %n hybrid ucmbinatlone. 

The lnterspsciiiie 2% hybrid vigour waa e ~ t h a t e d  

w i n g  tihe Eomulae (Wayas et a*, 1956 anB 



Relative hetarosis - 5 - W x ZOO 

.I. 

Standard heterosl. r F1 - Mean of cheek vsrlety x 100 

sic,nii'icarlce of hetemsis wars txa1~itgd using students 't' 

t e s t  w i t h  ril + 9 2 degrees of freedom* 

a. / w  

Seandari! errors of the hotwconin w e r e  calculatgii by the 

Standard csrror of kb&wohlCiosis 



whet. 3. pi * fJktsmal parantal variance 

L Paternal parental variancs G-R2 

"2 a Number of maternal plan- 

"3 a OEimba~: of paternal plan* 

ria Numboc of F1 plant. 

n2 .I EWex uf stancard paxental #an- 

$. XnRc~ i t~ l~~cs  of oclm\trined wilt resistance 

13aontel Ilnss, F2S and Fa$ w e r e  g m  during 

Gun-Octabsr 1983 to study inheritems of ccmbined 

bacterial w i l t  rersfatta9ce. Thsre w e r e  10 plant8 

each in parental Unos, 10 to 20 plznt. in PIS 

and 25 Co 75 plants fn F I S .  Observations w e r e  

recorded from each arid every p l a n t  data were 



Tablie 3*1, The source, name and pedigree of l h e s  mder evaluatAon 

L ~ t z ~ x a  icon 
8~CU1@X%ttran 

LE 206 CXC&C)llrl)l1-3&4 ~&11-1-2-IF1/Satatm avRDc Taiwan 
rn 

m 



LE 23.7 mufarfana Pink 

Univerrsity of 
c;'tplifornia, USA 



Tabla 3,2* came Iist of aeedlfng char;rsrztrar:c, 

a* atrovio~acam Ilntmse gnthocyanln pigmentation 7L 
L%kv dark vekined leaf Sererc%ring Peek- yer2ow gm#4Bn# 

weins, a3.m~~ &k%r gmma 

High plgrr#tnt 

Light green foliage colour: 
Ef gh,* 2 O Q ~ l ~ n s  f ight yelLow lem~cars 

gallo 9- 

If33 l ight  grre3 mtyl- and leave8 Pfght green, 
C G ~ Y X ~ ~ X W J  t . ~  y e r i ~ ,  
rnalzura, plants gale green 

White rtt~edlings turning to gr-n 



Table 3.3. Gene list of Jtmmile characters 

&eta accunrbem Leaves an4 pimaa shortly stalked, 
1-2 safetee fwmwesd, old= leaves 
strongly bend d o w i y w ~  

aer a~rLal roots Advenk i t ious  mots on the strrar fxmn 
m i l  L e v e l  to considerable hefght above 

a1 antbeyanin ~ icpantm3 only at nodas latar 4s 67 
losrar 

are snkhoqanin Y o u n g  leavetar of older plan- plgmentd 3t Sa 
t:edwzekd 

&%a aamm Bright yelllow foliage ZS 32 
OW auroid Wfom yeI3ow foliage 

d~ cplrolcsph~ leaf Leaf dxoopbs, elongate, dark. greaa 
Stam slender and prostxa- 

et entire Leaf segment8 few, mid vein distorted 4L 66 



hair &sent 

hi rl5u.Zra 

hf *urn 
light gmmn 
nitIda 

villous 
w i l t y  dwarf 

Bright yel&ow green foliage in the 
rieza 
u S g s  trfchontsrrr &sent 

Lang hairs m aaaxSal leaf susfacg 

~ i c j h t  green foliage coZour 
baves long petfoled, pirmae 
asepzy cut 

P l a n t  retarded, leave@ tripfnnetely 
==P- 

Plants  stunted, 16(9vw grey gresr, 
&cmp if drought s%ratssQd 

Leaf margins curl adaxially 
All parts densely pat)rcwzautt 

Foliage unifsmXy ye&l.w green 



Table  3.4+ Gene list of A d u l t  plant charactamdl 

ag apetalotm b s t  or part o f  corol3a lacking 21 124 

at apricot F r u i t  f l e sh  coZour 5 - 
Fruit stylar and ps;inS=ed 3L 3% 
Stem ttumhata in first inflorascence 13L 7s 

bu bushy Ir&lorascencas and internodes fore-B'brtarna8 8L a43 

ch charkreuse corolla gmmnAsh y a k l o w  8L 2% 
~k corky f h t ; l A t  lprUft wall ~ p l f t ~  - - 
01-2 cleirsrtxq~urir2 Pbwaatar only slaghay #&fa 13% 

F Easciated Fruit% f a s e i z t e  many locuhd 
8 f.sciat.e - 
r"1 fleshy calyx - I*I - 
Ps frults%rfpe Broad d i s t a l  stxfpe as i n  L~co~c?tlcslcon 

h2rsutunr 

gs green stxipet Unripe fruit wi th  raaial green stxfpes 7s S 

hp high pigment F I U I ~  pigments intensif i d  22s - 
Ip Antense picpent- Dark pigmentation of tile f rult both dn - - 

aaon ripe and unripe stages, 



T a b l e  3+4. font&...... 

rJc3cttdl 
Gene Name m m m  *I.1u 

Ctrromosame S i t e  
W H I - W I H I . H I - I I - ~ - - - ~ - N L I - U I . - U - * - - . I C - - ~ - - U - -  

P e d i c e l  jointless,  in£ loreseance lea- 3.28 28 

Corolla light green - - 
mc mercrocalyx Sepals and inf loresscence leafy 
n nipple t lp  A t  stylar end of the fwt 
nor non ripening Frui t  ripening greatealy -tar&&# tOs - 
Nr Haves ripe ~ruit ripgn slowly to dull orangs 9 I 

dr ovate Frui t s  elongate 2L SS 

P ma* F r u i t  surface dull, more R a i z y  2L 67 
pst pmaisrteat style Developing into h a k  7s 5 

r2 radiznZ C w w  ratsisl3wkz2et of fruits 

rI yclZm fruit,flesh, l ighter yellow flowerv 
rin ripening Inhibitor Fruits dpen very slowly to y e l l w  

ar cxmptznd cluster Xnflorescemces strongly proliferaW 
sp aelf  pruning Detminate  habit 
spf superpuff Extremely puffy, hollow locules and 

bel l  pepper shaped E m r i a  

as spong seed Sntoath, but spongy e s ~ 1 e 4  

u unif o m  rApenhg Unripe f rvf ts lack blmlour pigmantation 

ye yellow calyx w h a  E m i t  ripens 





Data collected in the present study were 

statlstfcally analysptd and are pre~tented undsr the 

f 01 lowing head** 

I* GsnsUc cataloguing 

2,  LWaluation for rarsSs+ance Lo bacterial wilt 

3r  Znh~rl.t;ance of w i l t  ~8)8i~~twUZ@ 

4, Scmatlta analysis of parents and hybrids 

5, EstfmatSon of genetic dAverganc;~n 

6. Estimaeion of intaslrspeeific hetaaroais 

Gleven parental  line8 and tsn Fl hybrids of 

tomato were genetical&y cataloguud in seadling s+aga 

(Table 4. la), jwenilr ratage (Tabla 4. a) and a W t  

plant stage (Tetble 4 .b )  dur ing  August, 2982 

and January* 1983, The main d i s t i n p i s h l r q  feature 

among l i n e s  in the seedling stage was We stem and 

petiole eolour and arm abssnc$/pccss&nce of 

could bes aissily dirsth&pisktex3 fkom E v m n w s l i ~  

ssculanhun (Lx 206, &ti3 207, LE 208, LE 209, LE 210, 

LE 211, LE 2l2, r% 213, &E at4 and WI: 217) in the 

seedling stage for  m w  leaves, anmth thh aura 

alcander stem. 'in@ c2Ast&nc& character of 



l&copersicon eaS3Ulwtum was i t s  p l a t  -:urea 

nll the Ps hybrids hati a few hairs on the Stam. 

G ~ n e t Z c  o a ~ ~ o g u i n y  &a the juvenile stags indicate& 

Chnt a l l  lihs liaer eand hybrids had nomaf &eaves 

except tho Ibe EIj: I t 0  in which potato leaf! (a) 

was notic&, Thps 11 -to Unas were bdtsterminats 

( ~ ~ $ 1  in t h e i r  gmwkh habit. The sea& i-rers 

ob:;erv& c a w e d  by a yellow gal in a11 tha Lineor, 

rhe line 2%0 w m  nipple Cippd (nn) and 

ovate fruited f ~ ) c ) )  wSeh p a r s l s t m t  etyle (pst pst). 
+ 'The twenty-uae germtmes wrere nonnaj. ft=uited If-) 

no-gmovd ($1 w i ~  jo- pedicel ( 1  and unitom 

rSpenin(j (uul. 

In the seedling stagel ehey wetrs critkxilly 

stutiied for inLensity and spread of anthocyanin 

pigmentation, which variad gratatky. aasd  on this 

charactcr,eteedlirrys ware gmtqad Anto Five claslseba 

(Table 4.M). The lifteas Id3 207 andl La 320 w m m  

obser~rd eompAetdy frae o2 ant;hucymin (ad, All 

other l ined  and hybridrJ had intense anthocyanin 

plL.cntaCion. Tho mtsrdUlngs klrsnra furthcdc abserveba 

for arranyancnt of leav~Phy1Eotazq f ~ & l e  4, a) 
Only m e  line Lii 212 had right phy;llotaxy, while a l l  

~tlle3rs Elad left phy&lotwcyc 



Tabla 4.M. GenetLc cetalogUing of tomato line. and P2 -rids in s a w  s+apa 





+ .) + + 9 + 4- + C + j==+-, fs ... g -. gf -, gs -. hp -# fp -0 j+-. lu -0 -0 n -0 nor -0  

f + f + + + + E J ~  -, 0 -, P -, pat -. ZI + -* rt. =in+-. s -, sp- ,  BP~+-. ss-• 

3. + u 211 x LE 2 1 ~ 1  -. hk*.., b13-, bs.'-. bus). chV+-. ek"-. c1-2'-. e~+-. ex -. f+-, 
+ + 4- + + 4 + 4 + fDc,* f ~ + - ,  fa -. g -. CJ~+-. gs -. hp -. ~p -O 1'9. -8 mc -, n -0 -* 

+ + + + + + Nr -, o -* p ~r 2st+-. pat + -. r -, r+-. rin+-, @it-. ~p -, ~f'-. ss -a 
+ + 
a -0 ye 

4. -, ckik, c~2+-, el + -. ex + -. f*-. LE 114 x 2x8 a$-. at*-. bk3k+-. 51**. bs -0 bui'8 a" 
f + + + 4- + 4- -4. + P-. fl+-. fs -. g -, gf --• c~s -0 hp+-. 1 , - .  lu -. mc -, n -. m r  -. 

+ + + + + + f . o -. p -. pst pat+-e XI+-. r%, rin -. sl+-, e ~ .  -0 ~f -, ss -. 
+ + 

a-0 m + 
+ bk+-, bl+-o bs+-, a+-. ck+-. CZ-~+-, el+-. ex -, f+-, . . LE 217 x LE 218 E* -, - 
4 + + + 4 + + + f + + p,. fl -, fn -, g -, gf -. 9s -. hp -, Ip -8 j+-8 -. -. n -0 m r  -0 

+ + + + 4 + + + -4- + ~r -, o -. p -, pst -. pat -. tl -. &, =in+-. s -. sp -. spf -, ss -O 0 



T a b l e  4,l.d. Classificathn of tcuaata lines and hybrids based on Intensity ant3 

spread ~f anthowain pigment in s e d i n g  stage 

LE 217 x LS 238 
~ . I ~ I - - - ~ U I C I ~ L ~ U W . . C . I I ~ ~ - ~ C H - . U ~ - ~ L I * W I - ~ ~ ~ ~ W I ~ ~ ~ - - - ~  

* 1* Ssrsldliqjs c0~npXetely free of snt2mzyanS.a 
2. setsKXlizqs whcm upper part of the hypocotyl mrecjiora free of anthocypulrin 
3, stcrrQlldngs where fu15 hypocotyl region has anthocyanin 
4. SIsedUngs w h m  hypoootyl and epicohyl region haw, ernklmcyan3.n 
5. Shw~llings wbem hygocotyl, drpicotyl, cotylgbdona and finart leaf have anthocydn 



Table 4,Ze. Clansifkcation of tumdtc~ lines evld hpbrlds based On 

phtyrlo+=Y 



2 Bvaluation for resistance to bacteria2 w i l t  

Eleven parental lines and tan Fi hybrids wese 

further evaluated &er field conditions ta t es t  

disease rat~pdzion flcabla 4.Q). There was %OQ% 

disease iwhdenca I n  the suereept$.ble chrecJk Pus& R u b y  

confirming presence of high bwCewia1 fnoculum in 

the t e s t  E l e l d r  Lines found to be highly raoistant ware 

LE 2x4 (score = 2) and Wt: 213 (score = 2). The 

highly rsusceptible line was LE 218 (score .I 5). 

Moderate resistance (score 5 3) was observed In 

remaining parental lines LE 2Q6* LE 207, LE 200, 

Its 209, Lit., 210, LE 211, LE 213 and LE 213 and in 

a few FIS LE 106 x LIE 218, LE 207 x LB 218. LIS 2 U  x 

LE 218 and LE 217 x LE 218. No line was observed 

immune to bacterial w i l t r  

Parental lines and Fi hybriss were further 

avaluot4 for zesiotsnca tso nsmatade by counting 

root noduleq,#plant at the end of cropping season 

(120 days after transplanting)  able 4,3), The 

line LE 207 had the rninimun noduledplant ( ~ 4 ) ~  

The L~co~crsicon pimrzinellifolim (U 238) had 

19 noakles/plant. The interspecific PI hybrid 

(LE 207 x I.& 218) had only 16 nodulsdplant. Hare 

t h a n  SO nadules/glaxnt were obsenteta in lines 



T a l e  4,2, Evaluation of tomato lines and hybrid  for resrs;5st~cq/susc~tdb&~lty 

bacterial wilt 

--IN------- -0- 

ihzvenile stage Adult st- 1 ~ c a r r *  
Gdsno-~KP. Nu. of plant29 -- 

plants % of glantra plants X af plants 
wilted wilted wiltsa WflW 

1111- .LIIIH*IH -u u.IU 

LB 206 60 8 13e28 XO 16+6 29.88 3 

Louisiana pink(r.s 7f .7)  (10 II 1.66 0 0 1.66 2 
U3 218 60 38 29. $8 25 41.60 71.48 5 
Pupsa Rulry 300 1L9 3 64*33 107 35.67 IOOeQO S 



- - - - - - - 

rJo* of Juvenile s taga, Adult stage 
Total t%cZura+ 

plmt. p l a n ~ ~ f  plant. plant. X of plant. 
w ; t k w  odltsrip wdleQcn w i l t @  

" 2. frrarPuaar 0% wilt 
2, Highly reef cstant P - 10% atirk 

3. t4eCieratealy resf s t a n t  11 - 50% w A l t  
4, Ealaxa%ely swceptrfb1e 5% = 70% wilt 
5,. Hllgh;Ly susceptible 711 - 100% wilt 



Tabla 4.3. hhluation of parental lines end F1 hybrids for intens i ty  of 
nematode inducetd scmt lnockrlaa 

Intensity of nemaCad.e i n d w e  root no&al%s 
---a - - - - -  

Inw Wgaium M* 

LE; 2OB x LE 228 (31) L6 211 (381 fdE 224 (64) 
LE 2U9 x LE 3X@ (23) LE 20g x LE 21Ell WS 227 ( S 6 )  
LE %aj! x r*~: 218 (221 w aro x us 22s (47)  
LE 913 % LE 2x8 (24) LE 212 x LE 218 (42) 
LIP 217 x lr6: 218 (18) 3& 224 x LE: 218 (38) 

-*H1. P)W-------- 

Law rn < 25 nssdulaedgllant 
M ~ ~ ~ ~ U I S I  r 725 e90 llOaulesJplant 
High r 250 nodules/plant 



GE 210 (31)1 tE 212 (681, LB 213 (521, 234 (64) 

and L6 217 (M). The interspeaifAc FI hybrids 

fall in #s low ( ~ 2 5 )  and m e d i u m  (725<50) g-war 

The 1% pazenU Zlnes, 10 hybrids and 

10 F2S w e r a  g r a m  i n  a knm disea~ed f i e ld  during 

Jun*Qctob%~, 1983 snd &ta wewe cm12wk4~3 an plan- 

wilted. B~tcterial wilt was confinned thmugh 

ooze test.  The dew were walysad for inkreritanea 

of combined w i l e  maiskance (Tst3P~ 4.4). A 

compl~mentary t y p  OP gone ciation involving tam 

separate gene sysC~tms htm found responsible for 

resistan~e* T?le gene system operating An resistant 

line of Lvc013arr- was mtatzd. as  

"fa mc; that of in m e r 8 .  g P n x l $ n e ~ $ ! o % ~  

88 rlrle The presence o:: wilt=& plants in the 

parental lhcs waa wnsidwed do calculsta 

exprassAv5t;y of tho res;x?ctfvs recassivs g~mes 

imparting resistance+ Whcn etxpressbvi%y of recnslrive 

genes waes considere& four out of tan crossw 

axl ,re~stvf~y was ass& 100% the clomp1ment;ary and 

hypostatSc type? of dtgaenic ~d~~bstsa%ve sysb?m coula be, 

explained In all We LQn croesas. 



4. %matic analysis of parmtal linerar an4 hybrids 

Analyreris of v@xdance showed aig.nifficmt 

variation among the tialev&n pnxmtal liner Par days 

to Eiret f b w e x +  &aya to fir@% f a t  ham@st, plant 

height, brmches(plant, b ~ e q / f r m i ~  f&ts/plant, 

average frultt we2ght and E W t  y i e l d  (Table 4.5). 

Thc mean tquarea I h i ~  'to hybrids were si~ndficant 

for a l l  t he  inbove characters erxcspt days to first 

fruit h m e ~ t  and frtllL.t: weight* Variance due to 

parents verrsus hybrids was significant for alL khe 

characters. Mean p@rfonnancla of parental 1Snsas 

hybrids were givm An Tzkbk~ 4*6. lr%u&mm fmlt 

yiold was rttcaraed b line Lr; 21;7 (1991.67 g) 

follor~aa by LE 214 (8?4*4? g), Lines Wti: 254 

(14 day81 and LE 213 (14 cEEly~) were the @ a ~ l i e ~ t *  

M ~ ~ ~ u I R  plant heigk* (120.83 cm] a d  brmofxss/plant 

(8) were ubser~ed An bir; 2x8, The lqybrid LB 211 x 

LE 2.18 ha& m a t 1 5 1  number of ffrujita ($191 fct&loM 

by Le; 2$7 x LE 2Z$ (XQB), ,  

Mean, rnnge, genotypic am3 phenotypic 

coafficisnt of varfeitlton, herritabllity, gabt ic  

advance and genetia gtnin of chalcacters vndcjy zstuc?ty 
61 

are presented in T a b l a  4.3, Mewhum range w w  A 



man SCpareB 
-IDIC -- 

Sowcc~as of 
varia.Uon Uf Days to first P lant  iJraache~&/ 

first %&t plant 
f lo-.#er harvest 



Table 4.5, f30nt&*r,w.e 

than squarlers 

Sotrrcas of 
--- ..-UIIIIIIP 

variaMon db ~oculerq/ P m d t a /  Fruit Fmit 
fruit plane w d g h t  

(g) 



T a b l e  1.6. Naan prformence o f  2% Draato lines and 10 PI 

hybrAaS 





Tab le  4*3. Xean, rmc-p, genotypic ( g m )  and phenotypic coeff iclfiant of variation 
(per), neritabi l i ty  (ha) genetic adPanca ind genetic gain In th. 
eleven tamto lines and ten Sz hybrid8 

tO first i 1 ~ a ~ :  12.06 f 0.55 5 am 29 52.07 

Plant  height (-1 75.77 + 6.22 43 -346 25.40 
.I, 

~ntit weight (g) 18.3% t; lr16 2 - 6% 91*92 

FmAt y i e l d  (g) 473,33 +SS.68 - !56 -9 53*85 



observed for  fruit yield (S6 g to 1659 g), followed 

by f r=uitq/glmt (3 t to 23Q). Days to f $rat f lot.rer 

and fruit wefght alLw had w$de range, ( 5  tza 29) 

and (2 W 6x1 reopetotdvely. Estimate8 of  

coefficient of variatdon revealed M a t  +he characters 

E m i t  webyht (gcp r ~ 2 ~ 9 9 % ) ~  fruitrs/plant (pcv r 

68.68%) and fruit yield (pcv 58.1%) showed high 

values of phenotypic coefficient of vaffdtion. The 

highest genotypic coefficient of variation was 

recorded for f r u i k  wea5ght ( g m  p. 92,99%) f"oXlowtsrC1 by 

fruithJplant (gcv SJJ 55,BtX) and f r u i t  yield (gcw 

53.85%). EMth the characters fruit might and days 

to f i r s t  flower had high haritabklity values of 

0.97 closely followed by days to first f&t 

harvest (0.90). E d t  yteld (0*85)  and fruStaq/plant 

( 0.03) . Genetic adttencs, wae high for 

f r u i t  yield (481.48) whereas genetic advance aa 

percentage of mean was high for: fruit might (185.67), 

5. Estimation of ganetfa divergence 

rho eleven parental lines were ~ic4x.a1al&y 

re;)reaentcd through metroglyphs fFig. 1) ccjnstdering 

plant 'hei\jht, fruit weight, locules/frult and 

disease score. 'me arrangement and fonn of 

metroglyphs indicated genetlc rainllarZty mong 



Fig. 1- ~ e t r o ~ l y p h  showing plank characters 
in eleven parental tomato lines. 

disease score . 

- low. 

\medium 
high. 



Genetic disCancs exisLing between parental lines 

In a hybrid has fracpatly b ~ e m  related to the 

esc;prsssion of hetdeztsieis fa different crop p2mtsr 

The comlatea  var2arbles &ys ta  firae %Iswc%r, 

p lan t  hoiyht, l~culeseJfruit Eurd fruit: w d g h t  ware 

t r ~ n a f o m e d  in to  wrcommlatec3 variables using 

coofflcSante of *x9  in an equation of uncof~ealated 

linear function of 'Y' (Table 4,8), The genetic 

distance (gZ )  between &cor,ergAco~ 

and ton liners of Lvt.rsl;>er;.rs&coq &qcuhatum ware then 

calculated ('gabla 4.9). A rnax.hm distance of 

449.87 waa estimated betvmn lincs LE 217 and LE 218, 

'me line LL 1 1 2  was the clonest te LE 218 (D' - 159.96). 

~ a r c ~ n k a s e  contribution o f  component characters to 

t o t a l  genetic divergence is givan i n  T a b l e  4r101 

Gays to first flower contributed maxbm (45.85) 

t;uv~;rords genetic aivergmca, f orrowed By fruit: 

v e i g h t  (32,731 and glont height: (12.73). Baed on 
2 D values, thu  e2aven parcentxi1 linca were group4 

In tu  three C ~ U S ~ S B ~  Crwter I wets9 the largest 

containinr, nine line# X& LE; 207, LE 208, LE 209, 

LE 220, W 211, Li3 212# Id2 213 and LE 214. C l u s t e r  IS 

and IIX consisted of wlftary genotypes U 217 and 

U 218 respect.tvely (Table 4* 11)* 



T a b l e  4.8. Coefficient of x in the rPtcorrelatrsd =near function of ]I 



2 Table 4,9, Gen@t&c dAstwc?c1) (D ) between 

p h 1 n e ; l l ~  and ten lines of m r s f c o q  

LE 206 mcf LE 220 

L3 207 anc3 W 210 

LE 2Q8 arrd frE 228 

LE 209 WXI LE 218 

WP: 210 and Lki 218 

LE 211 and 322 218 

LE 212 and t E  218 

i& 213 and LE 218 

LE 2f4  and I23 2f8 

hE 217 and US 2 t 8  



Table 4.10. ~erceurtage contribution of cmmponsnt 
Chr~1~&ct(bra ?m W-1 gen~rtic dlvergancs i~ 
trhe meterial8 W C ~ ~ E  1tu3y 

-- -- --- - 

Days # Plant tnoultse/ PJmAL 
Charac-t:&rdl fimt bight fmit wagght: mtal 

f rewar 

Number oE *ti~ 
appcari ng bimh 
In ranking 

T a b l e  4.11. Grouping of! elev%n t o m a t o  lfnaa into clustars 
2 baared an D va2w 



General ~ i n i n g  a t b i l i t y  s f f s c ta  of L~coneraicmn 

(LP= 218) as the average 

perfo-mmcsr ltn hybrid eotnbina%Aonsware givean in 

Table 4+12, The parents versus hybricJRp maan 

B~U~LZ:OS wart9 sicJndfiaeuat for days to Eire& flwesrl 

days t;rs eitse harrtemh plant height, branahes/plssnQ 

lacules/fnnit, fxuAt.a/plant, fnrit weight and 

E r u i  t yield. Signif &cant: negauvca interrrspetc3.f ;2e 

heterosfs was obs~urvsd for duya tn first Slowsr, 

days to first f W O  hasv(~s+, pkant height, 

branche@/plant, %acul@dEruit and E ~ t t 8 / g ~ ~ t m  

Xn.terrsg,ccilic katemair was not s ignif icant  for fruLt 

yiaEd (Tabla  4*13)* The hybrid LE 2%0 x 332 218 

Elovered six  days aftex tr:pbnsplnnting, LE 214 x 

LS 218 flotrerad $0 dsys &ter t ~ a n s p l a n t b g ~  Al1 

the! ten PI hybrid8 wm earlier tn the fsnale 

Lyco~ersLcoq XAness* The hybrid 

ti 217 x LE 218 hcid rnmc&mm fmit weight: (3.86 g) 

compcired to 3.12 g in 218 and 47,96 g in LE 217. 

A n m m  oir" three &o~ulepdfmzit was absatatedi i n  

LE 217 x £23 218. The hybrid IA 2x7 x LE 218 hrsPl 

an yir:l,-l of 591.53 g/pJ;eutt while LE 217 and 218 

yielded 1.2% kg/plank m d  232.66 gt/pAeurt reqectitrely* 



r'able 4.12. General comb in in,-^ abiLiky of bycoversicon ain-m&m-if olium 
(LL 218) 

-1-YI IU-I-  ----I."--r----~UU~----C.I.IR\IUIU~~--ry. 

Characters g=a 

Days to first flower 

Days to first fruit h a m s t  
P1mt height (cm) 
Branches/plant 
Loculeq/Eruit 

Fxuiwplan t 
Average f d t  w e i g h t  (g) 

F'Euft pisla Cg) 





Hybrids 

LE 206 x LE 218 
LE 207 x Ld 218 

LE 208 x Id3 210 

Li2 209 x LB 228 

l& 2PO x LE 238 
LE 211 x LE: 218 

LE 212 x LX 218 
X43 213 x LE 213 

LE 23.4 x Ll3 218 

IiE 218 x LE 218 





Bacterial w i l t  caused by Pbeucfomona~ ~oLanacearw 

is the w. t dlerious disease which has made 

cultivation of tomato fmpossible in certain acidic 

soils of the  tropics, A t t e a m p t ~  on disease 

rnmagcment and con t ro l  h-ve not  made any substantial 

impact till dates, %'his has necessitated the 

development of retsistmt l ines ko bacterial w i l t .  

'iM distinct source8 of resistmce - one darived Erom 

Louisiana Pink (MorW Caxolina source) and the 

other from PI 127805b (~vco~@rsicon piminelliEoLSm) 

have been reported (Russell, 1978). The present 

investigation was carried out to incorporate the 

above two known sources of resistance in Fl hybrid 

and Lh an their integration $a rswcsesdlng generation. 

An eEfectPve breeding program@ Esr w i l t  res&stancs 

 enti ti ally consistad of collection of gemplasm, 

catalaguinij of the l ine#  thus collected, evaluation 

f o r  resistance and impmving the line thus i so la ted  

through as3propsiata breeding mathads, 

Germplasm col lec t ion  

Yomzt;;o lines reported resistant to bacterial 

u i l t  vmrs collected E m  AVRDC, Taiwan and University 

of Califurnla, USA. The line8 Lr?: 206, L;E 207, 208, 



LE 209, bE 210, LE 213,  LE 213, UE 213, Ld 214 and 

LE 217 wtsse collesctcrslca frwn AVEIM=, Taiwan and L3 218 

frm University of California, USA. 

Genetic cataloguing 

The Report of the Tmam Genetics Gooperative, 

1980 contained an lerxhautivar list of genes which 

could ba used for catahogxkrq the genrr)?laaan* 11911a 

rnight r m a l  arkex character (81 associated wAth  

tolerance/rssistmce tm bacterial wilt. The malrkez 

character thus idantlfiod could ba used in scr~enfng 

i n  aeedldng stage, $uvenilo etaga at even fn adult 

p l a n t  stags of +he w ~ p .  Acosta (1964) rqxwtad that 

tho  resismt lines to betctexiaL wilt tare a11 

indeterminate, indlcaang a possAb1e reLaUonhip 

batween 8pf the gens for indateminats gmRh habit 

2nd resistance to w i l t .  He alao noticed yelaow 

colowced gal around the eresdrs of resistant:  line^. 

In the  .resent study also it is observe6 -that a l l  the 

resietant lincs arcs SnbstexMnate Sn growth  habltt 

w i t h  ycllow gel around the seeds, 

B i b l e  (1976) reported a poaitAve zelatfanehip 

between right hand leaf orilsrnkation md h C W  

performance in tomato. In the present caas;s,aeedlinga 

of t m s t o  were observed for arrangement of lrsaves. 

only one 1Ana (LE 212) hiaa right ghyll~taxy~ arhils 



all othcrts had loft phyllotmy* 

Scrtsenlng of %ft?en-ne genotypes under field 

canc?ltions indf calg-?d t h a t  no 3Ana is jmmua8 (epeore = 1) 

to backerial w i l t  as per the ckDiterion o f  

Sitarcamatah a. t29€31>, The lines LE 114 andl 

L P  217 exhibited high field resistance (sore = 21, 

Paoderate sssistmers (scomm.3) $fa8 ~ b s B S t t ~  in tE 206, 

LE 207, W 208, Ld 2U91 bE 210E LE 2fl, LL 212 Piraa 

L6 213. AL1 +he F1 hybrids were acarsdv4imilcetfng 

moderate r~sistsrnc&t/madsrata susceptibility, 

The first aaourctp of resisfxince (Norm Gamlina 

ty-po) axperssed by deJriva2;ivee o f  I;ouisleuza Pink i e r  

inkrcrited as n reeassAvre chnraeter and i~ mntrolldi 

by polygenca (singhe 1961). Scercond type og 

resistnnco was derived fmm Lvcaneraicon 

Acosta. a a. f 1964) reitparted msi:;tmce darAW from 

L ~ c o ~ e r s i m  gl;lmDinoL&&f~11,ium is pnxkially iEasninant in 

the seedling stage, Xn mature plant, rebsSs.a;ancba i s  

controlL& by recessive ganea. Ttae pseseni: sttuCty 

notated tho gene system operating in resiseant 1ine of 

&cop~rsicu,q esculentug! u r2z2 m d  t h a t  in 

~ o n o r s i -  aa Xllrlr h l y s i s  02 

inheritance of: ccmbln d w A l t  msiatzmca hdfcrat& a 



complementay and hypostatic type of dfgeae  retc;r%eeiv+ 

gene system as rtzapconsibAe for cambbed w i l t  

resistanceo The 4%m genes re@ponaAblet fox 

resistance are obaremed l o c a w  in dkffemnt Zacii. 

This obsmation of complementary and hypostatic: 

type of gene acuan mul2 ba aLPactively utAli~eB to 

syn.nthesisa resistant line. ~ s e c l s s i n g  xlri a"d 

'$2 w e  aystems, 

are v i t a l  to any plmt hpmvs;nrznt pmgrame, 

Genetic advance expated In succaading geneucatAons 

depends ~wxtsiGambly on var;derbility of the base 

population mc k @ r i W i I i t y  of the charactex under 

stuffy ( AlLard, 1960). 

m~witpono tomato gemtypos were sd~gnAficanfSy 

different for  yield and its component characters days 

eo first flower, days to f i r a t  fru3it h m 8 s + ,  plant 

height, brmches/pl;urt, loculcs/f mit, fmuits/plant, 

fruit: wetight and fmf t: yield, 'Ihe high S s w l  of 

aiqnificanca o f  the  B i f f ~ n c e a  eMHOng pxmkypsa 

fn3.c&ed *at the &iEEemnces w e r e  duo to genetic 

reasons, Xn 4Ac: predoent study, it was sew that the 

ran,a 02 variation foz almost &I& charactas m e  

li-;rge, particularly mspact of eruit yield 

(56 g 1659 0 )  f d t e 3 / p l ~ t  (%I, to 230) and 



pltnt height (43 am to $46 a), This showad thaC 

the a-ti911;31ble population had mf f lcient asnome of 

variation for ms;;t; 02 We ohararatsril stucfllad %or 

which soloctiun couluf, bs pract.%cmd. 

& a. (1976) shijwed thnk a w&d@ range of variation 

was present An W a t o  for m a y  of the charaatera he 

cannidered far &nprov~nC.  

vhe tnagniCude of oasfance as such did not 

rs :e~l  Oche relative e ~ n o u n t  of vrariability as 

ascertaindd tk?rou.gh coeff ici~nt of varbati~n, High 

genotypic coefficisnt oi variatfon indieat& thae 

genotypic vjsrriability fur the charactor was high and 

enabled t;o compare w i t h  thak preaslent in other 

charactetws. The values of genotypf c a d  phcmotypic 

coofz'fc;tcrtt of: variation %ndicaW h i ~ h  estimates 

for fruit '~r~eight (91.92 and 92.991, Irriitdpl&-m~ 

C55.61 and 60r681, fmZt yield (53.85 a 58*11) and 

days to first flower (52,07 anG 52.70). 'i3-19~ 

~uggest~td  tkut there was a high c ' r o s  of genetic 

variabild~y in the cmxp for these characters a8 

eompred othors, and tharefora these codd ba 

uti  1i::ed in the crop imrpmvtma~lt progrmme. 

r S',rt; I heritable portion of th@ variation could boa 

f ound out 9 - f  th the help of h<:rifabillky f49~tdmata119r 

Burton f 1952) had suggested that genotypac 

eoefZicieant sf variation together w i t h  heritability 



estimates would give th:; b a t  picture of tl1e amoun@ 

of progress to be mpsctgd by selection. ResulW 

of the investigationar now unt7estaken clearly 

indlcstad t h a t  a l l  characters except branchdplant 

had high heritability, fieritabillty estimate 

was t h e  highest for fruit weight and days to firs+ 

flower 10.97 each). Charactears days t=, first fruit 

hisrve~t (0*90)  ,plant height (6.76), l0~~1edfrui.t: 

10.78), Pmits/plant (0,€33) anc: fsui yield (0,135) 

also show~d high valuoss of heritabi l i ty ,  Ziance theoe 

econsmic aharacters could be Pntprovsd by scliection, 

because of the fact th. t, high h c r f t b i l i t y  

inubcated t h e  o£fectA.vsnesa w i t h  t~hkch sslectlon 

of genstpcs could be based on phenotypic 

performanee (Johnson a. 1995%). Among tho 

characters srudiedi branoheay'plant ~hows8 lowest 

hcritabi3,fty ostimaka (0.56) thus IAmitAng the 

scope o f  selection for this cht%acter. 

In t h~)  present study, the g a e t i c  advance warp 

ostin.~tod as absolute for a character and also BS 

t h e  A ercentage Of meran (genetic gain) for compa:xlng 

different characterB. "Lhe genetic gain estimate 

was inaxbum Ecr fruit werighe (185.67) which was 

fallow& by days to first flower f104.89) and fruit 

y ie ld  ( 10 2 * 76)  , Theea characters ware alao observed 



2;0 have high hc?.ritabiXity in addition to high 

genetic getin valuea which night be attr@utw¶ to the 

sddi tAve gene af f @ate (Panse, 1957), Thds rkowud 

that there waa sWFlciont scogs for  the &qprov%mont 

of this charactor* Days tr first fruit h ~ e s t  

svanthoaqh hrtvf ng high hecikrbility estdmatm (0.90) 

the explectcsii genetic advance as percentage of meam 

was found b be l a w  (37,76)* This m s  aCLr;Lbutsd 

to the action of mn &Wtive genes which includedl 

dominance and   pi st as is. P 1957). Efencet 

selection lied lfrrritwl scaps for Amproving &fay@ to 

first f a t  harvest* 

Genetic d i s t a ~ ~  e x i s t l m ~  Bekween p a m t s l  lines! 

in a hybrid has &req.mntly bmn related to the 

tsq>reresion of heterorpfs in d2fferen.k crop plants* 

Marked negative hsterosio mm abaemed for  many 

o f  the gwmticat ivo characters &ys to first flower# 

days to first fruit harvest, plant height, brancheta/ 

plant, Zoculos/f ruFt, fruiwplant and Emit wefght 

in many F hybrids, P b x i m m  negative hetarosis 5 
waa obsented f o r  fruit weight and days to f Z s s t  

fkower. $40 s i ~ ~ n i f i c a n t  hatesoais was obscsrved for 

f i d  Being interspecjflc hybrids, the 

Lmportancrs of hLe~osi13 a wab limited ma the 

scope for commercial ut i l iaat ion  was hence 

negligible* 



2 Based on D values, elentan gsnobypres were gmuped 

i n t o  three clwtesla. Gemtypos w i t h  closerly r~latebcl 

values w e @  grrouped i n k  one cluster ixMica%&ng wider 

differences, betwmxs the c&usWrs than within the 

cluskers, C 1 u s t w  X I 1  h w b ~  only one line 

L~copetsicon phmAvllifol& (LS 216) was differem+ 

from 0th >t: @lusteta in respect of m e a n  pex2omsulca 

f o r  days to first floc;@r,, p&mi=. height. loculea3/fruiC 

and fatlt vmight. The characters days tO 

first flower (85.45%) an2 f r u i t  weight (32,73%) 

cont..rlbu"c@d rnaxjmum t o w ~ ~ B s  genetic divergence. 

Among ehc ten - @ r @ l c o ~  @wU1entw liners, LE: 222 

was t h e  closest to ~ ~ r r ~ l ~ n - i n ~ Z i E o l i u m  
* 

and i ~ :  210 ( D ~  - 265.78). 

%hc: study rave~led t h a t  a rccessfve digmlc  

cmplmntary and hypostatic type of gem syntara 

were ;tnwslvsd in the inheritme 0% ccxnbinad wilt 

resistance* The l ine  LE 217 wit21 +he maxim- fruit 

weight of 47.96 g had acora 2 LndicaUng Ugh field 

resistance. Tho existence of negi3.eiw zekat~%ve 

hsterosis for  fruit weight i n  all the 8% hybrids 

caused concern i n  the dmelopent of large fruitea 

l i n e s  w i t h  combined w i l t  res%stance, The F2 

l i n e s  psseart~ing canbined w i l t  resfstanc~ axe being 

progressed. 





The study Q3hctotip6reltion of two main sources of 

res ia tanm to  bacterial w i l t  in F1 generation of tonnto. 

livconereim ~cowrrilicm* (L) KarstU was conducted 

to find out Inheritance of combLned resistance to 

bacterial w i l t  (Pse-monas sol-m) m d  genera* 

u ~ s f u l  var iab i l i t y  for EurW~r selection. The 

eq~~eriment was l a id  out during AugustNovember, 1982, 

January-my 1983 and June-October 1983 at the 

Instructional P m  of allege of Horticulture. 

2. The experimental materials consisted of teen 

l i n e s  of known sourceB of wilt tessistgnce possessing 

'Worth Caxolbna type* 02 gene syskem and one 1fm 

( PX 127805A) possessing E~cogta+sicon p b ~ i n e l l i f  olium 

type of gene systexn. 'P.n interspecific F1 hybrids 

w e r e  ge~lierated between thc ~Lbove .twa di s t inc t  

res is tant  sources and they Irere evaluated under 

field conditions fo r  disease reaction, The 

interspecAfic F1 hetaumais was estimated for daye 

to first flower, days to first fruit harvest* 

plcmt height, brancheefplant,, loculeap/f ruit. 

f r u i t  might ,  fruital/pkant and fruit yield, The 

PIS w e r e  su l fed  to generat. P2S. The parental - 
l inea, FIS and F2S wewe further grown in diseased 

p l o t s  to estimate inhssitxmce of combined reelstance, 



3. The Pi hybrids wslr ell earlier and a x h i b i M  

significant negativa hetemsis for days to first 

flower, days to first fruit harvest, prant height# 

branchrsq/plm.tj loculss/f ruit  and fruit we% ght. 

4. The fnheritance stuaiea indicated the* there axe 

sagarate gane 0~stam91 responsible for resistance 

in the two SOWC88  of wilt rasistance. A cmmplmeneCUhy 

and hypostatic: rercessive gane isahion we8 obaemmd 

sesponsibks for the aapnbined diaaeae resistance. 

The complets  susceptibility of F2S # n c l ~ i ~ d y  

proved the zecessiva type of gene aceon 

involved in tho inheritance of resistance. 

2 5. Tho genetic distance (D ) m s  c a l m l a W  batween 

L~comrrsico~ gimiae&&J@lftn (LG 21%) ern& ten lines 

to f and out genetic 4 
of Lvconer8icon 

s f m i l ~ ~ t y J ~ s s i m i ~ a r i t ; y I  The line LE 217 was 

observed tarthest to LB 218 b2 r 159.96). At tsmpt  

was etlzao mado to relate heteroaie w A t h  genetic divorgernce. 

B* The line LE 2f7 w i t h  large frui t  size (47.96 g) 

had a dbiasonsa ?score of" %am, indilcathg Ugh f i e l d  

resf stance* 

7.  Screening for nmettmle resistance indicated that  

all the lines are suso~~ptible to nematode, 

8. The F2 lines obsmsd free fmn bacterial wilt 

are being pragresse3 for further selection, 
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INCORPORATION OF TWO MAIN SOURCES OF 

RESISTANCE TO BACTERIAL WILT IN F,  

G E N E RAT! 0 N 0 F TO M AT Q Eycopea4icon tywpeadicum 

(L) KARST 

BY 

l c  SREE L A T H A  KUMAWY 

ABSTRACT OF THE THESIS 
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Bacterial w i l t  of t o m a t o  caused bg. Pack-nq 

solanacearum (E.P. mth) is a serious disease 

cau~inc-: considerable damage in craps grown in the 

acidic mils  of Kerala. Devefapent of rsaistant 

variety(a) could be a worthwhSlo attempt whSck would 

hove considexable, impdct on tomato production in Kerala, 

Experiments #@re planned and ctrsrged out during 

1901-82 at the Instructdona1 Farm aE Collaga of 

Horticul tue, VellaniWra, Trichttr, to incorporate 

t w o  reported 8ourctm of resistance in F1 hybrids 

2nd then to f i nC l  ~ u t  inheritance of combined resistanad 

to bacterial wilt. 

Two d i s t i n c t  sawces of: resistance oats! derived 

from W u i ~ I a n ~  P i n k  possessing North Carolha type 

of gene system and the other from PI 12780SA possessing 

&conersiw& type of gene syatrsan 
ccsc 

were made,in the present study. lnterspeaific FI 

hybrids wrsso produc63d between ths above tws, r~ouees 

F2S. Parental lines, PIS, P23 were futthetr grown to 

evalunte the inheritance of combined wilt m~listancs 

in a field whlch was known for disease suslcaptibili.C;y 



Tho inherftance rtudies i n d i c a W  a complemmtary 

and hypostatic type of &genic recessive yens 

system responrslbls for combined w i l t  resistance. 

Interspecific F1 hetarnois was estlnatsd. 

Significant negative interspecific heterosiz tam 

observed £or days to ffrat flower, days first F m i C  

harvest, pkant heighk, brenches/plimt, loculee/fru;it 

and fruit weight. Ocrnstlc distance (D') was 

calculntecl t~ find out genetic sfnrf3~i~y/&Psabilari~ 

LE 217 was observed farthest to bvcoeemicolp 

pmina~l iw (n2 449.871. ~ h s  iins 

LE 212 waa the cloaatra &cols~rarr%coa~ *inf!dlifo&;lun 

(II2 - 159.86). The l i n e  LE 217 had a d i s ~ s e  

score OF ti30 indAcatjing high f i e l d  resfstance. 

The tomatx~ linen were further sver2uatg8 for fncidenc.c% 

of nematadol xoot knots and observed that a11 the 

l i n e s  were suscgptibls to  nematode. 

The P2 Lines poas..sing oombined wi l t  reaistanea 

are being progred for further study. 
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