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JJnttaluction



E.'.
(~ ""MAW. Mill.) 18 .-yo a:opJ.oal, ....

t:I:op1cal 8Dd WaDl ~._ ........ of t:he worlc1. In

II8DY ..... when the 41 1. p...-lent, los... are

80 MftOWl that. .-.rei81 p.I'Oducrt1on is not.

8COROR\1c. At.t..ptll OIl <11••_ .Ullulge.-nt. and COIlU'ol

haft not. .... aubaunUal 1IIlpea't" ....eat.aUng

development of resi.t:ant lin•• 1:0 ~rtal wilt. In

breeding for diMa. ree1a'tanae. extAM81w progr....

wen~ 111 North cacou.aa (V.S.A.)~ Puerto Mao

ed 'the Ptlillpp1Des. but. 11..... of ..Usfao1:Oxy l ....ls

of na1.t.anoe with GOII'IDUC1a1 b'u.1t. 81•• and qwaUt.y

w.. pnftCl wry difficult. ". 801IZ'eIS of rea1sUnce

aDd a luge a\llll)er of n8!s~t. Ua.. h&ft been nported.

fte bnaJdag d01IID of ftstat... 1s a aen.oua COD81r.ralnt

1n breeding bacterial wilt na1sbftt. t:c.atoe8. The

rea18'taDOe 1s not IRabl. du&"1ng waaa weat:her at low

elevaUons, the appuenUy naJ.at.ant. plants eYent.ually

die from the 41..a.. (Krauss .cl ..,....1:011. 1"5).

S-.cu.e. Oft geneUcs of w11t. n.1st.anee showed that.

na1ai:aDCe is COIlU'olled metal:r by" ncea81ve gen•••

Diga. aDd Dertewe (1968) npol'1:8d parUal doIainance of
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.....1.t.aac.. ene... 1D'W01v1n9 ..ai.Unt. vade1:1.s were

more ft8iat.ct. than tit. n.tsUn~ cu.lUYan thems.l .

SO dtIftlopment. of "'1 hybrtda oan:y1ng different laua.t.

gene aye'" would be a desirable step in realaum"

bned1ng. Alumat.1vely" the drlelopment of physical

m:1xtures oould also w,nJ mise C&'Gp ~. considerlng 'the

'obsUucUon' given by the ~Dt lines. Att.empts on

the_ aspecu are l1rId. ted in tomato. !'he present. s1:UAy

was fol'mUlai:ed With the following abjeau....

1. to compare F1 hybrids and 50.50 pbyeical mixaree

in terms of resis1:anee 'to bacterial wilt. fruit:

yield cd yield OOIII'Oneu,

2. 1::0 compare F1 hybrida and 50.50 physical mixt.un8

in t.erma of specific combining ability and spec1fie

u.oe1aUve abillty for yield and yield component:.s.

3. 1:0 ldenUfy epeo1fic physical miX'tures with near

normal agronomic uniform:l.1:y and field res1s'tance

t.o bac1:ertal Wilt:.
/

4. to evaluate 'tWo way and thZ1Mt way m1xtures lnvo1nng

three lines of tomato for rea18t.ance to bact:er:181

wilt. fruit yield and yield caaponente /

5. to st:udy maternal effecta for certain quant.:.lut.!ve

characters in tomato n;na
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,. to ..eluate a 8ft of tomato liM. for ht81.~ce to

bac'tertal Vili: and eaoDOm1c charac'tera·



._._-- ----_._----_..__ ._-,~ ..-



Bee'ter1al wj.l t. caused by £l!I~" !9l!pP@'lID 1.

OIle of the 4eauueUve plant. di...... 111 t.he warm m.1d

regions of ~e world. The 41.._ wee tiret. reportllld 111

lUll' in 1882 (Walker, 1952). Sad.i:b (1896) de8G'lbe4 the

dis.- and 1u CJIl\l8al agent. and ob..nre4 the 41__ in

poui:o, 'tOmato and bl'iJlJal. IJ.be first. report. Oft bac:rtel'1al

v1l't of tomato in India was by He4aya1:bUllah 8d Saba

(1N1) tR8 w.t. --Val.

1. PfI!I!lp!pDH f011P"'''' a.l'. 8mlth - co.plex1~ of

'the p.~

fl.t)ldt!!pQy .a...... 1. a eomplex speciea conaist

iog of cUfferent. races differ1ng 1n boet. renge end 1'81:hO

g.uc1t.y (Haywud. 1964).~ geographical

variation oc:c:w;s .t.n the orvllll.l.8lR. 5eftral races and

strains oc:cur in the same ..... although they usually

at.tack d1fierent. hosts (:F&,eAt'Ih .cl S*l\le1ra, 1970). 'ftle

pathogen at.t.aeka more than 200 plant spede. belonging to

33 families. Kelman (1953) reported. 'that. 1:be major

susceptible hosts belong ~ Solaaace...

Bud&mhagen (1960) found tilat 'the race of pathogen

dfect.1ng banana 1s not rela'ted ecolO'dic:ally or etiolo

gically to the race caua1nV bac1'iel'1al w11 t. in the

diaot.yledoDou8 plants. 0"''' 00... (lt61) eooc.ilacted
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detailed studies on the strains of r>seudomon<.:s solanacearum-
and reported that. 'the iaoletes from many solanaceous hosts

coulo be separated into 40 or more groups on the basis of

biochemic<:,l properties, serologic(}l reaction, sensitivi t}

to virulent and terrq:er6te phages)and on lysogenicity 2nd

bacteriocino';Jenicit..:.. They z:eported three tS;.H.::S of str<:dns -

sUi:dns specialisE:~d in pc thogenicitx, strains sl.'ccialised

in p"thogenici ty J and other physiological and n:o:q)he;logical

character s )~in6 strain~ specialIsed in bectc: rioloqical

characters only.

1\ tent.stive clas.':i tic.: tien scheme of Pseudomonas. ..
sol.:nacearum by ukabe and Goto (1961) is sumITlc.rised here.

. \

Bacterial
types

Race"1---- --- .

str," Str. d

Race 2 Race 3

r (:1 t:l:o type A, C C, T' A., E B F ..... a I....1 -.::1,

Colony type a c a c a bel Sfr b e

Diochernical r I:.:I I IV III I r:I IV II
type -------_ ..- -

Buddenhuyen et 81· (1962) classified 4000 isoLtes from--
Central e.no. south America into 3 races bi~,scd broadly on

~'1.E:ix; ;'uttlo,;;cnicity. RacE' 1 affects tobacco, tonv::to, many

solanaceous End ctht':'r weeds and certain diploi..:, bananas.

Race 2 is .: atho,lenic to triploid bananas, Heliccnias or

both. Race 3 affects potato and tomato, but is not highly

virulent on other solanaceous crops.
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Haywu4 (1964) o1_1fJ.ec1 a coll~1on of 185 .1eolate.

of £.g4o!gDa, 101."''' into four biotypes according to

their aapacit;y to oxid1_ tbI:ee cU••accba.I'1d_s (lactose.

malto._ and. cellobiose) _4 tIu'M hexose e1cbbola (1D8Il1tol,

80J:b1'tol and duleitol) • B1ot.ype II was obtained solely

from potato and t:oruato. so :11:. is a1m11aJ:' to race 3 of

Buddenhagen .1$ .... (1962). Bu~en.lSAl. (1966)

studied the carbohydrate catabolism if! different p;;'thogen1e

strains of k§eu~!laS solenSaJN:ID. They foun<;l that T

strain of race 1 was different. f~ B and SFR strains of

race 2. the two strains of raoe 2 being siJn11er me1:8bolJ.

cally. Z8M' (19'0) reponed a .vain of F~"

eo1l9WMUI' fZ'OlR ginger. virulent to wmato but ftiJ:U1ent.

to peate and brtnjal. But:. the isolates from tomato,

Fotato and br1njal were not. vl:rulent to ginger on uUfic181

inocu1aUoo. pe99.1.S 51. (19'.) npcu:1utd 'two b1ot:ype8 of

the pathogen. one (biotype III) causing common toma'to wilt..

but. only non-s1gnit1cm; t and slow wi1t in ginger and other

one (biotype IV) causing very rapid end severe \>111t

re8u1t.',ng h••"Y 108se8 in g1nger. 1C••hwal and Josh! (1916)

studied 1*1 isolates of peeic.iop!pa, 191M",!!'!!!! anc1 found

that. the isolate G 5/13 could 1Ilfec1: agerat.CLll', 1;.Omato and

brinja1. but not other solanaceous hosts. Rath and Addy

(1917) studied ten isolates g6usihg wilt of tomato and found,

baeed on pothogenie1 t:y and hypersens1 tJ.ve reactions that

they belon~!, to race 1. ThoUfJh roorphologically alike, they
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exhJ.b1ted YU1au'OD8 for biochemical pr:op.r~ie. like gel.Un

Uquefact.1on, &CUon on litmus, milk, starah hydxolysis eu;.

serologically six of the iaola'tcs cof.Bl;d be grouped into 011.

end it. was well correlated with the biochemical propertie••

Rao (1917) observer3 that l.,la~. from the hills belo1'l9ed

to race 3 and those from plains to race 1. Remade.1 (1918)

reported, after sU1dying differvnt 1801aus from meny psrU

of l<erela, ~at PaeuQcg!?na, !21!9!:!.!MYm eX1s'ted in different.

races or strains coal.ing under either race 1 oJ: race 3 end

race 2 is non-exis'tent.. ):1 u.l1. (1982) awd1e4 14 18Ol8U8

vi."Ulcnt -to tobacco selected from tobacco plent:s and C1U81-

fie<: into 2 races based on react.J.ons in egg plant., tomato,

capsieufn, pota'to ana tobacco and classified in'to biochem1cel

type I and tYr~ IV, according to physiological characteristics.

2. Gen.etics of resistance

Two primary sources of resistance were reported (Ru••el,

1978). 'rhe first. being til" North Carolina 'type expressed by

derivatives of Louisiana f'1Dk 18 inherited SIS a recessi..

character C'-4"lC is controlled by polygene. (Singh, 1961). A

secon.: source of resistance derived from Lycor..>ersico.n

p1mpine,llifo11um (PI 127aOSA) is partially domin..-nt in the

••ec!l!ng et.age. In mature plent!:. resistance was controlled

by recessive genes and that. the expres.ion of 'the reslsumt;

variety is a funcUon of the age of plent and changes in

~atur. (Acoau..IS Al., 1964). AO:>8t;a (1964) st;a 'Uld
.,w,..,-'



tha~ .....J-.bnce 1ft~Rl=!P1p~J.1.9U. ia

eonVOlled by a single pur of genes. He alao report.e<1

linkage 'be~w.en ap-+. the 988 for 1Dde'tend.net8 plan~ heb1 t.

and wilt. nsiabne.. No 88aoc1a't.t.on v.. obaerYed be"en

the gene •u' coatrolliDg inaawre fru1 t colour and the vi1t.

ruiaUnce (Aeost.a IS .Il., 19M). 8UZUld ~.11. (1964>

stated tilat. resiat.anc:e to , ..".,..• .I.Q1IDIC!"'" Wid

quanUt.at.1vely 1nherit;ed. D1gat and Derieux (1968) made

several crosses between re.ist.ant wd susceptible cu.l tivus

arW. E'2 field dat.a suggested partJ.al dominance of resist.ance.

A close lin]':age b€,t~;ef)n recessive genes for r.t:ndstr.nce and

genes for poor fr.li't ch~-:.racteristic8 was obnerved (Unlver.i~y

of ~'iest Indies, 1968-'69). AVHDC (1975) reporUd that.

resistance to bact.erial wilt is controlled by rr.ultiplc

recessive genes acting additively. Ferrer (1976) crossed

\-lilt resistant, !,! 126408 with susceptible, Dor.ny Beat and

Floradel. Segregating retios in F2s sU9gested u1at

resiatanc~ was polyg€nically inherited W1G reciprocal

eros.es showed tl.at no extra. chrOlcosom<'l.l inheriLonce was

involved. The genes 1nvolved were add! tive and no dominance

w:.:!s ob..rved. Varisnce component analysis of the P1 # P2'

Fl , 1'2' Be1 end BC2 gen.......UOl'l. of a eross betwe_ a

resist-ant. (Vc-4) and suacept.1ble (Welter) tomato cult1vars

indica'ted e nurow sense her!ubil!'ty of 42% enc1 • broad.

sense her!tabil!qo of 53~, wi'th a degree of dorninance of 75%

for wilt resis"tanCE. Inheritance of resistance was maialy
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due 'to add1U~ gene ac:UOn (Graham and Yap, 1976). I<aDn

end Lawrot. (1971) deIronatrated that re5:~st,mee to

fsewJomopcl .!2lpaoeM\!ffi end i.1&lWYf' ~rysP9ru.T'!1 &p.

AXC9Pl[S1s1 were UDder mult1factorial control and i 1: was

sugges'ted that the aa:;ociation between them was due to

ple1otrophy rather than 1inkave. }ieW and Ho (1917)

observed that polygenic inherit.anoe was fl'looified by chang••

in t:.';:mperature. Villareal and La! (1978) supported t.he

hypo~eBj.s of additive gene action in the in:u;rit.ance of

disease resistance. Sreelathakumary (1983) used two

distinc't sources of resist.ance. one derived iron. I.,()uisiane

Pink possessing North Carolina type of gene syeUKn and

anotil€r derivec from Lyoopersicon E1mp~nellifolium.

CroSSE:S were rtK~de to ii.nd out inheri tal1ce of cor:1bined wilt

liner:, :iT1saud F26 indicated a coI\1)liment.ary and hypo.~aUc

type of digenic recessive gene sys'tt::m respons.:H.:le for

corrbinE~ wilt resistance. l~o F1 hybrids involving 10 lines

from ,.,xStOR!rs~9QD eswen'tyJtl u femcl1e anC:: ~Z~9Pnrs!COIl

affiR1nellifo!1um as male showed resistance Indic<:tlng the

racesslvt: type oi gene action for. resi:,t<-~..ncc. 'l'lkoo £i .11.

(1963. observ'cd pre$(.~nce of "t\o!O j~1depen'. ent gene systems

for wi1 t resis~;3nc(':. In CRl\-66 Sel-A from Hawaii, 'the

resi~tance was governed by rrultiple recessive genes and

t~e genotype 663-12-3 from Taiwan hed e monogenic com1nan~

reaction ..
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BJ:eedlng for bae:t.ertal Wilt. resistant. tomatoes by

crossing wild t:oma1:o strains wi tb OOffili18rc1al varieties

was 8~O at Nort.h Carolina Agricultural Experiment.

St.ation .8 early as 1944 (Weaver, 1944) _ Crosses bet.ween

Lou1siana Pink and T414 showed good resist.ancE' to

bacterial wilt.. Aberdeen (19") found tilat the aU'ein

deri.ved from Louisiana Pink and T414 were resistant. in

,:ueensland also. '!'ha two cult1v~\rs sensation and j,arvel,

possessing 'dood ref'istcnCt:: ~) P!!hdo.rilones ,olane~

had poor :C'·ui t qu<;.l.L t.:t. .~l1ual heport cf ;;'icllocl of

1:e. crts on line=> "'1:11 t..~ good fielJ reB.:tstim~c to bacterial

wilt but onl~{ a few bore fruit.s of l--:-,i;.rketable $ize.

Al>~Y'Jun"wardena a11d Siriwardena (1963) tes'ted 49 tomato

vsr1.eties dnd i:lybrida. The ..~orth C'lrolina lineA 1960-.,

Selection I.i. \iere t.1C moat resist·,c.•• ;. 'I~le r~c.::th Carolina

lines were superior in w11 t resist:.a-lce to til':;' .l-:>ca.l

culti v€:,tEd v2xiet.:ies aUG outyielded tlk. COi\~,'ercial

Acosta et ale (1964)--
{FI 127805 1'). Suzuki et al. (1964 ) d.·.,elooed tomato

............" ""-

vc.rieties U'!'i11 '3nd 0':::'B2 wi t:h improved resi6~,"nce to

bacterial wil t by selection from tomato lines j;;C 1953-60N

end NC 1953-64N respectively_ Annual Report of the



11

AtJricu1t.ural Exper1men1: S1:aUon. University of Florida (1967)

carried reports on a lev bac:rterial wilt. resisUnt. lines

resulting from eros... involving popular varieties of USA,

t1analucie and Floradel w1th a resist.ant stock from North

Carolina. Resist.ance to baeurial wilt in Venus and Sat.um

was observed by Henderson and Jenkins (1971). Both the

varieties were derived from C%'088es among Louisiana Tink,

Belhv11le 381., Pen America. Ru1:gers, M.arglobe, STEP 17.

and r/:analucie at. different levels. Akiba n ale (1972)

observed high levels of resisUince in three tomato

introductions 65 52' 66 S 52 and 68 S4 from USA. The

resist.ance in Venus, Saturn and in local lines IRA"!' and

OTB-2 were confirmed by Daly (1973). Chetie and Kakati

(1973) observed resistance to Pseudomona.., ,sola.n;ace.arum in

Oxheart under natural infection. Dest Of All and l1arglobe

supreme were moderately susceptible. Anaya. and Ha1t:e (197.)

observed more than 90% resist.ance in mm 5, miN 514, DWN 16,

U:N 17 and !\H!:~ 7755. In a screening programme conducted at.

the ;.sian Vegetable Research and Development Centre, Taiwan

in 1975 involving 247 cultivars, two additional sources of

resistcmce, accessions 1737 and 1937, were isolated (AVRDC,

1975). Rao et ale (1975) test:eCl 23 wilt resistant: cultivars--
and lines from the 11 .S.1'.. and the Philippines for their

reaction to an IncU.an i50l ;:~te of Pseudomonas solanacearum.-
only one line eRA 66 Selection A from Hawaii was resistant.
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Daly (1916) obse.ne4 wilt; resistance in IRA'l'-L3 with a

disease incidence of 15%, 80 days af~r planting in

infec1:ed soil. Hsu (1976) s1:udied four varieties, all

were susceptible following inoculation ot th£' stew or top

leaf, but A 95-6 and UP 1167 were comparatively resistant

follo~;in~ r~>ot inocul.:..tiolh Hew and dO (1976; evaluated

43 tomato selections and cult.1vars, only l~cession 33

(Ve 8-1-2-1) was consistently resistunt. Jenkins and

nesmi th (1976) evaluated the resl. stant cuItivars Venus and

Seturn to Indian end l\merican lsoL';tes of 1. seuo.crroni3S

solanacearum. '!'hey foun/: that :toth tb::: cul tivars were

highly nuscetiblc to American isol~:te;, at 2 to 4 weeks of

age When bot.~ stern (mo root were inoculated. They found

that the :; ndi2n isolate was more virl),l\: it tiltoL thCet l'Jnerican

isolate. 3edek,'r (1971) testeo four tor.:ato c ltivars for

their reaction to different isolc:tcs of pse1.!C1or(l(::m~

solanacearum. He fount" that c.J.sease reactior; varied from-- .
culUvc,r to cultivaJ:' and among isolate mixtures. S2turn

and PI 303811 withstood only weaJd:.~ virulent i501< tt.::S and

and th(i'ir mixtures_ VC 9-1 UG and VC 11-1 UG shm;Jed

resistance t<:') eight isolctes and variot~s mixtures of them.

Graham at.!li- (1977) observed resistance in a line

Cranita, which has ~.~ for resistcnce to J.,;.elo1dogyne inco9P1t!.

The line ve 48-1 was resistant in Taiwan (AVRlIC, 1978)_
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Of the 25 lines tested, L 3972, L 3987 ana CL 84-0-7-1

were rnoaerately resistant in Nigeria (IITA, 1978). Sonoda

(1977) evaluated 121 lines for resistance to Pseudomc:ma,

solanac:earum and found thai; the cul1:1vars Venus and Satum

and line PI 126408 were more resis1:arl't than commercial

Florida culUvars. Sonoda and Augustine (1971) isolated

Hawaiian Select:.1on 1991 as nsist.ent out. of 12 tomato lines

screened against baC'terial wilt.. The lines 1'1='-1, Fl'-2 and

FP-5 were observed tolerant 1:0 bacter.ial wilt (University

of t;claya, 1977). Neesieen.!5.Al. (l978 > reported that

INR~ 518; wi~h oeterminp~e ~ro~ hehit was resf~tant. to

t JI!\!4omonas 80lanacearurn and Helo1d09we s .. 1J. Bvaluation

of tomato lines against bac'terial wilt. conoucted at

Agriculturf~ COllege, Vellayeni, Trivanurum indicated wilt

incidence of <: 30% in Venus, Sat.um and CRA 66 selection A

(Remadevi. 1978). SOnoda and Augustine (1978) observed

high tolerance in the aecessions PI 126408, PI 212441,

PI 263722, PI 365930, Haw81i 1981, Hawaii 7997 and CRA 66

(Selections A, D and b). V1llareaJ. and Lal (1978) reported

'that the lines VC 11-1 end Koalo, derived their resistance

from LycopersiC9Jl 2!e?1nellifolium# "FI 127805 All and the

two and 'three way crosses exhibited comparable resistance.

Sonoda ~~. (1980) confirmed resistance in the lines

Hawaii 1997, CRA 66 and PI 126408. Hlssonau'th (1980)

evaluated four cultiyare, of which vc I Nova was the mos~

resistant. Ramachandran.u.l1. (1980) evaluaU!d 36 tomato



lines for their re8i.~ce 'to bacterial wilt. under warm

humL4 tropical condi tiona of Kerala. They observed

resist.ance in La. DeDit.a and CL 32 d-O-1-19 GS. Sunarjono

(1980) reported that. the breeding lines AVRDC 33 and

AVRDC 15 were resistant t.o bac1:erial wilt. CL 32 <3-0-1-25

appeared promising for resistance. Hawaii 7996 was

resistant under low lane conditions. Hoque et ale (1981)--
observed high resistance in the lines CL 8d-O and

C~ 143-0-13. celine (1981) reported fielc toler2nce in

t.'1e line CL 32d-O-l-19 GS. The line CL 2728-0-3-2-2 'VJas

the best of nine lines in terms of mark£:table yield,

frui t si ze and bacterj.al wilt resist.ance. CL 2729-1-1-

5-5-0-4 had ~~e highest yield and was resistant but had

small fruits (NvRL.C, 1982). Lin and Chen (1982) reported

that TSS1 derived from a cross between the F1 's of Break

C' day x Ve. 8-1-2-1 and r'1anapal x Vc 8-1-2-1, was highly

resistant. Goth et ale (1993) tested selected tomato--
lines and cultivars to eight isolates of pseudQm2nas

solanacearwn collected. from diverse locations (K 60, A 21~

TF:' 12, TFP 13, 126408-1 and Tifton 80-1 belonging to

race 1,h 82 belongin;~ to race 3 and FF', an unknown race).

'!hey fO\UH~ that line CL 32d-0-1-19 GS 'Was resistant to

three isoltctes K 60, 126408-1 and Tifton 80-1 of race 1.

Venus \1;;,8 resistant cnly to the isolate 126406-1 of race 1.

leterson et 81. (1983) observed high resistance in the--
cultivar Scorpio in South Eastern '':'ueensland. sreelathekumeri
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(1983) we1ua1:ed 10 daY.U.... of Lout.1an. Pink an4 one

line denved f:rom jiixSOD!E!1g P&!9PJ.nt1J.Je'P}&~. Dle 1111.

LE 217 had a diM'" soon of 2 1Dd1c:at.1ng high fJ.el4

nalatclce.

aen.uc and phye1cal men1puJ.ation of host. 'to thwan the

oulaugh~ of the pathogen

Various me1:hod.8 are used to OOIltJ:ol bact.erial wil1:..

Crop ro~at.1ons are of 11m!1:ed value W'1less long ro_Uona

with non-su.8eeptible crops ere followed. (Aahrafuzzmnan

end Islam. 1975). In 1:ornat08a, I'O~Uon w1ti1 !J.Jm.I ap.

followed by maize end cabbage/okra followed by ViAll ape

end mai•• gave effective COft't.t'ol of the &.8..8 (SOhl .IS Al••
1981) • ReducUon in 'tlil t. was obtained by covering the ast.

plc.ntr> 'With black plastic films and fum19a~ing witil DeB.

nomex and vordex (Jones .IS .Ai:... 1966).

Grafting to resistant I'oOt stocks of tomato enables

t:ometoes to be successfully culUvaUd in infested so11.

By grafUng 'tom<'to acions to reeistant. st:ock PO.apum

s.1!!n1'91~ complete conUel wes obtained. The crop

apec1es were highly compat.1ble end the root stock was also

resistant to root-1<no~ nema'tode, ~'i8&o*doQYP!incogpiSA

(Reyes. 196?) • Bacterial w1lt. incidence Was brought down

from 60 to 6% in infes~ed 801ls by graztinq eommerc.1al 1:cmeto

line N-52 OIl a re.i.tan~ stock Selection 5808-2 (kXcoper'i.
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~folJ..) (0btnC0. 1969). SaUsfac:tory eoaUOl

of bao'tert81 w1l t. was obUined by gre1U1'lg 3 weeks

old tomato ac10ns on resi.taD~ t.omato s=cks. BelecUon 116'

and Hawa1i-2. Felix (19'S) found thai: tomato so1on. UlOgue

grafted on~ to.D\JE! J:OOt. stocks were re.istant to 1:Jo'th

baoUI'ial wll t ena root-knot aemat.cClea. When tomato scion.

wen e;,rafud on resistant brinjal s'toclts. bacterial w11~

incidence " •• reduced below 10% (Luna end Wong. 19U). KalIn

(1977) reponed £1.- small fruit:ed t:anato lines with good

resistance to bac'terial wilt as suitable stocks fer grafUng.

Russel (1978) reponed that 'the disease 1. very difiicult

to be eonU'olled by chemical or cultural methods and

accordingly 'there were many progr8l'llMls for resist.anee

breeding.

Pour F7 l1ne. from a 01:088 UPR 199 x Floredel showed

good tolerence to pseudomonas 191eaaceHY!n (IRAT, 1970).

Anaya and waite (1974) t.est.ed 13 linea and F1 hybrid8 for

ree1s'tancfl to bacterial Wilt.. The linea B'h'N 5. BHN 514,

mm 16. mm 17 end Bvrn 7755 were resistant to an extent.

of roore then 90%_ '1'hree tomato culUvars (VC 11-1. Sat.urn

and Kewalo) reais't8nt to bac'ter1el wilt ane: the correa-

ponding F1 progeny of the two way and t.hree \>lay crosses

were 1noculated wi t:h a ~ak isolate and a virulent isolate
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then the panna (AVIUX:, 1'''5). Graham and Yap (1916)

perfo.r:med a dial1e1 cro•• among six cultivars vlalt.er,

CRA 66, H ".1, Veaue. vc..4 Ilftd Llanos de CO~ce,

represenUng a J:'Mge of aU8CJ8pUb1l1q/nsistence of

99.5 to 20.8 on a d.t.s.... re.18t;ant scale. They nportec1

that. "1111: resist:.ence could ~n a high level 1n a

breeding procedure of repeated selfJ.ng and selection follow.d

by 1n't.ercro.aing of rea18Un't .elec1:1ons. Chumvisoot. end

Lent>eth (1983) crossed t.wel'ft! aceeas!ons as female to thne

haUl' lines Saturn, Venus end Kewalo. Seedlings of paren1:a

and hybrids w.re leaf or stem inocu1ated wi t.h E..8eudo,mona,

e1aneC8M3!!!. I'ive accessions and their hybrlCis wi th Kewalo

had 10\-; tolerance. SreelathakumaJ:y (1963) report:ed 1:hf!t. no

F1 hybrids lnvolving 10 11nea fI:om Lxe9P.e.Fa1pon VCEwl£ntgD!

as female and t-ysoo~rsi9O!1 r;d.~lfol.!..!!m as male showed

resle't<mce. OUt. of the four non-segregating (Sa~. LE '9,

PuNl Rul:>y and Pusa Ruby x La 19 1'1) and two segregating

(Puss Ruby x LE 79 F2, Saturn x LE 79 '2) eValuated, the F2
hybrids of Sat.u.tT1 ond LE 19 ware found resistant

(NarayanaDkutty. 1985). In 8 Z'epeated t:.r1al F 3& were

evaluated along wi t:h the F28 end non-segJ:e9at.1ng pcpulatione

(Saturn and LE 19). Resistance wu observed in Sat;urn x

LE 79 1'3 (pereent.age of Wilt. 10.7) and Saturn x LE 79 F2

(percentage of wilt: 18.23). Pusa Ruby x LE 79 F2S and F
3

8

were suecep'tible 'to mXierat.ely euecepUble.
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b) ~iU1t111nes and Pbpica1 rr~.

1he mult:11J.ne theo~ for 1:he pr06.ueUon of COln.pos!b!

van.U.. 18 one of the UUly new concepu in breeding

self pollinaUd CS'Ops. '!'be idee of multiline vari.U.s

was put fozwerd by Jenson (1952) for use 1n cereals. In

1'53. Borlaug cl.....ly ou't11ned the pJ:OCedure to &welop

DI11Ul1ne cuJ.UVUB to conU'ol .<tern rust. of whe~t. He

suggested that several purelinea with different re81stan~

genes should be developea through backcross progrmrrae

using one recurrent parent. 'lta1s is (lOne by tl'ensferrillg

disease resistance genes fl'Om several donor parents

carrying different resistance genes to 8 single recurrent

parent. Eec:h donor parent. 1s used in a .-par~~te backcros8

programne so that. each line has a different resistance

gene:: or genes. FlVt" to ten of 'these lines may be rn1xee to

produce a mult.111ne variety. The linea tv be Fixed in 8

multil1ne would be determined by the races ot the p'?'thogen

prevalent in the area. If a line or line-s become susceptible,

they would be replaced by the resist2nt lines. (mly one or

a few lines of the mixture would become SU8Cep'Ubl,,~ tc "the

pathogen in anyone season i.e. only Ii srrall rroport.1on

of the pl-:::nts would be infected by the pat.hogen. ConsequenUy

the disease would spread rnore slOWly 'than ;,<hen the ent! re

population wee under e single line. This would reduce the

darnaoe to the suacept1ble lines a.a well (Singh. 1983).
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two were highly reeiebOt.. FlftMn po_sible 1liXi:urU

were developed in 50.50. 15125, 25,15 ...Uo. and • race

m1X'ture was sprayed. 'l'be &"eeults indicated tha~ ti\e

development of rust WU 810w in mlxtuhs ae compared to

the pure cu1tures even when the seeds of the lD:)S~

suaceptJ.ble parents were mixe<i aD<1 91:Own. Chin and Hwlln

(1982) re,ported that rice va.r1e-ty mixtures could eff~-

Ively control PxUey1H11 0naa, and pJ:Oduce highly stable

yields. i::isease levels were re4uce6 to one third of 'the

roean sever} ty in pu.restands.
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'.ttl. resia'tance of nulttlines is due to a var1e1:y of

mechanisms. A pJrCpOrtion of 1niticl inocW.,'i1i"l falls aD the

rea1stan't 11nea. reducing t:1'elni:tial 1noculam. Of the

spores produced by the infected suscept.1ble lines. only a

proportion would fallon other suscepUble plants. thus

reducing the rote of rnultiplica'tion (Chaudhary, 1992).

'I'he multiline concept 1s not restricted 1:.0 a true

I1U1ltiline variet.y, based on the near lsogen.1c components

c<~.rrying different race-specific rC'81.st.ant. genes. Ii; aleo

comprises variet.y or l.ine mix'tures were the component

genot}~s difter for th~ race-specific resistant genes they

c~ltein (parlevliet, 1979). Shorter and Frey (1979)

reported the advantages of mixtures over monocultures.

'l"'hey ere,

1) more 8~le resistance to diseases

i1) gre~.ter stabl1! tl1 of pe:·rfos-rnance aoross diverse

environments and

111) higher yield through more efficient. utilization of

env.1rcnmentsl resources

Effect of heterogeneous oat populations on the

epiphyt:otic davalopment of Victoria blight. was reported by

Ayanru and Hrown1n\5 t1977). i'lhen m1X1:ures of the h.1ghly

.-.e1stant. line x 424-111 and the highly 8laceptible near

leogenic line x 42.-10729 were grown 1ft t:be field and
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1nocNlaUd with~ !!t:te1.&.ll grain yield.. buDcUe

welgh1t and we1ghi: of 500 ec of grains were 81gnif1emt.ly

higher ~an for pure.~enda of highly 8usceptible plante.

tSeerapat. .!$.Al. (1917) S"8pOfted that. when seecU1ngs of the

highly susceptible veri~ RD 1. the resist.ant. vari.~

R.D 9 and various mixtures of the t.wo. were iDfea1:ed at. the

two leaf st.&g'e w,1 th first 1ns'tar 1DUJ.v1du.als of WIPen-thet

lUQlOI RD 7, aD 9 ana a 50 I SO mixture of RD 71RD 9 showed

100%, nil and 18% damage resl:'8ct.lvel~{. They concluded 'that.

by p10nting 50% of an area with a rQsistant var~ety, the

damage resul tine from the attack was r(,~dueed to levels

lower than those expecteCi on the bco.sis of the rat.io of the

varieties used. \'lheri barley varieties Hassan. t'J.idas and

Wing were grown 1n mixtures. the 1nfecUon wi th EmiLRbe

swew was reduced by half and the yields were upt'.o 11"

h1~bu than t.hG: means of the caaponent varieties gJ:'OWb

alone (Harvey. 1978). :rhe effect. of mixtures to recluce

powdery mildew 'Was repor'te<1 by Wolfe (1977).. stolen S5 .!1.

(1960). Day (1981), stolen (1982), v~1te (1982) and Welling

~.t:l. (19S3).

pande (1978) reported that. mixtures of bengal gram

iDVolvJ.ng resis~cnt components generally showed a I:eduction

in t,ilt. ui1l.n.al. (1981) studied the lJrogression ot

yellow rust ill mixtures of .1sogen;.tc linea of whea't in

vary1ng proportions. Of the 81x ~ent. liners. two 8l18re

h1ghly susceptible" two were l'IJOderately suaceptible ana.



'21

bIo were highly real.UIn~. Fifteen possible IDixtuu

were developed in 50,50. 15125* 25175 ...t.10f1 an4 a race

m1.xb.u'e was aprayea. 'lb. nsults 1ndJ.caUd tile. t;he

development of zuat WU 810w in mlx.tun8 .e C()q)aJ:'ed 1::0

'the pure cultures even When t:he seeds of t.he most.

suaceptible parents were mUced. and gzovn. Chin and Hwd..n

(1982) reported that. rice var1ety mixi:uree could eff~

ively cont.E1:>l Eme»ar1A OEYza, and produce highly stable

~ields. .i::isease levels were reduced to one third of the

meat. severi ty in pu.restands.
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MATERIALS .AND METHODS

'rhe preaent 1nveaUgaUons were carried out at the

Instrue:Uonal FeDi'l, College of Horticulture, Kerala

A9r1oul'tUral Un!versi ty. Vellanikkara. 'l'richur during

July-November, 1985. 'l""he farm ls locaud at an altitude

of 22.25 m above MSL, at 10° 32'N lati~e and 76° 16'E

loog1tude. The area enjoys a typlcal warm humid

tropical cl.1ma'te. The so11 of the experimental 5it.e is

a deep. well drained and moderately acidic later!te

loem falrly rich ln organic matter. The s011 is highly

infested with the bac1:eriwn, l?8tu.do!;1ppa, solanacs§EW:,

E.~'. smith causing heavy crop damage to Solanaceous

vegetables.

'l'he studies consisted mainly of four parts

A. EValuation of six specific lines of tomato, their

F1 hybrids and 50: 50 physical mixtures for resistance

to bacterial Wilt, fruit yield and yield components

B. E'V'aluation of two way and tt..ree way mixtures

involving three lines of tomato for resistance to

becterial wilt, fru.i t yield and yield compon',:nts

c. Maternal effect.s for certain quantitative characters

in tomato

D. Evaluation of a set of tomato lines for bacterial wil~

resistance and economic charecters
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A. EValuation of six specific linea of tomato, their F1

hybrids and SO ,50 physical rn1Xb1res for resistance

to bact.erial wilt, fruit Yield and yield components.

Six genetically divergent. ~to lines posse••ing

different. resistant gene systems were used to develop

fifteen one way PI hybrids and fifteen 50:50 physic,~

mix'tures. l'hysical mixtures were developed through alter

nate planting in the mainfield.

The six tomato lines were J.JE 79 LliF, LE 214, LE 217,

IIHR Bwr 93, 11M Bwr 34;; and L1i; 206. The lines IIHR Bwr 93

and IIHR Bwr 34A carried domin(iflt type of resistant genes.

All these six genotypes will be designated hereafter as

1., 2, 3, 4, 5 and 6 respectively.

Fifteen one way #'1 hybrids were developed by crossing

the above six lines. 'lrhe hybriCis were

i) 1 x 2 vi) 2 x 3 xi) 3 x 5

11) 1 x 3 vii) 2 x 4 Xii) 3 x 6

iii) 1 x 4 viii) 2 x 5 xiii) 4 x 5

iv) 1 x 5 ix) 2 x 6 xiv) 4 x 6 and

v) 1 x 6 x) 3 x 4 xv) 5 x 6



The so.SO physical m1xttuns were

1) 1 + 2 vi) 2 + 3 xi) 3 + 5

11) 1 + 3 vii) 2 + 4 xii) 3 + 6

ii1) 1 + 4 viii) 2 + 5 xiii)
" + 5

iv) 1 + 5 ix) 2 + 6 xiv)
" +

6

v) 1 + 6 x) 3 + 4 xv) 5 + 6

Pusa Ruby was used as the susceptible check for

evaluation of bacterial wil~ resistance.

2) Lay out and experiment.al design

The experiment was conducted during July-Novsibcr, 1985

in Q un1forrr~y fertile t:.nd wilt sick soil. ~rhe six parental

lines, fifteen one way :E'l hybrids and fifteen 50150 phtsieal

mix'tures were grown in three replicatJ.ons. 'i'he parental

lines, the F1 hybrids and the mixtures were grown separately

in each block. Randomisation was resorted within each group

within each block. 'l'here were two rows of 10 plants each!

entry/replication.
em

Spacing wae 70 x 60 ern. Puss Ruby was

spot planted to confirm presence of virulent inoc::ulam in

each and every plantiny spot.. The plants were observed for

incidence of bacterial ~ilt. 'iJil ting of the susceptible

check inc iCi;tcd ,i>resence 01 virulent inoculam in the soil.

BactLrii::,l ooze test \>1".'.S also (jone to confirm b.'ct:.er:ial wilt.

The disease rating was done as per the scale suggested by



Hew and Ho (1976), R == re8istant ( < 20% plants wilted.,

HR == moderately resistant (20 to 40% p12nts wilted),

1:5 == moderatel:r suscepti'Jle (40 to 60% pIcnts wilted) and

~ = suscertiL'le ( >60% plrmts wilted).

l:'ive plants each from parental lines and Ii'l hybrids

t:cnd five pl,.nts each from each component lines of a

physicci.l mixture were selected randomly and the folloWing

observations were made.

a) Vegetative charactcL6

i) I,>lant neight - observea at second harvest

i1) Frimer~l brclllches/plant - observed at second

harvest

b) Productive characters

i) Days to fruit set

ii) Days to froi t harvest

iii) Fruit set (%)

tv) Fruits/plcnt

v) Fruit yield/plant

c) Disease scoring a l~umber of plants survived t-Jhere

Pusa Huby vJil ted.
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3) SUiUstical analysis of de"

a) Jlnalysis of variance

The da'ta were subjec1:.ed 'to analysis of Vetri2nce as

described by Oslle (1966). The variance due to treatment

was further part!tioned.

The line LE 19 LE'F was missing in the first repli

cation and hence missing plot technique Was followed.

b) combining ability analysis

'lb. data from the parents and F1 hybrids were analysed

for combining ability effects and heterosis.

Combinin0 ability analysis was carried out according

to Hodel 1, ::ethoo 2 of Griffing (1956).

Yij a m + Oi + gj + aij + eij

where Yij a mean of (ixj ) th F1 hybrid

m .. the population mean

g1 .. general combining ab1lit;y (gca) effect of i til

parent

gj = gea effect of jth parent:

sij

eij

.. ~cif1c combining ability effect (sea) of
(ixj ) th cross

error associated \>11til ij th cross



2'1

The awn of squares (88) were calcula~d as follows,

55 due to gee =it2 t ~ (Y:1. + Yi:1 ) 2 _ *Y •• 2 ~

S5 due to sea c: ~ t yij2 - n:2 ~ (Yl. -I. Yll) 2 +
2:2 Y••

lD+l} (n+2)

where n I: number of parents

Yi. Cl total of the array of :1til parent sunned

O'¥8r j direct crosses

Y:11 = mean value of i ttl parent

Y1j D mean value of 1xjth cross

y.. D grand to1;a1 of n l~-~l.# progen:1es and In'

parental lines.

The analysis ot v2ricno:. table \-Jas set. up as follows:

----------_._-,------------- ----
Sources Degree of

freedom
Sum of
squares

Hean
squares________• '__' 0 _

Gca

Sea

Error

S

15

39

Sa

Sa He l

------_._------------------
CI

To test the vari.:mce due to general cortJ ining OOi11 ty effect

FF =~
(5, 39) l-M I

To teat the variance due to specific com.bining ability effect

F(15# 39)
£IS

• --r
r-~



28

g.'& effec'ts (g1) end sea effecUl (a1j) were estimated 88

follows:

g1 = ~2 t ~ (Yi. "\- Y11) - ~ Y.. J

s1j IlII Y1j - nh (Yi. + Yi1 + Y.j + Yjj) + <n+lf(n+2' y ••

n, Y1., Yi1, Y1j and Yjj were the same as explained earlier.

Variances, standard errors and critical differences were

est.1ma'ted

Var (9i) = (n-1) c:r-2e/n (n+2)

Var (sij) ::: n(n-1) cr-2./(0+1) (n+2)

Var (91-9j> = 2 ()2e/(n+2)

Var (s1j-sik) 11II 2 (0+1) ~2e/(n+2)

Var (sij-skl) = 2 n cr-2e/(n+2)

The above estimates were used to calculate the critical

differences for making comparisons between different effects.

c) Heterosis

Heterosis was calculated as percentage increase or

decrease of the F1S over the hettp.r parpnt (Hayes ~ ~.I

1965) and over m!ci-parent (Briggle, 1963).

Heterobeltios1s lIS F,'t- BP
. =: x 100

iP

- -
Relative heterosis • F1 - riP x 100

MP
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Heterobeltiosis was tested using s~dard error

SE
2

r:r- e = error mean square

r = number of replications

Relative heterosis was tested USUlg standard error

BE • 3 ~2!
"2 r

d) Associative ability analysis

Dat.a from JOODocul tl:res and physical mixtures were

analysed to find out general associative ability and

specific associative ability.

J\ssoc1ative ability analySis was aone according to

:bdel 1, method 1 of Griffing (1956) as follows:

Yij CI m + q1 + gj + sij rij + eij

where Yij r:: mean of i -I j th physical mixture

m CI population mean

gi IIlIl general associative ability effect (qaa)
of i th paren t

gJ. :;;. gsa effect of j th parent.

sij a specific assocli:Ttive ability effect (saa) of
(1.; j) th ,physical mixture

rij = difference in performance of i t:h 11ne with jth

line and j'th line with i th line

eij • error associated with i-t-j'th physical mixture.
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The sum of. squares (5S) were ealculat:ed as follows:

5S due to gaa 1
== -2n

2 2:2 Y••
n

55 due U> saa • i ~~ Yij (Yj1 + Yj1) _ ~ ~ (Y.j+Y.j) 2 +

:\ y ••
2

n

SS due to differences'" i ~ ~ (~ij - );j1) 2

where n == number of parenu

Yi. IS Tot.al of the array of 1 th parent

summed over j mixtures

Y. j :: '1'otal of the: array () f j th paren t

swnmeO. over 1 mixtures

Yij = Ferformance of 1 th line with jth l1ne

Yji := 1."erformance of jth line "11th 1 th line

y •• =: Grand total of n + (n-1)0 entries.

The analysis of var1sncc table 'wcs set up as follows I

----~---,'_._.-_.------------------
Sources Degree of

freedom
Sum of
squares

Mean
squares------------_._-------------

Go-a

Saa

Differences

Error

5

15

15

69

Sa

5r

Se

Hq

----------------,--_.._---
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To test the variance due to general associative ability

effect

F (5. 69) = ~
r~e

To test 1:11e variance due to specific aasoc1a1:ive ability

effect

F (15, 69)

'l"o test the variance dc..e to reciprocal effect.

Estirrtdtes of general anc1 specific associative ability

effects anG rec1Droc21 effects were calculated as follows:

91 1 (Y1. + Y.i) 1
:I - '2 Y••20

sij II:: ~ (Y1j -t. Yji) -~ (~i. + y.t + Yj. + Y.j) +

1 Y••-2
0

rij 1 (Yij - "lji)• '2

0, Yi., Y.j, Yj1, Yij

earlier.

c:;.nd were the same as explained

Variances, standard errors and critical differences were

est1matt:Q.



Var (gi) 0-1 2
• 2

c;-e
2n

Var (sij) 1 (n2_2n+2) e:r-
2e-...,

2n

Var (rij) -" ~2e

Var (91 - 91) =1 ~2e
n

Var (s1j - sik)
III jn-l) ~2e

n

32

Vax (s1j - skl)

Var (rij - rkl)

• (0-2)
n

2
r:::: ~ e

2
~e

'l1'lese values were useC': to calculate criticel difi:erences

to compare different effects.

e) General coexistel,C(; abili t::, ir~dex

General coexisteuce ubil! t,i index of: a genotype refers

to the r.3.tio of its <.",Veri1'.E perfo XTIIance in the miX±u"'e to i t:s

performance in r urestand o

GC AU) •0

where Geo
)\ (i) :II

-M •

the general coexistence ability of i th

genotype in various combinations

rr.ean performance of the l.th genotype

in purestand

mean performance of the 1 th genotype

in various mixture combinations
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a) < 1, the genotype is a poor competitor

b) equal to 1, the genotype is not being affected by

other varieties

c) > 1, the genotn>e dominatas over other and therefore,

it is a better competltor

f) Association among root characteristics and yield

'£he correlation coeiticieDt Ir' was calculated using

the fOrrmlla

r ::I

where x III lengtlv'volwne of root

y a yield

n 11:I number of observations (plants)

g) ubservation on root galls caused by root Y"J10t nematode.

~oidogxne inC9gn!ta.

/.11 the parents, 1-'1 hybrids and physical nixtures were

observed for galls caused by root knot nematodes.
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r:. Evaluation of two way and three way mixtures involving

three lines of tomato for resistance to bacterial wilt,

fruit yield and its components

1 ~ r'~aterials

Three tomat:o lines were used to develop the 'tWo way

(',;nd three Tiley nhysical mixtures. They were Ll 206, LE 212

and IIHR Dwr 34.1\. The genotypes are designated hereafter

f'.S 1, 2 and 3 respectively.

The physical rdxturcs vlere

i) 1 + 2

ii) 1 -l 3

1i1) 2 + 3

iV) 1 + 2 + 3

2) I,ayout and eXperintentol design

The experiment W2.S conducted during July·-November, 1985

in a un:Lforxn~~ ferti If- z'\,d wilt sick soil. The three

pa.rcr,tal lines and the v:-·rlou.s physical mixtures were grown

in a completely randomisec. design. There were 6(' plcc'nts for

ench €ntry.,;here t'Wi ,' c.:.nd three vi;'riet·'.E:s viere lnv.:lved,

ec,ch variet:y constituted respectively about SO and 33.3% of

tot.al pl,n:.:s.
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The plants were ob..ned for incidence of bacterial

wil't. Bact.erial ooze t:ese was done to confirm wilt

reaction. The d1eease raUng was according to l-:ew and Ho

(1976) •

Five plants from ;ar(ntcll line and five pl. nts each

from each component line of a physical mixture were selected.

randomly nnd the followinu observations were madea

Product!ve characters

1) days to fruit set

11) d0YS to fruit harvest

li1) fruit set (;,,)

Iv) frui t)"plant

v) frui t ylelO/pl,:.nt

3) Statistical analysis of data

a) !~alYE1s of v:ri2Dce

The data were analysed for analysis of variance for

a COiilpletely randomisEtu design.

b) ·Jeneral coexistG2Ce abil:!.t:.l index

General coexi stence ubil! ty index was calculated as in

the 'revimls ex~)erimcnt.
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c. Haternal effec1:s for certain quanti t.at.ive cr)('Iraet.ers

in tomato

Five tomato lines, i.E 79 LFF(l), LE 214(2), LE 217(3),

I nm Bwr 93 (4) and IJE 206 (S) were crossed in all possible

\vcre

Direct l!'1 hybrids Red.procal F1 hybrids

1) 1 x 2 vi) 2 x 4 i) 2 x 1 vi) 4 x 3

ii) 1 x 3 Yi1) 2 x 5 ii) 3 x 1 vii) 5 x 1

iii) 1 x 4 Viii) 3 x 4 iii) 3 x 2 ·~iii) 5 x 2

iv) 1 x 5 ix) 3 x 5 iVJ 4 x 1 ix) 5 x 3

v) 2 x 3 x) 4 x 5 v) 4 x 2 x) 5 x 4

'The direct an;:, reciprocal l:'1 hybrids W8L'e grown during

July-November, 1985 in a randomised block desigr. with three

replications. 'lnere were two rows of 10 plants each/entryl

replication. Spac1nq was 70 x 60 em. Pusa Ruby was spot

!~lantEd. The plc.nts were observed :tor incidence of bact.erial

\'111t. Five ple.nts were selected randomly froIT: each linel

replication tor taking observations.



37

a) Vegetative characters

i) Pl;nt height - observed at second harvest

11) Primary branches/pl.:mt. - observed at second

harvest

b) Procuctive characters

i) c..a~s to fru.i t set

11) days to fruit harvest

iii) frui t .set CO

1v) frui tS/plol1t

v) irui t yie16/plant

c) Disease scoring - number of survived plants where

Pusa Ruby wilted.

3) C3tatist.ical anaJ 1." cf de:ta

a) Analysis of: vi.'rie:.ce

The datn were ar~alysed. for analysis of variance as

6.escribcd by (;5 t..lee (196G). 'line variance due 't4.j F
1

h:lt'brids

was partitioned intc vcriance due t~ direct hybrids,

b) Combining ability analysis

CoG1bining ability al.CJlysis was carried out according

to Nodel 1, hathed 3 of Griffinq (1956).
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The sum of squares (55) were calculated as follows.

S8 (:ue to gee =~ ~ (Yi. + Y.1)2 - n{~-2' 2
Y••

2
Y••

SS due to recirroce1s .! ~ ~ (Yij _ Yji) 2

where

n =

•

number of parents

tot-a! of the array of 1 th parent summed

over j direct crosses
thtotal ci: the array of j parer, t sWnJ,led

over j indirect. crosses

Yij :::::; mean. value of. 1Xjth cross

l'ji :::: mean value of jX1th cross

Y •• :::: graIld total :sf n<n-1) entries

imelysis of vc~ri i:J:lce tor c~m1hir..ing ctbili ty

------_....-----_.__._----------
:]ourc"'S Degree of

frecdor.,
Sum of
sClUares

I:ean
squares---------------------------...........---

Sca

Error

[<e'

4

5

10

38

l:irFor IDe"m sgqares (Be)
Number of replications

Sg

Sa

Sr

Sa
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To tes't t.l-te variance due to gea effect: F(4, 38) =~1;J.e •

the variance due effect. ~To test to sca !'(5, 38) =M.
To test. the variance due to reciprocal effect. 11.1'

F(10,38)= Me'

Generc! an~ srecific eombining ebillty effects anc recl-

proc?l effectS were e!"t.!:r:sted

01 II:

slj == !2 (''11 ..;;. • -r

rlj 1
== -2 (Ylj - Yjl)

n. Y.i, Y.j, Yj1. Yij m1d Y•• were the same as explained

earlier.

\/arie:nces, stondclrCl errors and critical differences were

estl;·.,i.,ted

Vcr (g1) == (n-l) ~2e/2n(n_2)

(sij) (n-3) 2Var ~ a- e/2(n-1)

Var (rij) a v-
2
e/2

Var (9i -gj) :: g-2e/(n-2)

(sij (n-3)
2Var sikJ :: c;- e/(n-2)
'"l

Var (slj - skl) == (n-4) c;;-"'e/ (n-2)

These values were used to calculate critical differmlces

to compare different. effects.
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:c. EValuation of a set of tornatr:-J lines for r.::sist:::ncc

to bacterial wilt and economic characters

1) f-cater1als

The tomato lines LE 206, LIE: 208, I.E 209, Lg 210, LE 211,

LE 212, LE 213, LE 214, LE 217, LE 19 LEF, LE 79 LVG, LE 79 DO,

IIHR Dwr 93 ~.nd 111m Bwr 34A were evaluated (Table 1).

Pusa Ruby was spot-planted. to confirm presence of virulent

inoculc~m in the soil.

2)

The r,lantc were grown in a randomised. block design with

20 pldtltc/lint?/replicz tion during August-r.fovernher, 19·'35.

Spacing 'Was 70 <!»tx 60 ern. 'l'he lines were geneti.cc;ll~l

The plants ..."ere eVc,luntcd i,_,r ~.Jilt incidt:.'mce. The wilting

replication arJ: the follo·,d.p.g observ.:'lti·')ns were taken:

a) Vegetative characters

i) pi. '.nt hcJ.'Jht - observc<.i. at second harvest

i1) prim,~ry brnches/pl~:.nt - obs€l.-ved at second hervest



Tab~e 1. Accession number. name. :pedigree and source of tomato lines

------------------_.._-_._..- _... - ..,.,"_.~ ..""""'-------- ,---------
Accession number Name Pedigree Source
___• • u_..._ ..,_.__".._'""_'--..,.",...·__.,'...,·_.........._ ... _

Lycopers!con
esc:ulentum

LE 206

LE 208

LE 209

I..E 210

LE 211

LE 212

LE 213

LE 214

CL 9-0-0-1-30-4

CL 143-0-10-3-1-2

CL 1104-0-0-71-4-2

CL 1351-1-6

CL 1351-1-9

CL 1219-0-6-2

CL 948-0-2C-2

Vc-l1-1-2-1:e/~.;aturn

Ve-9-1-ug/~aturn/ah~~-2~

'lC-11-1-Ug

Vo-48-1/Tamu d1.1co III ah
~~2~c-l1-1-Ug

Carorich/vo-11-1-U~lc-11
l-Ug UC2// / (ah Trr-2a/
ve-8-1-2-1)-4-4-0

carorich/Vc-11-1-Ug/Vc-l1
l-Ug BC.., Cah rirrt-2a/ilc
B-1-2-9S/Vc-9-1-2-9B)

71-483 N/Vc-9-1-2-9B//
Ve-9-l-2-9r///re-9-1-2-9D

YL 1/Vc-11-3-4//1339/
uttat.-:e. 66 (F:3)

INlmc. Tatwan

- do -

- do -

- do -

-00-

- do -

- do -

- do -

------------_._---..__._- ---------------------



Table 1. (Contd.)

Accession number Name Fedigree Source

-------------- --------,-,-------
LE 217

LE 79 LFG

LE 79 DG

LE 79 L!'}'

Ium Dwr 93

lIHR a\>Jr 34A

LE 5

Louisian<:: 1: ink

CL 320-0-1-1-1-1
19 CS

CL 32d-O-1-1-1-1
19 u.s
CL 32d-O-l-l-1-1
19 CS

Pusa RUb~i

.':; •.• lt13572/Lf. 270196

Vc-9-1-2-3/Venus

VC-9-1-2-3/Venus

Vc-9-1-2-3/Venus

ImprOVf;;d l·~eeruti x Sioux

Vegetal'le
Laboratory,
USDI..,
DAHC-vi LlSl',

Y..AU,
vellanikkara

.. (10 ..

- ::£0

IIHR Banglore

- do -

Ii\RI New !"elhi



b) Productive characters

i) days to fruit. set

1i) days to frui t harves't

11i) fruit set (e '/t.J

iv) fruits/plant

v) fruit yjelq;plDn~

c) Disease scoring - nwnbur of normal p_ants were ~usa Ruby

wilted_

3) dtatistical ana.Lysis

r:ata were ana1:t'Ded as in a raudolrdsed bloc}: desi'}11_

The line LE 209 was missing in on(;; I:eplication and missing

plot te~~nique WoS follow~i.



'l'ab1. 2. Gen. 1i•• of characters

Gene .... PbeDoqpe !.9sy!
c::bsaDoeo•• Siu

a Anthocy8D1n1••• ~l.tely aD~8Dlnlesa III. 6S

c P6ut:o leaf Fewer leaf segmenu 6L 104

dp DJ:ooping leaf Leaf d.xooping. elonga.,
dark gras, at:em weak,
slender and proa1:rate

f Faac1aUtd Fru1u fa.c1atad. many locmlec! 111. 9S

n Nipple Up At. at.ylar end of t.he frui t. 5 -
0 OYaa Fru!t.a oyat:e ~L 55

pst. pera1.tant. style Developing into beak 7S S

sp self pJ:UD1ng Determinate hab1 t 6L

u Uniform ripening unripe frui ta lack b1colour lOS 14
pigmenut.1on

.-



==================,,-=_._-~.,-_.-_...~.~~----~
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RESULTS

The resulU in the present. invest.1get.1on8 are

present.ed under 'the following heads.

A. EVeluat.1on of six specific lines of tomato, their

F1 hybrids and SO 250 physical mixtures for resistance

1::0 bact.erial Wilt. fru! t. yield end yield component:a

B. Evaluation of two way and three way m1xt.ures

involving three lines of tomato for resistance 1::0

bacterial wilt, fruit yield and yield components

c. }1at.e.rnal effects for certain ::.IUanUtaUve characters"

in tomato

D. Evaluation of a set of tomato lines for economic

characters and resistance to bacterial wilt

A. Evaluation of six specific lines of toma'to, their F1

hybrids and 50.50 physical mixtures for resist.ance

t.o bacterial wil t. fruit yield and ylelo components

Dur1ng July to November, 1985, six lines of 'tomato 

LE 79 LFF. LE 214, LE 217, III~ Dwr 93. IIHR Bwr 34A and

LE 206 -, their one wa.:x' E'l hybrids and 50.50 physical

mixtures were evaluatk~ under field conditions for their

baet.erial wil t reaction. TLe SUSCE.'l tible check l'Usa Ruby

succumbed to wilt con".irr111ng presence of virulf'nt inoculam
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in the field. The hybrids and lines were classified for

wil't reacUon according to l-'1ew and Ho (1976) (Table 3).

LE 214 and LE 217 were resis'tan't wi th a wilt. reaction of

11.67% and 13.33% respec'tively. lIaR Bwr 93 (21.67%) and

IIHR Bwr 34A (20.69%) were moderauly resistant. The

lines LE 79 LFF (56.61%) and LE 206 (43.10%) were moder

a'tely suscepUble. All F1 hybrids except. IIHR Bwr 93 x

IIHR Bwr 34A and IIHR Bwr 34/\ x L1:: 206 were resis'tant.

LE 214 x ~:.I!iR Bwr 34A had a disease incidence of only 5%.

LE 214 + LE 217, LE 214 + IIHR uwr 93, LE 214 + IIHR Bwr 34A,

LE 217 + lIEl< Bwr 93" LE 217 + IJ:.HR Bwr 34A and IIHR Bwr 93 +

rnm Owr 34A were resist·;:lDt ..'11 til e disease reaction of

16.67t. 18.33%, 10.00%, 15%, 15% and 13.33% respec~vely.

LE 79 LFF + LE 217 (31.67%), LE 214 + LE 206 (25%),

LE 217 + LE 206 (28.33%), IIHR Bwr 93 + LE 206 (- ~~) and

IIHR Bwr 34/\ -t. LE 206 (25%) were moderately resistent.

LE 79 LEI' + LE 214, LE 79 Li'F + lIHR BWr 93, l,E 79 LFF +

IlHR Bwr 34A and LE 79 LFF + LE 206 were moderately

susceptible \vith (1. wilt reaction of 43.33%, 41.66%" 40"'{,

and 50% respectively.

1) Analysis of variance for yield and yield components

Data on pl<.·,nt height, primari branches/plant, days

to fruit set, dc..;ys to fruit harvest, i:ruit set (~{), fruits/

pl:::nt and fruit yielcVpl;.,nt were analysed ('h:lble 4).

Variance due to genotypes were signiiicant for all tele



1'_1. 3. EYalua't.t.OD of aix specific toomato l1n..,
their I' hJbri4s and 50 aSO physical
m1x~ for ...si~t.eto baaterial wilt

i'ftUy To'tal IlUIIIMr No. of plants Wilt
of plana wilt.e4 reaot.1on (%)

Linea

LE '79 LPF 60 34 56.67 (l1S)

I.E 214 60 7 11.67 (R)

LE 217 60 a 13.33 (R)

IIHR B'Wr 93 60 13 21.67 (MR)

IIHR Bwr 34A sa 12 20.69 (MR)

LE 206 58 25 43.10 (MS)

F1 b]brids

1 x 2 58 5 8.60 (R)

1 x 3 sa 3 5.17 (R)

1 x .. sa 6 10.35 (R)

1 x 5 58 3 5.17 (R)

1 x 6 58 10 17.21 (R)

2 x 3 58 4 6.90 (R)

2 x 4 60 9 15.00 (R)

2 x 5 60 3 5.00 (R)

2 x 6 60 e 13.33 (R)

3 x 4 60 4 6.67 (R)

3 x 5 60 5 8.33 (R)

3 x 6 60 .. 6.67 (R)

.. x 5 51 18 35.29 (l-1R)

.. x 6 60 8 13.33 (R)

5 x 6 60 19 30.00 (Ma)

R - Resi.t.anto, < 20% plants wilUd
MR - Moderat:ely resistant., 20-40% planu wilted
;':.5 - Mo&trai:ely suaoept.1ble, 40-60% planta wilf:ec:l
S - SUscepUble, > 60% plant.s wilU4



'l'eble 3. (CoDtd.)

Entry To'tal nwaber No. of plea wilt.
of plenu wilted reacUon (,,)

Physical
m1x1:ur••

1 + 2 60 2' "3.33 (MS)

1 + 3 60 l' 31.61 (tjR)

1 + 4 60 25 41.66 (1'J5)

1 + 5 60 24 40.00 (f.1S )

1 + 6 60 30 50.00 (~..s)

2 + 3 60 10 16.61 (R)

2 + 4 60 11 18.33 (R)

2 ... 5 60 6 10.00 (R)

2 + 6 60 15 25.00 (MR)

3 + .. 60 , 15.00 (R)

3 + 5 60 9 15.00 (R)

3 + 6 60 17 28.33 (MR)

.. + S 60 a 13.33 (R)

4+ 6 60 18 30.00 (l<1R)

5 + 6 60 15 25.00 (r·m)

R - Hestst.ent, < 20% plant.s wilted
r~ - Moderately resistant. 20-40% wilted
HS .. Moderately susceptible, 40-601~ plants wilted
S .. Susceptible, >60% plant.a wilt.ed
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characters. The a1x parent.al lines were different for

plant height.. days 1:0 fruit set, days 'to fruit harvest.

frui ts/plant and fruit yield/plant. 'lbe mean squares

due to hybrids and physical. mixtures were signi:tic(;nt tor

all the characte:cs. The hyb.a:ids were not significantly

different for primary- branches/pl£l11t., days to fruit set,

ci<:>ys to frui t ho.rvest aIh. fru! ta/pL nt. j,i.an squares aue

to physic211 mixtures were si911iiiC:cmt for pl ent height,

primary br;r:.ches/plant. day's to fruit set, days to fruit

harvest nc frut ts/pli.nt. Vari<"nc. due to hybrids VB

physical Fixtures were significcmt for all the charact.ers

excer:;t prim;-ry br;;:nches/plant. i.ean Sqll€3reS due to parent

VB. hybrid~ and physical IT~xt.ures were signiiic,nt for

days to fr~it set. frtut set (%), end fruit yield/plAnt.

J\InOng !'1 hybrids. LE 214 x LE 217 had the IDdUmum

plant. height at second harvest. (104.2 em). LE 79 LFP +

LE 217 was the tallest among physical mixtures (87 an).

LE 79 LFF x LE 206 hod the highest nW11ber of primary

branches/plc:nt at second harvest (8.3). Among mixtures"

.ul:. 79 ....li',l:' .... .1.11:; 217 had the m.ax1mwn primctry branches/plant

(8.75) at secan':: harvest. 'l'he line ~:nm Ewr 93 WeS

e2rlier botll l.or dnys to fruit set Cine. ::i::rul t harvest (60.67

;md 86.73 days respectively) ('I'abl€ 5). Among i 1 hybrids

LE 214 x Inll~ Bwr 34A was earlier ior u<.',i'S to Lrui t set

{:'::,6.8} ~.nd ddz'S to fn..it harvest W4.47). iilrong physical

mixt.ures rum Ewr 93 -I LE 206 was earlier, whici1 took



Table 4. General analysis of 'Variance

Pl...1:
"1e~ !gUms

Fiiilt:sources of df Primary Days t;o 8ys i:O Pruta/ fittlt:
'Var1ation he1rt branches/ fruit frui1: .e't plant. yield!

(em plan1: sei: harves't (",) plan1:(g)
-=...~.

Rep11caUons 2 123.14** 6.65** 10.73 15.77* 14.51 120.12** 38935.15*

Genotype. 35 298.04** 2.50** 72.39** 62.79** 55.63** 74.00** 85829.86*·

Parents 5 383.68** 1.37 3'7.87** 33.09** IS.13 129.87** 24546.91*

Hybrids and 29 293.30** 2.n** 79.61** 69.62** 61.43*· 66.10** 96089.41**
physical
m1x'tures

Hybrids 14 322.03** 1.52 5.85 5.30 51.68** 27.06 163038.45*·

••Physical 14 177.85** 4.03** 13.39** 11.61** 6.83 41.35 10386.83
mixtures

Hybrids v. 1 1507.27** 1.02 2039.37** 1782.15** 962.36'· 486.64** 358638.98**
physical
m1xtures

Parants va 1 7.42 2.02 35.67* 13.41 90.02** 6.25 94717.35**
hybrids and
physical
mixtures

Error 69 22.03 C.S4 7.14 4.71 7.24 17.45 9866.98

* p • 0.05
** p • 0.01 CJ1

0



~ebl. 5. __ performance of six specific tomato lines, their 1'1 hybrids and 50 I SO
phy81cal mixtures

Plant. pr1lllaJ:Y Days to Days to Fruit. set. Frui'ta/ Fruit.
Entry height. branches/ fruit yield!

(an) plant fruit. 8ft haneat.
(,,) plant. plant. (9)

LiDe.

LE 79 LFF 78.93 6.78 68.90 92.63 51.6ft 20.59 474.62

LE 21. 93.70 6.77 66.93 92.71 63.29 28.53 621.42

LE 217 89.S7 7.80 67.47 95.63 54.10 32.33 100.00

IIHR Bwr 93 67.02 5.87 60.67 86.73 54.53 16.25 489.17

IIHR Bwr 34A 67.63 6.07 61.00 88.60 58.39 16.22 655.75

LE 2~ 85.76 6.59 63.00 93.58 57.43 21.38 583.66

PI hyl)r1da

1 x 2 88.77 7.15 58.00 87.03 77.07 30.42 158.67

1 x 3 88.93 7.13 57.00 85.40 81.21 33.01 981.17

1 x • 75.20 6.88 57.67 86.33 68.53 26.32 877.92

1 x 5 69.60 5.8S 56.87 85.47 63.04 23.20 908.02

1 x 6 80.92 8.30 57.33 85.33 66.80 29.55 889.00

:2 x 3 104.20 1.60 60.93 89.80 65.77 26.93 551.33

2 x 4 87.63 6.73 56.93 86.13 68.84 27.60 887.33

2 x 5 87.57 6.93 56.80 84.47 58.40 22.43 820.83

2 x 6 91.87 7.83 57.80 85.00 70.31 27.15 921.75 c.n
f.......·



Table 5. (Contxl.)

Plant: Primary Days to Days to Fruit: set Fruita/ l'ruJ.t
Entry he1ft: branchea! fruit yield!

(em plant fruit. set harvest.
(%) plant plant'. (9)

3 x 4 88.03 e.13 57.80 85.26 60.96 24.27 802.44

a x 5 87.94 6.67 58.73 85.67 68.96 24.65 880.67
3 x , 93.73 7.93 59.87 86.87 64.44 28.5"5 836.58

4 x 5 68.33 6.93 60.65 87.90 59.09 17.60 739.75

4 x 6 77.00 6.47 59.21 86.47 62.50 23.53 801.35

5 x 6 68.35 6.27 59.53 86.60 59.26 11.67 821.67

Physical
mixturu

1 + 2 81.85 8.32 67.94 96.10 55.88 19.52 465.94

1 + 3 87.00 8.75 69.17 96.43 53.77 21.28 454.54

1 + .. 70.83 6.45 67.29 93.55 58.50 14.67 398.22

1 + 5 71.72 1.64 68.11 96.67 50.93 15.38 414.38

1 + 6 79.34 6.68 61.41 96.62 59.69 20.93 498.27

J + 3 86.32 e.oo 11.47 98.47 56.33 26.87 562.32

2 + 4 73.28 7.28 66.87 94.82 57.28 24.07 600.38

2 + 5 74.23 7.29 66.83 94.31 57.27 23.39 585.35

2 + 6 85.72 8.13 68.33 96.33 58.54 25.51 552.96

CJ1
t:'J



Table S. (Contd.)

Plan~ Primary Days to Days 'to FruJ.t set-. Fruits/ Fruit
Entry heirt branches/ fruit set fruit. (%) plant'. yield!

(em plant:. hanes~ plant'. (9)

3 + .. 14.36 5.87 69.60 96.63 53.99 23.65 ,181.09

3 + 5 73.34 5.93 10.13 96.42 52.61 22.61 537.11
3 + 6 81.55 7.31 69.19 93.00 54.83 24.16 535.18
.. + 5 61.55 5.09 65.SO 93.80 51.40 17.54 491.57
.. + 6 67.92 5.50 62.86 91.08 53.99 16.24 492.77
5 + 6 66.:27 5.43 66.69 93.01 56.44 16.68 538.38

ell for comparing
trea'tment with
no m1.ssiD9
value (p.0.05) 7.65 1.49 4.35 3.55 4.38 6.80 161.72

CD for comparing
treatment wi i:h
one missing
value (p. 0.01) 8.58 1.68 4.88 3.99 4.92 7.63 181.50

Sem. + 2.70 0.53 1.54 1.26 1.55 2.41 57.34-



62.86 days to fruit set and 91.06 days to fru1t h~st.

LE 79 LFF x LE 217 had the highest per cent of fru1 t se't

(81.21). Among mixtures. L~ 79 LFF + LE 206 had the

highest per c~nt of fruit set (59.69). I.E 79 LFr' x LE 217

had the highest number ot fruits/plant (33.07).LE 214 x

LE 206 yielded 921.75 g/p12nt followed by LE 79 LFF x IIHR

Bwr 34A (908 g,lpl,:'nt). lill'lOng physicC'..l mixtures. LE 214 +

LE 217 had the highest number of fruits/plant (26.87) while

LE 214 + IIHR Bwr 93 had the mc'xinn.urt yield (600.38 g/pl,:'nt)

('I'able 5).

2) AAolynls of v:'rLmc~ for ec,rr.t'ining ability

The cOFhining ability analysis wee done Lor each of the

quantitative characters studied (Table 6). The genex"al and

sr~clfic combininq ability effects were estim3ted.

Plant height

Variances due to gea and sea were sJgni.i..icant (Table 7).

LE 214 hied the mclXimum gca effect (8.39) and II,j, IJwr 34A had

the r:dnimum gee efleet (-7.91). The highest sea effect Wall

recorded in LE 214 x I...E 217 (5.13). IIHR Bwr 34):\ x LE 206

had the mininmnl sea effect {-7.02} (Table 7).

Prim' ry br.:::nchcs/pl"nt

unly v~icnce due to gee was si.gllif1c<,nt (T8ble (;). The

waxlmum gca effect w~s manifested by LE 217 (0.52) ~~d the

minimum in r II:R Dwr 341.. (-o.Sl) • L2 79 LFT x LE 206



Table 6. Analysis of varicmce for combining abilit.y effects

!-lean squaressourc.
of
variation

df
Plant.
height.
( em)..

Primary Days to Days to Fruit. set
branches/ fruit. set. fru1 t. (%)
plant. harvest.

Fru11:s/ Fruit
plant. yield!

plant. (g)

Gea

Sea

Error

* p. 0.05

** p. 0.01

5

15

39

381.60**

lS.90* 0.35

0.35

4.74**

15.85**

6.17**

11.60**

0.71

14.90**

22.16**

44.85* 2850.00

19.45** 26157.10·*

6.97 4773.66

U1
c...n
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EXpressed the maximum sea effect (1.18) and the trtlnJ.mum

was expressed by IAE 79 LFF x IIf'.R Bwr 34A (-C' .62) (Table 8).

Days to frui t set

Variance due to gee. end sca were significDnt (Table 6).

In the study ot combin.ing ability effects,positive values

in(ici_'tr~'e. t.e11l1ency towards more d ys to fr"i t set end

negative values indicted tencency towards earliness.

I.E; 217 had the highest. gca effect (l.GJ). The lCT,;,est gee

effect \-.'os rer'orded in ITER Bwr 93 (-0.92). J'LT 2'l;r 93 x

J.:U-iI~ Bwr .34A h,::'d the highest sca effect (2.23). The 10\vest

sc:! effect was r:.anifesteCl by LE 19 LF'F x l,E 217 (-4.63)

(Teblc 9).

V:ri.'1l1C€S due to gee: and sec were s::tgn:t fic,nt (Tic'ble 6).

L£ 217 hGC tile tdghest gea effect (1.22). The lowest gee

effect 'Vlas expressed by :i.UiR Bwr 93 (-1.12;. The highest

sea effect \v'as recorded in IIHR Bwr 34A x lJE 206 (6.33).

LE 79 LFF x LE 214 exrressed the minimum sce effect (-3.65)

('I'able 10).

F'rui t set (%)

Variances du.e to gca and SC2 'Iife:t:€- s.''jrd ... ic nt ('.l'<:,ble 6).

LE 214 heel. the hir;lhest gCe:' ef:Lect (1.63) '.:in"': t.he lowest gee

effect was expressed by l::'HP Dwr 34A (-1.6). The highest
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Table 7. General and specific combining abi11t.y effeeu
for plant height.

perena Pl P2 P3 p. Ps P6

P1 -2.38 "{).14 0.63 0.94 -3.01 0.02

P2 th39 5.13 2.60 4.19 0.20

P3 7 •.,.8 3.61 5.16 2.68

p -6.26 -0.40 -0.024

1>S -7.91 -7.02

P6 0.38

crItical •
Effec'ts/ Sunderd differencecomparison error (p • 0,05)•

goa (g1) 0.43 -
sea (sij) 0.96 -
91 - gJ 0.66 1.34

sij - sik 1.74 3.52

sij - skI 1.61 3.26_...-.--........

F i - LE 79 LFF' gca - diagonal

P2 - IJE 214 sca - above diagonal

P3 - LE 217

fl. - IIHR Bwr 93

P 5 - I nm r:wr 34,A

P6 - LE 206



Table 8.
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General and apecifie combining abi11qr effect8
for pl'.1maJ:y branch••/plant.

Perena Pl P2 P3 p. 1's PI'!
\)

PI -0.003 0.06 .0.37 0.15 -0.62 1.18

1'2 0.11 -0.02 .0.11 0.35 0.60

P3 0.52 0.88 .0.32 0.29

Pol -0.25 0.71 -0.40

1'5 -0.51 -0.34

I'6 0.14

Effects/ Standard CriUcaI
differenceeon"t)arison error
Jp;= 0,05)

gca (g:1) 0.19 -
sea (sij) 0.43 -
91 - oj 0.30 0.61

slj - elk 0.78 1.58

s1j - skl 0.73 1.47



Table 9. General and 8pecific combining abili'ty effecu
for day8 to frW. t 8ft

Parents Pt f 2 1>3 P4 Ps P,

PI 0.45 -3.01 -4.63 -2.01 -2.93 -3.12

P2 0.41 -0.66 -2.71 -2.95 -2.61

P3 1.03 -2.46 -1.64 -1.16

P4 -0.92 2.23 0.20

Ps -0.81 0.34

r -0.166

•



Table 10.
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General and specific combining ebili ty effecu
for days to f.l'U1 t. harwat.

Parents T'>

1'2 P3 r. Ps 1"'"' 1 6

Pl 0.04 -1.21 -3.65 -0.38 -1.46 -2.86

p 0.41 0.38 -0.96 -2.84 -3.572
p 1.22 -2.63 -2.44 -2.503
p -1.12 2.13 0.104
r; 0.90 6.33S

P6 0.36



Table 11. General an<l apec1fic COfIb1n.1.ng ab111qr effects
for f1:'U1 t. .e~ (U)

Ul.

Parenu r'l P2 P3 P" P5 1>6

Pl 1.41 5.41 9.55 2.88 -0.18 0.95

p 1.63 -0.60 2.79 -3.19 2.902
p 0.41 -0.72 4.31 0.533

f'4 -1.30 .0.44 1.12

T-' -1.60 -0.50£5

P6 -0.60

, ..- .

Effects/ St.endard
.. -Critical

differencecOlilpe.ri$on error (1' I: O,OS~

qca (g1) 0.52 -
sea (sij) 1.11 -
91 -gj 0.80 1.62

sij - silt 2.12 4.29

s1j - skl 1.96 3.97



Table 12.
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General end specific combining abi11~ effec:t8
for fru1U/plant

Parenu Pi 1'2 P3 P4 Ps P,
Pl 1.37 2.01 3.35 2.88 1.49 3."

P2 2.34 -3.18 3.18 -0.26 0.56

P3 3.67 -1.46 0.64 0.64

P4 -2.62 -0.12 -3.95

Ps -4.35 1.49

p -0.446



Table 13.
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General end specific combining ability effeeta
for fru1 t yield/plant

parents p P2 P3 Pol P5 P6"1

P1 -4.01 20.22 126.72 151.36 132.10 119.19

P2 -14.98 -198.15 171.74 55.39 162.91

P3 7.01 64.86 93.73 55.75

P4 -26.87 -13.30 54.39

p 22.48 25.375

P6 16.37



ace value was recorded in LE 79 !..FF x LE 211 (9.5t).

LE 214 x IIHR Bwr 34A hed the lowest sea effect (-3.19)

(Table 11).

Fruits/pl em t

LE 217 had the highes~ gea effect (3.67). The lowest gca

effect was expressed by IHlH n\-lr 341', (-4.35). The highest

Bca effect. weB exl,ressed by LE 79 LLF' X LE 206 (3.94)

follO\'!ed by LE 79 LFI x LE 217 (3.35) c;n(:1. the lcvJest. by

IIHH Bwr 93 x !"E 206 (-3.95) (Table 12).

~;ruit yield/pl,-nt

c'nly vari.::.,nce due to sea vias signif.1c<,;\nt. (Table 6).

followed by !.E 217 (7.01) .m6 :LII;E Bwr 93 hvd the lowest gca

(-?6.t37). LE 214 x Lt:.: 206 lkd the h.ighcst SCD effect

(162.91) followed by i:"i-; 79 LFF x 11HR B\,;r 93 (151.36)

( '-f'abl..- _ e 13).

3)_xtent of heterosis in a set of t.on-mte :£:'1 hybrids

Differences bet.\';een IJ r, 'nts end Fi hybrids \Jere

s'l.mst,-,ntial fc,r most of the chf'r cters studied ('}'i)ble 14).

Six 1: 1 hybrids \Jere t.aller t.hen their rest'"·ective taller



Table 14. General analysis of variance

Sources •• I>1e1D f9UHG!
of Plant primary Days to Deys 'to Fruit se1: Fruita7 Fruit
variation height branches/ fruit set fruit. (~,) plant. y1elCV

(an) plant harve8't plant.(g)
.. ~. -"...--.,.._....

Replicat.1ons 2 544.59** 4.58* 77.25** 48.17*· 33.25* 79.0S* 42190.45

Genotypes 20 328.66** 1.55 39.21** 30.64*· 60.92** 77.38·· 60788.30*-

Parent.s S 383.68** 1.3~ 37.87*· 33.09** 15.13 129.81** 24546.97

1'1 hybrids 14 322.03** 1.52 5.83 S.30· 51.68** 27.06 26096.59

Parents
Y8

P1 bybrids 1 147.45*· 2.88 512.81** 374.69** 421.63** 115.15* 127678.76··

Error 39 5.19 1.04 4.03 2.14 1.71 20.90 14320.98

en for compar-
1110 U-eatmeDt.8
wit:h no m1ssirV
value (paO.OS) 3.76 1.68 3.31 2.41 4.58 7.54 191.47

CD for compar-
ing 'treatmente
wlt:h one __ng

223.20value (paO.05) 4.25 1.90 3.74 2.73 S.18 8.53

en
CJl
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parents (Table 15). Twelve hybrids wert taller than their

respective mid-parents. HeterobelUosis ranged from -20.3%

in r!H? nwr 34~ x LE 206 to 11.21% in LE 214 x LE 217 nnd

relative heterosis from -10.9% in rIHR Bwr 34A x LE 206 to

13.52% in LE 214 x LE 217. LE 214 x LE 217 had 104.2 em

heicJht, 11.21% higher tilen .t..ta bet1:er parent c!nd 13.52%

higher than its mid-parents.

Pr1m,,:r1'~ branches/plant

LE 79 LFF x LE 206 had the maximwn primary br?nches/

plant (8.3), 22.42% more than the better parent and 24.07%

more than the mid-parent (Table 11). Heterobelticsis

ralged from -13.72% in LE 79 Li'F x IIHR Bwr 34A to 22.42%

in LE 79 LFF x LE 206. LE 79 LFF x IIHR Bwr 34A had the

minimum relative heterosis of -9.02% and the maximum of

24.07% in LE 79 L!:E' x LE 206. i,ane hybrids h d more number

of prim2ry branches than ~hf.:.1r respective better parent.

Del'S to fruit set

All hybrids were earlier than their respective parent.s

(Tenle 17). LE 214 x IIHR Bwr 34A produced first fruit.

56.a days after sowing, eXi-,ressing a het.erobeltiosis ot

-6.89% nd a rel"tive heterosis of -11.21%. LE 79 I..FF x

lIBR Bwr J4A and L~ 214 x I1H.R Bwr 93 were early hybrids

(56.87 and 56.9 dcys respectively).
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'I'abl. 15. F1 he.ro.i. for plan~ heioh~

Parents and Plani: _ or 4ecnue mr(!l
F1 hybrids helIh~ panni: Better paren~

(S!!

LE 79 LFF (1) 78.93

LE 214 (2) 93.70

LE 211 (3) 89.81

lIHR Bwr 93 (4) 67.02

lIHR BWr 34A (5) 67.63

LE 206 (6) 85.76

1 x 2 88.17 2.84 -5.26**

1 x 3 88.93 5.37* -1.05

1 x 4, 75.20 3.04 -4.73*

1 x 5 69.60 -5.02 -11.82**

1 x 6 80.92 -1.74 2.52

2 x 3 104.20 13.52** 11.21**

2 x 4: 87.E3 9.05** -6.48**

2 x 5 87.57 a.s5** -6.54*'

2 x 6 91.87 2.39 -1.95

3 x 4 88.03 12.2i..... -2.05

3 x 5 87.93 11.66** -2.16

3 x 6 93.73 6.73* 4.30*

4 x 5 68.33 1.49 1.04

.. x 6 77.00 7.99** -10.22**

S x 6 68.35 -10.90** -20.30*·

CD for comparing
treatment with
no m1••1ny value
(p I: 0.05 3.76 s.... 1.61 Se :: 1.86
CD for comparinv
trea1:meni withW·;IIritb~ft .'tg value 4.25
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Table 16. 1'1 heurosis for primary branehe./plan<t
•

Parents and
Primary 105£:8 or decreese over (20)

1'1 hybrid. branch••;
pl.'

M1 parel1't Better parent

LE 79 LFF (1) 6.78

LE 214 (2) 6.17

LE 217 (3) 7.S0

11HR BWr 93 (4) 5.87

11HR Bwr 34A (5) 6.08

LE 206 (6) 6.59

1 x 2 7.15 5.46** 5.46**

1 x 3 7.13 -2.20** -8.59**

1 x 4 6.88 8.69""* 1.48

1 x 5 S.e5 -9.02'** -13.72*·

1 x 6 8.30 24.07*· 22.42**

2 x 3 7.60 4.25** -2.56**

2 x 4- 6.73 6.49** -0.59

2 x 5 6.93 7.78** 2.36*·

2 x 6 7.83 17.22** 15.66**

3 x4 8.13 18.86** 4.23"'·

3 x 5 6.67 -3.89** 9.70**

3 x 6 7.93 10.14** 1.67*

.. x 5 6.93 1S.89** 13.98**

4- x 6 6.41 3.85** -1.82*

5 x 6 6.21 1.10 -4.86**

CD for comparing
treatment with
no missing value
(p • 0.05)
CD for comparing
t.reatment. with
one ~••ing value
(lot • 0.05)

5. ::0.72 Se ;::0.83



Table 17. I'1 ~.i. for days to fru1 t. ••t.

69

parents and
~ hybrid.

LE '79 ltFF

LJ: 214

Lie 211

IIHR hI:' 93

IIHR BWI' 3.A

1& 20-

1 x 2

1 x 3

1 x -I,

1 x 5

1 x 6

2 x 3

2 x "
2 x 5

2 x 6

3 x "
3 x 5

3 x 6

.. x 5

" x (5

5 x 6

(1.

(2)

(3)

<.)
(5)

(6)

&8.90

66.93

6'7.4'7

60.4'7

61.00

63.00

58.00 -14.61*· -13.34**

51.00 -16.41"· -1S.52**

57.67 -10.99**' -4.95'''*

56.81 -12.44** -6 .. 777:f<'

57.33 -13.0'7** -9.00**

60.93 -9.~3** -8.97**

56.93 -10.77·* -6.16**

56.80 -11.21** -6.89**

57.80 -11.04.** -8.25**

57.eO -9.79*.k -4.73*·

58.13 -8.5S*" -3.72*

59.87 -8.23* -4.97'**

60.65 -0.31 -0.03

59.21 -4.12* -2.31

59.53 -3.98 -2.41

CD for cornparing
tr8;;:, t:ment w1 'th
no missin~ value
(P • O.OS)
CD for comparing
treatment with
one m1saing value
(p • 0.05)

Se ::. 1.64



iO

Days to frui t harve8t.

All hybrids produced inits early compc.red to their

mid-perena (Table 18). All the F1S except IIHR Bwr 93 x

IIHR D'8r 34A produced fruit.s early compared to their

respective bet.ter parents. Het.erobelt.iosls ranged from

1.35 to -8.32% and rel ..,tive heterosis. from -0.26'% to

-9.27%. The er:.rlier hybrids were LE 214 x IIHR Bwr 34A

(84 d~ys) and LE 214 x LE 206 (85 days).

Erui t set (%)

The percent.age fruit. set. was more than their respect.ive

bett.er parents in 13 hybrids (Table 19). HetQrobEltiosi8

rGnged from -7.37% in LE 214 x !IHR Bwr 341\ to 50.11" in

LE 79 r.FF x l·E 211. Relative heterosis r,:,ngec from -4.01%

in LE 214 x II.-iR Bwr 34A to 53.52% in I.E 79 LF~c x LE 217.

LE 79 LFF x LE 217 hed the highestft~·~,:t()t fruit set (81.21%)

followed by LE 79 LFF • LE 214 (77.07%). LE 79 LFF x LE 217

manifested heterobeltiosis to the extent of 50.11% and

rel"Uve heterosis to 53.52%. Heterobeltiosis in LE 79 LFF x

LE 214 was 21.77% and relative heterosis, 34.06%.

Seven hybrids hc:d Inore fruits th'::ln their bett.cr p.::rcnts

and t.welve had more fruits th.:m t.heir Inid-parents ('l'6ble 20).

Hetcrobeltiosis rangee' irom -24.93% to 27.83Y 2.nd reL:tive

heterosis. from -11.5% to t12.89%. LE 19 LFF x LE 217 had



Table 19.

:?arents and
FA hybrids

LE 79 LFI'

La 214

LE 211

IIHR svr 93

IIHR Bwr 34A

LE 206

1 x 2

1 x 3

1 x 4

1 x 5

1 x 6

2 x 3

2 x 4

2 x 5

2 x 6

3 x 4

3 x 5

3 x 6

4 x 5

4 x 6

5 x 6

71

71 heteros18 for days to fruit harvest

:::t.~ iBm!!· or decrea•• over (c~
hene.' Mia-parent Bet.ter parent

CD for comparing
t.reatmen ts wi th
no missing value
(p == 0.05)

CD for comparing
trea'bnents with
one missing value
(p =: 0.05)

Sa ;: 1.07



Table 19. P1 he'teros1l!J for frui t se~ (%)

Parents and Fru1~ set Increase or decrease over (%)
F1 hybrids (%) tv'dd:parent Better paren~

LE 79 J~FF (1) 51.69

LE 214 (2) 63.29

LE 217 (3) 5••10

IIHR Bwr 93 (4) 54.53

IIHR Bu 34A (5) 58.39

LE 206 (En 57.43

1 x 2 77.07 34.06** 21.17*·

1 x 3 81.21 53.52** 50.11**

1 x 4 68.53 29.03** 25.61**

1 x 5 63.04 14.54** 7.96**

1 x 6 66.BO 22.'3** 16.32*·

2 x 3 65.77 12.04** 3.92

2 x 4. 68.84 16.86** 8.77**

2 x S 58.40 -4.01 -1.73**

2 x 6 70.31 16.48** 11.09**

3 x 4 60.96 12.22** 11.79**

3 x 5 68.96 22.60** 18.10**

3 x 6 64.44 15.55** 12.21**

4 x 5 58.09 2.89 -0.51

4 x 6 62.50 11.65*· 8.83**

5 x 6 59.26 2.33 1.49-_.......-._......". ..,_..

72

CD for comparing
treatment.":! wi th
no missing value
(p ;: 0.05)

CD for comr aring
treatments with
one missing value
(p • 0.05) 5.18



Table 20. F1 het.exosie for frui~plant:

Parents end Fruita/ Inerea!! or decree,. over (~)
F1 hybrids plent lo11d-paren t Better paren1:

LE 79 LFF (1) 20.59

LE 214- (2) 28.53

LE 217 (3) 32.33

IIHR Bwr 93 (4) 16.25

IIHR Bwr 34A (5) 16.22

LE 206 (6) 21.38

1 x 2 30.42 23.86** 6.63

1 x 3 33.07 24.98** 2.29

1 x 4 26.32 42.89** 27.83**

1 x 5 23.20 26.02** 12.68**

1 x 6 29.55 40.7S** 25.96**

2 x 3 26.93 -11.50** -16.70**

2 x 4- 27.60 23.27** -3.26

2 x 5 22.43 0.22 -21.38**

2 x 6 27.15 8.77** -4.84

3 x 4 24.27 -0.08 -24.93**

3 x 5 24.67 1.61 23.69**

3 x 6 28.55 6.29 -11.69**

4 x 5 17.60 8.37** 8.31*

4 x 6 23.53 25.03** 10.06**

5 x 6 17.67 -6.01 -17.35**

7.54

0-': for corilparing
treatments with
no missing value
(p = 0.05)

CD for comparing
treatments with
one missing value
(p = 0.05) 8.53

Se -= 3.73



Table 21. F1 he.rosis for fru1 t. yield/plant.

parent.s and
1'1 hybrids

LB 79 LFF

LE 214

LE 21'7

IIHR Bwr 93

IIHR Bvr 34A

LE 206

1 x 2

1 x 3

1 x 4

1 x S

1 x 6

2 x 3

2 x "

2 x 5

2 x 6

3 x "

3 x 5

3 x 6

4 x S

4 x 6

5 x 6

(1) 414.62

(2) 621.42

(]) 100.00

(4) 4e9.17

(5) 655.75

(6) 583.66

75S.67

887.17

817.92

908.02

889.00

551.33

a87.33

820.83

921.15

802.44

880.61

836.58

739.75

801.33

821.67

38.44 22.09

51.06 26.74

82.18 79.47

60.66 38.47

68.00 52.32

-16.56 -21.24

59.62 42.79

28.54 25.17

52.98 4B.33

34.96 14.63

29.92 25.81

30.3. 19.51

29.22 12.91

49.39 37.29

32.59 25.30

CD for compuin9
U&atmen1:8 wittl
no missing value
(p I:l 0.05)

CD for comparing
treatments wi t:h
one m1ssing value
(p .. 0.05> 223.20

Se =97.71



33.07 fruits/plant. followed by I.E 79 LFF x I.E 214 (30.42).

I.E 79 LFF x LE 214 manifeated heterobelt.iosis ~ the extent

of 2.29% and rLl.::tive heterosis to the tune of 24.98%.
(

Het,:rob<...;ltiosis in I.E 79 I"FF x LE 214 was 6.63% and relative

heterosis Was 23.86%.

Fruit yielq/plant

Frui t yield/plant was more than their respective better

parents in fourteen hybrids (Table 21). Heterobeltioaia

rangod from -21.24% in LE 214 x LE 217 to 19.47% in LE 79

LFF x Ium Bwr 93. The best F1 hybrid 1..£ 214 x LE 206 yielded

921.15 g/plant. This \·u~s 48.33% more than the better parent,

LE 206 (655.7S q) ana 52.98% more than the m1d-parent.

kelative heteronis ranged from -16.56% in LE 214 x LE 217

to B2.18% in LE 19 LFF x rnm Bwr 93.

4) Associc:tive OO11i t: anall-'si. in a set of 50:50 physical

mixtures

The assocL tive ability analysis wrs done for each of

the quantitative chi,ractcrs studied (Table 22, 23). The

general associative ability (gae) effects. specific

asooci:tive ebili ty (saa) effects and perforrri ,l1ce differences

were estimated.

Variances due to gaa, sea and performance differences

were signific. nt (Table 23). The highest gae effect. We.



Table 22. General analysis of v?riance

Source Mean squares

of elf Plant primary
.... -

Days to Days t:o Fruit set Frult.s/ FJ:U1\
variat.ion height: branches/ fruit yield!

(e) pl,ant ,_ fruit set harvest (%) plw\t. p,lapt
.... _.:...... go .... --..--.....-.- ..,--------.

Replications 2 92.54 5.74 23.52 24.81 SO.52 61.87 4696.11

Genotypes 3S 353.91 5.80 33.80 28.SS 54.75 92.57 1'7824.61

Error 69 25.90 1.08 12.15 6.62 36.48 22.91 6153.02

-



Teble 23. General analysis of variance for associative abiliqr

------_.--_._---_._.._----_._-,,-,----,---------------------
Sources f1ean .quues

of df Plant '-'Primary ~ -
Days to Days Fruii: s.~ Fru1~sl

Fru1~

variad;;cn height bra."lcheal fruit set fruit: (%) plant: yie1.d/
_..ian) plant. harn8~ Ptan;t(gl

gaa 5 424.37*· 5.27** 26.07** 20.83** 32.06* 110.51** 19900.60**

saa 15 18.11* 0.90** 7.12 9.47** 10.28 5.73 4327.29*

Differences 15 115.69** 1.86** 10.51** 6.C3** 21.63 29.44** 2951.08

Error 69 8.63 0.36 4.05 2.27 12.16 '1.60 2051.01

-_.'-----.-.,_., .._,- .. ----
." p. 0.05

** p a 0.01
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manifesud in LE 217 (5.47) and the lowest in IIHR BWr 93

(-7.54>. saa value was maximum in LE 79 L~'F + LE 217

(2.91) and minimum in IUiR Bwr 34A + LE 206 (-4.42)

(Table 24).

primary branches/plant

Variances due to gaa. saa and performance differences

were 81gnific2nt (Table 23). gaa value wa.s maximum in

LE 214 (0.76) and minimum in lIHR Bwr 93 (-0.88). The

highest saa efJ.:eet was recorded in LE 79 LI:F + LE 217 (0.98)

end the lowest in .LE 217

Days to frui t set

Bwr 34A (-0.75) (Table 25).

Variance due to gaa 'Was significant. Variance due t.o

saa was not signii:ic<:.nt Crable 23}. i.E 217 had tl-,e highest

gaa value (2.06) and the lowest vwlue was in IIHR Bwr 93

(-1.99). The highest saa effect was manifested by

IIHR Bvr 34A + LE 206 (2.19). :UrIR Bwr 93 + LE 206 had the

lowest ... effect (-1.79) (Table 26).

Days to fruit harvest

Varic:nces due to gas. saa and per1.orn,ance differences

were significt~t (Table ~3). The highest gaa value was

recorded in LE 217 and tht' lowest in IIHR :3wr 93 (-1.8). The

h1q"r..est aaa effect was recorderi in LE 79 LFF + :L:UiR Dwr 34A

(2.6) and the lowest in I.E 217 + Wi: 206 (-1.85) (Table 27).



i9

Fruit set (%)

Only variance due to gaa 'Was signific,'ot (Table 23).

LE 214 recorded the highest gea (2.62) end .LE 217 the

lowest (-1.26).86a effect was maximum in LE 19 LFF + LE 206

(3.83) and minimum in LE 79 LFF + IIHR Bwr 34A (-3.89)

('I'able 28).

Eruits/plent

Vari211CCS due to g;: 2l and :'.>erfc.:X'Wcnce differences were

signi iicvn t. ('1.ale 23,. l~E 211 had the highest gaa effect

(3.96) and the lowest i.'i(.S eXiocressed by IEIR Bwr 34/-\ (-",.66).

L~ 79 Li'F + LE 206 exr:ressed the highest saa effect (2.16)

; no the lowest b~¥ LE 214 + I,E 217 (-1.94) ('i'able 29).

:r'rui t yield/pl"cnt

Vttri;nces due to g~a and sna were sigrd.f:ic nt (Table 23).

LE 214 hnd the i:.ighest gaa v,lue (44.16) ~"nc: thE' lowest gata

value tJQ.S in J...E 79 LFl (-68.17). Ilaximwn saa effect was

rec\.rded in LE 214 -j rn1.R D'Wr 93 (61.77) enr.:l the 1m-lest in

LE 79 .w.ff '1' ITER Dwr 34,t. ~-55.64) (tfable 30).

5) General coexistence ability index of selected toma'to

lines

For pl nt ~lcight# the GCo.'\ estimate of: only LE 79 .LFF

was great(;'r th n unity (1.03). '.l'he (}COA estim,tes of other

lines \>lere LE 214 (0.93). LE 211 {O.9S}. lIaR Bwr 93 (0.92)#



Table 24. General ..aocla't1ve abilit.y (goa) # specific
aasociaUve .tJ.t11 'ty (saa) end performance
diftenncea for plant. height.

80

•

Parent.s "':")

P2 £>3 1:'. 1)5 P6t'"l

1 1 2 02 -2.65 2.91 -0.84 2.76 -0.45~

1'2 -5.89 3.a2l -1.67 -2.08 -1.25 2.03

1'3 2.25 ...0.14- ~ -0.21 -1.69 -1.68

P4 6.40 10.62 13.84 -1a1t -0.47 -2.30

Ps 8.81 12.48 10.67 -1.80 -7,04 -4.42

P6 3.00 3.15 2.15 -5.52 -8.63 .!.tli

EffeCW s'tanC!iid CriUcaI"'
comparison error difference

-- (P • 9.051

gaa (gi) 0.11 -
aaa (s1j) 1.77 -
difference (rij) 2.08

91 - 9.1 1,20 2.39

sij - slk 2.68 5.35

sij - skl 2.40 4.78

rij - rkl 2.94 5.86

gas - diagonal and un4erlined

saa - above diagonal

differences - below diagonal



Table 25.

81

General aaaociat.1ve ab111'ty (oas), specific
8ssoc1at.1ve ebillt.y (saa) and performance
differences for primary branches/plant

Parents :P P2 P3 p. Ps Pe1

P1 0,50 -0.05 0.'8 -0.34 0.90 -0.46

P2 -1.24 O.7§. -0.03 0.58 0.29 0.78

1'3 -0.33 -0.13 .Q....zt -0.53 -0.75 0.26

p 0.30 1.28 1.01 -0.86 -0.27 -0.264

1'5 1.06 1.96 1 ...·/ -0.54 -.Q..J§ -0.58

1'6 -o.l3 0.96 0.76 -0.72 -0.56 -Q.a..U

Effects/
..... ..

St.a1'ldard CJ:1Ueal
COtnJJarison error difference

(p .. 0.05)

goa. (gl) 0.16 -
Baa (s1j) 0.36 -
differences (rij) 0.42

g1 - gj 0.25 0.49

s1j - 1311\ 0.55 1.09

sij - s1<l 0.4' 0.98

rij - rkl 0.60 1.20



Tab1. H. ~a1 .....U_ ab111t.y (V">, apecifJ.c
uaocd..Uft 611.1._ (a..> .. periozman_di',...... 'or claya 'to fhi~ aet

82

PanDU Pl Pa PJ
p. Ps P6

PI .P.aa -0.52 -l.'S 0.85 0.94 0.68

P2 -0.'8 .Qd1 1.12 0.7• -0.40 0.70

P3 -2.25 0.84 .ta2I 2.12 1.41 .0••4

p. .0.01 3.St 1.2' -,WJ 0.81 -1.19

P5 2.41 3.31 1.18 .0.11 -.2.Ll1 2.1'

k' 3.01 3.10 1.99 0." -3,85 -L226

iffeoG} I 'aiiDa.id sm.er-
CIOIIlpaJ:'1eon ...ror difference

(1" • OtO~l

gae (gJ.) 0.13 •

8 .. (a1j) 1.11 -
cUfferenees (r1j) 1.42 -
g1 -gj.. 0.83 1.65

aij -aU 1." 3.66

a1j -ak1 1." 3••

rij -rkl 2.01 4.01
• -



.,eble 21. o.enl u8OCiaU.. 8b.tl1t.y Ct·), apeoitic
uaoo1aUw aJdli'Q (-> aDd pu:tOD18nC18
41ff.renee. for ..,.. to fl'U1~ h......._

• .r ... •

pannta P1 P2 PJ
p. PI .,

PI Jr.& -0.10 -l.GO O.t. 2.60 1.4'

it! -0.03 .2aII 1.42 O.to .0.55 2.10

P3 -1.60 .O.M 1.t.ll 2.25 1.08 .1.85

p. .0.4.8 1.96 1.N -1&12 1.40 .1.11

P5 0.04 2.38 1.64 0.60 -2.§I -O.la

P6 0.92 2.66 3.60 .0.4' -1.58 -0.81

~ffect$7
....

Cri't"lftl'Suooud
COIJI)U18OD .~ tiff.renee

-- (F • 2..0Sl

V·· (gi) 0.4Q -... (81j) 0.9t -
df.fferences (rtj) 1.01 ...
;1 - 9,1 0.62 1.23

81j -811< 1._ 2.14

a1j - skl 1.23 2.45

r1j - rkl 1.51 3.Gl



Table 28. General ..soctatiVEt abJ.llty (vaa), specUfic
usoc:1.U.". D111ty (a.> and performance
CJ.ffennoea for fn11: set. (,,)

84

PU'fl'JDtl' PI Pa P, p. Ps P,
•

PI -o,'~ .2,18 0••1 3•• -3.89 3,83

P2 -2,58 ,2.62 -0.14 O.lS 0.52 1.27

P3 3.03 -1.60 -1&il -0••1 -0,40 .0.73

P" -0,12 2.41 1.80 -Pt.I! -2.03 -1.98

Ps -2.87 -0.93 4,20 1.1!S -1.06 0,"
I A

P, -1.51 0.01 -1.1. 3.94 5.44
1••'

BffeGiii/ S'tanda &1ucal
COIIipar1son 8Z"I'01' differwce

, . •• ,iP • 0,011

gee <p> 0.92 -
sea (s1J) 2.10

cU.fferencea (rij) 2.47 ...
g1 - gj 1.42 2.63

s1j -sik 3.18 6.34

81J -8kl 2.85 5.68

rJ.j ... J'k1 3.49 6."



Table 29.

___ I••

General ueociaU". &bill", (9ea), ~f'.e
uaoc1atJ..,. ....11.,. <...) aDd pedoJ:meDCe
differences f~ fC'Ui't8/p1-~

eo ••• " _

85

-i.24 -1.83 -1.74 -1.31

-2.16 3.56 -1.94 1.56

-6.59 -1.71 l&2§ 0.74

C.95 S.10 5.40 .,,35
0.19 6.49 4.99 -0.10

-1.25

-0.85

0.21

-0 29I------_.------_ ...._._------
EffeOii/ si8iilii'd eritIcal
comparison error difierence
___. _. -...__(,;;,p_......0.05)

gaa (gi) 0.73 -
8aa (s1j) 1.66 -
aifferellC(.:s (rij) 1.'5 -
<;11 - 9j 1,13 2.25

s.ij - elk 2.52 5.02

aij - skl 2.25 4.49

rij - rkl 2,1' 5.50
•



'.l'able 30. General uaoc:d.aU'N eb111~ (V88). epeeific
8sIIOC1aUft ab111'ty (.ea> 8Dd perfom__
differences for fru1~ y1eld/pl8ft~

•

Parent.a 1'1 P2 P3 P4 Ps Pa
, ... ~.~

PI • 68,11 -23.13 -22.29 -20.51 ..55.64 35.'•

P2 -62.22 .f4,1! .26.87 61.17 2.00 -25.01

P3 -55.51 -21.10 aWl -34.52 -24.25 .21.'79

p. -23.20 .'7.55 -i5.61 -21·U -13.21 -13.61

1~5 .10.21 38.51 1••22 -32.0J. ,16,13 -10.19

p -29.38 -12.7. -0.51 -17.22 26.80 tlt9~6- . . ,1

86

Effe"ct:.s7 .
cornr.arison

Standai="d-'Cilticsl
error difference

(l? • .O.Q5l

\1U <tt) 11.N -
au (s1j) 2"1.22 ..
difference. (rij) 32.03 -
Vi -9j. 18.49 36,88

sij - sik 41,34 82,4'

s1j - skl 36.98 73.76

r1j - dd 45.29 90.33
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11M Bwr 34A (u.92) and LE 206 (0.90). LE 79 LFF (1.09).

LE 214 (1.3), LE 217 (1.01) and LE 206 (1.29) had GCoA

estim,',tes greater than one, for primary ba<:mches/plt,nt.

All lines except LE 79 LFF had GCoA values more than one

for dDys to frui t set. LE 19 LFF eoulc maintain its

performance in mixtures (1.00). For days to fruit harvest,

all lines excer,t LE 206 b~d GCoA estim;tes greatE:r than

unity. The GCoA value of LE 19 LFF (1.05) 2nd LE 217 (1.03)

were greater than one, for fruit set C.,c) and thit of I.E 214

(0.91), IIHR Bwr 93 (0.98), IIHR Bwr 34A (0.93) End LE 206

(0.96). .'01' frUits/plant lIHR Bwr 93 i.nd IIHR Bwr 34A hf'd

GOoA values mor~ than one (1.04 and 1.03 respectively) and

that of LE 79 LFF (0.83), LE 214 (0.96), LE 217 (0.88) and

LE 206 (0.92) were less then one. For fruit yielq;pl~nt

only :TnF. nwr 93 could maintain its perfornwnce in mixtures

(1.00). The GCoA estimates of LE 79 LFF, LE 214, LE 217,

lIH.~ Bwr 34A and LE 206 were leas than unity (0.S5, 0.90)

0.78, 0.81 2nd 0.91 respectively) (Table 31).

6} Performance of pure lines and physical mixtures..
The data on plGnt height, prim<:ry brc"nc:hes/pL nt days

to truit Sf:t. days to fruit harvest, fruit set (%.), fruits/

pI ntn: fruit ::iielc1/pL.nt were analysed (Table 32).

Variances due to genotypes "Jere sJ.gni. ic: nt for 8,11 the

cht:ll'Clcters except iruit set (,,). The six arental lines

were differtSnt i:.::r pl~;nt height, dcys tu fruit set, d.:,ys to

fruit hc.jrvest, fruits/pli'!I1t. and fruit yield/pl;.-nt. The meen



Table 32. G9Deral ena~ysis of v;:::riance

------------_._- ---------------
Sources
of
Yariatioo

plan't
height

(em)

prImary
br:nches/
plant

I'rutt set. F:ru1ts/
(%) plant

Fruit7
yield!
plarlt (9)____________. ~. .~ , ._.........._'.......___.."',_,r_,~ . _

Jtep11caUona 2 65.61"

Genotypes 20 235.21**

Parents 5 383.68*·

PKeftU v••
IIdJlwres 1 295.98** 0.88

0.59

13.39 11.61*

13.84 28.96 755.82

8.99 67.40** 17463.76**

15.13 129.81w* 24546.97*.

8.50 35.88 81122.34**

fi.17 13.04 4574.70

-------------------_.,-----------------------,-
CD for compU'ing
U'ea'tmeD1:a
wi.til DO ad_1ng
value (1' • 0.05)
CD for comparing
U'eatmenb
vtt-h mi8a1J19
value (p • 0.05)

* p • 0.05

*. p • 0.01

5.53

4.10 5.96

..

111.61

126.15



so

8CJUiJreS due to r:-hysical m1x~ures were significcnt. for ph'nt.

height, prink ry branches/plant., fru1t.s/pl,cnt ;end fruit

yield/plant.. Veriances d.ue to l>arents vs. physical

mixtures were significi~nt for pl,nt heiqht., di ys to

fLu! t set, df:¥S to fred t harvest ent fruit yield/pI n~.

The expected wi1 ~c reaction (%) of mixtures based on

parent. 1 ;.€rfOrrndDce nO. its devi2tion from observ....::d values

ure r.:resented ('l'able 33). Eight mixt.ures v.Thich ShOWEd

devi2'tic·n in the, nE92t-i vc C:<irection wee IJl1K Bwr 93 +

rum Ewr 34l\ (-7.85%;, IIHR Bwr 34A + LE 206 (-6.9%),

LE 214 + IIHR Bwr 341\ (-6.18%), LE 79 LYF + LE 217 <-3.33%),

LE 217 + IIHR Bwr.9J( -2.5%), I,E 214 + LE 206 (-2.39%),

IIHR Bwr 93 -I- LE 206 (-2.39%) ",n,.:: LE 217 + I I HR ;-.\tr 34A

(-2.01%). LE 19 LE'F .;- LE 214 had a wilt reaction of 9.16%

nore th<:m the ex::,>ected v<."lue. 'l'he oth: r mixtures which Sh01N-ed

positive devi tieD OVer expected v ... lufs were LI:.; 214 -t.....,E 217

(4.17~~), LE 79 LFE" "' IlIiR Bwr 93 (2.49%), LE 79 LFF + IIHR

Ewr 34A (1.32%), LE 214 + IIHR Bwr 93 (1.66%), LE 79 LFF +

LE 206 (0.11%) and LE 217 + LE 206 (O.11%).

{\ll mixture,s excel ~t l.,E 79 L~'F -I- LE 217 h,3d less height

than tbe expected valuE (Table 34l. tane mixtures pro6uced

more prim~ry bralches/pl<.:nt ('ltal)lc 35). The dc:1"S to fruit set.

for all mixtures \flert:: [nore th;n tlH..., expected d,ys to frui t

set ('.r2bIe 36). All mixtures eXCcI,t LE 217 + oLE 206 took

more d;.ysto fru! t lwrvest than the exr..ected v,~ Iue ('l'e.ble 37).



Teble 33. Pel' ...~ of -....s (M). ~~) death
.... ito Wi1' 8Dd ti\e1r 4ft1.aUca ( ... .)

•
panna end. - -
aa1X1:Unt8

M Me )oS-Me

LE 19 LFF (1) se.61
I.E 214 <I) 11.61

I.E 211 (J) 13.33

IIHR BWr 93 (4) 21.6'

IIHR Bwr 34.r.. (5) 20••

LE 206 <e> 43.10

1 + 2 43.33 34.11 9.16

1 + 3 31 ••' 35.00 -3.33

1 ..- t 41.46 39.11 2.4.

1 + S 40.00 38.68 1.32

1 + 6 50.00 49.89 0.11

2 + 3 16.61 12.50 4.11

2 + .. 18.33 15.67 1.66

2 + 5 10.00 16.18 -6.18

2 + 6 25.00 21.39 -2.39

3 + 4 15.00 11.50 -2.50

3 + 5 15.00 17.01 -2.01

3 + 6 2a.33 28.22 0.11

4 + 5 13.33 21.18 -7.85

4: + 5 30.00 32.39 -2.39

5 + 6 25.00 31.90 -6.90
• I
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"ule S•• ~I'ftdpl., be1gh. (M).... mU-componers<t .alue
(Me), ...........Uoa (M-.MC) .. per cent.
de'riat.1en O'fttl" ad.~ent. 'ftllue

Parenu 8I'1d - M-Mc Per ceIlt.
mixtune M Me: dW1aU.

LB 79 LPF (1) '78.'3

1& 214 (2) '3.70

LE 211 (3) 89.81

XIHR Bwr 93 <4> 67.0a

IIHR Bwr 34A (5) 61.'3

La 208 85.7'

1 + 2 Sl.S1 81.32 ..4.47 -5.18

1 + 3 91.00 94.40 2.60 3.01

1 + 4 70.83 72.98 -2.15 -2.95

1 + 5 71.72 73.28 -1.56 -2.13

1 + 6 79.34 62.35 -';.01 -3.66

2 + 3 86.32 91.19 ...5.47 -5.96

2 + .. 13.28 BO.3• -7.08 -8.81

2 + S 74.23 130.67 -6.« -7.ta

2 + 6 85.12 89.13 .....01 -4.68

3 + " 74.3' 18••' -4.09 -5.21

3 + 5 73.14 78.11 -S.41 -6.87

3 + 6 81.15 87.82 -6.27 -7.1.

t + S 61.51 67.33 -5.78 -8.59

• + 6 67.92 76.39 -8.47* -11.09

5+ 6 66.27 70.1G -10.43* -13.60-- .........---. . ...,._ ... . •
CD fo&' compu1ng
tZ'eatment.s wi t:h
DO mi..1;y value
(p =:. a.os 6.EO
CD for COII1par1ng
v:eat...nentn with
one m1••1.ng value
(P • O.OS) 7.G6



Table 3S. Ob...... pdaaIy ~chea/Pl".(M), 1114-_
~_ Yalv.e (lie), ituttr de¥taUClI'l (M-MC)
ar;.d par: 0811_ -.s.atJ.on O'ftr m.ld~'t
ftlue

93

-------_.----------_._-----------
M.

I.E 79 LIT (1) 6.18

LE 214 (a) 6.11

LI 211 (3) 7.80

IIHR svr 93 (4) S.81

IXHR BVr 3&A (5) 6.08

LE 208 (6) 6.59

1 + 2

1 + 3

1 + 4

1 + 5

1 + 6

2 + 3

2 + 4

2 + 5

2 + 6

:3 -+ 4

3 + 5

3 + 6

4 + 5

.. + 6

S of· 6

8.75

6.45

"'.64
6.68

a.oo

5.93

7.31

5.09

5.50

5 .. 43

C.18

',.2'
6.33

6.43

6.6'

7.29

6.32

6.43

6.68

b.N

1.20
5._
6.23

1.54-* 22.71

1••6* 2CJ.03

0.12 1.90

1.21 18.82

-0.01 -f).11

0.71 9.14

0.96 15.t,

0.8S 13.22

1.45* 21.11

"".97 -14.1.

-1.01 -14.11

0.11 1.53

-0.89 -14••

-0.13 -11.12

-0.91 -14.35

CD for COI'IiJCi.1:'1ng
u.atruenu wi th
no mi••ing value
(~ " 0.05) 1.27
CD for comrarino
a:eatmenu w!'th
ODe ....8189 'ftlue
(p • 0.01) 1.43
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•
Pu.lU ftftCl - M-Rc Per cen~

m1Xt.uree M Me deY1aUon-
LE 19 LFF (1) 51.t,

LE 214 (2) 63.29

LE 21.1 (3) 54.10

IIHP Bwr 9l (4) 54.53

111m aw :4"'A (5) 59.39

LE 206 (6) 51.43

1 + 2 15.88 57.4' -1.&1 -2.~C

1 + 3 53.11 52.90 0.87 1.65

1 + 4- 58.S0 53.11 S.39 10.15

1 + ~ 50.93 55.04 -4.11 -7.-17.~

1 + 6 59.69 54.36 5.13 9.1;0

2 + 3 sa.33 5a.10 ....2.31 -4.04

2 + 4 51.28 58.91 -1.63 -2.77

2 + 5 51.27 60.a4 -3.57 -s.e1
:l + 6 :>a. 54 (:).3(; -1.13~' ..3.1.1

3 + 4 53.9iJ 54.32 -0.33 -0.61

3 + S 52.61 56.25 -3.64 -6.47

3 -1' 6 54.83 !!'$.71 -0.9. -1.69

4 "". 5 =51.40 !'6 •.f' -5.06 -0."
4: " 6 53.~)l ~5.~8 -1.99 .3.55

5 + • 56.... 5'1.'1 -1.41 -2.54............... .. ,~ ..-...--.. .. ............. u._ __._, I ....._...... - I -
CD for COI\i... iar1119
treatmen'ts wttil
no (l'J,ss.u::... value
(p :: 0.05) 5.~6

CD for comparing
'treatments with
one m1581ng "'due
(p = 0.01) 6.1"
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rab1e H. CINI.... _Ibel" 0,& 1.1'\11U/p1-~ (1'1). _ ..._
~_t ftl_ (Me») 'their dtr'riat1cn (M-MC)
and pel" c." 4eY1.~OD Oftr m1d-ecIapOftefttt
Yalue

d 1

parent.a end Rc - Per cen't
mixbln8

)II M-Me deY1ation

1& 1t LJ'J' (1) 20••

I.E 21. (2) 28.IJ

1& 217 (J) 32.31

IIHR 8W 93 (t) 16.21

IIHIl &wi' MA (I> 16.22

La 206 (6) 21.JI

1 + 2 1'.52 a.... -5.04 -20.52

1 + 3 21.28 H." .5.18 -19.58

1 + 4 14.6' 18••2 -3.'5 -20.36

1 + 5 11.31 11.tl .3.03 -16.46

1 + I 20.'3 20.99 ".06 -0.29

2 + :I 26.8' JO••3 .3.N -11.70

2 + .. 24.0' 22.D 1.ta 7.50

2 + 5 23.39 22•• 1.01 4.51

2 + 6 25.51 24.N 0.15 2.20

:I + .. 23.61 24.29 -0.'" -2.64

3 + 5 22." 24.28 -1.61 -6.63

3 + • 24." 2&.11 .2.10 -7.82

4 of 5 17.54 16.24 1.30 8.00

4 + • 11.24 18.82 -2.58 -13.'70

! ... 6 16.68 1f3.80 .2.12 -11.28
•
CD for ...paring
tnetmenu w1 ti1
no miSS1ny value
(p • 0.01 5.91
Q) for C'OIft[JU1ng
ttreatmenu w1th
one .aa1ng .811,1.
(p • 0.(5) 6.7.
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Table 40. Obae~Ihi~ yte1ct/pl__ ()oI) *_JId,4-ecupmeDt.
val_ .»\:heJ.J: 4wiaUon ()ol.l-iC) .. per C8D~

c!..1aUoD ewer m14-componeni: Yalue_. ..
P....u end M Ie M-MC Per cent.
I!d.~ deri.ation

LE 19 Ln (1) 4'4.62

LE 214 (2) 6al.4a

I.E 211 (3) 700.00

IIHR Bvr H (4) ~t.l'7

IIHR Dvr 34A (5) 655.71

LE 2M (6) 583.68

1 + 2 4.5.94 548.02 -82.08 -14.98

1 + 3 4N.W 187.31 -132.11** -22.'1

1 + .. 398.22 481.PO -83 .. 68 .17.31

1 + 5 414.38 565.19 -lS0.81* -26.68

1 + , 49B.27 521.14 ...JO.e7 -S.83

2 + 3 562.32 660.'71 -98.39 -1&.89

2 + .. 600.39 555.20 4S.18 8.13

2 + !5 584.35 '38." -".2" -8.49

2 + e 512.96 602.54 -4'.58 -8.23

3 + • 481.09 5'4.5' -113.SO* ..19.0'

3 + 5 537.11 e".ss -140.17· -20.71

3 + , 531.18 6.1.8S -106.65 -16.&2

.. + 5 4'7.51 1'2.48 .'4.89 ..13.08

.. + 6 492.17 5M.42 -43.6S -i.14

5 + • 538.)8 619.11 -81.33 -13.12
• .. •
CD for CClIftParing
treatments with
no ~.S1nr Yalue
(p =O.OS 111.61
CD for comparing
tteetments With
one .8.1ng Yalue
(p • 0.01) lH.15
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'lbe fruit set (%) waa l ••••r in all mixmres except LE 79

L~F + LE 217. LE 79 LFF + IIHR Swr 93 and LE 79 LFF + LE 206

(Table 35). The mixtures LE 214 + IIHR Bwr 93. LE 214 +

IIHrt Bwr 34A and LE 214 + LE 206 had more frui ts/plant than

the expected nwnber based on parental -oerformance (Table 39).

Frui t yield/pldnt was more than the expected yield only in

LE 214 + !IHR Bwr 93 (Table 40).

Number of mixtures sholi;ing pos1tive and neg<:~tive

devic>t.icns from mid-component (gc), best (BC) and poorest

(PC) cowponents for different characters are swmn3rised

(Table 41).

None of the mixtures were taller than their better

components. LE 79 LFF + LE 217 wu taller than the mid

component. Four mixtures were dwarfer than the dwarfest

eorr'?Onent canst! tuting t.he mixture. Seven physical mixturf's

h~d more primary br2nche. than the better component and

nine mixtures had more branches than t.he ntid-cornponcnts.

None of the mixtures \'Iere earlier than t.nt.' e<:."rlier ~"aronts.

fo~ days to fruit set. None of them were eerlier than the

rnic-component .clso. Seven physical rrJ.xtures were later

th; n tbe V:ltl?r coropont:,nt. ~one of the mixtures were earlier

then the earlier parents. for days to fruit h<:..rvest ;lso.

Only LE 217 + IE 206 was earlier than the mid-comfonen t.

J\..ll mixtures eXcclt llf-li.<- :'wr 93 + L~ 206 2nd IIHR Dwr 34A +

LE 206 were later tha~ the later component constitutins the

respective mixtures. LE 79 LFF + IIHR Bwr 93 and LE 79 L.t-F +



t'e1. 41.
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Be

+

-Me -Me

-
PC

Days to fru1 t 8.~ - 11 - 1

Day. to frui t b.."..~ - 14 1 13

i'rui't8/pllJDt - 4 11 5

!'rutt yield/plant - 1 14 11

FZU11;, ••-.: (%) 2 3 12 ,
Plant height - 1 14 4

Primary branchea/plant. 7 9 6 ..
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LE 206 were better than 'the better component,
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set (%). Six rnixt.urea were poorer than the poorest

component. Three mixtures showed positive dev12tions

over mid-component value. No mixture outy1elded the

better component for fruits/plant and fruit yielq;plan~.

'l'he mixtures LE 214 + IIHR awr 93, LE 214 + IlHR Bwr 34A,

LE 214 + LE 206 and IIHR Dwr 93 ... IIER Hwr 34.1\ were bett.er

them the r:.1d-component for frui ts/plf.mt. The ret"rt~ining

mixtures showed negfitive uev1ctions from mid-component

v€.lue.·. F'ive mixtures were poorer then the L--oorest

cc~~ncnts. For fruit yielq/plcnt, only LE 214 + 111ffi Ewr 93

was better tb.an the i lid-componer.t. Eleven rn!xtl:rel"l were

poorer than the poorest component.

7) r::ean }.::eriirm; nee of F1 hyrrids and phycieal mixtures

Mean perforrrcocer of F1 hybrids and rh:lSicc·l r:ixtures

are 1,rcsent..,d (Table 42). All F1 hybrids excE-pt L£ 79 LFF x

IIHR Bwr 34A were 'tallEr th,:n the corresponcHng rhys.ical

mixtures. The mixtt.:re LE 79 LFF + IIHR Bwr 34· p, h2d Cl

height of 71.72 an '.<hile the F1 hybrid had 69.6 ern. Eight

F1 hybrids h<.~d more nurrb<;;r of y;rimtry br; nches than the

re~;.ectj.ve rni;-~ture:o anc.. seven i.icixtures prcduceri DC,:r;€' number

0 + br"'''''c'!1'C'" ...1--"r +-he l~(·'c:y·~,·ct·· v··~ 1:;' 'o,rbri-"s. ';i'er c~<vI'; to.. . \.".:,J.,.l. ... - h,J W"'.o'~;' - ",-._~.... ,,- .~- '- J;;"1"l U. ... ~. ~-

ir;.:dt SE·t, ell h:,'brids exccyt il. L\ Bwr 93 x LE 206 were

significantl:.' earlier tl~'.n the resrective miXtvI-€S. All

hybrids were sic;,'Uificcntly GH',rlic.r than the rcsJ.cctive

mixtures for dt,ys to fruit h;::\rve:t. All hybrics except



1(J~

IIHR BWr 34A + LE 206 had 81oniflcant.ly higher fru1~ .et. (%).

All hybrids except LE 214 x IIHR Bvr 34A hed more fruiu/

plant. All the .1'1 hybrids slgn1£1canUy outyielded the

respective m1x~es.

8) Association be~een root characi:erist.ics, primary

branches/plant, plant height and fruit yield

A significant correlation was observed between root

volume and fruit yield (r &: 0.58). COrrelation between

root. volute and pl<mt height and root volwne and primary

branches/plant were not significant. (Table 43). Correlation

between root length and yield, root length and plant height

and root length and Frimary branches/plan-t were also not

significant.

9) Observations on root galls caused by r:eloido<£lDe

ineogn,1y

All the parent.al lines, F1 hybrids and physical

mixtures had galls caused by root. knot nema'todes (Table

44).



Table 43.
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Correlation between root characteristics,
plunt height, primary branches/plant and
fruit yield/plant

---~-----------_._--------------

Characters Root volume

f'lFnt heiqht 0.33

~rimory br~1chen/plant 0.21

~'ruit yield/plant U. 58*

Root length

0.20

0.19

----- -----,,,--- ,---------
Table value t 34 (p := ').05) =: 0.33



1'ebl. 44.

NWIIber of Number o~ pennu/Jl1 ;..,.. of Jtu1II)er of
hJbr1411/pleAts plan'ta wi t.b phra1cal plana pleu witil

oba.... roo~ gall. ~s obeerftCI roo~ galls

pannt:8

LB 214 45 6 4 x 5 28 7

LB 21' 29 7 .. x 6 35 2

11m Bvr 93 24 5 5 K , 14 1

IIHR 8vI: MA 33 7 PbJ'a1cal mixt.u.na

La 206 12 2 1 + 2 26 16

P1 hybdda 1 + 3 27 12

1 x 2 37 13 1 + .. 10 1

1 x 3 26 6 1 + 5 24 4

1 x .. 31 8 1 + 6 16 2

1 x 5 3S 8 2 + 3 46 30

1 x 6 35 9 2 + 4 43 12
2 • , 43 8 2 + I J' 13

2 x .. 3'7 1 2 + • 4. 1.

2 x 5 35 3 3 + .. 40 15
2 x 6 31 3 3 + 5 14 '7

3:1t .. 32 1 3 + I 8 5

3 x 5 32 14 4 + 5 18 ..
3 x 6 ..4 6 .. + 6 e 6

.....
c
en
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B. Evaluation of 'tWo way and three way mixwres lnvolvinq

three lines of tomato for resistance to bae'terial wil to,

fruit yield and yield components

Three lines of tomato LE 206, LE 212 and 11HR Bwr 34A,

their two way and three way m1~ures were qrown in a wilt

sick soil during July-November, 1985. The genotypes were

classified for their bacterial wilt reaction (Table 45).

Complete wilting (100%) was observed in the susceptible

check, Puss Ruby. 'lhe component lines LE 206 (26.32%),

LE 212 (32.78%) and IILR Bwr 34A (27.27%) were moderately

resistant. The 'tWO \olay mixtures LE 206 + LE 212 (31.67%),

LE 206 + lUll. Bwr 34A (26.67%), LE 212 + I!HR DWX' 34A

(33.33%) and the three way mixture LE 206 + LE 212 + IIHR

Bwr 34A (31.67%) were also IOOderately resist.ant.

General 2nelysis of vari2Dce for yield and yield

componfmts

The data on d ys u- frui t oct, days to f.cui t harvest,

fruit set (%), fruits/plant and fruit yielq/plent were

analysed (Table 46). Variances due to genotypes. parents

and mixtures were not s.",-gni:ficant for any of. thE characters.

Hean squares due to r:a.rents versus mixtures were signi :":icant.

for days to fruit harvest cnd fruit yield/plant.

LE 206 was earlier both for days to fruit set (59.9

days) unci fruit har'V'est (104.5 days), arrong parental lines.
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EvaluaUon of~ 11M8 of t.oIaflw and 'the
physical~ for re81.unee to
bac:~erial wi1't

To~ N.....~ of wtl~

Linea number of pluu naet.1on
plana w11'ted (,,)

La 206 (1) 57 15 26.32 (NR)

LE 212 (2) S5 18 32.18 (I1R)

IIHR Bwr UA (3) 15 15 27.27 (MIl)

1 + 2 l' 31.67 (tilt)

1 + 3 60 1t 26.6' (J>1R)

2 + 3 60 20 33.33 (MR)

1 + 2 + 3 60 19 31.67 H'R)

MR • Moderately r ••i8~nt.. 20 to 0&0% plana w11teet



Table 46. General analysis of var£ance

. ... ----
Sources of df Days t:o-

Hean §gUarEtS
Fru1t/variat.ion Days 'to Fruit se1: Fru.it:..

fruit set fruit (%) plant yield!
harvest p1oo1:(g)

Genotypes 6 S.07 9.72 12.79 46.27 467689.77

Parents 2 6.88 2.49 6.91 57.35 16538.69

M!XQlres 3 4.21 1.65 20.81 49.42 1850.94

Parents ve.
mixture. 1 3.80 48.39* 0.66 14.66 2767508.40*

Error 7 5.10 2.96 17.64 16.31 5241.16

..-,.."",

* P = 0.05
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Among phys1cal mixtures LE 206 + IIHR BWl" 34A was earlier

for days to fruit set (61.3 days) while LE 212 + rIUR Dwr 34A

was earlier for days to fruit harvest (100.73 days).

LE 206 + IIHR Bwr 34A had the highest per cent of fruit set

(57.99%). LE 212 had the highest fruits/plant (30.9)

followed. by LE 206 + :L2 212 (29.5) • lIHR Bwr 34A had the

maxirmu:', f:rui t J'ield/plMt (529.34 g) followed by LE 206 1

LE 212 (497.13 g) (Table 47).

2) The general coexistence ubil! ty inde~{

For days to fruit set, the GCoA es'tima'tes were greater

then un1 ty for all the .. <.-.rent<:.l lines o.r.d l'hysical mixtures.

The d;c-ys to £1"111 t harvest \1erC less in mixtures them in

r>urestands, es th(' G('.oll, effects were les!! than one. '!he

GCoA estimctes of LE 212 <cnd IIHR Ewr 3olA, for per cent of

truit set were greater tl-'c.n r:me (1.11 and 1.05 reSl'"l€lctively),

while LE 206 mdftt.e1ned i t8 })6rformanee in mixt.ures (1.00).

For fruits/plant, GCoA estimate of I.E 212 was e<:ual tc one,

while LE 206 and IIHR Bwr 34/\ hi:"d GCoA values less than

un!ty. For fruit y1eld/pL:nt, GCoI\ estir;!.~·tes 1IJere greater

than one for all the :'e.rcy;t,:'l lines and rJhysice.l r:uxtures

(Table 48).

c. Maternal effects for certain quantitative charDcters

in t:omiC'.t.o

The direct. and reciproc.:::l r 1 hybrids involvillg £ive



Table 47. Mean performance of three tomato lines ano their physical rnixb1res

-"'.'--- _....- -_.. '- ... -.__....."'-- -- .......'-,"' ....,.. , ...'- ._~.._--
Days to Days to Fruit set f'rutts/ Fruit

Entry
fruit set fruit

(~O plan" yield!
harvest plant(g)_..,. ......,.-.

LE 206 (1) 59.90 104.50 53.60 24.60 496.50

LE 212 (2) 63.50 106.60 52.57 30.90 358.00

IIHR Bwr 34A (3) 62.48 106.20 56.15 20.25 529.34

1 + 2 64.45 102.07 56.56 29.50 497.13

1 + 3 61.30 102.45 57.99 17.35 487.13

2 + 3 62.35 100.13 52.31 22.73 429.38

1 + 2 + 3 63.95 102.80 51.34 23.16 482.e..

- ,.---",.'~-

"··r t"' N.S. N.S.j,'•• .:;l.

CD (p ::t 0.05) 3.32 171.22

SEr<: + 0.99 41.80-



Table 48. General coexistence ab11ity estimates and mean :~erformance of different
genotypes in purestr:nds a"".ld in mlxt.ures

Genot.ype Stand

t"ean GCoA Nean OC'..oa 11ean GCoA Nean GCoA

Fruit
yiel4/
pl~!.~9.L _

Mean GCoA
~._ ..........~_, ..._ ... _ .._._ '" ....~-.--., k ~"__• _

LE 206 Pure 59.90 104.50
0.96

53.00

1.00

24.60

0.86

480.00

----~_.__.-----------_...._-----_._ .._--

Mixtures 63.37

LE 212 63.50

f,llJ..xtures 64 .57

IIHR Bwr 34A 1-ure 62.48

Mixtures 60.60

---_..._,---------

0.97

102.53

106.60

101.81

106.20

101.75

0.96

50.00

55.24

50.00

52.72

1.05

30.90

30.84

19.83

16.05

1.00

0.81

519.63

321.10

388.04

SOl.00

534.67
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tomato lines - LE 79 LFF, LE 214, LE 211, IIHR Bwr 93 end

LE 206 - were ev81ua~ under field oonoit.ions along wi~

the susceptible check Puaa Ruby during July to November,

1985 (Table 49). All the direct and reciprocal F1 hybrids,

except LE 206 x IIHR Bwr 93 (28.33%), were resistant 'to

bi::cteriel wilt. Pusa Ruby showed 100% susceptibilit.y.

1) General analysis of variance for yield and yield

components

Variances due to gEnotypes were signific;cnt for plant.

height, (ic3yS to fruit harvest ;:::end :er cent. of frui t set

(Teble 50). t/;,ean squares due to direct. F1 hybrids were

significant only for pInt height and ner cent of fruit set.

Variances due to reciprocal Pl hybrids were signific2nt for

pLnt height, dc'ys tc fruit set, days to fruit harvf2st and

per cc·ni, of fruit set. I:ean squares due to direct versus

reciprocal :::-1' s were significant for days to fruit set,

d2YS to fruit h€rvest and per cent of fruit set.

Among direct F1 hybrids. LE 214 x LE 217 'Wi'S t.."1E:l

tallest (104.2 em) followed by LE 217 x LE 206 (93.73i~)

LE 217 x LE 214 was the tallest ~~ng reciprocel Pl hybrids

(104.93 em) followed by U.:; 206 x LE 214 (104.87 em). llmong

direct F1 hybrids, LZ 79 LFl:' x LE 206 had t.he highest

nun'ber of prirn2.ry branches/pl0nt (e.3) at. second harvest..

f.>JTr.)ng reciprocal F1 hybrids. I.E 206 x LE 217 (8.33) had the

highest. number of. primary branches/plant. LE 214 x IIHR Bwr 93



Table 49.
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EYaluaUon of direct. and reciprocal F1 hybrida
involving fift specific lines of toma~ for
resist.ance ~ bacterial wilt.

Lines Tot.sl nUlDber Number of Wilt reac:t.1on
of plants plaDt.a wilteet (%)

................ ,._-_..-"._._..-,._- -

1 x 2 58 S 8.60 (R)

1 x 3 58 3 5.17 (R)

1 x 4 58 6 10.35 (R)

1 x S 58 10 17.25 (R.)

2 x 3 58 4 6.90 (R)

2 x 4 60 9 15.00 (R)

2 It 5 50 a 13.33 (R)

3 x 4 60 4 6.67 (R)

3 x 5 60 4 6.67 (R)

4 x 5 60 8 13.33 (R)

2 x 1 58 3 5.17 (R.)

3 x 1 60 4 6.67 (R)

3 x 2 60 11 18.33 (R)

4 x 1 60 4 6.67 (R.)

4 x 2 60 6 6.67 (R)

4 x 3 ~O 3 6.00 (R)

5 x 1 60 3 5.00 (R.)

5 x 2 60 9 15.00 (R)

5 :x 3 60 6 10.00 (R)

5 x 4 60 17 28.33 (HR)- -
1. LE 79 U"" 3. LE 217 s. I..E 206
2. LE 214 4. IIHR Dwr 93
R - Resistant, < 20% plants wil ted

rm - Moderately resistant, 20-40% plants wilted



Table 50. General analysis of VeJriance

-_._._----_._--
Sources of
var1action df FIant --p rlrnary:< D t".o

height bZ'an<:heIV f~ t set
(ern) plant

l'1.ean squares

Days 'to
fruit
harvest

Fruit set
(%)

Fruits/ Fruit
plant yield/

plant(o)

Replications 2 195.42** 3.96* 70.42 134.56** 74.06** 219.37** 122336.60'-

Genotypes

Dtrect F1'S

Rec1procal
F f.

1

Direct vs.
1{ec1proca1s

Error

19 274.26**

9 215.16**

9 355.76**

1 72.59

38 33.77

0.92

0.75

-
C.86

8.16

6.17

52.09**

4.57

12.20**

5.88

13.31*

59.10**

5.19

46.42**

49.02**

47.32**

14.77**

36.99

23.97

44.07

90.43

26.09

35641.51

34034.23

38036.96

28547.99

20712.83

----_._....__._-_._----------_._----_._-----,-_._---------
* l? 0.05

** P =: 0.01





Teble 51. (Con1:d. )

Plant. Primary Days to Days to Fruit set Fruits/ Fruit
Lin•• height. branches/ fruit yield/

(em) plant fruit. set harvest (%) plant:. plant(g)- • b

3 x 2 104.93 7.27 58.60 88.33 66.09 28.84 606.33

4:xx 1 74.80 7.27 59.53 88.33 70.14 24.60 867.33

.. x 2 92.93 7.73 61.40 87.13 65.01 21.27 504.17

4 x 3 96.77 7.03 62.07 90.08 63.59 24.23 827.50

5 x 1 83.27 7.00 58.67 86.93 70.65 24.52 745.83

5 x 2 104.81 8.07 60.70 89.53 69.46 23.80 814.00

5 x 3 86.25 8.33 60.93 88.87 64.31 21.35 813.00

5 x 4 73.60 6.80 61.93 92.67 52.49 18.45 668.83

CD (P-O.05 9.61 1.53 3.54 3.17 4.20 8.45 237.96

SEH+ 3.36 0.54 1.23 1.32 1.47 2.95 83.09-
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W~8 earlier for days to fl'U1t. set. (56.93 days) while for

days to fruit harvest. LE 214 x LE 206 (85 days) was earlier

amon9 direct F1 bybrid8. Arrong reciprocal F1 hybrids

LE 217 x LE 214 wee earlier for days to fruit set (58.6

days) • For days to fruit. harvest. LE 217 x LE 79 LFF (85.53

days) Was earlier. LE 79 LF'F x LE 217 had the highest

per cent of fruit set (81.21%) followed by LE 79 LFF x LE 214

(77.07%) among direct :Ill hybrids. Aft>ng reciprocal F1

hybrids LE 214 x LE 79 LFF had the~ per cent of

fl'U1 t set (76.41%). Amonq direct Fl' 8, LE 79 r,FF x LE 214

had the maxirnwn frei ts/plant (30.42) followed by L.E 79 LFF x

LE 217 (30.07). Among reciprocal F1 'S LE 217 x LE 79 LFF

had maximum fruits/plant (30.49) followed by L~ 214 x

LE 79 LFF (29.87). LE 214 x LE 206 had the highest yield

of 921.75 g/plant amons direct F1 •s while 1,E 214 x LE 79 LFF

had the highect y'ieh": of 916 wplant among recirroc,,! F1

hyhr~.ds 'Ter-le 51).

2) k>l1alysis of v,,;riencE for comblning ability

The combining sbility <me.lysis was conducted fc,r each

0:[ the qU<::mtit2.tive c.hctracters studied. ('I'able 52). 'l'he

generel c~d specific combining ability effects ana reciprocal

effects were estimated.

P12nt height

\..inly vi.lriance due to gca wac signj_fic,~nt (.cc:::1ble 52).

gca effect was maximum in LE 214 (8.94) and minimum in



Table 52. Anc:,lysis of variance fc;r combining ability analysis

sources
l'!.ean squares

of df Plant. primary
Days to Days to Fruit set Fruitsl Fruit.

variation height branchesl fruit yielO/
(an) plant fruit set harvest

(%) plant plant(g)
~>_..-

Gca 4 358.00** 0.45 3.63 3.53 54.41** 41.00** 13653.50

SCa 5 24.89 0.33 0.53 2.96 7.04* 1.88 192061.30·

Reciprocals 10 18.05 0.23 3.45* 4.84* 4.11 6.08 7508.95

Error 38 11.26 0.29 1.52 1.73 2.15 8.70 6904.28
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IIHR Bwr 93 (-7.31). The h1ghe8~ ace effect. was recorded

in LE 214 x LE 206 (12.51) and the lowest. in LE 217 x

LE 206 (-3.29). Reciprocal effeot. was the highest. in

LE 206 x LE 217 (3.74) and tn. lowest. in IUIR BWr 93 x

LE 217 (-4.37) (Table 53).

primary branches/plant.

V;-JIiances du.e to gee', sea and reciproc~l effect were

not significant. {Table 52}. LE 214 had the highest gca

effect (0.28) and II:t'R Bwr 93 had the lowest. gee effect.

(-0.38) • The maximum see effect was expressed by LE 214 X

LE 206 ( 0 .27) and the minimurr ' by IIHR Bwr 93 x I.F. 206

(-0.64). LE 206 :x LE 79 r.FF recorded the highest reci

procal effect (O.65) and IIHR Bwr 93 x LE 214, the 1mlest

(-O.50) (Table 54).

Days to fruit set.

Only vari40ce due to reciprocal effect was significan~

(Table: 52). gca efLeet. was lnaximum 1n IlhR r~wr 93 (0.51)

and minimum 1n J~E 79 i ..FF (-1.32). The highest see effect

was rnv..niiestec1 in LE 206 x lIHR Bwr 93 (0.41) Me 'the lowest

in LE 79 LrF x LE 214 (-C\ .45) • LIS 217 x LE 214 recorded

the hj':Jhest r cirroc:cl C'f:fe~:t. (1.17) ::md r:nm Lwr 93 x

LE 214, the lowest (-2.24) (Table 55).
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Days 'to frui t harves~

Variance due to reciprocals was only significant.

gca effect \'J~S n'2X1mum in IIHR B\'1r 93 (0.59) rnd minimum

in ~E 79 :LIT (-1.31). The highest sea effect Wes recorded

in LoE 214 x .wE 217 (1.41) and the lowest in LE 214 x 1.IHR

Bwr 93 (-1.35). LE 217 x LE 214 expressed the highest

reciprocal effect (0.74). LE 206 x lIHR Bwr 93 recorded

the lowest reciprocal effect (-3.10) (Ta.':>le 56).

Per cent of fruit set

\'.aricir.ces due to <jCc~ and sea were signLicimt (T.·ble 52).

LL 79l,FF hi.},d the lTkx!murr· gca effect (4.25) 2nd the m1nimwn

in rIlL Bwr 93 (-3.17). The sea effect was the hig1'.~est 1n

LE 217 x 'E 206 (3.83) and the lowest in LE 214 x LE 217

(-2.51) • :he highest reciprocal effect \'iiJS expressed by

LE 206 x II~ Bwr 93 (2.92) and the lo\o;est by I.E 206 x

LE 79 LFF (-1.20) ('l'able 57).

Fru1ts/pl~nt

Varince due to gC2 was only significant (Table 52).

Haxil'llurn gca effect 'VJas observed in L.E 79 J.,:U,,' (2.71) and

minimUIf- in J. IER Dwr 93 (-3.71). LE 217 x LE 206 showed the

highest sea effect (1.03) and LE 214 x LE 217 the lowes~

(...1.20). '!'he highest reciprocal effect wu recorded by
OM.

IIHR Bwr 93 x LE 214 (3.12)·£owest WuS observed in LE 217 x,

LE 214 (-O.96) (Table 58).



Table 53. General. specific and reciprocal effects
for plant height

P1 P2 P3 P4 Ps

P1 -6.18 -2.97 0.62 -0.23 2.60-
P2 -0.25 8.94 -0.70 -0.08 12.51-
p -1.84 -0.37 7.60 3.38 -3.293 •

T:> (1.20 -2.65 -4.37 -7.31 -3.07.1;4 -
p -1.18 -6.50 -3.74 1.70 -3.055 -

-_._-~-

gea - diagonal & underlined

sea - above diagonal

Reciprocal - beloVJ diagonal

Pl - i.tE 79 LI'F

1>2 - I,E; 214

to' - I.E 2173

P4 - IHU1 Bwr 93

P5 - i.E 206



Table 54. General. specific and reciprocal effects
for primary branches/plant

Pl P2 P3 p .. Ps

p -0,16 -0.11 -0.20 0.20 0.161 -
P2 0.04 Q.aU. -0.28 0.16 0.27

P3 -0.20 0.11 0,21 0.26 -0.10

P4 -0.20 -0.50 0,55 -0.36 -u.64

Ps 0.65 -0.12 -0.20 -0.17 0.2t-
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Table 55. General, specific and reciprocal effects
for days to frui't set

Parents
'P1 'P2 7-'3 'P Psa

1'1 -1.32 -0.45 -0.39 0.23 -0.36-
P, -0.34 -0.08 0.27 -0.44 -0.35-
?3 -0.87 1.17 0,40 -0.16 0.33

?4 -0.93 -?24 -2.14 a.51 0.41-
Ps -0.67 -1.45 .0.53 -1.33 o 50....!.-

--
Effects/ Standard CriUcal

differencecomperison error (p :a 0,05)

gee. (91) C.45 -
sea \sij) 0.62 -
Reciprocal
(rij) 0.87 -
91 - gJ C.71 1.40

sij - sik 1.01 2.04

sij - skl 0.71 1.40
......'-->._,,~_.,,--,........--,.. -- --

12~



Table 56. General, specific and reciprocal effects
for days to frui t harve8~

19:-....J

Parents T) P2 P3 P4 t's41

p
-1.31 0.48 -0.79 0.69 -0.381 -

P2 0.4S 0,03 1.49 -1.35 -0.59-
P3 -0.07 0.74 0.:22 -0.50 -0.18-
P4 -1.00 -0,50 -2.41 0.59 1.15-
p -0.80 -2.27 -1.00 -3.10 0,415 -

Effects/ standard Critical
differencecomparison error
(p == 0.OS2

gca (gl) 0.4S -
sea (sij) 0.62 -
Rec1procal(rij) 0.S7

g1 - gj. 0.71 1.40

slj - sile 1.01 2.04

sij - skl 0.71 1.40



Table 57. C-eneral, specific and reciprocal effects
for fruit 881: (x,)

.............-_.lI""

l-'arents L l
T) 1? p. 1"")
~2 3 ~s

Pl ~ -!"'.23 1.99 -C.25 -1.51

'!) 0.20 1.62 -2.51 0.91 1.83.. 2

~ 2.90 -0.12 -0.38 0.08 3.83' ,
~3

f) 0.45 1.14 -0.76 -3.17 -0.74
~4

f) -1.20 0.27 0.06 2.92 -2.33
~ 5

-.....---.'

Effects/ S~andard Critical
comparison error difference

'p =: 0,05),
gee (gi) ;').54 -
sca (sij) 0.73

keciV.L.""Ocal {rij} 1.04- -
g1 - gj 0.85 1.71

sij - sik 1.20 2.42

sij - skl 0.85 1.71
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Table 58. General, s:ecific and reciprocal effec'ts
for fruib/plant.
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Parents 1>1 "P..2 "PJ 'PI Ps

Pl 2,71 0.21 0.63 -0.11 -C.73

P2 0.28 0.65 -1.20 0.93 0.06-
'P3 1.29 -0.96 1.86 -0.47 1.03-
Y4 0.86 3.12 0.02 -.!ill -0.36

Ps 2.52 1.97 0.60 2.54 -!.t.U
'.....-..-...---............



.,ab18 5'. o.eral. lfP4ICd.f1c aad nc1procal effeeu
for fl'\l1t. ys.eld/pl_t

128

panna Pl PI P3 p.. Ps

P1 65.39 30.65 23.60 19.13 .73."

P2 -78.67 -56,28 -13U. 6.19 9B.21

P3 28.03 -27.50 -27,4. 54.89 56.57

p.. 5.30 129.'2 -12.53 -10,07 -80.80

Ps 71.63 53.88 .18.11 M.2S 18,37

•

&rd.;r
.ffect.al st.en4U'd difference
cc.pad.80n erzor <, • 0,05)

,ca (01) 30.34 -
aca <a1j) 41.55 -
Rec1p.rocal (l1.j) 58.76 -
01 - ,j 41.97 '7.15

a1j - aUt 67.8. 137.3'

81j - aU 47." '7.15
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Fro! t yield/plant.

Variance due to sea was only significant. (Table 52).

The highest gca effect was expressed in LE 19 LFF (65.39)

and the lowest in LE 214 (-56.28). LE 214 x LE 206 had

the maximum sea effect (98.21) and LE 214 x LE 211 had ~

m1nirnuAil (-135.04). 'J:'he highest. reciprocal effect was

shown by IIHR Bwr 93 x LE 214 (129.92) and t.l1e lowest. by

LE 214 X I.E 79 LFF (-78.67) (Table 59).

D. EValuation of a set of tomato lines for resisttnce

to bacterial wi1 t aIle economic characters

Fourteen tomato lines - LE 206, LE 20e, LE 209, LE 210,

LE 211, LE 212, LE 213, LE 214, LE 217, LE 19 LFF, LE 79 LPG,

LE 19 00. IIHR Bwr 93 and IIHR Bwr 34A were evaluated under

field. con;:i tiona along with the susceptiLl( check Pusa Ruby

during ~ruly to Novolr'1;(;.'r, 1985 ('l'able 60). The lines were

genetically catelogued for in"portant morphological characters

(Table 61). The lin€'~ lJE 211 (10%), I,E 214 (6.6~), LE 217

(3.51%), LE 19 LFG (5%) and LE 79 DO (15%) were resistant.

The lines LE 206 (30'-', IE 20S (3?33~(), LE 213 (2S~C,

IIHR B\J1r 93 (28.B1%) <,nd JIHR Bwr 34/\ (20%) were MOderately

resiatf!nt. :LB 210 (43.33%) and I.E 212 (41.6~) were

modt.:.'rc:,tely susceptible while LE 209 (75%) and LE 79 L1'F (60%)

were susceptible. The susceptible check. Puss Ruby showed

100% wil t 1nci:enCE:;.
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Table 60. Evaluation of t.omat.o lines for their reaction
to bacterial w11 t.

Total liumber of Disease
Lines number plan'ts reaction

of plante "d1 ted (%)

LE 206 60 18 30.00 (r'7R)

LE 208 60 23 38.33 (NR)

LE 209 60 45 75.00 (s)

LE 210 60 26 43.33 (Is)

LE 211 60 6 10.00 (R)

LE 212 60 25 41.67 U....s)

I,,~ 213 60 15 25.00 (lvlR)

LE 214 60 4 6.67 (R)

LE 217 57 2 3.51 (R)

LE 79 LFG 60 3 5.00 (R)

LE 79 DG 60 9 15.00 (R)

LE 19 LFF 60 35 60.00 (;.. )

11HR Bwr 93 59 17 28.81 (MR)

IIHR Bwr 34A 60 12 20.00 (MR)

R - Resistant, < 20% p:L.:nts ','Jilted

HS - Moderatel s.iscc:tible, 40-60'1: plt.nts wilted

S - Susceptible, > 60'X plrm ·;:s wilted



Table 61. Genetic ca'taloguing of 14 tomato lines

Lines Genetic caUloguing

LEi 206 -r + dp+ + + + + +a -., C -., - .. f -., n -., 0 -., pst -., sp -., uu.,

LE 208
..;~ + + ;- + + +a -., C -., dp -., f -., n -., 00., pst -., sp - .. llU.,

LE 209 + + + + + + + +a -., C -., dp - •• f -., n -., 0 -., pst -., sp -., uu.,

210 + + pst p,t-L
+LE a ., cc., dp -., f -., nn. , 00., sp -., uu.,

211 + + dp+ + + + + + +LE a -., c -., -., f -., n -., 0 -., pst -., sp - .. u -..
212 + + dp+ + + + + of- +LE a -., c -., -·tI. f -., n -., 0 -., pst -., sp -., u -.,

+ + 0{- 04- + + + + +LE 213 a -., c -., dp -., f -., n -., 0 -., pst -., sp -., U -.,
+ + dpdp., + + + -j-- + +

LE 214 a -., c -., £ -., n -., 0 -., pst -., sp -.. , u -.,
217 + + ap(lp., + + + + + +

i.E a -., c -., f -., n -., 0 -., pst -., sp -., u -.,
+ + dp+ f£., + + + + +

LE 79 LEF a -., c -., -., n -., 0 -., pst -., sp -., U -.,
+ + dp+ + + ",. + -+ +

LE 79 LFG a -., c -., -., f -., n -., 0 -., pst -., Sf> -., u -.,
.:- + dp+ + + + + + +

LE 79 00 a -., c -., -., f -., n -., 0 -., pst -., sp -., u -.,
+ + + + + + + + +

IIHR Bwr 341> a -., c -., dp -., f -., n -., 0 -., pst -., sp -., u -.,
+ -; dp+

.1 -t + + +Tum Dwr 93 a -., c -., -., f' -., n -., 0 -., pst -., sp -., uu.,_.........--,._--"".__.. __'M"_" __· __• __ "'"'_''''·__'< M ...._ ...-.
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Dab on plant height, pr1m<::ry branches/plant, days to

fruit set, days to fruit harvest, fruit set (%), fruit/plant

and fruit yield/plant were analysed (Table 61). Significant

6J.fferences were ob8erved for plant height, primary brilllchea/

plantJfruits/plant and fruit y1eld/plent. flant height

raJl9€..)(} from 56.62 em in LE 212 to 98.33 enl in 1.E 79 l."Xi. 'lbe

m~ primary branches/plant was produced by LE 214 (9.93)

followed by LE 79 LZ\;, (8.8) and the minimum by IIHR awr.93

(4.6) • Days to fru! t set ranged from 58.6 days in LE 211 to

68.13 days in LE 206. ~he lines LE 209 (59.43 days) and

LE 213 (59.4 days) were also early. Days to fruit harvest

ranged from 92.33 days in LE 213 to 97.92 days in lIhR Ewr 93.

1be lines LE 211 (93.47 days), LE 217 (94.2 days) and LE 214

(94.6 days) were also early for fruit harvest. The fruit set

(rc,) was the lowest. in LE 206 (45.5%) end the highest in

LE 213 (60.58%). The highest. fruits/plant was borne by

LE 213 (36.00) followed by l~ 208 (33.75). LE 210 had the

lowest fruits/plant (16.81). The line LE 79 1.17G yielded

the highest (742.6 wplant) followed by LE 79 DC (733.0 g/

plant) • The line LE 209 yielded the lowest (231.67 g/plant.)

(Table 63).



Table 62. General analysis of vc::riance

----------------------------------.--------_._------
!1ean s<;..ruaresSources

of
vC'riation

df Plant
heiaht.
{em}

Prifiltiry
branc:hes/
plant

Days to
fruit set.

Days to
fruit.
harvest

Fruit set
(~,)

FruIt.
Frui ts/ '.iE"ld/
plant plant{q)

Replications 2 1242.8'7** 6.38** 215.58** 737.64** 35.08 34.30

Genotypes 13 7.74

Error

** p .. 0.01

25 64.91 0.87 18.26 10.94 33.61 42.00 20m. 39



Table 63. Hean performance of t:ornato lines

21.67

33.75

18.33

16.81

32.57

31.67

36.00

31.83

25.20

19.67

26.03

26.89

16.90

18.02

57.59

48.16

61::.58
57.71

58.31

5B.16

51.32

55.04

51.11

55.09

49.66

45.50

54.85

47.75

95.93

95.30

97.83

97.27

93.47

96.00

92.33

94.80

94.20

96.73

95.53

94.97

97.92

96.20

63.67

59.40

64.27

65.13

62.87

62.53

64.70

63.27

62.()O

68.73

62.00

59.43

63.25

5.50

7.20

5.14

4.84

0.47

7.47

7.67

9.93

7.80

8.80

S.33

6.51

4.60

6.13

--._,-- -------~~~--
primary Days to Days t'o Fruit set Fruital fFru1 t
branches! fruit set fruit (,,> plant yield!
plant_._. ....h.,aJ:_rv.......e-.s..-t ..__.....p...l...an....t...(..Q...>_

533.17

599.00

231.67

237.50

562.33

385.33

537.33

650.33

549.83

742.67

733.33

598.00

539.00

595.08

Plant
height

. (~cm=)_

84.53

78.57

61.42

82.49

93.63

56.62

79.08

93.93

88.60

93.67

98.33

70.'S7

63.73

67.60

Lines

LE 206

LE 208

LE 209

LE 210

i.E 211

LE 212

LE 213

LE 214

LE 217

LE 79 LFG

LE 79 DG

LE 79 LFF

IIHR Bwr 93

IIHR Bwr 34A

CD for c:orrpar1Bg
treftr,entl!Jwith
no missing value
CD for c:ompC::\J:ing
treatments with
missing value

SEE+-
8.76

1.57

1.77

1e.88

12.31 275.08

f3.62





DISCUSSION

Bac~er1al wilt caused by P!!Ut'loaIqpy sqlanaC8eEWl!

E.F. Smith is the most ,erious disease of tomato 1n the

warm hum! t "apics. The first report on the disease

c __ from Italy in 1882 (Walker. 1952). In India it was

fir8t reported from \ties~ Bengal by Hedayathullah and SMa

(1941) •

Hayward (1964) reportedp~U '91antC!erum as

8 complex spec::1e. consisting of several races differing

in host range and pathogenic!ty. i'j()re than 200 specie8

of plants are susceptible to the pathogen. The major

susc::ep1:1ble species belong to Solanaceae,. Tomatoes and

egg plants are more susceptible than eh1llies. Other

common hosts include banana, potat:o, tobacco, peanut,

se8amwn e~.

The first expression of the disease is wilting of

the lower leaves, accompanied usually with yellowing of

older leaves. The root system of the wilted plc:.nts

develop a water soaked appearence. Dark brovm to black

areas develop due to decay of root systern and Whole plant

dies off. The appearence of beater! al ooze when the

vascular systew is severed, is the characteristic

indication of ~le disease (Walker, 1952; Chupp and Sherf#

1960) • The entry of the pa'thogen is 'through injured I'OOt

system. fiounds caused by nemat:ode injury, mechanical
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injury and root breakage due 'to transplani;ing e~. are

considered to be the entry points. Libman et..i6,. (1964)

reported entry of pathogen through tminfes1;ed roo'ts.

Pa!UdomoDM solan!9!aJ:'\.U'r. is gram negative, non-spore

fo.t:ming, rod shaped and motile with one or several polar

flagella (Kranz 51 .I!., 1977). Ii; survives in soil under

nai;ural conditions for as long as six years.

Various methoos were used to control ti1e disease.

Crop rotations are of lirrdi;ed value unless long rotations

wi th non-susceptible crops ,7U'e followed. Rotation of

toma1:oes with VimlfJ, ap. followed by maize and cabbage/okra

followed by Vigna Spa ~:nd maize gave effective control

(Soh! .!S ~., 1981). Control of bacteriD.l wilt was

obt.ained by gri'...fting tomato seions to resist;:mt stocks

(Reyes, 19671 Oberero, 1969). Chemical control meas,'res

are costly and ineffective. Use of resistMt varieties

is the only econor~cal and feasible method to control

bacterial wilt. 'l'Wo distinct. sources of resist.once-one

derivEa from Louisiana ~. ink (North Carolina Source) and

the other from .. I 127805 A (Lycopers1coe p1mPlnellifoU!Bl

were reporUd (Russel, 1978).

Crosses lnvelving resistant Yl'rieties were rrora

resistant than the resistant cultiv",;rs themselves. Crosses

bebleen Louisiana Pink. and T 414 from Puerto Hice were

considered as prom1s1ng sources of resistance (Heaver, 1944).

'l'Wo way end three way crosses of three 'tomato cultivars
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(VC 11-1, Sat.um and 1<ew81o) were resist.ant than their

parents (AVRDC, 1975). In the present. study six tomato

lines - LE 79 LFF, LE 214, LE 21" IIHR Bwr 93, IIHR Bwr 34A

and LE 206, possea.ing d.1 fferent. gene systems were crossed

without reciprocals. All 1'1 hybrids except IIHR Bwr 93 x

IIHR Bwr 34A and IIHR Bwr 34A x LE 206 were resist.ant.. This

confirmed the earlier reports of \<Jeaver (1944) and AVRDC

(1975). Salient features of the moat promialng F1 hybrids

are g1ven (Table 64). I.E 214 x LE 206, the highest. yielding

1'1 hybrid (921.75 g/plant) L-iit" 27.15 fruits/plant, was

earlier to fruit set (57.8 d:rys) and fruit harvest. (85 days).

Various investigations involving mixtures as potential

cultiv(lrs in fl€lc crops like rice, wheat, sorghum, soybean

and maize indicated the possibility of some favourable

interaction a1TlOn(j the mixture components. such inter;:-ct1ons

are foun(~ useful 1n achieVing greater yielej through more

ef: icicnt use of environment (Donald, 1963). ,\8 the

c;1ffercnt CCi:::rX'nE:r:cs in a mixture ,"lould constitute a

barrier to arrest. the spread of dise2se organisms. it ~~"pQ{l)e{(
-'

possible thet heterogeneous populations m~M act as a non-

pollutinrJ means of disea!~e control (Vander Plank, 1968,

1975) • Amonc: the 15P1y..ical mixtures developed from six

tomato lines. six were resistant - LE 214 ... I.E 217. LE 214 +

IIHR awl' 93, LE 214 + IIHR Dwr 34A, LE 211 + IIHR Bwr 93,

LE 217 + IIHR Bwr 34A and lIHR aWE' 93 + IIHR Bwr 34A.



Table 64. I!rominent F1 hybrids and their salient features

Days to Days to Fruit set Fruits/ rruit ~;ilt

F1 hybrids fruit set fruit (%) plant. yield/ reacUon
harvest plant(g) (%)_..- ..

LE 214 x LE 206 57.80 95.00 70.31 27.15 921.75 13.33 (R)

LE 79 Li'F x
IIHR Bwr 34A 56.87 85.47 63.04 23.20 908.02 5.11 (R)

LE 79 LI:'F x LE 217 57.00 85.40 81.21 33.07 887.17 5.17 {R}
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'lbe component lines forming the•• resist.ant m1xt.ures were

resist.ant ~ moderately resi8tan~. LE 79 LEF + LE 217,

LE 214 + 11HR Bwr 34A. LE 214 + LB 206, LE 217 + 1IHR Dwr 93,

LE 217 + IIHR Owr 34A, IIHR Bwr 93 + IIHR Bwr 34A, IIHR

Bwr 93 -{.. LE 206 and IIHR Bwr 34A + LE 206 had higher level

of resistance than the expecUtd values based on parenUll

performances (Fig. 1). The coq>onent lines carrying

different. resistance genes provide obstruction (Harvey, 1978)

for the spread of t.he disease. This confirmed the earlier

report of Pende (1978> in bengal grmn. 'l'he best resistent

physical mixt.ure LE 214 + IlHR 8Wr 93 (600.38 g/plant) had

24 fruits/plent took 66.87 days to fruit set and 94.62 days

to fru! t harvest. The rnos~ p.rom1sing resistant physical

mixtures tmd their salient features are given (Trible 65).

Flf1:een F1 h~'brlds and 15 physical mixtures were compared

for their bacterial wilt resistance (Table 66). All the

F1s except IIHR Bwr 93 x IIHR Bwr 34A and IIHH Bwr 34A X

LE 206 had higher level of resistance then their respective

mixtures ('l'able 66). The mixture lI~iR Ewr 93 + lIHR Bwr 34A

shO\:Jed only 13.33% suscer:tibili ty, while respective 1"1

hybrid shc\'1ed 35.29% susceptibility. lIHR Ewr 34A -t' LE 206

also showed an increased resistance to bacterial wilt when

compared to its r l2&pective F1 hybrid (Table 66). prominent

F1 hybrids and physical mixtures with respect to economic

characters are given (Table 67).

~~y of the reportedly reaietant lines like Venus and

Satum (Henderson and Jenkins. 19711 Sonod{), 1977) wilted
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Table 65. Prominent physical mixtures wi th t}'1elr salient characteristics

-------------------,.._-----------------------

---------------_.. _-_._-----_._ ....._-----
Physical mixtures Days to

fruit set

Pays t:.o
fruit
harvest

Fruit set
(%)

Fruits/
plant

Fruit
yield!
plant(g)

vi11t
reaction
(%)

LE 214 of rum Bwr 93 66.87 94.82 57.28 24.07 60".38 18.33 (R)
(63.80) (89.72) (58.91) (22.39) (555.20) (16.67)

LE 214 + LE 217 71.47 98.47 56.33 26.B7 562.32 16.67 (R)
(67.20) (94,.17) (58.70) (30.43) (660.71) (12.50)

LE 214 + IIHR Bwr 34A 66.83 94.31 57.27 23.39 584.35 10.00 (R)
(63.91) (90.66) (60.84) (24.96) (638.59) (16.18)

(Values in parenthEsis incicate expecte(: values based on pure st<:'nd)
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Table 66. Comparison of F! hybrids and physical mixtures
for resistance 0 bacterial wilt

Wilt Wilt
Entry reaction Deviation Entry reaction Deviation

L'{,) ~%}

1 x 2 8.6 2 x 6 13.33
-34.73 -11.67

1 + 2 43.33 2 ... 6 25.00

1 x 3 5.17 3 x .- 6.67
-26.50 - 8.33

1 + 3 31.67 3 + .- 15.00

1 x 1:1 1(.35 3 x 5 6.33
-31 .. 31 - 6.67

1 + 4 41.66 3 + 5 15.00

1 x 5 5.17 3 x 6 6.67
-34.83 -21.66

1 -t 5 4C.QJ 3 + € 28.33

1 x6 17.24 4 x 5 3::.29
-3~.76 21.96

1 + 6 50.00 4 + 5 13.33

2 x 3 6.90 4: x 6 13.33
-9.77 -16.67

2 + 3 16.67 4 + 6 30.00

2 x 4 15.C'0 5 x 6 30.00
-3.33 5.00

2 + 4 18.33 5 ·r 6 ~5.CO

2 x 5 5.00
-5.00

2 + 5 10.0C

.. .,---.---4:-_...



'fable 67. Prominent F hybrids and physical mixtures with resr>8ct to economic:
charact.ers 1

------_._--,._._.- .. -_.............,,-------
Characters

Plant height

prir:lary branches/plant

Days to frui t set

Days to fru1t harvest:

Frui t set (%)

Fruits/plant

Fro! t yielc1/plar.t

1'1 hybrids

LE 214 x LE 217 (104.2 em)

LE 79 LI<F x LE 206 (83 em)

LE 214 x IIER 13wr 34A
(56.8 days)

LE 214 x lIHR Bwr 34A
(94.47 days)

LE 79 LFF x LE 217
(81.21%)

LE 79 LE'E' x I.E 217
(33.07)

LIt 21.4 It LE 206
(921.75 g/plant)

Physical m1xt.urea

LE 19 t,FF + LE 217 (87 an)

LE 79 I..FF + LE 217 (8.75)

:;:IIIR Bwr 93 ;. LE 206
(62.86 day)

IIHR 8vr 93 x LE 20'
(91.08 days)

LE 79 LFF + LE 206
(59.69%)

L£ 214 + LE 217 (26.B7)

LE 214 + !LHR Stir 93
(600.38 g/plant)
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under warm humid t.Eopical condJ. tions of Kerala. indicating

the possible existence of different races of the pathogen

and the need to identify field resistant lines.

Sreelathakumari (1983) ob.erved resistance in LE 217.

Narayanankutty (1985) ob.erved resis1"o8nce in LE 217 and

LE 79 LJ'G. Resistance in LE 217 and LE 79 LFG were

confirmed by spot-plant1n~ w1 th the susceptible check,

Pusa Ruby during JUly-November, 1985. High incidence to

wilt was observed in LE 208, LE 209, L£ 210, LE 212, LE 213,

IIHR awr 93 and IIHR Bwr 34A. 'lbe lines LE 211, IJE 214 and

LE 79 00 were resistant witi'l wilt incidence of 100"<', 6.67%

and 15. respect.!vely. These lines could be adei tional

sources of resistance to bacterial wilt (Platoe I, II and III).

Heterosis

Earliness of the F1 hybrids was ccnfirmed taking into

consideration co~tituent characters - days to fruit set

anU. daiS to fruit harvest. OUt of 15 hyb,t;i<...s, 13 hyl:)r1cls

had negative relative het.ElLosis and 12 hybrids showeQ

negative het.8robeltiosis for days to fruit set ('l'able 68).

i~urteen hybrids hbO significantly negative relGtive

heterosis and nine hybrids had signific;_~ntly negc,tive

heterobeltiosis for da~s to fruit harvest. LE 214 x lIHR

. Bwr 34A haC. the first fruit in 56.8 days aXld took 84.47

days to fruit harvest (Table 67). Earliness in tomato

hybrids was reported by Phill. (1976), Babu (1978) and

Singh n.!!. {197S>.



Pla~ I - La 19 DG





Plate III - La 211





Table 68. Nwnber of heterotic hybrids for iI:lpOrtant.
economic characters

1 't..4 ..

Characters

• J

Plant height.

primary branohe.;pl_t.

Days tc'> fro! t .....

Days to fruit "

Frui t set. (,,)

Fruits/plan~

E'ruit yield/p~ant.

Relatively He1oerobelUotichet.erotic hybridshybrids

12 el> 4 ( 2)

11(11) 9 (8)

11 (I) 15 (12)

11 (,14) 14 (9)

14 (12) 13 (11)

12 (9) 7 (5)

1. (0) 14 (n)

.. .

,

(Values given in parenthesis indicate significLnUy
heterotic hybrida)
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LE 79 LFF x Llt 217 hed the highest number of f&"U1 tal

plant (33.07) (Table 67). It expressed heterobeltiosls

to the extent of 2.29% and. 8 relative heterosis of 24.9S'X,.

Nine hybrids shoWed 8ignifican't poeitive relative heterosi8

and only five hybrids expre8Sed. significant positive

heurobelUo8i8 for frui1;s/plent.. For fruit yield/plant,

14 out. of 15 hyb&"1. showed hlatift het.erosis and

heterobeltiosis. Het.ero.is tor frW. t yield and 1 t8

coqxmenta v.....11_ obMS'ftd by Babu (1978), Pear and

Rai (1978), Sl." Al. (1978). Popova ~.11- (1979),

Luk •yen (1980) .ad Bhu'tlmJ. (1981). '!'he beat. hybrid 1n

terms of fru1~ y1elcVplant was I.E 214 x Llt 206 (921.75 0)

which manif..... a beterobeltioa1a of 48.33% and a relative

heterosis of 52.98%.

r~lnlng ability analysis

Allard (1960) poin'ted 0\1" 'that. t:he common approach

of selecUng pannu OIl t:he beat. of .iIE .. perfonnance

does not neces.arily lead t.o fru1~l nsul1:.8. The choice

of parents for hybrid1zaUon haa to be bUed on complete

genetic information and the lmowledge of combining &bili t..y

of parents. From the genetical point of vi.,., it was

inferred that gca and sea could be at.trlbu'teti t:o add!tive

and non-additive gene action respectively (Sprague and

Tatum" 1942). In the present. investigation variances due

CO gee. and aca were highly significant for pl<::nt height."

days to frul t set" days to fruit harvest.. frui t set (%)
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end frui tis/plant.. Both ac1d1 t.1ve and non-addi t1ve gene

action were import.an~ in the expression of above characters

(Table 69). Singh and r·~t.a1 (197S) and reter and Raj. (1980)

ob.erved both add!U ye and non-add!tive gene action in the

8Xpn8s1on of above charac1:ers. Variance due to sca was

only significant.. indicating 1:he role of non-additive gene
{Oy

actionAfrui t yield/plant. A pJ:'8pOnderanc:e of non-addi tive

gene a~on over 84c1itive geneaeUon for frui t y1el<Vplan~

was reported by ICm11 and Nan4pUl (1972), Avarado and

Cortazar (1972) end Peter and Ra1 (1980). For primary

branches/plan~ a preponderance of additive gene action over

non add! t1ve gene action waa Ob8e.rved, as reported by

r·1isra and Khenna (1977).

The bes~ paren't. for early fruit harvest 1n present

study was IIHR BWr 93 which had • goa value of -1.12.

LE 214 x lIHR Bwr 34A was the .arl1..~ hybrid (Table 67).

The sea effect. of the above CJ."OS8 wea -2.84. The gee

values of its parents were 0.41 and 0.9 respectively. For

fruits/plant, LE 217 had the hlghes~ gce effect (3.67)

followed by LE 214 (2.34). The sea effect. of LE 214 x

LE 217 in which two good general combiners were involved

as onl~" 3.18. LE 79 LFF x LE 217 had the highest. nwnber

of fruits/plant (33.07) where sea effect was 3.35. 1:'or

fruit yield/plant, IIHR Dwr 34A and LE 206 were be1:ter

parents. The gca Was the highest for frui t yield/plant in

lIHR Bwr 34A (22.48) followed by LE 206 (16.31). The aca



Table 69. Components of total genetic vC3.riances for
seven quantitative characters 1n tomato

147

Gene action
Characters

AddiUve
(A)

Non-a<iditive
(N)

Plant height .~ N

Primary bra.""J.ches/plant A

D'.ys to fruit set A N

Days to frui t harvest A

Fruit set U~) A N

Fruita/plant A N

Fruit y1elq/plant N
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effect of the eros. !IHR Bwr 34 A x LE 206 was only 25.37.

nte aca .ffec~ of the best. hybrid LE 214 x LE 206 was

162.91, whose parents had goa effec~s of -14.98 and If.37

respect.ivel:r-. This ind1eat:ed that hybrids \tii th high ll!£ .IS

performance may no~ necessarily hove parents with high gee

effec~.

Ma~mal effect.8 in the inherltaDc:e of quanU~aUva

characters

Li (1976) observed eytoplaam!c effect.e for earliness

in hybrids be~ween Bonny Best and Il':"InUr Prior Bet-a. Ha~ernal

effec'ts for days to flower 8e~ wu observed by CUar'tero and

Cubero (1982). In the present. investigation, there were

signiLlcant rec1procal differenc.s for days to fruit set,

days to fruit harve8~ and fru1~ set. (%). There were no

reciprocal differences for plant. height, primary branches/

plant, fruits/plant and fruit ylel~plant.





'!he presen~ s'tucl18., ",Reletive acl.an~ages of F1

hybrids and 50.50 physical m1x'tuna in toIna1:o" were

carried out during July i:o November. 1985 at the

lna'trucUonal rum of College of Hort1culture,

Vellan1Kkara. Trichur. The experiments conaisted of

four parts.

Evaluation of aix apedf1c lines of 'tomato,

'their 1'1 hybrids and 50alO physical mixture.

for resistance to bact.erial wilt, frui t yield

aft<! yield comPOnenU.

Evaluation of 'tWo way aDd three way mixtures

involving thr.. linea of ~to for resistance

to bacterial wilt, fruit yield and yield

eomponenu

Meumal effect.8 for eeZ't&1n quantitaU.,.

characters in tomato

Evaluation of e .et of tomato lines for bacterial

wilt resist.ance ea4~c ch..........

2) The experimental materials consiated of six specific

lines of tomoto carry1ng different resistant. gene systems 

LE 79 ItFF, LE 214, LE 21" IIHR Bwr 93. IIHR awr 34A,

La 206 - and a1g&t other reportedly resistant. l1nes of



150

tomato - LE 208. La 20'. LE 210. LE 211, LE 212, LE 213.

LE " LFG anet L& '9 DO -. Fif'teen intter

varieite1 hybrids were developed by cros.ing 8ix specific

lines of ~ato in all possible combinations withou~

reciprocals. Fif_en SO ,50 physical minures were

c1eYeloped by alwma'te planting in the mainfield.

3) Among ~he 15 one way P1 hybrid•• all excep't

IIHR Bwr '3 x IIHR Bvr 34A and IIHR Bvr 34A x LE 206 were

resis~en~ ~ bacterial \\11l~. LB 214 x LE 206. the hi9hes~

yielder (921.'5 g/plFnt) was earlier to frui~ s.~ (57.8

days) and fruit harvest (85 days) folloved by LE " LFF x

lIHR Bwr 34A (908 g/plant). LB" LFF x LE 217 had the

highest fruit set (%) (81.21~1. with the highes't fruita/

plant (33.07). AR>ng the 15 physical m1~•• six w.r.

resiatent - LE 214 + LE 21'. 1& 214 + IIHR Bvr 93. LE 214 +

IIHR Bvr 34A. LE 217 + IIHR Bvr '3. LE 217 + IIHR Bwr 34A.

and lIHR Bwr 93 + lIHR Bwr 34A - with. wilt incidence of

16.67%. 18.33%. 10%, 15%. 15_ and 13.33% respectively.

'lbe best resiatant. physical mixture. LB 214 + IIHR Bvr 93.

had a yield of 600.38 g/plant and produced 24 fru1ts/plent..

It ~k 66.87 deys to fru1tse~ and 94.82 days ~ fruit

harvest.

4) In1:.ervarieta1 heteroBis vas calculat.ed ae proposed

by Haye• .I!.!1. (1965) and Briggle (1965). Hetezoosis was

observed for plant hei.jht. primary branches/plant, days to
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fru1~ 8.~, days to fru1't harvest, fruit .e~ (U), fruits/

plant and frW. t yield/plant.

The bes~ P1 hybrid LE 214 x LE 206 (921.75 g/plant)

had 27.15 fruita/plant)was earlier to fruit set (57.8

days) and fruit harves~ (85 days).

5) Combining ability analysi. was carried out as

suggested by Griffing (1956). Variance. due to general

combining ability and speeific combining ability were

significant for pl(~t height, days to fruit set, days to

fruit harvest, fruit set (%) and fruits/plant, inoicating

role of both additive and non-a.dcitive gene action in

the expression of the above characters. Variance due to

general oonbining ability alone was significant for

primary brLmches/plant, indicating additive type of gene

action. Variance due to specific combining ability alone

was significant for fruit yield/plant, Indiceting the

role of non-add! t1ve gene action.

6) The two way and three way m1xtuns iovolving three

lines of ~mato - LE 206, LE 212 and IIHR Bwr 34A - were

only moderately resistant to bacterial wilt. Th€ ~wo way

mixtures LB 206 + LE 212, LB 206 + IIHR Bwr 34A, La 212 +

IIHR BWr 34A and the three way mixture LE 206 + LE 212 +

IIHR Bwr 34A had wilt incidence of 31.61%, 26.67%. 33.33%

and 31.67% respectively.
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7) Five lines of tomato - LE 79 LJ'F, LE 214, LE 217,

IIliK Bwr 93 and LE 206 - were crossed in all possible

combinations including reciprocals. .All hybrids except

LE 206 x IIHR Bwr 93 were resistant. There were

significant differences between the direct and reciprocal

F1 hybrids for days to fruit set, days to fruit harvest

end fruit set (%). indicating maurnal parental effect.

There were no reciprocal d.ifferences for plant height,

primary br2nches/pl~nt. frui~plant and fruit yield/plant.

S> Among the 15 lines of tornato evaluated. resist.ance

was observed in LE 211 (10%), LE 214 (6.67%), LE 217

(3.51%), LE 79 LFG (5%) and LE 79 DO (15%). The highest

yield was recorded in LE " LPG (742.6 g/pl\'nt) with

19.67 fruits/plant. followed by I.E 79 DG (733 g/plant).
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ABSftACl'

Bacterial wilt cauH4 byp~ m8P!MMJE

E.F. SJI1th is 'the mos~ INtriOU8 di.ease l1m1t1ng the

successful cult!yat.1on of tomato (LmRegJ.Cgp .'AA.D_
Mill.) in' 'the acidic 11011. of Kerala. Development. of F1

hybrids pos.8sung 41ft.rent. res1stan~ gene syst.em8 would

be a desirable step in tomato improvement.. Development. of

specific physical mixtures could also m:1nJ.Ja1se C%Op damage

considering ~e •ob8uuet!on' 9iven by the component linea.

E2Cperiments were carried out during 1984-'85, at. the

InstruoUonl Farm of COllege of Horticulture, Vel1an.ikkara,

Trichur to ident.1fy new sources of .resistance to bacrterial

wilt.

The suseepUble check PWla Ruby mowed 100% 8U8eepU

bility in all the trials. Six specific tomato lines -

LE 79 LFI', LE 214, LE 217, IXHR Bwr 93, IIHR Bwr 34A and

LE 206 - were C%'Ossed in all po.sible combinations. All

F1 h)brids except IIHR Bwr 93 x lIHR Bwr 34.~ and IIHR BWI:

34A x LE 206 were resistant to bacterial 'Wilt. LE 214 x

LE 206 (921.7S wplant), the best F1 hybrid, had 27.15

fru1 ts/plant and was earlier to frw. t .et (51.8 days) and

fru1 t harvest (85 days). Among the 15 physical m1xturea,

six were resistant. ~. LE 214 + LE 211 (16.67%), LE 214 +

IIHR Bwr 93 (18.33%), LE 214 + lIHR Bwr 34A (10%),

LE 217 + IIHR Bwr 93 (15%), LE 211 + IIHR Bwr 34A (15%)

and IIHR Bwr 93 + lIHR Bwr 34A (13.33%). LE 214 + IIHR 8Vr 93.



the best. resi.t8n~ physical mixture, had 24 fruits/plant.

weighing 600.38 g/plan~.

Intervarietal hette%Oa1a was ob••ned for plant. height,

primary branches/plant., days to fruit. set. days to fruit

harvest, fru1 t. Bet. (%), fruJ. ts/plant. end frw. t yield/plant.

Combining ability anelysis ind1ca~ the role of both

acd!tiv(; and non-additive gene.a~t1on in the expression of

days to fruit set)dey. 1:0 fru1 t harvest, and plant. height.

Add!tive gene action was predominant for primary branches/

plal:.t. A preponderance of non-adelltive gene action over

addi t.i.va gene action was observed for frui ts/plant and

fruit yielq!plant.

To st.udy the L\1aternal parent.al effect., five lines of

tomato - LE 79 LFF, LE 214# LE 217, IIfffi Bwr 93 and LE 206 

were crossed in all possible ooanbina:t1ons including reCi

procals. Hat.crnal parental effect. was pronounced for days

1:0 fruit. 991:. deys to fruit her'l'est. and frult set (~/.).

Ev01uation of lS reportedly resist.ant. lines of ~mato

confirmed resistance in LE 211, LE 214, LE 217# ~ 79 LF~

and LE 79 00. The line LE 19 LFG was the highest yield

(742.6 g/plantJ ,;lith 19.67 fruits/plant.
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