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INTRODUCTION

Bacterial wilt caused by Pssudomopag golanagearvs
E.F. Smith, is the most serious disesse of tomato

(Lyeopersicon sscujentum Mill.) in many tropical, sub-
tropical and warm temperste regions of the world., In
many areas vhere the disease is prevalent, losses are
80 serious that commercial tomato production is not
economic, Attempts on disease management and control
have not made substantial impect, necessitating
development of resistant lines to bacteriasl wilt, In
breeding for disease resistance, extansive programmes
were undertaken in North Casvlina (U.S.A.), Puerto Rico
and the Philippines, but linking of satisfactory levels
of resistance with commercial fruit size and quality
wes proved very difficult. 7Two sources of resistance
and a large nunber of resistant lines have been reported.
The breaking down of resistance is a serious constraint
in breeding bacterial wilt resistent tomatoes. The
resistance is not stable during warm weather at low
elevations, the apparently resistant plants eventually
die from the digease (Krausz and Thurston, 1978).

Studies on genetics of wilt resistance showed that
resistance is controlled mainly by recessive genes.
Digat and Derieux (1968) reported partial dominance of



resistance. Crosses involving resistent varieties were
more resistant than the resistant cultivars themselves.
S0 development of P1 hybrids carrying different resistant
gene systems would be a desirsble step in resistance
breeding. Alternatively, the development of physical
mixtures could also munimise crop damage considering the
‘obstruction' given by the component lines, Attempts on
these aspects are limited in tomato. The present study
was formulated with the following objectives

i. to compare F, hybrids and 503150 physical mixtures
in terms of resistance to bacterizl wilt, fruit

yield and yield components,

2. to compare rl hybrids and 50:50 physical mixtures
in terms of specific combining azbility and specific
associative ability for yield and yield components,

3. to identify specific physical mixtures with near
normal agronomic uniformity and field resistance
to bacteriel wilt

4., to evaluate two way and three way mixtures involving
three lines of tomato for resistance to bacterial
wilt, frult yield and yield components,

5 to study maternal effects for certain guantitative

characters in tomato and



6. to evaluate a set of tomato lines for resistance to
bacterial wilt and economic characters-
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REVIEW OF LITERATURE

Bacterial wilt caused by Pssudomonas golanacearum is
one of the destructive plant diseases in the warm humid

regions of the world. The disease was first reported in
Italy in 1882 (Walkex, 1952). Smith (1896) described the
disease and its causal agent and observed the disease in
potato, tomato and brinjal. The first report on bacterial
wilt of tomato in India was by Hedayathullsh and Saha
(1941) from West Bengal.

1. PEssudgmonas polanscearym E.F. Smith « Complexity of
the pathogen

EPseudomonag solanaceskum is a eomplex species consist-
ing of different races differing in host range and patho-

genicity (Hayward, 1964). Tremendous geographical
variation occurs in the oxganism, Seversl races and
strains occur in the same area, although they usually
attack different hosts (Fremch and Sequeira, 1970). The
pathogen attacks more than 200 plant species belonging ¢o
33 families., Kelman (1953) reported that the major
susceptible hosts belong to Solanacese.

Buddenhagen (1960) found that the race of pathogen
affecting banana is not related ecologically or etiolo-
gicelly to the race ceusing bacterial wilt in the
dicotyledonous plants. Oksbe and Gote (1961) conducted



detailed studies on the strains of Pseudonon:cs solanacearum

and reported that the isolstes from many sclanaceous hosts
coulu be separated into 40 or mcre greoups on thie basis of
biochemicel properties, serological reaction, scasitivity

to virulent and tempercte pheges,and on lysogenicity ond
bacteriocinogenicity s They repcrted three typces of streins -
straing specialised in petihogenicity, strains specialised

in pothogenicity,and other pnysiologlesl and meiphclogical
characters ,anc straiu: sgpecialised in bacteriological

cnaracters only.

& tentstlive clas:iilce tion scheme of Pseudomonas

solinacearum by (kabe and Goto (1961) is summerised here.

Sacterial Race 1 Race 2 Rece 3
types strX strf  str,y str.d Str.c sir.n_ Ste,
Fathotype A, C Ce D Ay E B B G, i1 I
Cclony type a ¢ ac a bd Sfr H e
Diochemical I III % iv 11X I 171 IV TI
type

Buddenhuyen et al- (1962) classified 4000 isol:tes from
Central andé South americe into 3 races buascd broadly on
their pathcgenilcity. Race 1 affects tobacco, tom:to, many
solanaceous and ctnexr wecds and certain diploic bananas.,
Race 2 is —athosenic to triploid bananas, lelicconias or
both. Race 3 affects potato and tomatc, but is not highly

virulent on other soclanaceous Crops.



Hayward (1964) classified a collection of 185 isoletes
of Pagudomonas golanagearum into four biotypes according to
their capacity to oxidise three dissaccharides (lactose,
maltose and cellobiose) and three hexose elcbhols (manitol,
sorbitol and dulecitol). Biotype II was obtained golely
frow potato and tonato, 80 it is similar to race 3 of
Buddenhagen gt al. (1962). Buddenhagen gt al. (1966)
studlied the carbohydrate catabolism in different pathogenic
strains of kgeudomona: golanaceagum. «They found thet T
strain of race 1 was cdifferent from B and SFR strains of
race 2, the two strains of race 2 being similar metaboli-
cally. Zehr (1970) reported a strain of :seudomonas
solanagssxum from ginger, virulent to tomato but avirulent
to potato and brinjal. But the isolates from tomato,
rotato and brinjal were not virulent to ginger on artiiicial
inoculation. Pegg et al. (1974) reported two biotypes of
the pathogen, one (biotype III) causing common tomato wilt,
but only non-significant and slow wilt in ginger and other
one (biotype IV) causinc very rapid and severe wilt
resultinc heavy losses in ginger. Keshwal and Joshi (1976)
studied ten isolates of Pseudomonas golanacearum and found
that the isolate G 5/73 could infect ageratwrn tomato and
brinjal, but ncot other solanaceous hosts. Rath and addy
(1977) studied ten isolates causing wilt of tomsto and found,
based on pathogenicity and hypersensitive reections that
they belong to race 1. Though morphologically elike, they
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exhibited variations for biochemicel properties like gelatin
liquefaction, action on litmus, milk, starch hyérolysis etc.
Serologically six of the isolatcs coild be grouped into one
and it was well correlated with the biochemical properties.
Rao (1977) observed thet isolates from the hills belonged

to race 3 and those from plains to race 1. Remadevi (1978)
reported, after studying different isolates from many parts
of Keresla, that Pseudomonas solanscesxum existed in different
races or strains comdng under either race 1 or ragce 3 and
race 2 is non-existent. Yi gt al. (1982) studied 14 isolates
vivulent to tcbacco selected from tobacco plents and classi-
fied intoc 2 races based on resctions in egg plant, tomato,
capsicum, potato end tobacco and classitied into biochemical

type I and tyve IV, according to physielogicel characteristics.
24 Genetics oi resistance

Two oprimary sources of resistance were reported (Russel,
1978). The first being the liorth Caroclina type exrressed by
derivatives of Louisiana Pink is inhexited as a recessive
character anc is controlled by polygenes (Singh, 1961), A

secon. source of resistance derived from Lycopersicon

pimpinellifolium (PI 127808A) is partially domincnt in the
seedling stage. In mature plente, resistance was controlled
by recessive genes and that the expreasion of the resistant
vaxriety is a function of the age of plant and changes in

temperature (Acosta gt al., 1964). Acosta (1964) sta ted



that resistance in Lygopersicon pimpinellifolium is

eontrolled by a single pair of genes, He also reported
linkage between ap*, the gene for indeterminate plant habit
and wilt resistance, No association was observed between
the gene ‘u' controlling inmature fruit colour and the wilt
resistance (Acosta gt al., 1964). Suszuki et al. (1964)

8 golanaceanun was
quantitatively inherited, Digat and Derieux (1968) made

stated that resistance to Pgeud

gseveral crosses between resistant and susceptible cultivars
and F2 field data sugoested partial domdnance of resistance,
A close linliage betwern recessive gcnes for resistsnce and
genes for poor fruit cherscteristics was obrerved (Imiversity
of vest Indiecs, 1968-'€9), AVRDC (1975) reported that
recistance to bacterizl wilt is controlled by rultiple
recessive genes acting additively. Ferrer (1976) crossed
vilt resistant, ©I 126408 with susceptikle, Borny Eest and
Floradel. Segregating ratios in Fzs suggested that
resistance was polygenlcally inherited and reclprocal
crosses snowed thiat nu extra chromoscomal iahieritznce was
involved, The genes invelved were additlve and no dominance
w2s observed., Variance component analysis of the Pl, Pz.
Fl. Fz‘ BC1 and Bcz generations of a cross betwean a
resistant (VC=4) and susceptible (Walter) tomato cultivars
indicated a narrow sense heritazbility of 42% end a broad
sense heritability of 53% with a degree of dominance of 75%

for wilt resistance. Inheritance of resistance was mainly



due to edditive gene action (Graham and Yap, 1976). Kaan
and Laterot (1977) demonstrated that resistance to

:§ golsnacearun and Fugariur oxysporum fsp.
Aycopercisi were under multifactorial control and it was

suggested that the as:ociation between them was due to
pleiotrophy rather than linkage. Mew and Ho (1977)
observed that polygenic inheritance was nodifled by changes
in tumperature, Villzreal and Lal (167€) supported the
hypothesis of additive gene action in the inheritance of
disease resistance. Sreclathakumary {(1983) used two
digstinct sources of resistance, one derived from lcouisiana
Pink rossessing North Caroline type of gone system and
another derived from Lycopersicon pimpinellifolium.

Crogses were made to f£ind out inheritance ol corbined wilt
resistence Lo hoeotorial wild, Stuadles with the porental
lines, Fls and Fzs indicated a complimentary and hypostatic
type oi digenic recessive gene systen responsiitle for
corbined wilt resistance. No Pl hybrids involving 10 lines
from Lycoversicon esculentum as female and Lycopersicon
pimpinallifolium &8 mole showed resictance Indiceting the
raeessive type oi gene action for resistonce. Tikoo gt al.
(1963, observed presance of two indepenient gene systems
toxr wilt resistance. Iin CRA-G6 Sel-A from Hawaii, the
resirtance was governed by multiple recessive genes and

the genotypeé 663«12-3 from Talwan had a monogenic dominant

reaction.



Resistant host reaction t¢ the complex bacteria

Breeding for bacterial wilt resistant tomatoes by
crossing wild tomato strains with cormercial varieties
was started at North Carolina Agricultural Experiment
Station as early as 1944 (Weaver, 1944), Crosses between
Louisiana Pink and 7414 ghowed guod resistonce to
bacterial wilt, Aberdeen (1946) found that the strain
derived from Louisiana P’ink and T414 were resistant in
;ueensland also, Tha two cultivars Sensation and arvel,
possessing good registince to pPgeudonones $olanaoearum,
had poor {ruit Quaiity. Anaual Repcrxt cf dchiocl of
Agriculture, dorth corcline SCtate College (i250-'51) had
re. oxts on linec with good fiel ]l reasistenaco to hacterial
wilt but only a few bore fruits of rurketable size,
abeyvgun:wardena and Siriwardena (1963) tested 49 tomato
varieties and uybrids. The .orih Circolina lines 1960-s,
1960=~2a, 1962-82, 1951-57=550, .iasterglobe aua kahangula
Zelection Ii vere the most resist.nt. 1he licrth Carnlina
lines were superior in wilt resistunce to tue iocal
cultivated verieties aunc outyielded the conwercial
varieties, rasterglobe cnd rearson. Jacoste et al. (1964)

okserve¢ resistance in Lvcopersicon pimpinellifoliwm

(FI 127805 2). Suzuki et al. (1964) developed tomato
verieties QTBI 2nad OTB, with improved resist nce to
bacterial wilt by selecticn from torato lines wC 1953-60N

and NC 1953-64N respectively. Annual Report of the
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Agricultural Experiment Station, University of Florida (1967)
carried reports on a few bacterial wilt resistant lines
resulting from crosses involving popular varieties of USA,
Manalucie and Floradel with a resistant stock from Horth
Carolina. Resistance to bacterial wilt in Venus and Saturn
was observed by Henderson and Jenkins (1971), Both the
varieties were derived from crosses among Louisiana >'ink,
Belgsville 3814, Pan America, Rutgers, Marglobe, STE: 174
and ranalucie at different levels. Akiba gt al. (1972)
observed high levels of resistance in three tomato
introductions 65 S,, 66 5 52 and 68 S, from USA. The
resistance in Venus, Saturn and in local lines IRAT and

OTB=2 were confirmed by Daly (1973). Chetia and Kakatdi

(1973) observed resistance to Pseudomonas solanacearum in

Uxheart under natural infection. Dest Gf All and Marglobe
Sypreme were moderately susceptible., Anaya and vaite (1974)
observed more than 90% resistance in BWh 5, BUN 514, DWN 16,
Gkl 17 and DUKN 7755. In a screening programme concucted at
the ~sian Vegetable Research and Development Centre, Taiwan
in 1975 involving 247 cultivars, two adaitional sources of
resistence, accessions 1737 and 1937, were isolated (AVRIC,
1975). Rao et al. (1075) tested 23 wilt resistant cultivars
and lines from the U.:Z.A. and the Fhilippines for their

reaction to an Indian lsol:te of Pseudomonas solanacearums.

Cnly one line CR» 66 Selection 2 from Hawail was resistant.
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Daly (1976) observed wilt resistance in IRAT-L3 with a
disease incidence of 15%, 80 dzys after planting in
infected soil. Hsu (1976) studied four varieties, all
were suscentible following incculation oi the stenm or top
leaf, but A 95-6 and UP 1167 were comparatively resistant
follouing root inoculation. lew and +Ho (1976, evaluated
43 tomato selections and cultivars, only Accession 33

(Ve 8-1.2-1) was consistently resistent. Jenkins and
Nesrmith (1976) evaluated the resistant cultivers Venus and
setum to Indian =nd American isolotes of . seudomoncs
golanacearun. They foun: that hoth the cultivors were
highly cusce tiblce to American isolotes at 2 to 4 weeks of
age when both stem ond roct were incculated. They found
that the ndian isolate was more virulqent thon the American
isolate. Dedeksr (1977) tested four torato o ltivars for

theilr rcecaction to different isolotes of Useucorchas

golanacearun. He founc that disease reactiocr varied from
cultivar to cultivar and among isolate mixtures. Soturn

and I'T 303811 withstood only weakly virulent isol:tes and
their mixtrree and succumbed to 2ll hichly virulent isclates
end thelr mixtures., VC 2«1 UG and VC 11-1 UG showed

resistance to eight isolates and various mixtures of them.

Graham et al. (1977) observed resistance in a line

Cranita, which hes 14 for resistunce to Leloldogyne incognita.

The linec VC 48«1 was resistant in Taiwan (AVRLC, 1978).
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Of the 25 lines tested, L 3972, L 3987 and CL 8G~0~7-1

were moderately resistant in Nigeria (IITa, 1978). Sonoda
(1977) evaluated 121 lines for resistance to Pseudomonag
solanacearum anc found that the cultivars Venus and Saturn
and line PI 126408 were more resistant than commercial
Florida cultivars., Sonoda and Augustine (1977) isolated
Hawaiian Selection 7997 as resistent out of 72 tomato lines
screened against hacterial wilt., The lines FrF-1, Fi'e2 and
FP-5 were observed tolerant to bacterial wilt (University
of i‘alaya, 1977;. lessiaen et al. (1978) reported thst
TMRAE 518, with determineste crowth hahit wos resistant to

p nag solanacearum and leloidogyne 8,1:. Evaluation
of tomato lines against bacterial wilt conducted at
Agriculturzl College, Vellayani, Trivandrum indicated wile
incidence of < 30% in Venus, Saturn and CRA 66 selection A
(Remadevi, 1978). Sonoda and Augustine (1978) cbserved
high tolerance in the accessions FI 126408, PI 212441,

PI 263722, PI 365930, Hawaii 7981, Hawaii 7997 ond CRA 66
(selections A, D and v}, Villareal and Lal (1978) reported
that the lines VC 1ll-1 and Kewalo, derived theilr resistance
from Lycopersicon pimpinellifolium, "PI 127805 A" and the
two and three way crosses exhibited comparable resistance.
Sonoda gt al. (1980) coniirmed xesistance in the lines
Hawali 7997, CRA 66 and FI 126408. sissonauth (1980)
evaluated four cultivars, of which Ve f NHova was the most

resistant, Ramachandran gt al. (1980) evalusted 36 tomato



lines for their resistance to bacterial wilt under warm
humid tropical conditions of Kerala. They cbserved
resistance in La Docnita and CL 32 G=0-1-19 GS, Sunarjono
(1980) reported that the breeding lines AVRDC 33 and
AVRDC 15 were resistant to bacterial wilt, CL 32 G=0-1-25
eppeared promising for resistance. Hawaili 7996 was
resistant under low lanc conditions. Hoque et al. (1981)
observed high resistance in the lines CL 8d-0 and

CL 143-~0-13, Cellne (1%€1) reported field tolerznce in
tihe line CL 320=0~1«19 G3, The line CIL 2728-"=3-2«2 was
the best of nine lines in terms of marketsble yield,

fruit size and bacterial wilt resistance, CL 2729~1l-l.
5-5«0~4§ had the highest yield and was resistant but had
small f£ruits {(AVRLC, 1982). Lin and Chen (1882) reported
that T581 derived from a cross between the Fl's of Break
C' day x Ve 8-1«2«1 and iianapal X V¢ 8-1-2-1, was highly
resistant, Goth et al. (1983) tested selected tomatc
lines and cultivars to eight isclates of Pgseudomonas
solanacearum collected from diverse locations (K 60, A 21,
TF:- 12, TFr 13, 126408-1 and Tifton 80«1 belonging to
race 1, W 82 belongin: to race 3 and FF, an unknown race’.
They found that line CL 328-0-1-19 GS was resistant to
three isocl:ites X 60, 126408~1 and Tifton 80-1 of race 1.
Venug wos resistant only to the isolate 12640&-1 of race 1.
reterson et al. (1983) observed high resistance in the

cultivar Scorpio in South Eastern wueensland. Sreelathekumari
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(1983) evaluated 10 dexvatives of Louisiana Pink end one
line derived from Lycopersicop pimpinellifolium. The line
LE 217 had a disease soore of 2 indicating high field
resistance.

Genetic and physical manipulation of host to thwart the
onslaught of the pathogen

Various methods are used to control bacterial wilt.
Crop rotations are of limited value unless long rosations
with non-susceptible crops are followed., (Ashrafuzzaman
end Islam, 1975). In tomatoes, rotation with Vigna sp.
followed by meize and cabbage/okre followed by Vigna sp.
end maize gave effective control of the disease (Sohi et al.,
1981). Reduction in vilt was obtained by covering the test
plants with rklack plastic films and fumigating with DCB,

nomex and vordex (Jones et al., 1966).

Grafting to resistant root stocks of tomato enables
tomatoes to be successfully cultivated in infested soil,
By grafting tom:to scions to resistant stock Solapum
diversifolium, complete contrel was obtained, The crop
species were highly compatible end the root stock was also
resistant to root-knot nematode, leloidogyne incognita
(Reyes, 1967). Bacterial wilt incidence was brought down
from 60 to 6% in infested solls by grafting commercial tcmeto
line N-52 on a resistant stock Selection 5808~2 (Lycopersicon
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pimpinellifolium) (Oberero, 1969). Satisfactpry control

of bacterial wilt was obtained by grafting 3 weeks

old tomato scions on resistant tomato stocks, Selection 1169
and Hawaii-2. Felix (1973) found that tomato scions tongue-
grafted cn Solanum toryum root stocks were resiastant to both
bacterial wilt and root-knot nematodes. When tomato scions
weye grafted on resistant brinjal stocks, becterial wilt
incidence was reduced below 10% (Lum and tiong, 19%6), Kaan
(1977) reported fiwe small fruited tomato lines with good
resistance to bacterial wilt as suitable stocks fcr grafting.
Russel (1978) reported that the disease is very difiicult

to be controlled by chemical or cultural methods and
accordingly there were many programmes for resistance

brecding.
a) Broad based Fy hybrids

Four F, lines from a ¢ross UPR 199 x Floradel showed
good tolerance to Pseudowonas golsmecearum (IRAT, 1970).
Anaya and Waite (1974) tested 13 lines and Fy hybride for
resistance to bacterial wilt, The lines BWN 5, BWN 514,
BWN 16, BWIT 17 and BWN 7755 were resistant to an extent
of more than 90%. Three tomato cultivers (VC 11-1, Saturn
and Kewalc) resistant to bacterial wilt and the corres-
ponding Fl progeny of the two way and three way crosses
were inoculated with a weak isclate and a virulent isolate

of Ppeudomonag golonacearun, The progeny Wes more resistant



than the perents (AVRDC, 1975), Grasham and Yap (1976)
performed a diallel cross among six cultivsrs Walter,

CRA 66, H 7741, Venus, VC-4 and Llanos de Colce,
representing a range of susceptibility/resistance of

29,5 to 20,8 on a dicease resistant scale. They reported
that wilt resistence could attein a high level in a
breeding procedure of repeated selfing and selection followed
by intercrossing of resistant selections, Chumvisoot end
Lambeth {1983) crossed twelve accessions as female to three
tester lines Saturn, Venus and Kewalo., Seedlings of parents
and hybrids were leaf or stem inoculated with Pseudomonas

anace . Five accessions and their hybride with Kewalo
had low tolerance. Sreelathakumary (19€3) reported thot no
F, hybrids involving 10 lines from Lycopersicon esculentum
as female and Lycorversicon pimpinellifolium as rmale showed
resistance., Out of the four non-segregating (Sstumm, LE 79,
Pusa Ruby and Pusa Ruby x LE 79 El) and two segregating
(Pusa Ruby x LE 79 F,, Satumm Xx LE 75 Fz) evaluated, the F,
hybrids of Saturn cnd LE 79 wvere found resistant
(Narayanankutty, 1985). In & repeated trial F.8 were
evaluated along with the qu and non-segregating populations
(ssturn and LE 79), Resistance was observed in Saturn x
LE 79 F, (percentage of wilt, 10.,7) and Saturn x LE 79 Fy
(percentage of wilt 18.23). Pusa Ruby x LE 79 F,s and Fo8
were susceptible to moderately susceptible,
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b) ‘tMultilines and Physical rixtures

The multiline theory for the production of comrosite
varieties is one of the truly new concepts in breeding
self pollinated crops. The 1dea of multiline varieties
was put forward by Jenson (1952) for use in cereals, 1In
1953, Borlaug clearly outlined the procedure to develop
multiline cultivers to control ster rust of wheat. He
suggested that several pureliones with different resistant
genes should be developed through backeross rrogramme
using one recurrent pareat. This !s done by transferring
disease resistance genes from aeveral donor parents
carrying different resigtance genes t© a single recurrent
parcnt. Each donor parent is used in a3 Separctc backcross
programme sc thet escl: line hes & different resistance
gene or genes., Five to ten oi these lines may be nixed to
procuce a multiline veriety. The lines to ke rixed in a
ialtiline would be determined by the races of the prthoyen
prevalent in the aresz. If a line or lines beccme susceptible,
they woulc be replaced by the resist~nt lines, Only one or
a fev lines of the mixture would become susceptibls to the
pathogen in any one season i.e, only a srall rroportion
o the plontes would be infected by the j;.athogen. Consecuently
the disease would spread more slowly than vhen the entire
population wcs under a single line, This would reduce the
damage to thc susceptible lines as well (Singh, 1983).



two were highly resistant., Fifteen possible mixtures
ware developed in 50350, 75125, 25375 ratios and a race
mixture was sprayed. The results indicated that the
development of rust was slow in mixtures as compared to
the pure cultures even when the seeds of the most
susceptible parents were mixed and grown, Chin and Husin
(1982) reported that rice variety mixtures could effect-
ively control Pyricularig oryzae and produce highly stable
yields, . isease levels were reduced to one third oif the

rmean severity in purestands,
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The resistance of multilines is due to a variety of
mechanisms,., A proporticn ¢f initizl inoculam fa2lls on the
resistant lines, reducing theinitizl inoculam, Cf the
spores produced by the infected susceptible lines, only &
proportion would fell on other susceptible plants, thus
reducing the rate of rultiplication (Chaudhary, 1982).

The multiline concept is not restricted to a true
miltiline variety, based on the near isogenic components
cerrying differcnt racecespecific reeistant genes, It also
comprises variety or line mixtures were the component
genctypes differ for the race-specific resistant genes they
contein (Farlevliet, 1979). Shorter and Frey (1979)

repoxted the adventages of mixtures over monocultures,
They are,

1) more steile rosistance to ciseases

i11) crecter stability of rerformence across diverse

environments and

1i4) higher yield through more efficient utilizetion of

envircnmental resources

Effect of heterogeneous ocat populations on the
epipnytotic development of Victoria blight was reported by
Ayanru anrd 3rowning (1977). vhen mixtures of the highly
resistant line x 424-111I and the highly susceptible nesr
isogenic line x 424-10729 were grown in the field and
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inoculated with Cochlicholus victorise grain yield, bundle
weight and weight of 300 ce of greains vere significantly

higher than for purestends cof highly susceptible plants.
Weerapat et al. (1977) reported that when seedlings of the
highly susceptible variety RD 7, the resistant variety

RD ¢ and various mixtures of the two, were infested at the
two leaf stage with first instar individuvals of Nilapsrvatha
dugens RU 7, RD 9 and a 50150 mixture of RD 73iRD 9 showed
100%, nil and 18% damage respectively. They concliuded that
by plenting 50% of an aree with a resistant veriety, the
damage resulting £rom the attack was redueced to levels
lower than tlhose exXpected on the basis of the ratic of the
varieties used, When barley varieties Hassan, !ddas and
Wwing were grown in mixtures, the intection with Erygiphe
graminig was reduced by nalf and the yields were upto 11%
higher than the means of the component wvarieties grown
alone (Harvey, i978)., The effect of mixtures to reduce
powdery rildew was reported by Wolfe (1977), Stolun gt al.
(1980), Dav (1981}, Stolern (1982), white (1982) and “elling

et al. (1983).

rande {(1978) reported that mixtures of bengal gram
involving resistcnt components generally showed a reduction
in wilt. Gill gt @l. (1981) studied the progression ox
yvellow rust in mixtures of lsogenic lines of wheat in
varying proportions. 0Of the six component lines, two were
highly susceptible, two were moderately susceptible and



two wvere highly resistant. Fifteen possible mixtures
were developed in 50350, 75125, 25375 ratios and a race
mixture was sprayed. 7The results indicated that the
development of rust was slow in mixtures as compared ¢o
the pure cultures even vhen the seedg -f the most
susceptible parents were mixed and grown, Chin and Husin
(1982) reported that rice variety mixtures could effect-
ively control Pyricularig oryzse and produce highly steble
yields, iisease levels were reduced to one third of the

mean severity in purestands,
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MATERIALS AND METHODS

The present investigations were carried out at the
Instructional Farm, College of Horticulture, Xerala
Agricultural University, Vellanikkara, Trichur during
July~November, 1985, The farm is located at an altitude
of 22,25 m sbove MSL, at 10° 32'N latitude and 76° 16'E
longitude. The area enjoys a typical warm humdd
tropical climate. The soil of the experimental site is
a deep, well drained and moderately acidic laterite
loam fairly rich in organic matter. The soil is highly
infested with the bacteriun, pPseudoponas solanacearur:
E.¥. Smith causing heavy crop damage to Solanacecus

vegetables.
The studies consisted mainly of four parts

Ao Evaluation of six specific lines of tomato, their
Fl hybrids and 50:50 physical mixtures for resistance

to bacterial wilt, fruit yileld anc yleld components

E, fvaluation of two way and three way mixtures
involving three lines of tomato for resistance to

bacterial wilt, fruit yield and yield compon:nts

Ce Maternal effects for certain quantitative characters

in tomato

D. Evaluation of a set of tomato lines for bacterizl wilt

regsictance and econcmic characters
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A, Evaluation of six specific lines of tomsto, their P1
hybrids and 50150 physical rixtures for resistance
to bacterial wilt, fruit yield and yield components.

1) lMaterials

Six genetically divergent tomato lines posseseing
different resistant gene systems were used to develop

fifteen one vway F, hybrids and fifteen 50:50 physicsl

1
mixtures. Fhyslcal rixtures were developed through alter-

nate planting in the nmainfielid.

The six tomate lines were .E 79 Li¥, LE 214, LE 217,
IIHR Bwr 93, IIHR Bwr 344 and Lk 206, The lines IInk Bwr 93
and IIHR Bwr 34A carried dominunt type of resistant genes,
All these six genotyres will be designsted hereafter as

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

Fifteen one way F1 hybrida were developed by crossing

the abkove six lines. 71he hybrids vere

i) 1 x2 vi) 2x3 xi) 3 x5
11) 1 x3 vii) 2x 4 xii) 3 x6
114) 1 x4 viii) 2x5 xiii) 4 x5
iv) 1x5 ix) 2x6 xiv) 4 x 6 and
vl 1=x6 x®) 3 x4 xv) 5 x 6



The 50:50 physical mixtures were

i) 1+ 2 vi) 2+ 3 xi) 3+5
i1) 1+3 vii) 2+ 4 xii) 3+ 6
1i1) 1+ 4 viii) 2+ 5 x114) 4 + 5
iv) 1+ 5 ix) 2+ 6 xiv) 4 + 6
v 1+ 6 Xx) 3+ 4 xv) 85+ 6

Pusa Ruby was used as the susceptiblie check for

evaluation of bacterial wilt resistance.
2) Lay cut and experimental design

The experiment was conducted during July=liovenb: r, 1985
in & uniformly fertile cud wilt sick soil. 7“he six parental
lines, fiftecn one way Fy hybrids and fifteen 50150 physical
mixtures were grown in three replications. 7The parental
lines, the F1 hybrids and the mixtures were grown separately
in each block. Randomisaticn was resorted within each group
within each block. There were two rows of 10 plants each/
entry/replication. Spacing was 70°X 60 cm. Pusa Ruby was
spot planted to confirm presence of virulent inoculam in
each and every plantiny spot. The plants were cbserved for
incidence cf kacterial wilt, WwWilting of the susceptible
check in-icoted jresence oi virulent inoculam in the soil.
Bactericl ooze test was alsc lone to coniirm bicterial wilt,

The discase rating was done as per the scale suggested by



Mew and Ho (1976, R = resistant ( < 20% plants wilted,
MR = moderatcly resistant (20 to 40% plonts wilted),
'S = moderately susceptile (40 to 60% plents wilted) and

S = suscertirle ( >60% plients wilted).

¥Yive plants each from parental lines and Fl hybrids
¢nd five pl. nts each from each component lines of a
physical mixture were selected randomly and the following

obgervations were nade.
a) Vegetative charactcis
i) i‘lant reight - observed at second harvest

ii) ¥Frimery branches/plant - observed at second

harvest
b)  Productive characters
i) Days to fruit set
ii) CTays to fruit narvest
141) rruit set (%)
iv) Fruits/plent

v) Fruit yield/plent

c) Disease scoring s Lumber of plants survived where

Fusa Ruby wilted,
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3) Statistical analysis of data
a) Analysis of variance

The data were subjected to analysis of variznce as
described by Ostle (1966)., The variance due to treatment
was further partitioned.

The line LE 79 LFF was missing in the first repli-
cation and hence missing plot technique was followed.

b) Combining ability analysis

The data from the parents and Fl hybrids were analysed

for combining ability effects and heterosis.

Combining ability analysis was carried out according

to Model 1, lethod 2 of Criffing (1956).

Y] = m+ gl + g + 8L) + edi]
where Yij = mean of (1xj)th F, hybrid
m = the population mean
gi = general combining ability (gca) efrect of 1™
parent
th
g] = gca effect of § = parent

sij = specific combining sbility efiect (sca) of
(ixj)th cross

eij = error associated with 1Jth Cross
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The sum of squares (55) were calculated as follows:

S5 due to gca = 5%3 { 22 (vi. + Yii)2 - g' Y..? ;
5SS due to sca = £ 2 vi3? - o v+ vin? 4
2 .2

n+l) (n+2)

wvhere n = nunmber of parents

Yi., = total of the array of 1th parent summed
over j direct crosses

Yii = mean value of ith parent

Yij = mean value of 1xjth cross

Y.. = granc¢ total of Big:&l' progenies and ‘1.’
perental lines.

The analysis oi vorlconce teble wves set up as follows:

Degree of Sum of ‘ean

Scurces freedom scruares squares
Gea 5 &g g
Sca 15 Ss Mg
Errorx 39 Se He?!

ve! = LEXOr mean sg%gge (Me)
‘ Humber of replications

To test the variance due to general cort ining ability effect

= B

F
( e

5, 39)

To test the variance due tc gpecific combining asbhilit, effect

<
14
- i

F . na——
(15, 39) ﬁe'



g-a effects (gi) and sca effects (sij) were estimated as

follows:

gi ==;£_'-§ té(“ﬁ. -i-Yii)—%Y..j

e PP N S

n, Yi., Yii, ¥ij and ¥jj were the same as explained earlier.

Variances, standeardé errors anc critical differences were

estimated
Var (gi) = (n-1) rze/n(mz)
Var (sij’ = n(n~1) g—ze/(ml) (n+2)
var (gi-gj) =2 oe/(n+2)

var (sij-sik) 2(n+1) e/ (n+2)

Var (sij-skl) = 2n c—-ze/(n+2)

The above estimates were used to calculate the critical

differences for making comparisons between different effects.,
cJ Heterosis

Heterosls was calculated as percentage increase or
decrease of the F,s over the better parent (Haves et al.,
1965) and over micd-parent (Briggle, 1963).

Heterobeltiosis = .B:;_ - B°

BP

x 100

Relative heterosis = FQ—
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Hetercheltiosis was tested using standard errox

2 e P
7 — @ = error mean square

SE =

r = nurber of replications

Relative heterosis wes tested using standard error

d) Associative ability analysis

Pata from monocultures and physical mixtures were
analysed to find out general associative abllity and

specific assoclative ability.

Associative abllity analysis was done according to

.iodel 1, method 1 of Griffing (1956) as followus:

¥4 = m+ gl + gj + sij + rij + ed]

th

where Yij = mean of 1 + j physical mixture

m = population mean

gl = general associative ability effect (gaa)
of ith parent

g} = gaa efiect of jth parent

81] = specific associctive ablility effect (saa) of
(iﬁj)th rhysical rmixture
th

cdifference in performance of ith line with j

line and jth line with 1th iine

th

rij

elj = error associated with i+] physical mixture.
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The swm of squares (5S) were calculated as follows:

S5 due to gaa = "2"1"‘!' é (¥i, + ‘;{cj)‘? - 2"2' Yooz
n
5S due to saa = % 22 Yij (Y31 + ¥Y§1) - '516 E(Y.j+¥.j)2+
1.2
n

#

55 due to differeuces -% é{,ﬁi.(Yij - in)z
vhere n = number of parents

Yi, = Total of the array of 1th parent

surmed over j mixXtures

Yej = Totzl of the array cf jth parent
surmed over i mixtures

™ ine with 1 1ine

th

¥ij = Ferformance of i
Yjl = Lierformsnce of jth line with 4 line

Y.e = Grand total of n + (n-1)n entries.

The analysis of variance table was set up as follows:

Degree of Surm of Mean
Sources freedon squares squares
Goa 5 Sg Mg
Saa 15 Ss Mg
Differences 15 5} o 154 o
Error 69 Se Me!

B r _mean square (Me

re'
Number of replications



To test the variance due to general essocistive ability

effect

F (5, 69) = &
Me
To test the variance due to specific associative ability

effect

A - kB
Fas, e9) T

To test the variance due te reciprocal effect

(15, 69) ~ .7

F

[

Estimctes of general and specific assoclative ability

effects and recinrocel effecots were calculated as follows:

gi = '51'5 (Yia t Yqi) - %Yoo

s1] = % (v e ¥iL) - (L ¢ Yoi v Vi. 4 Y.P) 4
1
""‘5 Yoo
n

rij = % (vif - ¥j1)

n, Yi., Y3, ¥Yji, ¥Yij and V.. were the same as explained

earlier,

Variances, standard errors and critical dlfferences were

estimated



var (gi)

Var (sij)

Var (rij)
var (gi - g})

var (sij -~ sik)

Var (sij - skl)

var (rij - rkl)

These values were used to calculate criticesl difrerences

to compare different effects.

e) General coexistence ability index

Ceneral coexistence apillt; index of a genotype refers

tc the ratio of its cvera o perinrrance in the mixiuve to its

performance in jurestand,

Gcb ali)

where Gco A1)

=

Lo

" l

Elk:‘

the general ccexistence ability of ith

genotype in wvarious combinations
mean performance of the 1th genotype
in purestend

mean perforrance of the ith genotype
in varicus mixture combinations
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It GCOA(i) is
a) < 1, the genotype is a poor competitor

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

other varieties

c) > 1, the genotype dominates over other and therefore,

it 1is a better competitor
£) association among root characteristics and yield

‘The correlation cceiiicient 'r' was calculated using

the formula

Sxy -Sx%y

r = 23 -

M - 07 far? - 20

where x = length/volume ©f root
y = wvield

= number of observations {(plants)

g) vbservation on root galls caused by root knot nematode,

Lielojdogyne incognita.

~11 the parents, Fl hybride and physical rmdxtures were

observed for galls caused by root knot nematodes.
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Ee Evaluation of two way and three way mixtures involving
three lines cf tomato for resistance to bacterial wilt,

fruit yield and its components
1) “aterials

Three tomato lines vere used to develop the two way
ond three way rhysical mixtures, They were L' 206, LE 212
and IIHR 2wr 342, The genctypes are designated hereafter

es 1, 2 and 3 respectively,

“he physical wixtures were

i) 1+ 2
ity 1+ 3
iid) 2+ 3

iv) 1+ 2 + 3

2) Layout and experimental design

The experiment wae conducted during July-kiovember, 1988
in & uniformly fertile ord wilt sick seill, The three
rarcrtal lincs anc the voricus vhysical mixtures were grown
in a completely randomisec design. There were 60 plints for
ecch entry. where twe and three varieties were inv.lved,
each variexzy constituted respectively about 50 and 33.3% of

total plonts,
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The plants were obgerved for incidence of bacterial
wilt., Bacterial ooze test was done to confirm wilt
reaction. The diseasc rating was according to lMew and Ho

(1976) .

Five plants from arintal line and five pl nts each
from each componerit line of a physical mixture were selected

randomly and the following observaticns were mades

Productive characters

i) days to fruit set

ii) duys to fruit haervest
1i4) fruit set ()

iv) fruityplant

v) fruit yielg/plont

3) Statistical analysis oif data
a) 2nelysis of voricnee

The data were analiysed for analysis of variance for

a compietely randomisec cdesign.,

b) seneral coexistcnce ebility index

General coexistence ability index was calculated as in

the - revious exverirment.
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C. Maternal effects for certain cuantitetive characters

Iin tomsto
1) Materials

Five tomato lines, 1L 79 LFF(1), LE 214(2), LE 217(3),
IIHR Bwr 93(4) and LE 206(5) were crossed in all possible

combinetlons. The various éirect and recinrocal hybrids

were
Direct Fl hybrids Reciprocal F1 nybrids
i) 1 x 2 vi) 2 x4 1) 2 x1 vi) 4 x 3
11) 1 x 3 vii) 2 x5 1) 3 x % vili) 5 x1
111) 1 x 4 wviiil) 3 x ¢ 111} 3 % 2 witi) 5 % 2
iv) 1 x 5§ ix) 3 x5 iv: 4 x 1 ix) 5 x 3
v) 2x3 xX) 4 x5 v) 4 x 2 x) 5 % 4

2) Lay cut and exreriment.l design

the direct ani. reciprocal EI hybrids were grown during
July-Novemboer, 1985 in a randomised block design with three
replications., There were two rows of 10 plants each/entry/
replication. Spacing was 70 x 60 cm, Pusa Ruby was spot-
rlanted, The pi.nts wer: observed for incidence of bacterial
wilt. Five plants were selectec randomly fros: each line/

replication for taking cbhservations.
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a, Vegetative characters

i) Prl:nt height - observed at seccnd harvest

i1) ‘Primary branches/plint - observed at second
harvest

b) Productive characters

1) cdays to fruit set
14) deys to fruit harvest
1ii) fruit set ()}
iv) fruits/plont

v) iruit yield/plant

<) Uisease scoring - number cf survived piants where

Pusa Ruby wilted,
3) Gtatistical analycis of data
a) Analysis of verie:ce

The data were analysed for analysis of variance as
cescribed by Coile (1666), 7The varience due to ¥y hybrids
was partitioncd intc voriance due to direct hybrids,

recivrocal hvbride and divect vs, recinrncal h-bride,
b) Combining ability analysis

Copbining ability a.clysis was carried out according

to Model 1, iethod 3 of Criffing (1956).



The sum of scuares (SS) were calculated as follows:

88 cue to gea = 57%3; 2(‘5{1. + Y.i)2 - h—%m Y..2

55 due to sca = % éi.éi(Yii + 1302 - 2!;—25

2

é(Yio + Y'j)z + m Yoo

88 due to recirrocels a'% :E;éi (Yij - in)z

n = number of parents

Yi, = total of the array of i parent summed
over J direct crosses

L B -h ‘ <
~ej = total ¢i the array of jt parent swuaied
cver j indirect crosses

. th
mean value oi ixj Cross

Yii = mean value ok jxith CXoss

Yij

H

Yeo = grand total -f ni(n-l) entries

Analyslis of voriance for conbining abllity

- B Degree of Sum of Fean
SOUrCT g R i
frecdom squares scuares
Gea 4 Sg g
Sca 5 S8 Iis
1¢ Er S o
Error 3e Se re!

e ! EXxor mecn squares (Me)
€ ® Tumber of replications
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To test the variance due to gez effect F(4' 38 = Tev

‘ Ns
To test the variance due to sca effect E(5. 38) © Te

o i . Mt
To test the variance due to reciprocal effect F ;. 351 5T

Generzl ané srecific combining ebility effects and reci-
procel effects were ectinated

ot = iy { D (Yee + Yei) = 2 Yo }

sij = }2' \Yij -+ ¥4 - 3(%’-‘57 (V4o + Vi + Vi, v Yoi) +

1 .
To-1) (n=2) *°°

rij = 2 (vij - ¥j1)

n, Y.i, Vej, Yii, Yij and Y., were the same as explisined

earliier,

Varioneces, standard errors and critical dliferercos were

esti.éted
var (gi) = {(nei) G—ze/2n(n-2}
Var (sij) 2 (Ne3) g—ze/z(nol)
var (rij) s —‘e/2

vVar {gi - gjJ = c—-ga/(n-ZE
Var (sij - sik/ = (n=3) —2e/(n-2)

Var (sij - skl) = (n-4) o—-e/(n-2)

These values were used to calculate critical differences

to compare dlfferent effects.
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T. Evaluation of a mset of tomatn lines for resistones

to bacterial wilt and economic characters
1) Materials

The tomatoc lines LE 206, LE 208, 1LE 209, LE 210, LE 211,
LE 212, L¥ 213, LE 214, LE 217, LE 79 L¥F, LE 79 LFG, LE 79 LG,
IIHR Dwr 93 and IIHR Bwr 342 vwere evaluated (Takle 1).
Pusa Ruby was spot-planted tc coniim presence of virulent

inoculax in the soil.
2) Lay out and experinental design

The nlents were grown in a randomised block design with
20 plonte/line/reslicr tion during sugust-ioverber, 1935,
Spacing was 70¢mx 60 ar, The lines were genetically
catalogued (iomatc Genetlces Coomcrative, 1960) (Table 2).
The piants were eviluated i.or wilt incidence. The wilting
of the suscegstible chelll indlested the resence of virulent
pathogen in the soll., lecteri 1 ooze test v s also carried

cut. Five plonte were rundomly selected from esch lineg/

replicaticn ans the felicuing obgervationg were taken:
a) Vegetative characters

1) p.i-.nt height - observed at second harvest

il) primery bronches/rlont « cbserved at second harvest
I Y >



Table 1. Accession number,

name, pedigree and source oi tomato lines

Accesgsion number

Name

Fedigree

Source

Lycopersicon
esculentun

LE 206
LE 208
LE 209

LE 210

LE 211

1LE 212
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do




Table 1. (Contd.)

Accession number

Name

redigree

source

LE 217

LE 79 LFG

LE 79 DG

LE 79 LFF

LIHR Pwr 93
IIHR Bwr 344

LE 8§

ioulsianc ik

CL 328w(eimlellie
19 C3

CL 323=(~lel-l-le
19 Gy
CL 32d=Celelalale
19 s

Fusa Ruby

Feos 143572/01 270196

Vem9-l=2a3/Venus

Ve~-Oml=2-2,/Venus

VowOelw2Z«3/Venus

L

Improved leeruti X Sioux

Vegetal-le
Laboratory,
USDhA,

[y &RC-W g SA

Xal,
vVellanikkara

- GO -

TR liew Delhdi

cy
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b) Productive characters

i) days to fruit set

ii) days to fruit harvest
11i) fruit set (%)

iv) iruits/plant

v) fruit yield/plont

c) Jisease scoring - nuaber of poriial p.ants were rusa Ruby

wiltea.
3) statistical analysis

'ata were analysed a8 in a randondsed block design.
The line LE 209 was missing in cne replication and rmissing

plot technicue was followed,



Table 2.

Gene list of characters

Gene

Phenotype

Chromosome Site
a Anthocyaninless Completely anthocyaninless IIL 68
c Potato leaf Fewer leaf segments 6L 104
dp Drooping leaf Leaf drooping, elongate, - -
dark green, stem weak,
slender and prostrate
£ Fasciated Fruits fasciated, many loculed 11L 95
n Nipple tip At stylar end of the fruit 5 -
o Ovate Fruits ovate L 1.1
pst Persistant style Developing into beak 75 5
sp Self pruning Determinate habit 6L -
u Uniform ripening Unripe frults lack bicolour 10s 14

pigmentation

1A



o sults




RESULTS

The results in the present investigations are
presented under the following heads,

A Evaluation of six specific lines of tomato, their

F, hybrids and 50:50 physicel mixtures for resistance

1
to bacterial wilt, fruit yield and yield conponents

B, Evaluation of two way and three way mixtures
involving three lines of tomato for resistance to

bacterial wilt, fruit yleld and yleld cocmponents

Ce. Maternal effects for certain -uantitative 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 tomato, their Fl
hybrids and 50150 physical mixtures for resistance

to bacterial wilt, fruit yleld and yield components

During July to Novermber, 1985, six lines of tomato -
LE 79 LFF, LE 214, LE 217, IIIR Dwr 93, IIHR PBwr 342 and
LE 206 -, their cne way F1 hybrids and 50:50 physical
mixtures were evaluated under field conditions for their
bacteriel wilt reaction. The susce; tible check "usa Ruby

succumbed to wilt con.immding presence of virulent inoculam
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in the f£ield. The hybrids and lines were classified for
wilt reaction according to Mew and Ho (1976) (Table 3).

LE 214 and LE 217 were resistant with a wilt reaction of
11.,67% and 13.33% respectively. IIHR Bwx 93 (21,67%) and
ITHR Bwr 34A (20,69%) were moderately resistant. The

lines LE 79 LFF (56,67%) and LE 206 (43.10%) were moder-
ately susceptible. All F1 hybrids except IIHR Bwr 93 x

ITHR Bwr 342 and IIHR Bwr 34A X L 206 were resistant.

LE 214 ¥ ZI1I'iR Bwr 342 had a disease incidence of only 5%.

LE 214 + LE 217, LE 214 + IIHR Bwr 93, LE 214 + IIHR Bwr 3M4A,
LE 217 + IIUR Bwr 93, LE 217 + IiHR Bwx 34A and IIHR Bwr 93 +
ITHR Bwr 344 were resist.nt wlitn e disease reaction of
16,675, 18,33%, 10.00%, 15%, 15% and 13.33% respectively.

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

LE 217 + LE 206 (28.33%), IIHR Bur 93 + LE 206 (- ) ond

IIHR Bwr 344 + LE 206 (25%) were moderately resistent,

LE 79 LFF + LE 214, LE 79 LFF + IIHR Bwr 93, LE 79 LFF +
IIHR Bwr 34A and LE 79 LFF + LE 206 were moderately
susceptible with & wilt reaction of 43.33%, 41,66%, 40%

and 50% respectively.
1)  Analysis of variance for yield and yield components

Data on pient height, primary branches/plant, days
toc fruit set, duys to fruit harvest, fruit set (%), fruits/
prlant and fruit yield/plant were analysed (Table 4).

Variaence due to genotypes were signiiicant for all tae



Table 3. Evaluation of six specific tomato lines,
their F, hybrids and 50150 physical
mixtured for resistanteto bacterial wilt
Entry Total nunber No. of plants Wilt
of plants wilted reaction (%)

Lines
LE 79 LFF 60 34 56.67 (MS)
LE 214 60 7 11.67 (R)
LE 217 60 8 13,33 (R)
IIHR Bwr 93 60 13 21,67 (MR)
IIHR Bwr 342 58 12 20.69 (MR)
LE 206 58 2§ 43.10 (M3)

Fy hybrids
1 x2 58 S 8460 (R)
1x3 58 3 5.17 (R)
1 x4 56 6 10.3%5 (R)
1 x5 58 3 $.17 (R)
1 x6 58 10 17.2¢ (R)
2 x 3 58 4 6.90 (R)
2 x4 60 9 18.00 (R)
2x8 60 3 5.00 (R)
2 x 6 60 8 13.33 (R)
3 x4 60 4 G.67 (R)
3x5 60 s 8.33 (R)
3Ix6 60 4 6.67 (R)
4 x5 51 18 35.29 (MR)
4 x 6 60 8 13.33 (R)
5x 6 60 18 30.00 (MR)

R = Resistant, < 20% plants wilted

MR - lModerately resistant, 20-40% plants wilted

S - Moderately susceptible, 40-60% plants wilted

S « Susceptible, > 60% plants wilted
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Table 3. (Contd.)

Entry Total nuwwber No, of plants Wilt
of plants wilted reaction(%)

Physical

mixtures
1+ 2 60 26 43.33 (Ms)
1+3 60 19 31.67 (MR)
1+ 4 60 25 41,66 (1'3)
1+ 5 60 24 40,00 (Ms)
1+ 6 60 30 50,00 (Ms)
2+ 3 60 10 16,67 (R)
2+ 4 60 11 18,33 (R)
2+ 8 60 6 10.00 (R)
2+ 6 60 15 25,00 (MR)
3+ 4 60 9 15,00 (R)
3+ 8§ 60 o 15.00 (R)
3+ 6 60 17 28,33 (MR)
4 + 5 60 8 13.33 (R)
4 + 6 60 18 30,00 (MR)
5+ 6 60 15 25.00 (MR)

Resistant, < 20% plants wilted

Moderately resistant,
rodexrately susceptible,

20-40% wilted

40-60% plants wilted
Susceptible, >60% plants wilted



characters. The six parental lines were different for
rlant height, days to frult set, days to fruit harvest,
fruits/plant and fruit yield/plant. The mean squares

due to hybrids and physical mixtures were signizicent tor
ell the characters., The hybyids were not signiiicantly
cifferent for primary kranches/pl-ont, deys to fruilt set,
doye to f{ruit horvest an. fruits/pl.nt. i%ean squares due
to physical mixtures vwere signiiicant for pl.nt height,
prirary br.rnches/plant, days to fruit set, days to fruit
harvest né fruits/pl:nt, Varicnc: due to hybrids vs
physical rixtures werc significont for all the characters
excerst prircry braznches/plant. i.ean squares due to parent
ve, hybrids and physical mdxtures were signiiic - nt for

days to fruit set, fruit set (%), end fruit yield/pl-ont.

Amony Fy hybrids, LE 214 x LE 217 had the m:ximum
plant height at second harvest (104.2 cm), LE 79 LFY +
LE 217 was the tallest among physical mixtures (87 cm).
LE 79 LFF x LE 206 hazd the highest number of primary
branches/pl:nt at second harvest (8,3). Among rmixtures,
wk 79 LFr + LB 217 had the maxdmum primery branches/plant
(§,75) at seconc harvest, The line LilR Lwr 93 was
ecrlier botl ior days to iruit set anc iruit harvest (60,67
cnd BE,73 days respectively, (Table 5). among by hybrids
LE 214 x Iihk Dwr 344 was earlier ior duys to irult set
(C6.8; :nd days to fruit harvest (84.47). #~Among physical

mixtures IIHR Bwr 93 4 LE 206 was earliexr, whicii took



Table 4.

General analysis of variance

Me 8
Taysto  Days o

Sources of ag riant Primary Fruit Fruits/ PFrult
variation S height branches/ fruit fruit set plant yield/
(em plant set harvest (%) plant{g)
Replications 2 123.,14%* 6.65%* 10.73 15.77* 14.51 120.,12** 38935.15%
Genotypes 35 298,04** 2.50%* T72,39%* 62, 79%* 55,63** 74.00%* 85829 ,.86*%
Parents 5 383,68*% 1.37 37.87** 33,09** 15,13 129.87** 24546,.97*
Hybrids and 29 293,30%* 2.T1% 79 .61** 69,62%*% 61.,43%% 66,70** 96089.41**
physical
mixtures
Hybride 14 322.03»* 1,52 5.85 $.30 51.68** 27.06 163038.45**
r Y
Physical 14 177.85** 4,03 13,390* 11.61** 6.83 47.35 10326.83
mixtures
liybrids vs 1 1507.27** 1,02 2039.37** 1782,15%* 962.36%% 486.64** 358638.98%*
physical
mixtures
Parents vs 1 7.42 2,02 5,67 13.41 20 ,02%* 6.25 94717.35**
hybrids and
physical
mixtures
Errcr 69 22,03 L .84 7.14 4,71 7.24 17.45 9866,98
* P = 0,085
** p = 0,01

08



Table 5. Mean performance of six specific tomato lines, their F hybrids and 50:50
physical mixtures

Entry lpai:ng;t §§§f§§§s/ ooy Bt frait an‘;: set F?“:"/ %é/
(cm) plant harvest plan plant (g)
Lines
LE 79 LFF 78,93 6.78 68,90 92,63 51,60 20,59 474.62
LE 21¢ 93,70 677 66,93 92,71 63,29 28,53 621,42
LE 217 89.87 7.80 67.47 95,63 54,10 32.33 700,00
IIHR Bwr 93 67.02 S$.87 60,67 86.73 54.53 16.2% 489,17
IIHR Bwr 34A 67.63 6.07 61,00 88,60 $8.39 16,22 655,75
LE 206 85.76 6.59 63.00 93.58 57.43 21.38 583,66
FI hybrids
1 x2 88,77 7.15 58,00 87.03 77.07 30,42 758.67
1 x3 88.93 7.13 §7.00 85,40 8l1.21 33.07 887,17
1 x4 75,20 6 .88 57.67 86,33 68,53 26,32 877.92
1 xS 69,60 5.85% 56 .87 85.47 63.04 23.20 908.02
1 x6 80.92 8.30 §7.33 85,33 66,80 29,55 889,00
2x 3 104,20 7.60 60,93 89,80 65,77 26,93 551,33
2x 4 87.63 673 56,93 66,13 68,84 27.60 887,33
2 x5 87.57 6.93 56 .80 84.47 58.40 22.43 820,83
2x6 91.87 7.83 57.80 88,00 70.31 27.15% 921,75




Table S. (Contd.)

Entry ﬁiimtt iiﬁ'ﬁn’l’u ?gf t": ot gg: tto F m‘tf) set F ;“1 2"/ ;ﬁicti/
(cm plant harvest ’ pian plant (g)

3 x4 88.03 8413 57.80 85.26 60 .96 24,27 802.44
a3x5 87.94 6.67 52,73 85,67 68.96 24 .65 880,67
3 x 6 93,73 7.93 52.87 86.87 64.44 28.55 836,58
4 x5 68,33 6.93 60,65 87.80 58,09 17.60 739.75
4 x 6 77.00 6.47 59,27 86.47 62.50 23.53 801,35
Sx 6 68.35 6.27 59,53 86,60 59.26 17.67 821,67

Physical

mixtures
1+ 2 81.85 8.32 67.94 96.10 55.88 19,52 465,94
1+ 87.00 8475 69,17 96.43 53.77 21.28 454,54
2+ 4 70.83 6.45 67.29 93.55 58.50 14.67 398,22
1+ 5 71.72 7.64 68,11 896.67 50,93 15.38 414.38
1+ 6 79.34 6.68 67.41 96.62 59.69 20.93 498.27
2+ 3 86,32 8,00 71.47 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 7.28 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




Table 5. (Contd.)
Plant Primary Days to Fruit
Entry height branches/ pors 0 . frute F’“%;') set Fi‘:‘n:”/ yield/
(cm plant harvest * P plant (g)
3+ 4 74.36 5.87 69 .60 96.63 53.99 23.65 421.09
3+ 5 73.34 5.93 70.73 96.42 52.61 22.67 $37.11
3+ 6 81,55 7.31 69,19 93,00 54.83 24.76 535.18
4+ 5 61,55 5.09 65.50 $3.80 51.40 17.54 497.57
4 + 6 67.92 5.50 62.86 91,08 53.99 16.24 492,77
S+ 6 66.27 S5.43 66,69 93,01 56.44 16.68 538,38
CB for comparing
treatment with
no missing
value (P =0.08) 7.65 1.49 4.3% 3.55 4.38 6.80 161,72
CD for comparing
treatment with
one missing
Sem 2.70 0453 1.54 1.26 1.55 2.41 57.34

€4



62,86 days toc frult set and 91.08 days to fruit harvest.

LE 79 LF¥F x LE 217 had the highest per cent of fruit set
(81.21)., Among mixtures, Lk 79 LFF + LE 206 had the
highest per cunt of fruit set (59.69). LE 79 LFF x LE 217
had the highest number ot fruits/plant (33.07).LE 214 x

LE 206 yielded 921,75 g/plent followed by LE 79 LFF X IIHR
Bwr 34A (908 g/pl:nt). 7Zmong physical mixturcs, LE 214 +
LE 217 had the highest number of fruits/plant (26.87) while
LE 214 + IIHR Bwr 93 had the m:ximum yield (60C,38 g/pl-nt)
(Teble 5).

2) Anelysils of vorlance tor combining ability

The corbining sbility analysis was done ior each of the
cuantitative cheracters studied (Table 6). The general and

srecific combining abkility effects viere estimated.
Plant height

Variances due to gca and sca were signiiicant (Table 7).
LE 214 hiod the maxdimum gea effect (8,39) and IiI..K Lwr 34A had
tie mindrmum geo efiect (=7,91), “he highest sce effect was
recorded in LE 214 x LE 217 (5,13). IIHR Bwr 34A x LE 206

had the ninirmun: sca effect («7.02) (Teble 7).
rrir ry brenchog/pl ut

Unly varicnce due to gee was significint (feble €)e The
raximum geca effect wos manifested by LE 217 (0.52) and the

minimum dn I3TR Dwr 342 (=(0.51). L2 79 LFI x LE 208



Table 6.

Analysis of variance for combining ability effects

Source

Mean sqguares

as
3:r1ation Plant Primary Days to Days to Fruit set Fruits/ Fruit
height Dbranches/ fruit set fruit (%) plant yield/
(cm) plant narvest plant (g)
Geca 5 381 .60** 1.00* 4,74%* Eo17%* 14,90** 44 ,85* 2850,00
Sca 15 18,90* 0,38 15.85** 11.60%**> 22.,16** 16.458%* 26157.10%*
Errorxr 39 1.73 0.35 1.34 0.71 2,57 6.97 4773.66
* p= 0,05

** p = 0,01

(452 ]
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expressed the maximum sca effect (1.,18) and the minimum

was expressed by LE 79 LFF x IIHR Pwr 34A (~r,62) (Table 8).
Days to fxuit set

Variance due to gca and sca were significuont {(Table 6),
In the study cf combining ability effects,positive values
incicetnd tendency towards more d ys to friit set and
negative values indic ted tencency towards eorliness,
LE 217 had the hichest gca effect (1.,03). The louest gea
effect was rerorded in TTIR Bwr 93 (-7,22), TIL.0 wr 93 x
1IHR Uwr 34A hod the highest sca effect (2,23). The lowest
scu effect was uwanifested by LE 79 LFF X LE 217 (~4,63)

(T?_ble 9) .
Days to fruitx warvest

Vorisnces due to geoe and 8Ce were significrnt (Tohle 6).
L 217 hac the hichest geca effect (1,22). The lowest gea
eifect was expressed by L1IHR Bwr 93 («1.12), The highest
sca effect was recorded in IIHR Bwr 34A x LE 206 (6,33),
LE 79 LFI' x LE 214 ex;ressed the minimum sce effect (=3,65)

(Table 10).
Fruit set (%)

Variances duve to gea and sco were s:gnisic nt (Toble 6),
LE 214 hod the highest gca efiect (1.63) and the lowest gea

effect was ex;ressed by IlE DWr 344 (=1.6)., The highest



General and specific combining ability effects

Table 7.
for plant height
Parents 91 P2 P3 P4 Ps P6
P1 -2.38 "'0.14 0063 0.9‘ "‘3.01 6.02
P2 B.39 5.13 2,60 4.19 0.20
P3 7.8 3,61 5.16 2.68
1:54 "6.26 -0040 "0.03
Ps 7.9 «7,02
P6 N,38
Effects/ Standard gﬁ?“‘i
aparison error . erence
cotp P = GQOS)
gea (gi) D.43 -
sca (s1j) 0.96 -
gi - gj 0466 1.34
8ij - skl 1,61 3.26
iy = LE 79 LFF gcea - diagonal
P, - LE 214 sca -~ above diagonal

- LE 217

o

- IIHR Bwr 93

Kk

-~ IIHR Iwr 342

o

-

-~ LE 206

"

1
2
3
5
5



Table 8. General and specific combining ability effects
for primary branches/plant

Parents P1 Pg Pa P4 Ps Ps
P1 -0,003 0.06 -0,37 C.,15 -0,62 1.18
94 0425 .71 =0,40
PS =0e51 ~,34
Te N.14

Effects/ Standard gﬁgﬁg ce
conmarison error (P = 0,05)
geca (gi) 0.19 -

sca (sij) 0e43 -

gi - gj. 0430 D.61
sij « sik 0.78 1.58

Sij - skl 0'73 1.47




N

General and specific combining abllity effects

Tsble 9.
for days to fruit set
Parents ?1 Fz PB P4 PS FG
P1 0.45 -3,01 - 63 -2.,01 =293 -3.,12
Pz 0.‘1 "0.66 "'2;?1 ‘2.95 -2061
Ps 1.03 ’2.46 "‘1 .64 “1.15
P4 v0.92 2.23 0.20
Ps -0.16
Effects/ Standard gﬁggﬁ; ce
corparison arror (P = 0,05)
gea {(gi) n,37 -
sca (sij) 0.85 -
gi - QJ 0.58 1.17
8ij -~ sik 1,83 3.10

sij - skl 1,42 2487
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Table 10, UGeneral and specific combining cbility effects
for days to fruit harvest
Farents Fl Pz P3 P‘ P5 FS
pi 0 .0‘ '-1 .21 -3 .65 “'O .38 "‘1 .46 "2 086
Pz 0.41 0.38 -0'96 -2.84 "‘3.57
PB 1.22 "2.63 "'2-4‘ “2050
P4 ~1,12 2.13 0.70
Lg C.90 6.33
P6 .36
Effeots/ Standard gi%;ii:ice
comparison error (£ = 0,05)
gea {(gi) Ce27 -
sca (si})) 0,62 -
gi - g} O.42 0.85
sij - sik 1.12 2426
sij -~ skl 1,03 2.07
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Table 11, General and specific combining ability effects
for fruit set (%)

Parents P1 ?2 P3 P4 Ps PG
P2 1,63 0,80 2.79 =3,19 2.90
PS C.41 -0472 4,37 0,53
P4 “1030 -004‘ 1.12
FS "’1 060 "0050

Effects/ Standard  Srpeioal
comperison error (= 0 4_9_?)
gca (gi) 0.52 -

sca (sij) 1.17 -

gi - gf 0.80 1.62
st ~ sik 2.12 4.29

8ij - skl 1.96 3.97
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Table 12, General and specific combining ability effects
for fruits/plant

rarents P1 Pz P3 P‘ Ps P6
P1 1,37 2,01 3.35 2.88 1.49 3,96
Pz 2.34 -30.’8 3.18 “0.26 0.56
P3 3o67 -1.‘6 0.64 0.6‘
P‘ -2 062 “0.12 -3 095
56 -\'0.“

pfiects/ Standard gfézigii
arison error ence

comp (P = 0,05)

geca (gi) 0.85 -

sca (sij) 1,93 -

glj - sik 3.49 7.07

Sij - 8k1 3.23 6054
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Table 13, General and specific combining ability effects
for fruit yield/plant

Parents Pl Pz P 3 P 4 Ps Ps
Py -4,01 20,22 126,72 151,36 132,10 119.19
P, ~14,98 198,15 17M.74 55.39%9 162.91
Py 7.01 64,86 23,73 55,78
P, ~26.87 ~=13,30 54.39
Py 22.48 25,37
Pe 16.37

Effects/ Standard gii;ﬁg:icc
comparison  error (F = 0,05)
gca (gi) 21.94 -

sca (=ij) 49,75 -

9i -~ g 33,99 65.69
sif - sik 89,92 181.73

sik « skl 83.25 168,25




sca value was recorded in LE 79 LFF x LE 217 (9.54).
LE 214 x IIHR Bwr 342 hsd the lowest sca effect («~3,19)

(Ta-ble 11) .
Fruits/plsnt

Varirnces dne to gez and sces were sign’ fient (Table €),
LE 217 had the highest gca efiect (3.67). The lowest gca
effect was expressed by IilRk Bwr 342 (=4,35). The highest
sca effect wcs exiressed by LE 79 L¥F X LE 206 (3.94)
followed by LE 79 LFF x LB 217 (3.35) «nd the lovest by

TIHR Bwr 93 x LE 206 (-3.95) {(Tcble 12).
Fruit vield/pl-nt

vnly varicnee duc to sca was sicnifiicant (Tohle 6).
The hichest geoa value was menifested by ITHR Bwr 344 (22.48)
followed by LE 217 (7.01) oné (Itn bBwr 93 had the lowest gea
(=26,87), LE 214 x L& 206 h.d the highest sca eifect
(162.91) followed by Lk 79 LFF x IIHR Bwr 93 (151,36)

(rable 13),
3) -vtent of heteroeis in a set of tomato ¥y bybrids

Tifferences hetveen v rents and Fi hybrids vere

substrntial for most of the chey cters studied (Table 14).
Piznt ueight

Six E1 hybrids vere taller than their resrective taller



Table 14. Ceneral analyesis of variance
e

ggutcea as Plant Primary Days to Days to Fruit set Fruits/ Fruit
variation height branches/ fruit set fruit (%) plant - yield/

(cm) plant harvest plant(g)
Replications 2 544 ,59%% 4.58*% T 25%% 48 ,TT** 33,25* 79 .08% 42190.45
Genotypes 20 328,66%* 1.55 39,.21*% 30,64%% 60,92%* 77 38%* 60788 ,30%*
Parents S 383,68%* 1.3%7 37.87%x 33,09%* 15.13 129,.81*+ 24546.97
F1 hybrids 14 322.03n¢ 1.52 5.83 S5.30% 51.68%* 27.06 260986,.5%
Parents
s .
?1 hybrids 1 147.45% 2.88 512.,81%* 374.69%* 421,63** 115,15* 727678 ., T6**
Exrror 39 5.19 1,04 4,03 2.14 771 20,90 1432¢C,.98
Cr for compar-~
ing treatments
with no missing
value (pP=0,05) 3,76 1.68 3.31 2.41 4,58 T54 197.47
CL for compar-
ing treatments
with cne mdasing
value (pP=0,0%) 4,25 1,90 3.74 2.73 5.18 8,53 223,20




parents (Table 15). Twelve hybrids werc taller then their
respective mid=parents. Heterobeltiosis ranged from -20,3%
in TIER Pwr 342 x LE 206 to 11.,21% in LE 214 x LE 217 2nd
relative heterosis from ~10,9% in IIKR Bwr 34A x LE 206 to
13,52 4n LE 214 x LE 217, LE 214 x LE 217 had 104.2 cm
heicht, 11.21% higher than its better parent =nd 13.52%
higher than its mide-parents.

Primery branches/plant

LE 79 LFF x LE 206 had the maximum primary breonches/
rlant (€.3), 22,42% more than the better parent and 24.07%
more than the ride-parent (Table 16). Heterobeltiosis
ronged from =13,72% in LE 79 LFF 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 LIF x LE 206, iine hybrids h:d more number

of primcry branches than thelr respective better parent.
Leys to fruit set

All hybrids werc earlier than their respective parents
(Tanle 17). LE 214 x IIHR Bwr 34A produced €first fruit
56.8 days after sowing, exX.ressing a heterobeltiocsis ot
-6.89% - nd a rel-tive heterosis of «11,21%, LE 79 LFF X
LliiR Bwy 344 and LbE 214 x IiHR Bwr 93 were early hybrids

(56.87 and 56.9 dcys respectively).



Table 15, E1 heterosis for plant height

Parents and ﬁi:n;t I or decrease T
F, hybrids ? parent  Better parent
LE 79 LF¥ (1) 78.93

LE 214 (2) 23,70

LE 217 (3) 89.87

IIHR Bwr 93 (4) 67.02

IIHR Bwr 34A (5) 67.63

LE 206 (6) 85.76

1 x2 88.77 2.84 -5, 26%*
1 xX 3 88.93 5.37* "'1.05

1 x 4 T%.20 3,04 -4 ,73%
1 x5 69,60 ~5.02 -11,82%%
1 x6 80,92 1,74 2.52

2 x 3 104.20 13.852*% 11.,21%*
2 x 4 87.€3 9,058%* -6 48 ¥
2x5 87.57 B,55%% -6 o B4¥H
3x4 88,03 12,21 -2,05

I x 5 87.93 11».66** "2.16
3x6 93,73 6.73% 4.30%
4 x S 68.33 1049 1.04
4 x é 77.00 7.99** —10.22**
5% 6 68,35 -10.90%* -20,30%*
CD for comparing

treatmant with

no missing value

(p = 0,05 3.76 Se = 1,61 S5e = 1.86
gg'fz;ecomparin

&
ey g?g value 4.25
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Table 16, Fy heterosis for primary branches/plant
Darents and giﬁ::ﬁz!/ ) 4 e or decrease over
F1 hybrids Lant Mid-parent Better parent
LE 79 LFF (1) 6.78

LE 214 (2) 6.77

LE 217 (32 7.80

IIHR Bwr 93 (4) 5.87

IIHR Bwr 34A (5) 6.08

LE 206 (6) 6,59

1 x2 7.15 5,46** 5.46%%
1 x3 7.13 -2 20*™ -8 ¢ 59%*
ix4 6.88 B.69** 1.48

1 x5 5,85 -, 02%% ~13,72*%%
1 xsg 8.30 24 0% * 22,42%*
2x3 7.60 4,25%% -2 56%%
2 x4 6.73 € ,49%* 1459

2 x5 6.93 7.78%* 2.36%*%
2 %6 7.83 17.,22%% 15 ,.66*%
I x4 8.13 18.86** 4023**
3 x 5 6.67 *3089** 9.70**
I x 6 7.93 10,14** 1.67*
4 x5 6,93 15.,89%*% 13,98%%
4 X 6 6.47 3.,85%* -1.,82*%
Ex 6 6027 1.10 ‘4.86**
CD for comraring

treatment with

no missing value

(r = 0,08) 1,68 Se =0,72 Se =0,.83
CDh for comparing

trestment with

one missing value

(r = 0,08, 1,90
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Table 17, Fy heterosis for days to fruit set
Parents and Days to I A3€ O e
fl;?ybridu fruit set Mid~parent Better paren
LE 79 LFF 1§ 68,90

LE 214 (2) 66,93

LE 217 (3) 67.47

IIHR Bwr 23  (4) 60,67

IIHR Bwr 34A (5) 61,00

LE 206 (6) 63.00

1 x2 58.00 =14 ,B1%* =13,34%*
1 x3 57.00 «lG,41%% -15,.52%*
1 x4 57,67 =10 ,89n* -4 4 YBE*
1xE 56.87 “12,44%% —€ T
1 x6 57.33 «13,07%* -9 ,00%*
2x3 60,93 -9, 33%* -8 (QTh*
2 x4 856,93 w30y TTi -6.,16%%
2x5 56.80 -11,21%* -6, 89w
2x6 57.80 =11,04%% -f 254 %
I x4 57.80 e T4 Al o T
3 x5 58,73 -84 58%* -3.,72%
I x6 59.87 ~8423% «d GTE*
4 x5 60,65 ~0e31 ~0,03

4 x 6 59,27 -d ,12% -Zs31

5 %6 59.53 -3,98 -2.41
i for conparing

tre-tment with

no missing vaiue

(p = 0,085) 3,31 Se = 1.42 8e = 1.64
Co for comparing

treotment with

one missing value

(p = 0,085) 3.7¢



Days to fruit harvest

All hybrids produced fruits early compared to their
mid-parents (Table 18). All the F,5 except IIHR Lwr 93 x
ITHR DRr 34A produced fruits early compared to their
regpective better parents, Heterobeltiosis ranged from
1,35 to -B.32% and rel:tive heterosis, from -~0.26% to
~934,27%. The ecrlier hybrids were LE 214 x IIHR Bur 34A

(8¢ deys) and LE 214 x LE 206 (85 days).
Fruit set (%)

The percentage fruit set was more than their respective
better parents in 13 hybrids (Table 19). Hetarobeltiosis
ranged from =7,37% in LE 214 x IIHR Bwr 342 to 50,11% in
LE 79 LFF x LE 217, Relative heterosis rongec¢ from -4,01%
in LE 214 x IidR Bwr 342 to 53,52% in LE 79 LF: X LE 217,

LE 79 LFF x LE 217 hed the highest Pev‘wxi o4 fruit set (81.21%)
followed by LE 79 LFF = LE 214 (77.07%). LE 79 LFF x LE 217
manifested hetcrobeltiosis to the extent of 50.11% and
rel.tive heterosgis to 53.52%. Heterobeltiosis in LE 79 LFF x

LE 214 was 21,77% =nd relative heterosls, 34,06%.

Seven hybrids hcd more fruits than their better parents
and twelve had more fruits thon their mid-narents (Table 20).
Hetcrobeltiosis ranged irxrom =24.93% tc 27.,83% znd relotive

hetero’&is' from “11.5% to ‘}.'2.89%. LE 79 LI x LE 217 had
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Table 18, Fy heterosis for days to fruit harvest
Parents and ?ﬁi:te° Ipcreagse or decrease over (%)
fl;hybrids harvest Mid-parent Better parent
LE 79 LFF {1) 92,63

LE 214 (2) 92,71

LE 217 (3) 95,63

IIHR Bwr 93 (4) 86,73

IIHR Bwr 34A (5) 88,60

LE 206 (6) 93,58

1 =2 87.03 -h o OGN X w8 dOE*%
1 x3 85.40 -0 2 H* T 81%*
1 x4 86,33 3o Th** ~0,46

1 x5 85.47 -5 .68%* -3 53%
1 x 6 85:33 "‘8.55** ’7.88**
2 x4 86,13 - ,QO%* -0 .69
2x5 84.47 w8, 83*%% -l JEENK
2 b4 6 8500@ "8.95** “8'32**
3 x 4 85.26 "’6.49** "‘1.70

I x5 85.67 -7 00> -3, 31%*
3 x 6 86.87 ""8.38** "'7017**
4 x5 87.90 =0 e26 1,35

4 x 6 86.47 "4.31** -0.30

5 x 6 8€,60 w5 15%* -2426
CD for comparing

treatmentswith

no missing value

(P = 0,08) 2,41 = 1,07 = 1,19
CL for comparing

treatoents with

one missing value

(p = 0.08) 2.73



Table 12, Fy heterosis for fruit set (%)

Parents and Fruit set Increase or decrease over (%)
F, hybrids (%) Mideparent Better parent
LE 79 LEF (1) 51,69

LE 214 (2) 63,29

LE 217 (3) 54,10

ITHR Bwr 93 (4) 54,53

IIHR Bwr M4A (5) 58,39

LE 206 (6) 57.43

1 x2 77.07 34 ,06** 21, 775>
1 x3 81,21 53,52%* 50,11%%
1 x4 68,53 29,03%% 25,67**
1 x5 €3.04 14,54%% 7.96%%
1x6 66,80 22,43%* 16,32%*
2 %X 3 65,77 12,04*> 3.92

2 x4 68,84 16.86%* B, TT**
2x5 58,40 -4,01 ~7473%*
2x6 70,31 16.48%* 11,00%*
3 x 4 60.96 12,22%% 11,79%*
3 x5 68,96 22,60%% 18,10**
3 x6 64.44 15,55%%* 12,21%*
4 x5 53,09 2,89 ~(e51

4 x6 62,50 11,658%% 8.83%*
S x 6 £9.26 2433 1.49
CD for comparing o
treatments with

no missing value

(z = 0,08) 4,58 Se = 1,96 Se = 2,27
Ch for comraring

treatments with

ong missing value

(p = 0,05) 5.18



Table 20. F, heterosis for fruit/plant

Parents and Fruits/ Increase or decrease over (%)
F1 hybrids plant Mid-parent Better parent
LE 79 LFF (1) 20,59

LE 214 (2) 28,53

LE 217 (3) 32,33

I1IHR Buwr 93 (4) 16.25

IIHR Bwr 34A (5) 16.22

LE 206 (6) 21,38

1x 2 3{.}.42 23.86** 6.63
1x23 33,07 24 ,98% 2.29

1 x4 26,32 42,.89%% 27 ,83%*
1 x5 23,20 26,02%% 12,.68*%*
1 x6 29,55 40.,78%* 25 ,96%*
2x3 26,93 -11,50*% ~16.70%%*
2 x 4 27.60 23.27‘* —-3.26

2 x5 22.43 D.22 -21,38%*
2 x6 27.15 8o TT** -4 ,84

3 x4 24,27 -0,08 -24,93%%
3x5 24.67 1.61 23,69%*
I x6 28455 6.29 ~11,69%*
4 x 8 17.60 8,37 8.31%
4 X6 23.53 25,03%% 10,06%*
5x6 17.67 -6.,01 -17.35%*
C: for comparing

treatments with

no rmissing value

(r = 0,05) 7.54 23423 Se = 3,73
CD for comparing

trectments with

one missing value

(r = 0,08) 8,53



Table 21. F, heterosis for fruit yield/plant
garents and §§:§2/ nere r de e _over
Py hybrids plant X~=parent Better parent
LE 79 LFF (1) 474.62

LE 214 (2) 621,42

LE 217 (3) 700.00

IIHR Bwr 93  (4) 489,17

ITHR Bwr 34A (5) 655.75

LE 206 (6) 583,66

1 x2 758,67 38.44 22,09
1 %3 887.17 51,06 26,74
1 x4 877.92 82.18 79.47
1 x5 908.02 60,686 32.47
126 889,00 68.00 52,32
2x3 651,33 ~16,56 ~21.24
2 x4 887.33 59.82 42.79
2x5 820,83 28.54 25.17
2x6 921,7% 52.98 48,33
Ixe 802,44 34,96 14,63
3 x5 880,67 29,92 25,81
3xé6 836.58 30,34 19,51
4 x5 739.75 29,22 12.81
4 x6 801.33 49,39 37.29
5x 6 821,67 32,59 25,30
Chr for comparing

trsatments with

no rdssing value

(¢ = 0,05) 197.47 Se:54.62 se =97.71
Ci for comparing

treatments with

one missing value

(p = 0,05) 223.20
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33,07 fruits/plont, followed by LE 79 LFF x LE 214 (30.42).
LE 79 LFF x LE 214 manifested heterobeltiosis to the extent
of 2.29% and relotive heterosis tc the tune oi 24,98%.
Heterobcltiosis€h11&:79 LFF % LE 214 was 6,63% and relative

heterosis Wwas 23.86%.
Fruit yield/plant

Fruit yielé/plant was more than their respective better
parents in fourteen hybrids (Table 21). Heterobeltiosis
rangcd from «21,24% in LE 214 x LE 217 to 79.47% in LE 79
LFF x IIIR Bwr 93. The best Fz hybrid LE 214 x LE 206 ylelded
921,75 g/plant. This was 48.33% more than the better parent,
LE 206 (655,75 ¢g) and 52,98% more than the mid-parent.,
kelative heterosis ranged from =16,%56% in LE 214 x LE 217

to 82,18% in LE 79 LFF x IIHR Bwr 93,

4) Associctive abllit: analysis in a set of 50350 physical

mixtures

The assocl:tive ability analysis w28 done for each of
the quantitative chiractcrs studied (Takle 22, 23). The
generzl associative ability (gaa) effects, specifie
assocl-tive ability (saa) effects and perforr:nce differences

were estimated.
Plant helght

Varicences due to gaa, sas and performance differences

were signific nt (Table 23). The highest gaa effect was



Table 22.

General analysis of variance

Mean squares

Source as

of Plant Primary R Days to , Fruit

variation height  branches/ .a0; %0 =~ fruit F""(""f set ¥ Jf‘;x":s/ yield/
(cm) plant harvest ” pLan plant

Repiicetions 2 92.54 S5.74 23.52 24 .81 8C.52 61.87 4696.17

Genctypes 35 353,91 5.80 33.80 28 .85 54,75 52.57 1784 ,61

Exxyor 69 25,90 1.08 12.1% 6,82 36c.48 22.81 6153.02




Teble 23.

General analysis of variance for associative ability

lean gquares

Sources as

of Plant Primary , Days to Fruit

variaticn height branches/ ?:zgtt:et fruit Fru%;)set Ff:;:f/ yield/
(cm) plant harvest _ P

gaa 8 424, 37** Se27** 26,07 20,E83%* 32,06%* 110,51%* 18908 ,60%*

saa 15 18.11+* PRy Lid 7.12 Ded7x* 10.28 5.73 4327,29*

Differences 15 115,69** 1.86** 10,51 %% S L 21,63 20 a4 d ¥ 2981.08

Error 69 8,63 C.36 4.05 2.27 12.16 7.60 2051.01

* P = (0,08

bl P = (0,01

LL



manifested in LE 217 (5.,47) and the lowest in I1iHR Bwr 93

(=«7.54) . saz value was maximum in LE 79 LFF + LE 217

(2.91) and minimum in IINR Bwr 34A + LE 206 (~4.42)

Primary branches/plent

Variances due to gaa, saa and performance differences

vere significant (Table 23). gaa value was maximum in

LE 214 (0,76) and minimum in IIHR Bwr 93 (~0.88), The
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highest saa efrect was recorded in LE 79 L!F + LE 217 (0,.98)

end the lowest in LE 217 + LIIiR Bwr 34Aa (~0.75) (Table 25).

Days to fruit set

Variance due to gaa was significant, Varicnce dQue to

saa was not signiiicont (Table 23), LE 217 had the highest
gaa value (2.06) and the lowest value wes in IInk Bwr 93
{(~1.9%). The highest Baa effect was manifested by

IIHR Bwr 34A + LE 206 (2,1%). II#iR Bwxr 93 + Li 206 had the

lowest ssa eifect (-1.79) (Table 26).
Days to fruit harvest

variznces due to gaa, sas and periornance differences
were significent (Table 23). The highest gaa value was
recorded in LE 217 and the lowest im IIHR Iwr 93 (=1,8)+ The
highest saa effect was recordec in LE 79 LFF + I1lR Dwr 34A

(2.6) and the lowest in L 217 + LE 206 (=3.85) (Table 27;.



Fruit set (%)

Only veriance due to gaa was significont (Teble 23).
LE 214 recorded the highest gaa (2,62) and LE 217 the
lowest (=1,26).saa effect was maximum in LE 79 LFF + LE 206
(3.83) and minimum in LE 79 LFF + IIHR Bwr 342 (-3,89)

(Table 28).

Fruits/plent

Varlances due te goa and serformence differences vere
signiidicont (fale 23.. LE 217 had the highest gaa effect
(3.96) and the lowest wcs exyressed by IIHR Bwr 344 (=l466),
LE 79 Li'F + LLC 206 ex:ressed the highest saa effect (2.16)

‘nc the lowest by LE 214 + LE 217 (-1,94) (wable 29).

Fruit yield/pl:nt

Variinces dve to gaa and gae were signific nt (Table 23).
LE 216 hod the highest gaa violue (44,16) :nd the lowest gaa
value was in LE 79 LFI {(~68,17). Ilaximum saa efiect was
rec rdec in L 214 4 ITHK Bwr 93 (61.,77) and the lowest in

LE 79 LFY 4 ITHR Dwr 347 (=55.64) (Tarle 30).,

5) General coexistence akility index of selected tomato

lines

For pl nt :.eight, the GCo. estimate of only LE 79 LFF
was greater th n unity (1,03)., 7The GCoA estim tes of other

lines were LE 214 {(0.93), LE 217 (0.95), 7I1.4R Bwr 93 (0,92),



Table 24. General associative ability (gaa), specific
agsocliative ability (ssa) and performance
differences for plant height

Parents "‘1 Pz PB P‘ Ps PG
Ey 2,02 =2,65 2,91 0.8 2,76 ~0.45
92 -5,.,89 5.83 ~1.67 -2.08 -1,25 2.03
Py 2,25 0,14 5,47 =0,21 -1.69 =1,68
P4 6.4C 10,82 13,84 -7,54 ~0.47 2,30
P5 8.81 12,48 10,67 «1,.8C -7,04 ~4.42
P 3.00 3.15 2,15 «5,52 «8,63 1.16

Effects/ Standard Critical

corparison erxror difference
(P = 0,05)

gas (gi) 077 -

saa (8i1j) 1.77 -

difference (rij) 2.08 -

gi - gj 1.20 2,39

sij -~ sik 2.68 5.35

gij ~ skl 2.40 4,78

rij - rkl 2.94 5,86

gaa ~ diagonal and underlined
sasa -~ above diagonal
differences - below diagonal
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Table 25. General essociative ability (gaa), specific
associative ability (saa) and performance
differences for primary branches/plant

arents Pl P2 P3 P‘ P5 PG
P1 0,50 0,08 0,898 =0,34 0,90 «0.46
PS -0433 -Ce13 0474 ~0,53 -0e75 C.26
P 1.06  1.96  1.47 <=0.54 -0,58 ~0.58
P -0,13 CoSC Q.76 «0,72 =486 ~0s23

Effects/ Standerd Critical

comparison error difference
{p = 0,05)

gaa {(gi) 016 -

saa (sij) 0436 -

differences (rij) 0.42 -

gi =~ gj 0.28 0.49

8i) - sik 0.5% 1.09

sij -~ ski 0.49 0.98

rij - rki 0.60 1,20
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Table 26, Genersl associative ability (gaa), specific
associative sbility (saa) and pecformance
differences for days to fruit set

Parents Pl Pa PS P‘ Ps PG
Py 0,90 0,52 «1.63 0.85 0.94 0,68
P, —0498 0,89 1,32 0,76 =-0.40 0,70
Py -2,25  0.84 2,06 2.12  1.41  -0.86
P «0.07  3.5¢ 1,27 «1,99 0.81 ~1,79
Py Zedl 3431 1,78 -0.17  =0,73  2.19
Fg 3.06 3.10 1,99 0,66 -3,85 0,90

TEfecta/ Standard Critical
cosparison exrror ?;tfag:ggz
gas (g1) 0.93 -

saa (8ij}) .22 -
differsnces (rij} 1.42 -

¢ -9 0.83 1,65
sij = stk 1.84 3.66
sij - okl 1,64 3.ae

tij - rkl 2,01 4,01




Table 27. General asgociative sbility (gee), specific
associative ability (saa) and performance
differences for days to fruit harvest

Parents F1 l’z P, P‘ Ps PG
Py 1425 ~0,70 «1,00 0,98 2,60 1.46
¥y 0,03 0,86 1.42 0,90 0,58 2,80
P: "1.60 -OQ“ w 3.25 1-68 *1.85
Py “0e48 1,96  1.84 «2,80 1,40 1,17
PS 0.84 2Q38 1'“ G.GO "w "G.:-B
P6 0.92 2,66 360 046 ~1,58 0,81

Lffects/ Standard Critical

comparison erxor difference
{r = 0,08)

gaa (gi) 0.4C -

sea (sij) 0.91 -

differences (xrij) 1.07 ~

#H -gf 0.62 1,23

8ij - sik 1,38 2,74

sij - ski 1.23 2.45

rid - Xkl 1.51 3.01




Table 28, General assoclative ability (gaa), spacific
associative avility (saam) and performence
differences for fruit set (%)

Parente I-"1 P2 93 P‘ PS PG
Py ~0498 «2,18 0.62 3,38 ~3.89 3,83
Py 0212 2,47  7.80 0,85 ~2,03 ~1.98
ps -2.87 -0.93 4..20 1;15 ‘-'1 .06 OQG.’

Effects/ Standard Critical

comparxison error difference
(B = 0,08)

gaa (gi) 0.92 -

sza (sij) 24,10 -

differences (rij) 2.47 -

gi - gf 1.42 2,83

sij) - sik 3.18 6.34

gij - skl 2.85 5.66

rij - ki 3.49 6.96
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Table 29, General associative ability (gaa), =vecific
asscciative ability (sea) and performence
differences for fruits/plant

Parents ,Eé igf P; P4 Ps Ps
?1 - -2‘ ‘1.83 "1.74 _1.31 ‘1003 2.16
PZ 2,16 3,56 =l,94 1,56 1,18 1.76
Pa 6,59 1,71 3,96 Cal4 -l o0F 0.21
P‘ Ce25 $.10 548 «2,35 «1,25 1,87
Ps 0.19 CokY 4,99 0,10 -2,66 1.67
Ps -0,76 4.51 .76 =1,21 0,85 ~Cg29

Lifects/ ~ Standard cCritical

compariscn error difierence
(v = 0.08)

gaa (gi) Ce?3 -

saa (s13) 1.66 -

aifferences (rij) 1,98 -

gi - gj 1413 2425

sij - sik 2,52 5,02

a3lj - skl 2425 4.49

rij - Tkl 2.76 5450




Table 30. General associative ability (gaa), specific
associative sbility (saa) and vperformance
differences for fruit yield/plant

Parents P1 Pa Ps P4 PS Pa
Py «68,17 «23,13 ~22.29 -20,57 ~55.64 35.64
P, ~62.22 44,16 ~26.87 61,77 2,00 «25.01
Py =55,57 =21.,10 33517 ~38.52 =24,28 21,79
Py «23,20 37,55 =55.67 =27,42 =13.21 =13.61
ke =70.21 38,57 14422 «32,01 16,33 ~10.19
Pe «29.38 «12,74 -0.51 «17.22 26,80 11,94

Lffects/ Standerd Criticsl

comy.arison error difference
= 0,08)

gaa (gi) 11.94 -

saa (si3) 27.22 -

atfferences (rij) 32.02 -

gi - gf 18.49 36.68

sij - sik 41.34 82,46

s1j -~ &8kl 36,98 73.76

rij - oxl 45,29 90,33
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1IHR 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
estin. tes greater than one, for primary bE:nches/pl:nt.

All lines except LE 79 LFF had GCoA values more than one
for doys to fruit set, LE 79 LFF coulc maintain its
performance in mixtures (1.00)., For days to fruit harvest,
all lines except LE 206 h:d GCoA estim tes greatecr than
unity. The GCoA value of LE 79 LFF (1,05) snd LE 217 (1.03)
were greater than one¢, for fruit set (:) and thot of LE 214
(0.81), IIHR Bwr 93 (0,98), IIHR Bwr 34A (0,93) :nd LE 206
(0.,96). ¥or fruits/plent IIHR Bwr 93 :nd IIHR Bwr 342 hed
GCoA values more then one (1,04 and 1.03 resrectively) and
that of LE 79 LFF (0.83), LE 214 (0.96), LE 217 (7.88) and
LE 206 (0,92) were less th:n one. For fruit yield/plent
only T7HR Bwr 93 could maintain its rerforrance in mixtures
(1,00). The GCoA estimates of LE 79 LF¥F, LE 214, LE 217,
IIHR Bwr 342 and LE 206 were less than unity (0.85, 0,90,

0.78, 0.81 cnd 0,91 respectively) (Table 31).

6) rPerforriance of pure lines and physical mixtures
»

The data on plant height, primcry bronches/pl:nt deys
to fruit set, days to fruit harvest, fruit set (%), fruits/
pl nt .n fruit yield/pl:nt vere analysed (Table 32).
Variances duve to genotyres vere signi ic nt for sll the
characters except iruit set (i). The six r~arental lines
were different ior plont height, days to fruit set, doys to

fruit horvest, fruits/pl:at and fruit yield/plint. The mean



Table 32. Goneral anzlysis of vsriance

Me ares

Scurces 1
of af Plant Primary Days to Days €0  ;..4¢ set Fruitsy Iruit/
variation height briaches/ o /¢ ey fruit (%) lant yield/

(cm) plant harbest ’ P plant (g)
Replications 2 65,.,61% Z.19* 1444 Ce34 13.84 28,95 758 .82
Genotyyes 20 235,21 %* 2421k % 254440 % 24 .,23** 8.99 67 ., 40%* 17463 .,76%*
Parants -4 383.68* 1.37 37,874 33.09%* 15,13 120.81x* 24546 .97k *
Mixtures 14 177.85%* 4.03*» 13,39 11.61* 6.83 47,35 10387,.,00%
Parents vs. |
mm@ﬂ i 295.98** .88 132006** 157.65** 8050 35&8? 81122-3‘**
CD for comparing
treatments
with no missing
value (F = 0,09%) 6.60 1.27 4,89 3.86 4.10 $.96 113 .62
Cb for comparing
Lreatments
with missing ,
value (P = 0,0%5) 7 .46 1.43 5,53 4.36 4.63 €.74 126,15
* P = 0.0S
** p = 0,01

68



squares due to rhysical mixtures were significont for plent
lheight, prim:ry branches/plant, fruits/pi-nt :nd fruit
yield/plant. Veriances cdue to rarents vs, physical
mixtures were significint for pl:nt height, d:ys to

fruit set, deys to rruit harvest enc fruit yield/pl nt.

The expected wilt reaction (%) of mixtures based on
parent 1 rerfiormaemce nd lts deviction from observed values
are presented (Table 33). Eight mixtures which showed
devizticn in the negeotive ddrection we. e 1ML Bwr 93 +
IIHR BWr 342 (~7.85%., IIHR Bwr 34A + LE 206 (-6.9%),

LE 214 + IIHR Bwr 342 (~6.18%), LE 79 Li'F + LE 217 (-3.33%),
LE 217 + IIHR BwrIX~2,5%), LE 214 + LE 206 (~2,39%),

IIHR Bwr 23 + LE 206 («2,39%) and LE 217 + [IHR [wr 34A
(=2,01%), LE 79 LFF + LE 214 had a wilt reacticn of 9.16%
more then the expected velue. The othi r mixtures which showed
positive devi. tiun over expected volurs were Li 214 + LE 217
(¢.17%), LE 79 LFF + IIHR Bwr 93 (2.,49%), LE 75 LFF + IIHR
Buwr 34A (1.,32%), LE 214 + IIHR Bwr 93 (1,66%), LE 79 LFF +

LE 206 (0.11%) and LE 217 + LE 206 (0.,11%).

711 mdxtures except E 75 L¥F + LE 217 had less height
then th:e expected velue (Table 34). lLine mixtures produced
more primiry brinches/plont (Table 35). The days to fruit set
for all mixtures were nore thin the expected diys to frult
get (Tcbhle 36), All mixtures exce:t LE 217 + LE 206 took

more d.ys to fruit hervest than the expected v.lue (7Tzble 37).



Table 33, Per cent of observed (M), expected »ﬁw) death
due to wilt and their deviation (

:;:;3::'°"d M Fic Melic
LE 79 LFF (1) 56.67

LE 214 (2) 11,67

LE 217 (3) 13.33

ITHR Bwr 93 (4) 21,67

IIHR Bwr 34A  (8) 20,69

LE 206 (6) 43,10

1+ 2 43.32 34.17 9.16
1+ 3 31.67 35,00 -3.33
1+ 4 41,66 39,17 2,49
1+5 40.00 38,68 1.32
1+ 6 50,00 49.89 0.11
2+ 3 16.67 12,50 4.17
2+ 4 18,33 15,67 1.66
2+ 8 10,00 16,18 -6,18
2+ 6 25,00 27,32 -2,39
3+ 4 15,00 17.%0 ~2.50
3+ 5 15,00 17,01 ~-2,01
3+ 6 28.33 28,22 C.11
4+ 5 13.33 21,18 -7.85
4+ 6 30,00 32.39 -2,39
5+ 8 25.00 31.80 -6,90

31
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Table 34. Chserved plant height (M), mid-component value
(MC), their deviation (M-MC) and per cent
deviation over mid-component value

it ™ e wR SLER
LE 79 LFF (1) 78.93

LE 214 (2) 3.7

LE 217 (3) 89.87

IIHR Bwr 93 (4) 67.02

IIHR Bwr 34A (5) 67,63

LE 206 85,76

1+ 2 81.85 86432 ~44.47 -5.18
1+3 87.00 84 .40 2,60 3,08
1+ 4 70.83 72,98 w2415 -2e98
1+5 71.72 73.28 ~1.56 ~2.13
1+ 6 79,34 82,35 =340l ~3.66
2+ 3 86432 21,79 ~5.47 -5,96
2+ 4 73.28 80,36 -7.08 -8,81
2+ 8 74,23 80,87 ~6.,44 -7.98
2+ 6 85.72 - 89,73 -d.01 -4 ,68
3+ 4 74.36 78.4% -4,09 -5,2%
3+5S 73.34 78.7% -S.41 6,87
3+ 6 e1.88 87.82 «6,27 -7.14
4+ 5 61.58 67.33 -5.,78 -8,59
4+ 6 67,92 76,39 -B.47* «11,09
S+ 6 66,37 767G -10,43* ~-13,60

CP for comparing
treatirents with

no missing value

(P = 0.05 6.6!“:
CDh for comparing

treatnents with

one missing value



93

Teble 3S. Cbserved primary Eganchoq/baanttn). mid~
component value (MC), their deviation (M=HiC)
and per eent dev&ation over mid-component
value

annnti and w - Fexr cent

mixtures M e M-HC deviation

LE 79 L¥F (1) 6,76

LE 214 (2) 6.77

LE 217 (3; 7.80

IIHR Bwy 93 (¢) 5.87

IIHR Bwr 34A (85) 6,08

LE 208 {6) 6.59

1+ 2 8,32 €18 1,54 22.7%

1+ 3 8,75 Te29 1.46* 26,03

1+ 4 0,45 6.33 0.12 1.90

1+ 8 7.64 6.43 1.21 18,82

1 + 6 6.68 5.6’ -Q.Ol “0015

2+ 3 8.G00 7.29 0.7 2.74

2+ 4 7.28 6,32 0e96 15,19

2+ 5 7«28 €.43 0.8% 13,22

2+ 6 8,13 6.68 1.45* 21.7M

3 4 4 Szg’? 6.8‘ ""0.97 "14-13

3 + 5 5.93 ‘D.“ “'i 001 "1‘.55

3+ 6 7631 7.20 C.11 1.53

4+ 5 5,09 5,98 (1,89 -14.88

4+ 6 5.50 6,23 -0,73 -11,72

S+ 6 8.43 6.3 -0, 81 -144,38

CD for comparing

traatments with

no missing value

(> = 0,08) 1,27

CD for comprarxring

treatments with

ocne migsing value

(p = 0,08) 1.43



Table 36. days to fruit set(M), mid-component
value (MC), their deviation (M=-MC) and
peroentage deviakion over mid-component
value

Parents and - Per cant

mixtures M Fc M-MC deviation

LE 79 LFF (1) 68.90

LE 214 (2) 66,93

LE 217 (3) 67.47

IILR Bwr 93 (&) 60,867

IIKR Bwr 34A (8S) 61.00

LE 206 (6) 63,00

1+ 2 67.24 67.92 002 0.03

1+ 3 69.17 63.19 0,98 1.44

14+ 4 67.29 64.79 2.50 3.86

1+5 68,11 64.'5 3,.1¢ 4.87

1+ 6 87.41 65,98 1,46 2.21

2+ 3 71.47 57,20 d4.27 6.3%

2+ 4 66437 63,80 3,07 4,81

24+ 5 66,83 63097 3.“ 4.‘7

2+ 3 68,33 64.97 3.36 5.17

3+ 4 69 .60 64,07 5.853¢ £.,63

3+ 5 70.73 Séelé 6.49* 10,10

3+ 6 58,49 £5.24 3.5 6,08

4+ 5 65,50 60.84 4,68 T«66

é + 6 €2,86 €1,54 1.02 1.65

5§+ 6 66 .65 £2400 4.6% 757

CL for compaxing

treatrents with

no missing value

(P L QQQS) 4-89

CD for comparing

treatunents with

one missing value
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Table 37, OCbserved days to t harvest(M), mide _
component value ) their deviation (M¥MC)
and per cent deviation over mid-component

value
Parete wnd A
LE 79 LFF (1) 92.63
LE 214 (2) 92.71
LE 217 (3) 95,63
IIHR Bwr 93 (4) 86,73
IIHK Ewr 34Aa (5) 88,60 -
LE 206 (6) 93.59
1+ 2 96.10 92,67 3.47 3.70
1+ 3 96,43 $4.13 2,30 2.44
i+ 4 93455 €9.68 3,87 4.32
1+8 96,67 9C.62 6.,05* 6468
1+ 6 96.62 923.31 . N 3.55%
2+ 3 98.47 54.17 4,30* 4,57
2+ 4 84,82 89,72 5.,10% 5,68
2+ 5 94,31 90.66 3.65 4.03
2+ 6 96.33 93,35 2,88 3,19
3+ 4 90 .63 o1.18 5.45* 5.98
3+ 5 9 4 42 £2412 4.30* 6467
3+ 6 93,060 94.81 -1,81 1.51
4+ 85 93,560 87.67 6e13% 6.99
4+ 6 91,08 oG, 36 0,72 0.80
5+ 6 92.51 91,30 1.7 1.87

CD foxr comparing
trestments with

no missing value

(r = 0,08) 348606

CU for comparing
treatrents with

one missing velue

(P = 0.05) 4.36
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Table 38. served fruit set (X) (M), mid-compoment volue
(EC) ,their deviation (M-MC) and per cent
devietion over mid-component value

Parents and vy Per cent
mdxtures M ne n-Hc deviation

LE 79 LFF (1) 51.69
LE 214 (2) 63.29
LE 217 (3) 54.1C
ITIHF Swr 92 (4) 54,53
IIFR Bwr 34A (8) 58,39

LE 206 (6) 57.43

14+ 2 55,86 57.49 -1,61 2460
1+ 13 £3,77 §2.90 C.87 1,65
1+ 2 58450 53,11 5,39 20.18
1+ 5 50.93 35,04 -d,11 ~7.47
1+ 6 59,69 54,36 5,13 9440
2+ 3 56.33 52,70 ~2,37 -4,04
2+ 4 57.23 $8.91 -1.63 ~24717
2+ 5 57427 60.34 ~3,57 ~5.87
2+ 6 58454 €2436 -1.%7 ~3421
3+ 4 53.9% 54,32 ~0433 -0,61
3+ 8 £2.61 56.25 -3,64 -6.47
3+ 6 %4.03 €% .77 -0,94 -1,69
4+ 5 51440 55 .46 -5,06 -3.96
4+ 6 §3.55 £5.98 -1,29 3,55
5+ 6 | 56,44 87,91 1447 -2,54

CD for cow,aring
treatments with
noe adssicg value
(r = 0,08) 5,96

CD for comparing
treatments with

one missing value

(P = 3.05) 6.74



Table 39. Observed nwmber of fruits/plant(M), mide_
pomponent value (MC), their deviation (M-MC)
and per cent deviation over mid-component
value

Perents and - Per cent

mixtures M ¥c M~-MC deviation

LE 79 LFP (1) 20.%%

LE 214 (2) 28.53

LE 217 (3) 32.33

IIHR Bwr 93 (&) 16,28

IIHR Bwr 34A (35) 16,22

LE 206 (6) 21,38

1+2 19,52 24.5%6 -5,04 20452

1+ 3 21.28 26.46 «-5,18 -19,58

1+ 4 14.67 18.42 3,78 «20.36

1+ 5 15.38 1'.‘1 -3,03 wl6 .46

1+ 6 20,93 20.99 9,06 -0 o 29

2+ 3 26.87 30,43 3,56 -11.70

2+ 4 2‘-07 22.39 1,68 7.50

2+ 8 23.39 22.3e 1,01 4.51

2+ 6 25.52 24,56 0.58 2,20

3+ 4 23,68 24,29 -0 .64 -2 64

3 + 5 22'67 34'25 -1‘61 -‘6.63

3+ 6 24.76 26,8¢ -2.10 -7.82

4+ 8 17.54 16,24 1.3 | 8.,00

4+ 6 16,24 18,82 -2,58 -13,70

2+ 6 16.68 18,80 2,12 -11.28

CD for comparing

treatments with

no missiny value

(p = 0,08 5.96

Ch foxr comparing

treatments with

one missing value

(P = 0065) 6.7‘
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Table 40, Obse fruit yield/plant(M), mid-component
value (MC),their deviation (M~MC) and per cent
deviation over mid-component value

Parents and

- Per cent
mixtures M ¥c M-MC

deviation

LE 79 LFF (1) 474,62
LE 214 (2) 631.42
LE 217 (3) 700.00
IIHR Bwr 88 (4) 489,17
IIMR Bwr 34A (5) 655,78

LE 206 (6) 583,66

1+ 2 46%.94 548,02  =82.08 ~14.98
1+ 3 454,54  587.31 132,77+ -22,61
1+ 4 390,22  4B1.90  «83.68 «17.37
148 414,38 565,19 ~150,.81% -26,68
1+6 498,27  520.14  =30.87 ~5,83
2+ 3 562.32 660,71 98,29 ~14.89
2+ 4 600,39 585,20 45,18 8.13
2+ 8 584,35 638,59  ~854.24 “8.49
2+ 6 582,96 602,54  ~-49,58 «8,23
3+ 4 481,09 594,59 ~113.50% -19,09
3+85 537,11 677,88 <140,77¢ “20,77
3+ 6 535.18  661.83 =~106,65 ~16,62
4+ 8 497.57 572,46  ~74.89 -13,08
¢+ 6 492,77 536,42  ~43.65 -8.14
5+ 6

538,38 619,71 -81,33 -13.12

ClU for comparing
treatnents with

ne migsing value

(r = 0,05 111.61

CC for comparing
treatmenta with

one missing value

(P = 0-05) 1“.15
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The fruit set (%) was lesser in all mixtures except LE 79
L¥F + Li 217, LE 79 LFF + IIHR Bwr 93 and LE 79 LFF + LE 206
(Table 35). The mixtures LE 214 + IIHR Bwr 93, LE 214 +
IIHR Bwr 34A and LE 214 + LE 206 had more fruits/plent than
the expected number besed on parental rerformance (Table 39).
Fruit yield/plant was more than the expected yield only in

LE 214 + XIHR Bwr 93 (Table 40),

Number of mixtures showlng positive znd negetive
devieticns from nid-component (IiC), best (BC) and poorest
(PC) corponents for different characters zre sumuarised

{Table 41) »

Hone of the mixtures were taller than their better
components, LE 79 LFF + LE 217 was taller thar the nide
coimponent. Four mixtures were dwarfer than the dwarfest
corrronent constituting the mixture. 3Seven physical mixtures
h:-d more primary branches than the better component and
nine mixtures had more brenches than the mid-components,
None of the mixtures were earlier than the ecrlier arents,
for days to fruit set, None of them were ezriier than the
mid-component clgsc., Seven physicel mixtures were later
thin tiwe later compcnent. Kone of the mixtures were earlier
than the earlier pnarents, for deys to fruit hcrvest also.
Cnly LE 217 + LE 206 was earlier than the ride-comjonent.

All mixtures excc:;t LIHR Zwr 93 + LE 206 cnd IIBR DWwr 344 +
LE 206 were later than the later component constituting the

regspective mixtures. LE 79 LFF + IIHR Bwr 93 and LE 79 iFF +
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Teble 41. Number of mixtures showing positive(+)
and negatived-) ations from mid.
component mean ), best (BC) and
poorest (PC) components for various
characters

Mean performance
Cherascter + _
BC M NMC PC

Days to fruit set - 15 - 7

Days to fruit harvest - 14 1 13

Fruits/plent - 4 11 5

Fruit yield/plant - 1 14 11

Fruit set (%) 2 3 12 é

Plant height - 1 14 4

Primary branches/plant 7 9 é 4
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set (%). 8ix mixtures were poorer than the poorecst
corpenent. Three mixtures showed positive devicotions

over midecomponent value, Ko mixture outylelded the
better component for fruits/plant ond fruit yield/plant.
The nixtures LE 214 + IIHR Bwr 93, LE 214 + I1HR Bwr 3443,
LE 214 + LL 206 and IIHR Bwr 93 + IIHR bwr 342 were better
than the wid-component for fruits/pl:nt. The remzining
rmixtures showed negative uevicticns from micd-componont
velue., Five mixtures were poorer than the oorecet
ceriponents. TFor fruit yield/piint, only LE 214 + ZIIHR Bwr 93
was betitcr than the idde-componenit, Eleven mixtures were

prorer than the poorest component,
7) lean peri.ri:nce of F, hykrids and phyrical rixtures

Mean performr:inces of Fl hybrids and rhysiccl rixtures
are yrosented (Table 42). All Fl hybrids excent LE 79 LFF x
IIER Bwr 3424 were tallcr thon the corresponding rhycical
mixtures. The rixture LE 79 LFF + IIHR Bwr 34 2 hod &
height of 71.72 com vhile the Fl hybrid had 69,6 cms Eight

F, hybrids hod rore nurber of primory bronches than the

1
recoective mintures anc seven wdxtures producea rwre nunbex
of brenchcs thar the rospect.ve Fy hybrids. fcr d-ve to
fruit set, <ll hybride exee,t il R Bwr 93 x LE 206 were
signiiicantly eeriier thin the resrective mixtures, All

hybrids were significantly exzrlicr than the res;cctive

mixtures for deyc to frult harvert, 2ll hybrids except
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IIHR Bwr 34A + LE 206 had significantly higher fruit set (%).
All hybrids except LE 214 x IIHR Bwr 34A had more fruits/
plant., All the F1 hybrids signiticantly ocutyielded the

respective mixtures.,

8) Association between root characteristics, primary
branches/plant, plent liweight and fruit yield

A significent correlation was observed between root
volure and fruit yield (r = 0.58), Correlation between
root volwe and plant height and root volume and primary
branches/plant were not significant (Table 43). Correlation
betwecn root length and yield, root length and plant height
and root length and ;rimary branches/plant were also not

significant.

9) Cbsexvations on root galls caused by [eloidogyne
incognita

All the parental lines, F1 hybrids and physical
mixtures had galls caused by root knot mematodes (Table

44).
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Table 43. Correlation between root characteristics,
plsnt height, primary branches/plant and
fruit yield/plent

Characters Root volume Root length
rrirmary branches/plant .21 0.20
Fruit yield/plant o 58% 0.19

"

Table value t34 (B = 2,08) 0,33



Table 44. Preliminary observations on root galls by lisloidogyne incognita
pretaay 1 Number of  Number of b v/l Nusber of  Humber of
physical plents plants with physical plants plants with
mixtures obsexrved root galls mixtures observed root galls
Parents
LE 214 45 6 4 x5 28 7
LE 217 29 7 4d x6 35 2
IIHR Bwr 93 24 S Sx 8§ 14 b
IIHR Bwr 342 a3 7 Fhysical mixtuves
LE 206 12 2 1+ 2 26 16
rl hybrids 1+ 3 27 12
1 x2 37 13 1+ 4 10 |
1 x3 26 6 1+ 5 24 4
1 x4 37 8 1+ 6 16 2
1x$ 3s 8 2+ 3 46 30
1 x6 s 9 2+ 4 43 12
2x3 43 8 2+ 8 37 13
2 x4 37 3 2+ 6 44 19
2x5S s 3 3+ 4 40 13
2x6 37 3 3+ 58 14 7
Ix4 32 1 3+ 6 8 S
3xS 32 14 4+ 5 i8 4
Ixs$ 44 & 4 + 6 8 6

901
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B, Evaluation of two way and three way mixtures involving
three lines of tomato for resistance to bacterial wilt,

fruit yield and yield components

Three lines of tomato LE 206, LE 212 and IIHR Bwr 34A,
their two way and three way mixtures were grown in a wilt
sick soil during July-November, 1985. The genotypes vexe
classified for their bacterial wilt reaction (Table 45),
Complete wilting (100%) was observed in the susceptible
check, Pusa Ruby., %he component lines LE 206 (26.32%),

LE 212 (32.78%) and 1ii:R Bwr 34A (27.27%) were moderately
resistant. The two way mixtures LE 206 + LE 212 (31,67%),
LE 206 + IIHR Bwr 34A (26.67%), LE 212 + IIHR Bwr 342

(33.33%) and the three way mixture LE 206 + LE 212 + IIHR

Bwr 342 (31.67%) were also moderately resistant,

1) Genexral cnalysis of vericnce for yield and vield

comenants

The data on d ys tc fruit set, days to fruilt harvest,
fruit set (%), fruits/plant and fruit yleld/plent were
analysed (Table 46). Variances due to genotypes, parents
and mixtures were not si¢gniiicant for any of the characters,
lean squares due to rarents versus mixtures were signiicicant

for days to fruit harvest «nd fruit yicld/rlant,

LE 206 was earlier both for days to fruit set (59,9

days) und fruit harvest (104.S days), among parental lines.
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Table 45, Evaluation of three lines of tomato and the
physical mixtures for resistance to

bacterial wilt

Total Nurber of Wile
Lines nunber of plants reaction

plants wilted (%)
LE 206 (1) 87 18 26,32 (MR)
LE 212 (2) 85 i8 32,78 (1R)
IIHR Bwr 34A (3) 55 15 27.27 (MR)
1+ 2 60 19 31.67 (MR)
1+3 60 16 26.67 (MR)
2+ 3 60 20 33.33 (MR)
1+ 2+ 3 60 19 31,67 (*R)

MR = Moderately resistant, 20 to 40% plants wilted



General analysis of variance

llean squares

VS"u“’ig:i‘ogf af Days o Days to  Fruit set Fruit/ Frui t
fruit set fruit (%) plant yield/
harvest plant(g)
Genotypes 6 $5.07 9,72 12,79 46,27 467689,77
Parents 2 6.88 2.49 £,.,81 £7.35 16538.69
Mixtures 3 4,21 1,65 20.81 49,42 1850.94
Parents vs.
mixtures 1 3.80 48,39*% 0«66 14.66 2767508 .40*
Erxor 7 510 2.96 17.64 16.31 5241.16
* p = 0,05

601




110

Among physical mixtures LE 206 + IIHR Bwr 34A was earlier

for days to fruit set (61.3 days) while LE 212 + IIHR Bwr 34A
wag earlier for daye to fruit harvest (100,73 days).

LE 206 + IIHR Dwr 34A had the highest per cent of fruit set
(57.99%). LE 212 hed the highest fruits/plant (30.9)
followed by LE 206 + L& 212 (29,5} . LIER Bwr 34A had the
maximu: fruit yield/plant (529.34 g) followed by LE 206 +

LE 212 (497.13 g) (Table 47),

2) The general coexistence chility index

For days to frult set, the CCoA estimates were greater
than unity for all the _«rentcl lincs &nd physical nixtures,
The deys to £riit haervest vwerc less in mixXtures than in
vurestandsg, as the GCohd effects were lesc than one. The
GCoA estim-tes of LE 212 ond IIiiR Bwr 34A, for per cent of
fruit set were greater thon one (1,11 and 1.75 resrectively),
while LE 206 mabntained its verformance in mixtures (1,00),
For fruits/plant, GCoA estimate of iL.E 212 was ecual tc one,
while LE 206 and IIHR BWr 342 hed GCoA values less than
unity. For fruit yield/plint, GCor estin:tes vere greater
than one for all the —ercutel lincs and physiczsl mixtures

(Table 48).,

Ce Maternal effects for certain quantitative characters

in tomcto

The direct and reciuyroccl Fl hybrids invoiving five



Table 47.

Mean performance of tihree tomato lines and their physical mixtures

Fruit

Days to : I o/

ey B e TR T wmaw
LE 206 (1) 59.90 104.50 83.60 24,60 496.50
LE 212 (2) 63,50 106.60 52,57 30,90 358.00
IINR 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 62,35 100.73 52,31 22,73 429,38
1+ 2+ 3 63,95 102.80 51.34 23.16 482.54

NeSe HeSe N.S.

cp (p = 0,05) 3.32 171,22
SEN % 0.99 41.20

11t




Table 48.

General coexistence ability estimates and mean erformance of different

genotypes in purest:nds and in nixtures

Days to ‘ Fruit
Genotype Stand fm to,  fruit F m’(*:;) set E ’3‘:‘;25/ yield/

. harvest b ‘ P plant(qg)
Hean GCoOA Mean GCoa Mean GCoA Mean GCoA Mean GCoA

LE 206 FPure 59,90 104,50 53,00 24 .60 480,00
1.06 0498 1.00 0.86 1,08

Mixtures 63,37 102,53 52.74 21.17 519,63

LE 212 Pure 63.50 106,60 50,00 30,90 321,10
1,02 0.96 1.11 1.00 1.21

Mixtures 64.57 ici.21 55.24 30,84 388,04
0.97 0,96 1.08% 0.81 1.07

Mixtures 6C.60 101,75 52.72 16,05 534.67

¢ll
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tomato lines - LE 79 LFF, LE 214, LE 217, IIHR Bwr 93 and
LE 206 - were evaluated under field conditions along with
the susceptible check Pusa Ruby during July to November,
1985 (Tsble 49). all the direct and recirrocsl ¥, hybrids,
except LE 206 x IIHR Bwr 93 (28.33%), were resistant to

baecterizl wilt., Pusa Ruby showed 100% susceptibility.

1} General analysis of variance for yield and yield

components

Varjianccs due to cenotypes were signific:nt for vlant
height, dzys to fruit harvest ond :er cent of fruit set
(Teble 50). Iean squares due tc direct Fyq hybrids were
significant only for »i-nt height and ner cent of fruit set.
Variances due to recinrocal F1 hybrids were significcent for
rlont height, doys € fruit set, dayse to fruit harvest and
pexr ceni of fruit set. lean squares due to <irect versus
reciprocal Fl's were signifiicant for days to fruit set,

drys o frvit hervest and per cent of fruit set,

Among direct Fl hybrids, LE 214 x LE 217 wis the
tallest (104.2 cm) followed by LE 217 X LE 206 (93.73pm)
LE 217 x LE 214 wes the tallest among reciprocecl Fl hybrids
(104.93 cm) followed by ni 206 x LE 214 (104.87 cmj. Among
direct F1 hybrids, Lz 79 LFF x LE 206 had the highest
nurber of rrimery branches/plont {8.3) at second harvest.
Among reciprocal F, hybrids, LE 206 x LE 217 (£,33) had the

highest number of primary branches/plant. LE 214 x IIHR Dwr 93
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Table 49, Evaluation of direct and reciprocal F, hybrids
involving f£ive specific lines of tomato for
resistance to bacterial wilt

Lines Total numwber Number of Wilt reaction

of plants plants wilted (%)

1 x2 58 5 2,60 (R)
1 x3 58 3 5.17 (R)
1 x4 58 6 10.35 (R)
1 x5 58 10 17.25 (R)
2x3 58 4 6.90 (R)
2 x4 - 60 9 15,00 (R)
2 x5 S0 3 13.33 (R)
3 x4 60 4 €.67 (R)
3x5 60 4 6467 (R)
4 x5 60 8 13,33 (R)
2x1 58 3 5417 (R)
3x1 60 4 6467 (K)
3x2 60 11 18.33 (R)
4 x 1 60 4 6.67 (R)
4 x2 60 6 €.67 (R)
4 x3 50 3 6.00 (R)
5x1 60 3 5400 (R)
5 x 2 60 9 15,00 (R)
5x 3 60 6 10,00 (R)
5 x 4 60 17 28.33 (MR)
1. LE 79 LFF 3. LE 217 5. LE 206
2. LE 214 4., IIHR Bwr 93

R «~ Resistant, <20% plants wilted
I'R « Moderately resistant, 20-40% plants wilted



Table 50.

General asnalysis of variance

Sources of

Mean squares

daf Plant rrimary Days to

variastion height bramchey D2VT . fruie  TRuLset Frulws/ rut

(cm) rlant harvest ’ plant(g)
Replications 2 195,42%* 3.96% 70.42 134.56** 74.06*%% 219,37%* 122336,60%
Genotypes 19 274.26%* V.92 8,16 12,20%* 46,42%% 3€.,99 35641,.51
Direct Fl's 9 215,16** 1.19 5.26 5.88 49 .,02%* 23,97 34034.23
Reciprocal
?1'0 9 355.76** 0.75 6.17 13,31* 47.32%% 44.07 38036.96
Direct vs.
reciprocals 1 72.59 - 52,09** 50.10%* 14.77%* 90.43 28%47.99
Exrorx 38 33.77 286 4457 5.19 Gedd 26,09 20712.83
* P = 0,08

** p = 0,01

CT1



Table 51. Mean performance of direct and reciprocal Fl hybrids involving five specific
lines of tomato

Plant Primary Lays to Fruit
Lines height branches/ ooY2 *° fruie Fruit set Frui ta/ yield/
(cm) plant harvest ~ b plant(g)
Direct F1
hybrids
1 x2 68477 7.15 58,70 87.03 77.07 30,42 755,67
1 x4 75420 6.88 57.67 86433 62,53 26,32 877.92
1 x5 60.92 8430 57.33 85,33 66 .80 29,55 869 .00
2x3 104,20 7.60 60,93 89,80 65.77 26.93 551,33
2 x4 87.63 6.73 56.93 6,13 68.84 27.60 887.33
2x5 91.87 7.83 57.80 85.00 70.31 27.15 921.75
3 x4 88,03 8.13 57.80 85,26 60496 24,27 802.44
3x5 23,73 7.93 59,87 86 .87 64 .44 28.55 836,58
a x5 77.00 6.47 59,27 86,47 62.50 23,53 801.33
Recirrocal ?3.
hybrids
2x1 868,27 7.07 58,67 86,07 76 .41 29,87 916,00
3x1 92,60 7.53 58,73 85.53 72.76 30,49 547,78

911



Table S51. (Contd.)
Plant Primary Days to Fruit
Lines height  branches/ ovs ®° fruit ¥ “&f set F f‘;ﬁ:"’/ yield/
(cm) plant harvest P plant(g)
3 x 2 104.93 7.27 58,60 88433 66,09 28.84 606,33
4xx 1 74.80 7.27 59.53 88,33 7C.14 24.60 867.33
4 x 2 292,93 7«73 61.40 87.13 65,01 21,27 504,17
4 x 3 296477 7.03 62,07 90,08 63,59 24.23 827.50
5x1 83.27 7.00 58.67 86.93 70.65 24,52 745.83
5 x 2 104,87 8.07 60.70 89,53 69,46 23.80 814.00
C¢D (P=0,05 9.61 1.53 3.54 3.77 4,20 8.45 237.96
SEM¢ 3.36 Ge54 1.23 1.32 1.47 2,95 83.09

1

T
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wag earlier for days to fruit set (56,03 days) while for
days to fruit harvest LE 214 x LE 206 (85 days) was earlier
among direct F1 hybrids. aAmong reciprocsl F1 hybrids

LE 217 x LE 214 was earlier for days to fruit set (58,6
deys). For days to fruit harvest LE 217 x LE 79 LFF (85,53
days) wus earlier, LE 79 LFF 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 F, hybrids. Among reciprocal Fy
hybrids LE 214 x LE 79 LFF had the maximum per cent of

fruit set (76.41%)., Armong direct F,'s, LE 79 LFF x LE 214

1
had the maximum fruits/plant (30.42) followed by L.E 79 LFF x
LE 217 (30.07). Among reciprocal Fl's LE 217 x LE 79 LFF
had meximum fruits/plant (30.49) followed by LI 214 x

LE 79 LFF (29.87). LE 214 x LE 206 had the hichest vield

of 921.75 g/plant among direct F,'s while I.E 214 »x LE 79 LFF

1
had the hichect yiel of 916 g/plant among recinroc:l Fq

hhride ‘Takrle 51),
2) rnelysis of varience for combining ability

The combining ability anclysis was conducted for ezch
oi the cuantitctive <horacters studied (Table 52). 1The
general =nd specific combining ability effects anc reciprocal

effects were estimated.
Plant height

unly voriance due to gea was significont (Lakle 52).

gca efiect was maximun in LE 214 (8.94) and minimum in



Table 52, Anzlysis of varlance f£.r combining ability analysis

Sources Mean squares

of Primary Days to Fruit

. Days to Fruit set Fruits/

variation branches/ fruit set gruit () plant yield/
arvest plant(g)

Gea 358,00** 3.53 54 ,41%% 41,00** 13653,50

Sca 2496 7.04% 1.88 192061,30*

Reciprocals 10 4 .,84%* 4,11 6.08 7508 .95

Exror 1,73 2.15 8.70 6904.28

611
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IIHR Bwr 93 (=7.31). The higheat sca effect was recorded
in LE 214 x LE 206 (12,51) and the lowest in LE 217 x

LE 206 (-3,29). Reciprocal effect was the highest in

LE 206 x LE 217 (3,.,74) and the lowest in IIHR Bwr 93 x

LE 217 (~4,37) (Table 53).

Primary brenches/plant

Varianees dve to geo, sca and recirprocal effect vere
not significant (Table 52). LE 214 had the highest gea
effect (0.28) and IIFR Bwr 93 had the lowest gca efifect
(«0,38), The maximum sce efiect was expressed by LE 214 x
LE 206 (C,27) and the minirur by ITIHR Bwr 93 x i.E 206
(-0,64), LE 206 x LE 79 LFF recorded the highest reci-
procal effect (0.65) and IINR Bwr 93 x LE 214, the lovest

(-OQSG) (Table 54)0
Days to fruit set

inly varisnee due to reciprocal effect was significant
(Table 52). gea efiect was maximum in IIHR bwr 93 (0,51)
and minimum in LE 79 LFF (-1,32)., The highest sce effect
was maniiested in LE 206 x iIHR Bwr 93 (0.,41) anc the lovest
in LE 79 .FF % LE 214 (-0,45), LE 217 x LE 214 reccrded
~ the hichest r-ciprocel cffect (1,17) 2nd ITHR jwr 93 x

LE 214, the lowest (=2.,24, (Table 55),.
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Days to fruit harvest

Variance due to reciprocals was only significant.
gea effect w.8 moximum in IZHR Bur 93 (£.59) znd minimum
in ¥ 79 LIF (~1.31). The highest sca effect wus recorded
in LE 214 x E 217 (1.47) and the lowest in LE 214 x IIHR
twr 93 («1,35). LE 217 x LE 214 expressed the highest
reciprocal effect (0.74). LE 206 x 1IHR Bwr 93 recorded

the lowest reciprocal effect (~3,10) (Table 56;.
ver cent of fruit set

Varisnces due to yco and sca were signi:icnt (T.ble 52).
LE 79 LFF hed the meximur gea effect (4.28) -nd the minimum
in LIIE. Bwr 63 (-3,17). The sca effect was the highest in
Lis 237 x L 206 (3.,83) and the lowest in LE 214 x LE 217
(=2.51). 7Zhe highest reciprocal efiect was ex;ressed hy
LE 206 x I1Iaik Bwr 93 (2.,92) and the lovest by LE 206 x

Fruits/plent

vari nce due to gco was only signiiicant (Table 52).,
Maximun geca efiect was observed in LE 79 LiF (2,71) and
mindimwe in JiHR Uwr 93 (=3,71). LE 217 x LE 206 showed the
highest sca efiect (1.03) and LE 214 x LE 217 the lowest
(w1.20). 7The highest reciprocal effect was recorded by
IIHR Bwr 93 x LE 214 (3.12f?%6west wus observed in LE 217 x

LE 214 (-C,96) (iable 58).



Table 53. General, specific and reciprocal effects
for plaznt height
Pl 1-"‘2 P3 ’!F'4 PS
Pl -6.18 -2.97 0.62 .0023 2.60
Pz '0‘25 8-94 ‘0.70 -0.08 12.51
FB *1.84 -0037 7.60 3.38 ‘3-29
P4 D20 -2 ¢65 -4437 -7 431 -3,07
Ps -1.18 -6.56 -3.74 1.70 ‘3.05
Effects/ Standard gié;ig:&ce
comparison error (p = 0;05)
gca (gi) 1,23 -
sca (sij) 1.68 -
Reciprocal (rij) 2,37 -
gi - g} 1.94 3492
81] - sik 2,73 5«55
Sij L Bkl 1.94 3.92
geca - diagonal & underlined Pl - LB 79 LIF
sca - above diagonal Pz - L 214
Reciprocal - below diagonal Py = LE 217
94 ~ IIHE Bwr 63

LE 20¢€



Table 54, General, specific and reciprocal effects
for primary branches/plant
Py P, P, P, Pg
P1 0,16 -0,17 ~0,20 0.20 0.16
P, 0.04 0203 =0.28 0.16 0.27
P3 -0,20 0.17 0228 D26 =0+10
P, =0.20 =0,50 0,55 0,38 -L.64
Pg 0,65 0412 =0.20 =0,17  C,2¢

Effects/ Standard g:é;ical
com- arison error erence
- (P = 0.05)
gea (gi) Ge20 -
sca (sij) 0427 -
Reciprocal (rij) 0,38 -
gi -l 0,31 0.63
sij - sik 0.44 0.89

sij = skl 0430 0463




Table S5, General, specific and reciprocal effects
for days to fruit set
Parents Pl ?2 7D3 ?8 P 5
Py “1.32 <=0.45 0439 0,23 0,36
Ps «0,34 =0,08 0e27 =0.44 =0.35
‘?
3 "woB? 1017 0340 -0.16 "}033
Pa —0.93  ~7.24 -2,14 7451 .41
Ps 0,67 =1.,45 =0,53 =1,33 0,50
rffects/ Standard giﬂég::ice
comperison errcr (P = 0.05)
gea (gi) Co45 -
sca (sij) C.62 -
Reciprocal
(rijj 7 e87 -
gi = gs, Ce7l 1.40
sij - sik 1.01 2.04
sij = skl Ge71 1.40

- -
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Table 56, General, specific and reciprocal effects
for days to fruit harvest

Parents Pl P2 P3 P4 :’5
F1 ~1,31 0,48 =0,79  0.69 =0.38
P, 0.48 0,03 1,49 =1,35 -0.59
Py -0.07 Ce74 0,22 ~0.50 =0.18
P, “1.00 =0.50 =2.,41 0,59 1,15
Pe -0e80 =2,27 «1,00 =3,10 0,47
Effecta/ Standard giézéggice
comparison error (> = 0,05)
gca (gi) (.45 -
sca (siji) 0,62 -

Reciprocal(rij) 0«87 -

gl - g} 0.71 1.40
sij - sik 1,01 2,04
sij - skl 0.7 1.40




Table 57. General, specific and reciprocal effects
for fruit set (%)
Farents iy Pz Pa ifzd 2 5
pl é.zs -ﬁ.23 1‘99 -'53025 ‘1.51
Py 0620 1,62 ~=2.51 0.91 1.83
g 2,90 0,12 ~0,38 0.08 3.83
I"4 '\71045 1.14 -0.76 "3.17 -0074
1:’5 -1.20 0027 0006 2.92 -?.33
Effects/ Standard Critical
comparison error difference
(P = 0,05)
gea (giJ Ce54 -
sca (sij) 073 -
Reciprocal (rij) 1,04 -
gi = gf 0.85 1.73
sij - sik 1.20 2,42
sij ~ skl 0,85 1,71
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Table 58, General, g eclfic and reciprocal effects
for fruits/plant
Parerts P1 P2 P3 Pg Py
P 2,7 :
1 Qe2l 0e63 -0e11 -"e73
P2 0.28 0,65 =1,20 02 0.06
Py 0086 3412 0,02 =3,71 =0.36
Pg 2,52  1.97 0,60  2.5¢ -1
— - Critical
Effects/ Standard differonce
compa:ison error (c = 0,05)
geca - (gi) 1.07 -
sca (sij) 1.48 -
ieciprocal (rij) 2,08 -
gl = g} 1.70 3.45
sij "siz( 2"'1 4.88
sij = skl 1,70 3.45

Do
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Table 59. General, specific and reciprocal effects
for fruit yield/plant

Parents Py Py Py P, Pg
Py 65.39 30,65 23,60 19,73 -73.96
P, -78,67 56,28 -13504 6.19 98,21

28,03 =27.50 «27.42 54.89 56.57

3
P‘ 5,30 129,92 «12,83 -10,07 -80,80

Effects/ Standard mg::z«
comparison erxor

(P = 0,03)
gea (gi) 30.34 -
sca (sij) 41,55 -
Reciprocal (rij) 58,76 -
gi - g3 47.97 97.15
sij - sik 67.84 137.3%

sij - skl 47.97 97.18




Fruit yield/plant

Variance due to sca was only signiiicant (Table 52).
The highest gca effect was expressed in LE 79 LFF (65,39)
and the lowest in LE 214 (-56.28). LE 214 x LE 206 had
the maximum sca effect (98.21) and LE 214 x LE 217 had the
minimu: (=-135,04). <he highest reciprocal eftect was
shovn by IIHR Bwr 93 x LE 214 (129,92) and the lowest by
LE 214 x LE 79 LFF (~78.67) (Table 59).

De Lvaluation of a set of tomato lines for resistonce

to bactcrial wilt and economic characters

Fourteen tomato lines - LE 206, LE 208, LE 209, LE 210,
LE 211, LE 212, LE 213, LE 214, LE 217, LE 79 LFF, LE 79 LFG,
LE 79 DG, IINR Bwx 93 and IIHR Bwr 342 were evealuated under
field conditions along with the susceptilile check I'usa Ruby
during July to lioverber, 19¢5 (Teble 60). The lines were
genetically catelogued for inpertant morphological cheracters
(Table 61). The lines LE 211 (10%), LE 214 (6.673¢), LE 217
(3.51%), LE 79 LFG (5%) and LE 79 DG (15%) were resistant.
The lines LY 206 (30}, TE 208 (32,33%), LE 213 (25%,
IR Bwr 93 (28.81%) cnd TIHR Bwr 34A (20%) were moderately
registent. LE 210 (43.33%) and LE 212 (41,67) were
moderztely susceptible while LE 209 (75%) and LE 79 LyF (60%)
were susceptible, The susceptible check, Pusa Ruby showed

100% wilt incience,
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Table 60, Evaluation of tomatoc lines for their reactién
to bacterial wilt

Total Humber of Discase

Lines nunber plants reaction
of plants wilted (%)

LE 206 60 18 30,00 (iR)
LE 208 60 23 38,33 (IR)
LE 209 60 45 75.00 (s)
LE 210 60 26 43.33 (1'8)
LE 211 60 6 10,00 (R)
LE 212 60 25 41,67 (Vs)
LE 213 60 15 25,00 (MR)
LE 214 60 4 €.67 (R)
LE 217 57 2 3.51 (R)
LE 79 LFG 60 3 5400 (R)
LE 79 DG 60 9 15,00 (R)
LE 79 LFF 60 35 60,00 (o)
IIHR Bwr 93 59 17 28.81 (MR)
IIHR Bwr 34A 60 12 20.00 (MR)

R « Resistaut, <& 20¥% pleznts wilted
MR = Moderately resistont, 27-40% plints wilted

NS = Moderatel sugcerntible, 40607 plents wilted

(6]
]

Susceptible, > 60% plants wilted



Table 61. Genetic cataloguing of 14 tomato lines

Lines Genetic cataloguing
LE 206 a'ees C'es, dp'-., fY'e., n'e., o'-., pstt-., sp'-., uu.,
LE 208 ame, Clmes dp'ee, f£'we, n'=., oo, pstt-., sp =-.., uu.,
LE 209 atme, Cl'e., apte.. £-., n*-., of=., patt-., Sp =e,  Ul.,
LE 210 Q ee CCey dp+-.. f"'-.. NN, COes pst pst, sp+-.. Ule,
LE 211 a -, ct-.. dp+—., f£ta., n'e., o'-., pstf-.. sp*—.. e,
LE 212 a'eey € =ee GpTeey f£fevs nfe., Y-l pstte.,  spie., u'-.,
LE 213 a me, €'=. @pie., £f'=u. nTe., 0'-., pette., spfe., u-.,
LE 214 a'ees c'-., Gpdp., £'=., n¥-., o'=., pst'-., sp'-.. u'-.,
LE 217 a%-.. c+-.. AP o 0 f+-., n+-., o+-.. pst+-.. sp+-.. uf-..
LE 79 LFF é*-., c+-.. dp+—., £f., n+—., o+-.. pst*-., sp+-.. uf-..
LE 79 LFG é+-.. c+—.. dp+-.. f+-.. n*-.. o+-.. pst+«.. 9p+~.. u*-..
LE 79 DG a mes  Clmey  dpTees £mey Dime, O mes rstiees 8D =es U =a,
IIHR Buwr 344 & =., ctae,  apTe., gfe., ntel,  oYe.,  pste., ED =y we-.,
IIHK Bwr 93 atees C'=es dpies, flmey n'm., O'me, psti-., spt=-., uu.,

TE1



Deta on plant height, primcry branches/plant, days to
frulit set, days to fruit harvest, fruit set (%), ifruit/plant
and fruit yield/plant were analysed (Table 61). Significant
¢ifferences were observed for plant height, primary brenches/
plant,fruits/plent and fruit yleld/plant. llant height
ranged from 56.62 cm in LE 212 to 98.33 om in LE 79 DG. The
maximum primary branches/plent was produced by LE 214 (9.93)
followed by LE 79 LFu (8.8) and the minimum by IIHR Bwr 93
(4.6). Days to fruit set ranged from 5¢,6 days in LE 211 to
68,73 days in LE 206, “he lines LE 209 (59.43 days) end
LE 213 (59,4 days) were also early. Days to frult harvest
ranged from 92.33 days in LE 213 to ©7.92 days in IILR bBwr 93.
The lines LE 211 (93.47 cGays), LE 217 (94.2 days) and LE 214
(94,8 days) were also early for fruit hervest. The fruit set
(%) was the lowest in LE 208 (45.5%) and the highest in
LE 213 (60.568%). The highest fruits/plant was borne by
LE 213 (36.00) followed by LE 208 (33.75). LE 21C had the
lowest fruits/plant (16.81), The line LE 79 L¥C yielded
the highest (742.6 g/plant) followed by LE 79 DX (733.0 g/
plant). The line LE 209 yielded the lowest (231.€7 g/plant)

(Table 63).



Table 62. Gereral anealysis of vcriance

llean scuares

Sources % = £
of af P¢ant% Primary Days to zays to Fruit set Fruits/ ?rutt
veriation height branches/ fruit set -rult (¢) plant vield/

' | (cm) plant ) harvest ’ : plant(g!}
Replicetions 2 1242.87** 6,28*%% 215.,58** 737.64** 35.08 34.30 86,80
Genotypes 13 562.,15%  7,92%* 20,.48 7.74 CF 25 139,25%* 70847 09**
Exror 25 64.91 487 18,26 10,94 33.61 42,00 20977, 3%
R D o 0001

£E1




Table 63.

Mean performance of tomato lines

Lines ii;rg!;t igﬁﬁs/ 2?_{1; ttge t lf?;};v:tto Fn&;; set Fi'uizs/ gf:ig/
(cm) _plant harvest pLan plant(g)

LE 206 84,53 7.20 68,73 95.93 57.59 21.67 533,17
LE 208 78.57 550 62,00 95,30 45,50 33,75 599.00
LE 209 61.42 5.14 59,43 97.83 54,85 18.33 231.67
LE 210 82.49 4.84 63.25 97.27 47.75 16.81 237.50
LE 211 93.63 Cod7 5G 460 $3,47 49 .66 32,57 562,33
LE 212 56.62 7.47 63.67 96 .00 42,16 31.67 385,33
LE 213 79.08 7.67 59,40 92,33 60.58 36,00 537,33
LE 214 93,93 9,93 64,27 94 .80 57,71 31.83 650433
LE 217 58,60 7.80 65413 94,420 56431 25420 549,83
LE 79 LFG 93.67 8.80 62.87 96,73 56,16 19.67 742,67
LE 79 DG 98,33 8.33 52,53 95,53 51,32  26.03 733.33
LE 79 LFF 70.87 6.51 64,70 94,97 55.04 26 .89 598.00
IIHR Bwr 93 63473 4.60 63427 97.92 51,11 16,90 539,00
IIHR Bwr 34A 67.60 6613 62,50 96.20 55,09 18,02 505,08
CD for comparing |
tre: trentawith
no rmissing value 7.65 1.57 10.88 243,14
CC for compaxing
treatments with
missing value 8.76 1.77 Se HeSe 5 12.31 275.08
SEMt 4,65 554 3.74 £3.62

[t
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DISCUSSION

Bacterial wilt caused by Pseudomonas solanacearum

EJ.F, Smith is the most serious disease of tomato in the
warm humit tropics. The first report cn the disease

came from Italy in 1882 (Walker, 1952). In India it was
first reported from West Sengal by Hedayathullash and Saha
(1941) .

Hayward (1964) reported Pgeudomonas solanacearum as
a complex species consisting of several races differing

in host range and pathogenicity. ilore than 200 species
of plants are susceptible to the pathogen, The najor
susceptible species belong to Solanaceae. Tomatoes and
egg plants are more susceptible than chillies, Other
common hosts include banana, potato, tobacco, peanut,

segamun etc,.

The first expression of the disease is wilting of
the lower leaves, accompenied usually with yellowing of
older leaves., The root system of the wilted plcnts
develop a water scsked appearence., Dark brown to black
areas develop due to decay of root system and whole plant
dies off, The appearence of bacterial ocoze when the
vascular syster is severed, is the characteristic
indication of tihe diseace (Walker, 1952; Chupp and shergf,
1960). The entry of the pathogen is through injured root

gysteri. VWounds csused by nematode injury, mechanical
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injury and root breakage due to transplanting etc. are
considered to be the entry points. Libman et al. (1964)
reported entry of pathogen tirough uninfested roots.
Pseudomonas sclanacearur is gram negative, non~spore
forming, rod shared and motile with one or several polar
flagella (Kranz et al., 1977). It survives in scil under

natural conditions for as long as six years.

Various methods were used to control the disease,
Crop rotations are «i lindted value unless long rotstions
with non~suscentible crors are followed. Rotation of
tomatoes with Viguaz sp. followed by maize and cabbage/okra
followed by Vigna sp. ond malze gave effective control
(sohi et al., 1981}, Control of bacteriel wilt was
obtained by grefting tomato scions to resistont stocks
(Reyes, 1967; Oberero, 1969). Chemical control meas:res
are costly and inefiective. Use of resistant varieties
is the only economical and feasible method to control
bacterial wilt., 7Two distinct sources of resistaice-one
derived from Louisians :ink (North Carcolina Source) and

the other from .I 127805 2 (Lycopersicon pimpinellifolium],

were reported (Russel, 1978).

Crosses involving resistant verieties were rore
resigtant than the resistant cultivars themseclves. Crosses
between Louisiana Iink and T 414 from uerte Rico were
considered as promising sources of resistance (Heaver, 1944).

Two way and three way crosses of three tomato cultivers
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(VC 11-1, Saturn and Kewalo) were resistant than their
parents (AVRDC, 1975). 1In the present study six tomato
lines - LE 79 LYF, LE 214, LE 217, IIHR Bwr 93, IIHR Bwr 34A
and LE 206, rossessing different gene systems were crossed
without reciprocals. All Fx hybrids except IINR Bwr 93 x
IIHR Bwr 34A and IIHR Bwr 34A x LE 206 were resistant. This
confirmed the eariier reports of wWeaver (1944) and AVRDC
(1975). Salient features of the most promis ing F, hybrids
are given (Table 64)., LE 214 x LE 206, the highest yielding
F, hybrid (921.75 g/plant) with 27,15 fruits/plant, was

earlier to fruit set (57.8 days) and fruit harvest (85 days).

Various investigations involving mixtures as potential
cultivars in field crops like rice, wheat, sorghumr, soybean
and maize indicated the possibllity of some favourahle
interaction amon¢ the mixture c¢compcnents,., Such inter-ctions
are found useful in achieving greater yleld through more
ef.icient use of environment (Donald, 1963). 4s the
clfferent compenents in a mixture would constitute a
barrier to arrest the spread of disease organisms, it oppeoed
possible that heterogeneous populaticns micht act 28 2 none
polluting mesns cf diseare control (Vander rlank, 1968,
1975). Amonc the 15physical mixtures developed from six
tomato lines, six were resistant - LE 214 -+ LE 217, LE 214 +
IIHR Bwr 93, L& 214 + IIHR Dwr 34A, LE 217 + IIHR Bwr 93,

LE 217 + IIHR Bwr 342 and IIHR Bwr 93 + IIHR Bwr 347,



Table 64. rrondnent F1 hybrids and their salient features
Days to - Fruit Wilt
F, hybrids ??ﬁftt: et frult ”r"(";? set Fﬁi:s/ yield/ reaction
harvest ° p plant(g) (%)
LE 214 x LE 206 57.80 295,00 70.31 27.15 921,75 13.33 (R)
LE 79 LFF x
IIMR Bwr 34A 56 .87 85.47 63.04 23,20 908,02 $.17 (R)
LE 79 LIFF x LE 217 57.00 55,40 81.21 33.07 837.17 5.17 (R)

§€1



The component lines forming these resistant mixtures were
resistant to moderately resistant, 1LE 79 LFF + LE 217,

LE 214 + IIHR Bwr 34A, LE 214 + LE 206, LE 217 + IIHR Bwr 93,
LE 217 + IIHR Bwr 34A, IIHR Bwr 93 + IIHR Bwr 34A, 1IHR

Bwr 93 + LE 206 and IIHR Bwr 34A + LE 206 had higher level
of resistance than the expected values baged on ;arental
performances (Fig. 1). The component lines carrying
different resistance genes provide obstruction (Harvey, 1978)
for the spread of the disease, This confirmed the earlier
report of Pande (1978) in bengal gram. The best resistant
physical mixture LE 214 + IIHR Bwr 93 (600.38 g/plant) had
24 fruits/plcent took 66.87 days to fruit set and 94.82 days
to fruit harvest, The most promising resistant physical
mixtures ond their salient features are given (Tcble 65).
Fifteen F1 hybrids and 15 physical mixtures were corpared
for their bacterial wilt resistance (Tzble 66). All the

Fis except IIHR Bwr 93 x IIHR Bwr 34A and IIHR GLwr 34A x

LE 206 had higher level of resistance than their respective
mixtures (Table 66). The mixture IR Bwr 93 + 1IHR Bwr 34A
showved only 13.33% susce;tibility, while respective ¥y
hybrid showed 35,29% susceptibility. 1Iiik bBwr 34A + Lk 206
also showed an increased resistance to bacterizl wilt when
compared to its respective F, hybrid (Table 66). Prominent
Fy hybride and physical mixtures with respect to economic

characters are given (Teble 67).

Many of the reportedly resistant lines like Venus and
Saturn (Henderson wnd Jenkins, 1971; Sonoda, 1977) wilted
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Table 65. Prominent physical mixtures with their salient characteristics

o 'ays to Fruit Wile

Physical mixtures ;iﬂ:tt:et fruit Fru%;)set ngizs/ yield/ reaction

harvest ¢ p plant(g) (%)

LE 214 + IIHR Bwr 93 66.87 94.82 5726 24.07 607,38 18,33 (R)
(63.80) (89.72) (58.91) (22.39) (558,20 (1€.€7)

LE 214 + LE 217 71.47 98,47 56433 26 .87 562.32 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 5684.35 10,00 (R)
(63.97) (90,66) (6n.84) (24,.96) (638,59 (16.18)

(Values in parenthesis incicate expected vaiues based on pure stond)

usl
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Table 66, Comparison of F, hybrids and physical mixtures
for resistance éo bacteriazl wilt
Wilt Wilt
Entry ié?ction Deviztion Entxy reaction Deviation
P (%)
1 x2 8.6 2x6 13.33
-34,73 -11.67
1+ 2 43,33 2+ 6 25,00
1 x3 Se17 I x4 €.67
=26 450 - 5433
1+ 3 31,67 3+ 4 1%.0¢C
1 x4 17,35 3IxS5 £¢33
«31_31 - 6467
1+ 4 41.€66 3+ 5 12,00
1 x5 Eel?7 3Ix6 2,67
-34,83 -21,66
1+ 5 4T 00 3+ € 2C 433
1 x6 17,24 4 x5 35,29
-32,76 21,96
1+ 6 50,00 4 + 5 13,33
2x 3 €.90 4 X 6 13,33
'-'9077 ‘16.67
2+ 3 16,67 4 + 6 3G,00
2 x4 15,00 5x6 3G.C00
-3,33 5,00
2 + 4 18.33 5 + 6 ?5.('0
2x5 5.00
"'5'00
2+ 5 Ce0C

{



Table 67.

Prominent Fl hybrids and physical mixtures with res;pect to economic
characters

Characters

F1 hybrids

Fhysical mixtures

Plant height
Primary branches/plant

Dayes tc fruit set

i‘ays to fruit harvest

Fruit set (%)

Fruits/plant

Fruit yield/plant

LE 214 x LE 217 (104.2 cm)
LE 79 LFF x LE 206 (83 om)

LE 214 x IIIR Bwr 34A
(56 08 days)

LE 214 x 1iHR Bwy 34A
(94.47 days)

LE 79 LFF x LE 217
(81.21%)

LE 79 L¥F x I 217
(33.,07)

LE 214 % LE 206
(921.75 g/plant)

LE 79 LFF +
LE 79 LFF +

LIIR Bwr 93
(62,86 day)

IIHR Bwr 93

(91,08 days)

LE 79 LFF +
( 59 .6993'

LE 214 + LE

LE 217 (87 om)
LE 217 (8.75)

+ LE 206
x LE 208
LE 206

217 (26.87)

LE 214 + IiHR Bwr 93
(600.38 g/plant)

L«

e binr

Al



under warm humid tropical conditions of Kerala, indicating
the possiblc existence of different races of the pathogen
and the need to identify fileld resistant lines,
Sreelothakumari (1983) observed resistance in L& 217,
Narayanankutty (1985) observed resistance in LE 217 ané

LE 79 LFG., Resistance in LE 217 and LE 79 LFG were
confirmed by spot-planting with the susceptible check,

Pusa Ruby during July-November, 1985, High incidence to
wilt vas observed in LE 208, LE 2039, it 210, LE 212, LE 213,
IIHR Bwr 93 and IIHR Bwr 34A. The lines LE 211, LE 214 and
LE 79 DG were resistant with wilt incidence of 10%, 6.67%
and 15K respectively. These lines could be adcitional

sources of resistance to bacterial wilt (Plate X, II and III).
Heterosis

Earliness oi the F1 hybrids was coniirmed taking into
conslderation constituent characters - days to fruit set
anu days to ifruit harvest, ovut of 15 hybrics, 13 hybrids
had negative relative neterosls and 12 hybrids showed
negative heterxobeltiosis for days to fruit set (vable 68).
Fourteen hybrids had signiificently negative relctive
heterosis and nine hybrids had significiontly negative
heterobeltiosis for da,s to Zruit harvest. LE 214 x IIHR
.Bwr 34A had the first fruit in 56.8 days and took 84.47
days to fruit harvest (Table 67). Earliness in tomato
hybrids was reported by Phills (1976), Babu (1978) and

singh et al. (1978).



Plate I -~ LE 79 DG

Plaote i1 - LE 214






Plate III - LE 211






Table 68. Number of heterotic hybrids for irmportant
economic characters

Relatively

H beltio
Characters g;;iig:.tc etg;gn d:‘t tic
Plant height 12 (8) 4 (2)
Primary branches/pleant 12 (11) 9 (8)
Days to fruit set 18 (13) 15 (12)
Days to fruit harvest 15 (14) i4 (9)
Fruit set (%) 14 (12) 13 (11)
Fruits/plant 12 (9) 7 (5)
Fruit yield/plant 14 (0) 14 (n)

(Values given in pérenthesis indicate significintly

heterotic hybrids)

14¢
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LE 79 LFF x LE 217 had the highest number of fruits/
plant (33,07) (Teble 67). It expressed heterobeltiosis
to the extent of 2,29% and a relative heterosis of 24,98%.
Nine hybrids showed significant positive relative heterosis
and only five hybrids expressed significant positive
heterobeltiosis for fruits/plant, For fruit yicld/plant,
14 out of 1% hybrids showed relative heterosis and
heterobeltiosia, Heterosis for fruit yield and its
components was earlier obserxved by Babu (1978), Peter and
Rai (1978), Singh g% al. (1978), Popova et al. (1979),
Luk'yan (1980) and Bhutani (1981). The best hybrid in
terms of fruit yield/plant was LE 214 x LE 206 (921,75 g’
which manifested a heterobeltiosis of 48.33% and a relative
heterosis of 52.,98%.

Combining ability analysis

Allard (1960) pointed out that the common approach
of selecting parents on the basis of per se performance
does not necessarily lead to fruitful results. The choice
of parents for hybridiszation has to be based on corplete
genetic information and the knowledge of combining ability
of parents. From the genetical point of view it was
inferred that gca and sca could be attributed to additive
and non-additive gene action respectively (Sprague and
Tatum, 1942). 1In the rresent investigetion variances due
to gca and sca were highly significant for plint height,

days to fruit set, days to fruit harvest, fruit set (%)
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and fruits/plant, Both additive and non-additive gene
action were important in the expression of above characters
(Table 62). Singh and Mital (1978) and reter and Rai (1980)
observed both additive and non-additive gene action in the
expression of sbove characters. Variance due to sca was
only significant, indicating the role of non-additive gene
actioﬁf%ruit yield/plant. A preponderance of non-additive
gene action over additive geneaction for fruit yield/plant
was reported by Keul and Nandpuri (1972), Avarado and
Cortazar (1972) end Peter and Rai (1980). For primery
branches/plant a preponderance of sdditive gene action over
non additive gene action was observed, as reported by

Misra and Khanna (1977).

The best parent for early fruit harvest in present
study was IIHR Bwr 93 which had a gea vaiuve of ~-1,12,
LE 214 x IIHR Bwr 34A was the earliest hybrid (Table 67).
The sca effect of the sbove cross was ~2.84, The gca
values of its parents were 0,41 and 0.9 respectively. For
fruits/plent, LE 217 had the highest gca effect (3.67)
folloved by i.E 214 (2,34). The sca effect of 1.E 214 x
LE 217 in which two good general combiners were involved
as only 3.78. LE 79 LFF % LE 217 had the highest nurber
of fruits/plant (33.07) where sca effect was 3.35. For
fruit yield/plant, IINHR Bwr 34A and LE 206 were better
parents. The gca was the highest for fruit yield/plant in
IIHR Bwr 34A (22.48) followed by LE 206 (16.37). The sca



Table 69, Components of total genetic variances for

seven quantitative characters in tomato

Gene action

Characters
Additive Non-additive

(A) (N)
Plant height A N
Frimary branches/plant A -
D:iys to fruit set A N
Days to f£ruit haxrvest A N
Fruit set (%) A N
Fruits/plant A N

Fruit yleld/plant

N

147
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effect of the cross TIUR Bwr 34 A x LE 206 was only 25.37.
The sca effect of the best hybrid LE 214 x LE 206 ves
162.91, whose parents had gca effects of ~-14.98 and 1€,37
respectively, This indicated that hybrids with high per se
performance may not necesgsarily heve parents with high gea

effect,

Maternal effects in the inheritance of quantitative

characters

Li (1976) observed cytoplasmic effects for earliness
in hybrids between Bonny Best and Immur Frior Beta. lMaternal
effects for days to flower set was observed by Cuarterc and
Cubero (1982). In the present investigation, there were
signiiicant reciprocal differences for days to fruit set,
days to fruit harvest and fruit set (%). There were no
reciprocal differences for plant height, primary branches/

plant, fruits/plant an< fruit yield/plent,
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SUMMARY

The present studies, "Relative advantages of F1
hybrids and 503150 physical mixtures in tomato" were
carried out during July to November, 1985 at the
Ingtructional Farm of College of Horticulture,
Vellanikkara, Trichur. The experiments consisted of

four parxts,

Evaluation of six specific lines of tomato,
their Pl hybrids and $0:50 physical mixtures
for resistance to bacterial wile, fruit yield

and yield components.

Evaluation of two way and three way mixtures
involving three lines of tomato for resistance
to bacterial wilt, fruit yilelc and yleld

components

Maternal effects for certain gquantitative
characters in tomato

Evaluation of a set ¢f tomato lines for bacterial
wilt resistance and economic characters

2) The experirental materials consisted of six specific

lines of tomoto carrying different resistant gene gystems -
LE 79 LFF, LE 214, LE 217, IIHR Bwr 93, IIHR Bwr 34A,

LE 206 - =nd eightother reportedly resistant lines of
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tomato - LE 208, LE 209, LE 210, LE 211, LE 212, LE 213,
LE 79 LFG and LE 79 DG -, Fifteen inter-
varietal hybrids were developed by crossing six specific
lines of tomato in all poseible combinations without
reciprocals, Fifteen 50:50 physical mixtures were
develored by alternate planting in the mainfield,

3) Among the 15 one way 11 hybrids, all except

IIHR Bwr 93 x IIHR Bwr 34A and IIHR Bwr 34A x LE 206 were
resistant to bacterial wilt. LE 214 x LE 206, the highest
yielder (921.75 g/plent) was earlier to frult set (57.8
days) and fruit harvest (85 days) followed by LE 79 LFF x
IIHR Bwr 34A (908 g/plant). LE 79 LFF x LE 217 had the
highest fruit set (%) (81,21%], with the highest fruits/
plant (33.07). Among the 15 physical mixtures, six were
resistant - LE 214 + LE 217, LE 214 + XIHR Bwr 93, LE 214 +
ITIHR Bwr 34A, LE 217 + IIHR Bwr 93, LE 217 + IIHR Bwr 34A,
and ITHR Bwr 93 + IIHR Bwr 34A - with a wilt incidence of
16.67%, 18,33%, 10%, 15%, 15X and 13,33% respectively,

The best resistant physical mixture, LE 214 + IIHR Bwr 93,
had a yield of 600.38 g/plant and produced 24 fruits/plant.
It took 66,87 days to fruitset and 94,82 days to fruit

harvest.

4) Intervarietal heterosis was calculated as proposed
by Hayes et sl. (1965) and Briggle (1965). Heterosis was
observed for plant heijht, primary branches/plant, days to



fruit set, days to fruit harvest, fruit set (%), fruits/
plant and fruit yield/plant.

The best F, hybrid LE 214 x LE 206 (921,75 g/plant)
had 27.15 fruits/plant was earlier to fruit set (57.8

days) and fruit harvest (85 days).

8) Combining a&bility analysis was carried out as
suggested by Griffing (1956). Veariances due to general
combining ability and specific combining ability were
signiiicant for plent height, days to fruit set, days to
fruit harvest, fruit set (%) and fruits/plant, inaicating
role of both additive and non~adcitive gene action in

the expression of the above characters. Variance due to
general conbining ability alone was significant for
primary bronches/plent, indicating additive type of gene
action, Variance due to specific combining ability alone
was signiificent for frult yleld/plant, inciceting the

role of non-edditive gene action,

6) 'The two way ond three way mixtures involving three
lines of tomato - LE 206, LE 212 and ITHR Bwr 34A -~ vere
only moderately resistant to bacterizl wilt, The two way
mixtures LE 206 + LE 212, LE 206 + IIHR Bwr 34A, LE 212 +
IYHR Bwr 34A and the three way mixture LE 206 + LE 212 +
IIHR Bwr 34A hzd wilt incidence of 31.67%, 26.67%, 33.33%

and 31,67% respectively,



7) Five lines of tomato - LE 79 L¥F, LE 214, LE 217,
IIHK Bwr 93 and LE 206 = were crossed in all possible
combinstions including reciprocals. All hybrids except
LE 206 x IIHR Bwr 93 were resistant. There were
signiiicant differences between the direct and reciprocal
r1 hybrids for days to fruit set, days to fruit harvest
snd fruit set (%), indicating maternal parental effect.
There wexe no reciprocal differences for plant height,

primary brecnches/plent, fruityplant and fruit yield/plant,

8) Among the 15 lines of tomato evaluated, resistance
was observed in LE 211 (10%), LE 214 (6.67%), LE 217
(3.51%), LE 79 LFC (5%) and LE 79 DG (15%)., The highest
yield was recorded in LE 79 LFG (742.6 g/pl:nt) with
19,67 fruits/plant followed by LE 79 DG (733 g/plant).
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ABSTRACT

Bacterial wilt ceused by Pseudomonas golanacearum
E.,F. Smith is the most serious disease limiting the

successful cultivation of tomato (Lycopersicon esculentum
Mill,) in the acidic soils of Kerala. Development of Fy
hybrids possessing different resistant gene systems would
be a desirable step in tomato improvement. Development of
specific physical mixtures could also minimise crop damage
considering the ‘obstruction' given by the component lines,
ﬁxperimente were carried out during 1964-'85, at the
Instructionl Farm of College of Horticulture, Vellanikkars,
Trichur to identify new sources of resistance to bacterial
wilt,

The susceptible check Pusa Ruby showed 100% suscepti-
bility in all the trials, Six specific tomato lines -
LE 79 LFF, LE 214, LE 217, IIHR Bwr 93, IIHR Bwr 34A and
LE 206 - were crossed in all possible combinations. All
Fq hybrids except IIHR Bwr 93 x IIHR Bwx 34A and IIHR Bwr
34A x LE 206 were resistant to bacterial wilt, LE 214 x
LE 206 (921.75 ¢g/plant), the best Fl hybrid, had 27.15
fruits/plent and was earlier to fruit set (57.8 days) and
fruit harvest (85 days/. Among the 15 physical mixtures,
six were resistant - LE 214 + LE 217 (16.67%), LE 214 +
IIHR Bwr 93 (18.33%), LE 214 + IIHR Bwr 34A (10%),
LE 217 + IIHR Bwr 93 (15%), LE 217 + IIHR Dwr 34A (18%)

and IIHR Bwr 93 + IIHR Bwr 34A (13.33%). LE 214 + IIHR Bwr 93,



the best resistant physical mixture, had 24 fruits/plant
weighing 600.38 g/plant.

Intervarietal heterosis was observed for plant height,
primary branches/plant, days to fruit set, days to fruit
harvest, fruit set (%), fruits/plant and fruit vield/plant.
Combining ability analysis indicated the role of both
additive and non-additive genesgction in the expression of
days to fruit set,days to fruit harvest, and plant height.
Additive gene action was predominant for primary branches/
plait. A preponderance of non-additive gene action over
additive gene action was observed for fruits/plant end
fruit yield/plant,

To study the naternal perental effect, five lines of
tomato - LE 79 LFF, LE 214, L& 217, ITHR Bwr 93 and LE 206 -~
were crossed in all possible combinations including recgi-
procals, liaternal parental effect was pronounced for days

to fruit set, days to fruit harvest and fruit set (%),

Ev:zluation of 15 reportedly resistant lines of torato
coniirmed resistance in LE 211, LE 214, LE 217, ik 79 uF¢
end LE 79 DG, The line LE 79 LFG was the highest yield
(742.6 a/plant) with 19,67 fruits/plant,
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