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ABSTRACT

Seedlings of the Louisiana tomato cultivar 'Pelican' were
irradiated in the cotyledonary stage with 10,000 roentgen (r) of
gamma radiation from

fin

Co at 1.67 r/min. by Dr. Milton J. Constantin,

Comparative Animal Research Laboratory operated by the University of
Tennessee for the Atomic Energy Commission.

From these irradiated

plants one dwarf and six stamenless mutants were selected and
propagated.
In 1973-74 a genetic study was conducted to determine the mode
of inheritance of these mutant characters.

Also a combining ability

study was conducted to determine the potential value of the dwarf
mutant as a parent in the production of Fj hybrid seed.
The results of the genetic study showed that the induced dwarf
character was simply inherited and recessive.

Results indicate that

this gene is probably located at a locus different from that of genes
controlling dwarfism in other tomato lines.

The combining ability

study showed that this dwarf mutant is of little value as a breeding
parent.
The genetic study of the stamenless lines showed this character
to be simply inherited and recessive.

It was also shown that the

gene controlling male sterility is located at the same locus in the
lines L 39 and L 43, and it is assumed that the same locus is involved
in all six lines.
The stamenless lines have, as far as has been observed, retained
the good combining ability of the original parent cultivar 'Pelican'.
vi

Because of their good performance an intensive effort should be made to
find parental lines which combine well with them.

If such lines can be

found the stamenless mutants would be useful in the production of
hybrid tomatoes for Louisiana.

vii

INTRODUCTION

Seedlings of the tomato cultivar 'Pelican* in the late cotyledonary stage were exposed to gamma radiation.

In the R 2 generation

one dwarf mutant and several male-sterile (stamenless) mutants were
recovered.

These were recognized as being of possible value in hybrid

seed production.
Individual genes contributing various degrees of dwarfism have
long been known in the tomato (16, 24, 32, 33, 34, 49, 54, 81, 93, 95,
104, 113), and all appear to be recessive both to taller statures and
to determinate growth habit.

Several types of male sterility, includ

ing the stamenless type, have been reported in the tomato (5, 11, 31,
55,

56, 86 , 92,

94, 97, 98, 99), and each has been shown to be controlled

by a single, recessive gene.

However, the stability and genetics of

these characters, when produced artificially by irradiation, has been
little studied (8 , 27, 57, 58, 59, 63, 68 , 69, 71, 72, 106).
Increases in yield of tomatoes due to heterosis have been observed
and

reported by a number of investigators (2, 5, 8 , 10, 14, 19, 22, 26,

28,

36, 45, 48,

51, 61, 64, 65, 67, 74, 77, 78, 79, 97, 105), and

certain techniques in hybrid seed production have resulted in the
availability of a limited number of commercial hybrids (3, 4, 6 , 9, 77).
But commercial hybrid seed is not yet competitive in cost with that of
pure line seed.

Since tomatoes are unusually a self-pollinated crop,

the effective use of male sterility has not developed, possibly because
mechanical emasculation is still necessary with most types of male
sterility available to eliminate possible selfing, or because known

1

sources of the stamenless character are unstable (9, 29, 30, 42, 77,
109), because they sometimes produce stamens with viable pollen, and
the resultant seed are not hybrids.
The present study was undertaken to determine the stability and
mode of inheritance of these two induced genetic characters, and to
provide preliminary evaluation of these mutants as parents in certain
combinations.

REVIEW OF LITERATURE

The cultivated tomato (Lycopersicon esculentum Mill.) is thought
to have originated in the tropics of South America (7, 13, 37).
According to some authors (83) it may haVe been brought to Europe by
Columbus on his second voyage in 1498.

Since these oldest written

records of it date back only about 450 years, the tomato is a relative
newcomer to the tables of the world when compared with the oldest
available records of many other crops.
Early records indicate that it was probably grown in fields
together with maize by the ancient Mexicans and used as food by them.
But it was apparently not a very important food crop during that time,
possibly due to its high perishability.

In addition, it was thought

by some to be a poisonous plant (114).
According to Luckwill (62), the tomato first became known to
botanists in the sixteenth century, having been introduced into Italy
from South America.

According to Esfahani (24) the oldest written

records of this crop is its mention in the herbal of Mathiolus
published in 1554.

Luckwill (62) reported that Tournefort established

the genus as Lycopersicon, recognizing it as related to, but distinct
from Solanum.

At the time he listed nine species, seven of which are

now recognized as botanical varieties of the present day Lycopersicon.
As reported by Young (115) the ancient Mexicans referred to this plant
as 'tomati', and this may be the origin of the present-day name of
tomato.

But Work (111) reported in 1926 that the word tomato was first

used by Sloan in 1695 and was derived from the Aztec word xitotomato.

In his review Boswell (7) also established the early sixteenth
century as approximately the time when the tomato was introduced into
Europe.
It was grown only as an ornamental in Europe in the seventeenth
century, probably because it was considered poisonous and unsuitable
as a food.

The Italians were probably the first to recognize the food

value of the tomato, and by the end of the eighteenth century it was
being grown in fields in Italy.

This was long before its use became

widespread in other parts of Europe or in the United States (111).
Esfahani (24) mentions that the first tomatoes taken to Europe
produced large, oblate, ribbed fruits, and that this was the type first
grown in the United States.

But some of them must have been of the

yellow to orange type still grown today, because the Italian name for
tomatoes is still pome d'oro, which means "golden apples."
called them pome d 1amour, which means "love apple" (82).

The French

According to

Jones and Rosa (44) round-fruited types were first grown around 1700.
The composition of the fruit with seeds surrounded by gummy
material, pulpy flesh, and acidic juice makes it particularly suitable
for crushing into a puree, and from early in its history it was used
in Italy as a natural sauce for the many "pasta" dishes which are
such an important part of the diets of the people of southern Europe.
It was found early in the history of the tomato that if the ripe
fruits were crushed and spread out on stone slabs in the hot sunshine,
they concentrate to a paste which, when mixed with salt, could be
preserved for winter use, when the fresh fruit was not available.
It was also found that if this paste was allowed to become very thick,
it could be placed in crocks and covered with olive oil, and that this

concentrate would also last through the winter.

These methods are

still being used in southern Italy and other parts of southern Europe
by peasant families.

These forms of preservation were doubtlessly the

beginning of the present day tomato paste industry (82).
Carncross (13) reported that tomatoes were being used to make
catsup in New Orleans by 1779.
near Philadelphia in 1798.

He also reports that it was introduced

It was being sold as a vegetable by 1829,

and had become a popular food by 1836, about 50 years later than in
Europe.

The first known cultivar of United States origin was 1Tilden',

which was released in 1865 by Henry Tilden of Davenport, Iowa.
Both Boswell (7) and Carncross (13) have reported that the pro
duction of tomatoes on a commercial basis began in the United States
only about 100 years ago.
According to Young (114) the first workers to conduct investiga
tions into the mode of inheritance of specific characters in the tomato
were Price (80), and Price and Drinkard (81) in 1908.

They stated at

that time that hybridization was a potentially very useful method of
tomato improvement.

But in even earlier work published by Halsted

et al. and Halsted (33) he was able to determine by making hybrid
crosses that dwarfism is recessive to tallness in the tomato.
Most of these early studies dealt with certain of the more easily
studied characters, such as color, shape, size, and internal structure
of fruits, surface character of cotyledons and leaflets, growth habit,
and plant stature.
MacArthur and Chaisson (66) and Young and MacArthur (115) reported
in 1947 that all Lycopersicon species were diploids with twelve chromo
some pairs.

But Rick (87) had previously reported (in 1945) that among

66 unfruitful plants which he studied he found haploids, triploids, and
tetraploids, along with chromosomal aberations of several types.

This

would seem to indicate that unusual chromosome numbers and heritable
mutant characters such as those used in the present study are not an
uncommon occurrence in the genus.
A summary of the inheritance of tomato characters studied prior
to 1937 indicated that most represented single factor differences (7).
At that time 20 genes were known, fifteen of which were located on ten
of the 12 pairs of chromosomes.
two or more known genes.

Six of the chromosome pairs contained

By 1954, 116 genes were known to exist in

the genus Lycopersicon, but the location of many of these remains
undetermined.

Of these known genes there are five controlling various

types of dwarfism, and 26 controlling various types of male sterility.
Among the early workers who have reported increased yields in
F^ hybrid tomatoes were Price and Drinkard in 1908 (81), Wellington
in 1912 (107), Stuckey in 1916 (105), and Hayes and Jones in 1917 (36).
Interest in the subject of hybridization apparently wanned after
1922 in spite of the fact that it was reported to be practical, though
the seed produced was expensive (69).

Meyers and Peacock (69) credited

Hadfield and Calder (26) with reviving interest in the subject after
reaching the same conclusions from their work.

Driver (22) was also

involved in this revival of interest in producing

hybrid tomatoes.

In 1943 'Spartan Hybrid' (3) was one of the first Fj^ hybrid
tomatoes to be produced commercially, but it was recommended only for
greenhouse production where profits were usually higher than profits
from field-grown tomatoes.

According to Oba et al. (77) many workers became interested in
the subject about this time (2, 10, 14, 19, 45, 47, 51, 61, 64, 65,

66 , 74, 78, 79, 108), and interest has continued to the present.

Based

on the findings of these many workers, the production of hybrid seed
would be of considerable importance.
Oba et al. (77) reviewed the early work on the production of
hybrid tomato seed, and conducted an investigation to determine if
hybrid seed could be produced cheaply enough for commercial use.

To

this end a study was made into various methods of producing the hybrid
seed, the aim being reducing the cost.
Oba at al„ (77) in Wyoming investigated several methods of
producing hybrid seed including hand emasculation and pollination both
in the greenhouse and in the field.

Barons and Lucas (4) in Michigan

had earlier determined that a little over nine hours of emasculation
and pollination work were required to produce an ounce of hybrid seed
under their conditions.

The study by Oba at al. (77) indicated that

this time could be reduced to 3.5 hours of emasculation and pollination
work using their method.

It was their conclusion that the added cost

of hybrid seed would be offset by increases in yields obtained,
especially in regions with short growing seasons since one of the most
pronounced advantages of

hybrids is earliness.

In 1945 Powers (79) also pointed out that F-^ hybrids can increase
yield of tomatoes in regions with short growing seasons.

He stated

that the increase of marketable fruit was in the range of three times
that of pure lines, and concluded that the increase was mainly due to
the earliness of the F^ hybrids.

He expressed the opinion that the

greatest strides in tomato breeding could be made by the use of
hybrids rather than pure line cultivars.
As early as 1933 Yeager (112), using hybridization followed by
intensive selection succeeded in producing lines which would mature in
the short growing season of North Dakota.

He did not attempt to

produce Fj hybrids for commercial production in North Dakota, but it
would seem, based on the later findings £>f Powers that this approach
could further increase the production of tomatoes in areas with such
short growing seasons.
These early studies into the advantages of Fi hybrids over pure
line cultivars and into techniques which might lower the cost of hybrid
seed were conducted in widely divergent climatic regions.

It became

evident that an F^ hybrid which performs well in one area often did
not perform well under different climatic conditions.

Therefore methods

had to be devised to determine which parental lines would perform best
in hybrid combination in a particular area.
Spraque and Tatum (103) in 1942 presented a method for selecting
desirable parental lines in hybrid corn production.

They pointed out

that potential parental material had to be tested to determine its
general and specific combining ability.

They stated that specific

combining ability had to be determined by making individual crosses,
while general combining ability would be a useful term for describing
the ability of a line to transmit desirable characters when crossed
with a larger number of lines, though it might not do so in F^ combi
nation with certain lines.

They defined general combining ability of

inbred lines of corn as the average performance of a line in hybrid
combination.

The available information on general and specific combining

ability for tomatoes is limited when compared with contributions dealing
with corn.
In 1956 Griffing (25) and Horner and Lana (41) in 1957 noted the
importance of testing lines for their combining ability and attempted
to clarify the definitions of specific and general combining ability
presented by Sprague and Tatum.
In later trials with corn Rojas and Sprague (101) pointed out
the differences between general and specific combining ability and
suggested that separate tests should be conducted to determine these
differences among potential parental material.
Richey (85) conducted studies with corn in 1946, and found that
particular parental lines were in fact superior to others for a given
location.
Currence, Larson, and Virta (21) compared six tomato cultivars
for combining ability in F^ combinations.

They found that certain

parents produced progenies which excelled in yield, while others did
not.

Their data also showed that location could influence the com

bining ability of certain parental lines.

Currence (18) also pointed

out the commercial advantages of hybrid tomatoes.
Moore and Currence (73) noted that there were many distinct
tomato cultivars in existence from which many Fj hybrid combinations
are possible.

Therefore they suggested that a search was in order for

methods of predicting the hybrid performance of the individual cultivars
in specific locations.
Pursuing this idea they compared 27 cultivars for combining
ability, selecting parents showing a wide range of combining ability.
They found significant differences between reciprocals of some F^ hybrid
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combinations in regard to earliness, total yield and fruit size.

The

cultivar 'Denmark', which produced the highest early yield, was also
among the best parents for that character.
Locke (60) found that Fj hybrids with the cultivar 'Porter* as a
parent produced increased yields over other combinations under unfavor
able conditions.
Horner and Lana (41) studied the combining ability of six tomato
lines over a three year period and found that the lines differed in
their ability to transmit early and total yield in Fj combinations.
Lambeth (46) observed a significant difference in early and total
yield of marketable fruit among first generation hybrids involving
'Tucker Forcing' as the common parent.

Honma and Currence (40) in

their studies of combining ability also found that parental lines
differed in their ability to transmit desirable characters.
It is of interest to note that as early as 1936 workers (23, 35,
61) who had observed the hybrid vigor of F^ hybrid tomatoes and noted
that in all cases hybrid seed possessed larger embryos than seed of
pure line cultivars.

They conjectured that this attribute might be the

cause of the earliness of Fj hybrid tomatoes since the plants grown
from seed with large embryos might simply have an initial advantage in
the early stages of growth.
In attempting to develop hybrid tomatoes for mechanical harvest,
Crill and Burgis (15) noted that not only were F^ hybrids earlier in
production, but they produced a concentrated set of fruit and fewer
culls.
In order to utilize the increased early yields, vigor, total
yields, and the concentrated fruit set observed in F^ hybrid tomatoes,

11

it is necessary to develop methods which facilitate the production of
hybrid seed of this crop, and thus lower the cost of the seed.

Young

(114) pointed out that the expense of hand emasculation and pollination
is likely to be the limiting factor in the production of Fj hybrid seed
in Louisiana.
Cross pollination by foreign pollen in the tomato has been
reported to be low; however, it is considered high enough to cause
serious contamination in seed production (1, 20, 53).

Factors which

affect natural cross pollination have been found to be wind, plant
spacing, the presence of certain insects, and the comparative efficiency
of tomato cultivars to produce viable pollen as well as functional
ovaries (84, 89, 91, 102, 114).
Several types of male sterility have been reported to occur in
barley (100) and in corn, onions, and other crops (92).
reported to be controlled by single recessive genes.

All have been

Their possible

use in the production of hybrid seed has been suggested.
In the tomato a number of workers have reported male sterility
caused by several factors occurring spontaneously in commercial fields
and greenhouses.

Burke (11) reported poor fruit set in forcing tomatoes

due to heterostyly in 1929.

Lesley and Lesley (56) in 1939 reported

unfruitfulness in tomatoes caused by male sterility.

Rick (86)

reported male-sterile mutants characterized by anthers which were
shrunken and of lighter color.

The cultivar in which these mutants

were found was not mentioned.

In 1945 Rick (86) noted male-sterile

mutants in commercial fields.

He also reported in 1946 (88) that

unfruitful mutant plants appear in commercial fields due to the lack
of the development of the ovules as well as to male sterility.

In
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1948 Rick (90) found 12 male-sterile mutants in plantings of the
cultivar ?San Marzano'.

He estimated that the occurrence rate of

such male-sterile mutants was about 1 in 1,000 (92).

Butler (12)

later reported the rate to be more in the nature of 1 in 3,000 plants.
Rick (92) reported that 14 male-sterile mutants had been described in
the cultivars 'Earliana', 'Early Santa Clara',
Marzano'.

'Pearson', and 'San

These mutants appeared normal in all gross characteristics.

The types of male sterility observed included nonviable or absent
pollen, anthers which were reduced in size, anthers of pale color, and
flowers which were generally smaller in size than normal.
In 1951 Rick and Robinson (99) observed six new mutants in flower
structure and fruitfulness.

These included the gene they designated

ex for heterostyly and the resultant lack of fruit set, and the gene
they designated pi, which is usually stamenless.

In 1953 Rick (94)

reported five new male sterile plants in the cultivars 'Pritchard',
'Earliana', 'Ace', and 'Cal 255'.

These plants all appeared normal in

gross characteristics, but they did not produce any pollen.
Lesley (55) observed a type of male sterility in L. peruvianum
which was caused by loss of the nuclear wall in early prophase.
Because the cultivar 'Earlypak' was widely used as a parent for
hybrid tomatoes Rick (97) actively sought male-sterile mutants in
that cultivar.

In observing large plantings of this cultivar he was

able to select two mutants which were male-sterile due to slender,
pale anthers and short, pale stamens, both of which produced no pollen.
Bishop (5) reported that in large field plantings a mutant which
was male sterile due to the lack of stamens had been observed.

They

also observed male sterility due to nonfunctional pollen, failure of
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anthers to shed pollen, flower deformities too severe to allow pollina
tion, and heterostyly.

They suggested that the stamenless mutant and

the mutant exhibiting heterostyly might be useful in the production of
F]^ hybrid seed.

They gave the stamenless mutant the same £i designa

tion as earlier reported by Rick and Robinson.
Kerr (43) later showed that the condition of heterostyly commonly
reverts to normality, making it of little use in hybrid seed production.
He postulated that the probable causes were short day-length and low
light intensity.
Bishop (5) reported the spontaneous occurrence of a stamenless
mutant in the field which he said resembled the £jL mutant previously
reported by Rick and Robinson (99) and by Butler and Robinson as
described by Bishop (5).

He found that this particular mutant was

fertile when pollinated.

An occasional rudimentary stamen was produced

by this mutant which possessed viable pollen.

He observed that when

the pollen was used to self the mutant all resultant
also stamenless.

progenies were

The exact condition which favored the development of

stamens with viable pollen were not known, but he suggested that they
should be studied with the aim of producing larger populations of malesterile plants by seed.
Judging from Bishop's description of the morphology and behavior
of the male-sterile mutant he studied, it seems likely that the stamen
less lines of 'Pelican' used in this study were of a similar type, if
not in fact the same locus.
In addition to their natural occurrence, male-sterile mutations
have been induced by the use of various chemical mutagens, X-rays,
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thermal neutrons, and radioactive isotopes (8 , 27, 57, 58, 59, 63, 69,
71, 72, 106).
All of the various forms of male sterility have been found to
be controlled by single, recessive genes.
The possibility of using male-sterile mutants in combination
with recessively-inherited seedling characters, such as potato leaf
and green stem, has been proposed for the production of Fj hybrid seed
(1, 17, 30, 40, 48, 50, 58, 76, 87).

The types of male sterility

included in studies leading to this suggestion have included semi
sterility, functional sterility, heterostyly, and complete sterility,
including the stamenless type.
Oba et al. (77), as earlier noted, reported a low return per hour
of emasculation and pollination by hand.

They maintained that the

female parent should be selected for high seed production perfruit
in order to maximize returns per hours invested.
Hafen and Stevenson (28) and Howlett (42) reported that seed
production in natural pollination tests was low when male-sterile
plants were used.

In a later study Williams (109) concluded that due

to environmental factors which influence this genetically-controlled
character heterostyly could no longer be considered a satisfactory form
of male sterility for the commercial production of hybrid seed.
Bullard and Stevenson (9) and Hafen and Stevenson (30) showed
that a combination of male-sterile female parents and hand pollination
was the most economical way to produce
Wolf and Stair (110) studied the

hybrid seed.
effect of planttraining and

number of pollinations per cluster on the production of Fi hybrid
tomato seed in the greenhouse.

They found a 60 percent increase in
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production of seed on double stem as compared to single stem
plants.
Hafen and Stevenson (28) found no difference In the combining
ability of a male-sterile 'Rutgers' strain for early yield and fruit
size.

Larson (48) reported later a male-sterile 'Earliana' line which

had better combining ability for early yield and total marketable yield
than normal 'Earliana' when both were used in Fj hybrid combinations.
Matsuura and Currence (67) irradiated seed of the cultivar
'Fireball' with thermoneutrons.

A male-sterile line segregating

approximately three fertile plants to one male-sterile was observed
in the second generation.
generation.

An early strain was selected from the F 3

This strain was four days earlier than plants from

untreated seeds.

Mertens and Burdick (68) found two male-sterile lines

among X-ray induced mutations which were earlier than the control lines.
Some breeding work has been done on the development of dwarf
cultivars because of their potential use as ornamental plants (16,
104), and because of their possible use with partially or fully
mechanized pickers (24, 104).

The harvesting operation, if fully

mechanized would be a "once-over" process.

Stevenson (104) found

that plants of the dwarf cultivars were well adapted to being cut for
elevation into a harvesting machine.

He noted that the fruit set of

the plants was concentrated so that a yield of 12 tons or more per
acre could be obtained with one harvest, and up to 30 tons per acre
were possible using high density planting.

He observed that due to

the stiffness of the stems the fruit is held high resulting in less
fruit rot early in the season.

He also noted that the fruit of dwarf

cultivars were easily shaken off the plants.

The suggestion was also
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made that dwarfs he considered for greenhouse culture because their
smaller size would permit a high-density planting which could poten
tially produce yields competitive with indeterminate forcing cultivars.
Also, very little pruning would be required.
Leng (52) introduced the dwarfing gene brachytic-2 into inbred
lines of corn followed by intensive selection for lines with good
combining ability.

He obtained yields equal to that of tall hybrids

on plants about one-third the usual size, which rendered them resistant
to lodging.

Nelson and Ohlrogge (75) reported slightly increased

yields in dwarf hybrid corn over the normal tall hybrids, and suggested
that their increased use be considered.
Halsted et al. (32) in 1905 and Halsted (33) in 1970 were among
the earliest workers to study dwarfism in tomatoes.

Price and Drinkard

(81) in 1908 were recommending the commercial use of the dwarf cultivars
'Dwarf Stone', 'Aristocrat', and 'Purple Dwarf'.

Halsted (34) reported

studies with the dwarf cultivar 'Dandy Dwarf' in 1918.

He found that

it behaved differently in reciprocal crosses.
In 1938 Lesley (54) reported a spontaneously occurring dwarf
mutant in a planting of the cultivar 'Norton'.

It was described as

having many axillary shoots and as being male sterile due to reduced
anther size.

When it was pollinated with foreign pollen, the fruit

was small and contained few seed.
Young (113) in 1941 reported that among several of his hybrids
he found a dwarfing gene which produced plants with what he termed
"bunchy top symptoms."

In 1952 Rick (93) reported a previously unknown

type of dwarfism which he termed "wilty dwarf."
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Larson and Pollack (49) have reported that the dwarfing gene
designated d^ is linked with the gene for positional sterility which
prevents the opening of the corolla.
In 19re Rick (95) reported a new allele at the d locus which
caused extreme dwarfism.
alleles at this locus.

He found it to be recessive to the other
He later reported (96) a mutant which exhibited

normal indeterminate (tall) stature except in the summer, when it was
dwarf.
The above workers reported that these dwarfing genes were con
trolled by single, recessive genes.

MATERIALS AND METHODS

A.

Production of the Mutants
Seed of the tomato cultivar 'Pelican'

(formerly L 210) (38) were

sown in pots in the greenhouse in 1970 by Dr. Milton J. Constantin,
Professor, Comparative Animal Research Laboratory operated by the
University of Tennessee for the Atomic Energy Commission at Oak Ridge,
Tennessee.*

In November of 1970 these seedlings at approximately

the first true-leaf stage were exposed to gamma radiation from ^®Co
at 1.67 roentgen (r) per minute at the VDRF (variable dose rate
facility).

During the irradiation period seedlings received fourteen

hours daily of incandescent plus fluorescent light.
Irradiated plants were grown in the greenhouse and seed saved.
During the spring of 1971 seed were grown and transplanted to the
field at Oak Ridge.

Standard cultural practices were followed.

During the growing season one mutant plant was observed to be dwarf,
and seed were harvested from it.

This plant was among 'Pelican'

seedling plants which had received 10,000 r total irradiation.
Selfed seed from this dwarf mutant were tested in 1972 and found to
breed true for dwarfism.

Seed were then harvested and sent to

Louisiana State University for use in the present genetic study.
The mutant was designated L 210 dw.

*Part of this research was sponsored by the U.S. Atomic Energy
Commission under Contract No. AT-40-1-GEN-242 with the University of
Tennessee.
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Seedlings of the 'Pelican' tomato cultivar were treated with
7500 r total irradiation and grown to maturity.
plants were grown in the field.
were identified.

Seedlings from these

From these, six stamenless mutations

Cuttings of each stamenless mutant were rooted and

sent to L.S.U. in 1972.

Throughout this genetic study these mutants

were maintained by rooting terminal cuttings whenever the plants became
excessively tall.

The six stamenless mutants were designated L 38,

L 39, L 43, L 46, L 47, and L 48.

During 1972 while the mutants were

being observed growing in pots in the greenhouse mutants L 38 and L 47
each produced a rudamentary stamen with viable pollen.

Small, mis

shapen fruit, each containing several seeds, developed on plants of
each mutant.

These seed were planted, and the resultant seedlings

were designated L 38 selfed (L 38 (X) ) and L 47 selfed (L 47 (X) ).
Plants from these selfed seed all produced stamenless flowers.

B.

Mode of Inheritance of the Induced Dwarf Mutant
The parental material used in this study are listed in Table I.

They included the dwarf mutant L 210 dw and two tomato cultivars
released by the Louisiana Agricultural Experiment Station, 'Pelican'
(38), and 'Creole' (39), both of which exhibit indeterminate growth
habit.

Also included in this study were the Louisiana breeding lines

L 243, which is determinate, and L 303-3, which is a genetic dwarf.
The L 210 dw mutant was slightly triore dwarf than L 303-3, and could
be readily distinguished from L 303-3 because of its foliage curled
downward, giving the plants an overall conical shape.

Other lines

used in this study were the stamenless mutants of 'Pelican', L 38,
L 39, L 46, L 47, L 47 (X), and L 48, all of which were indeterminate
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Table I.

Tomato Parental Lines Used in the Mode of Inheritance Study
of a Dwarf Mutant (L 210 dw)

Breeding Parent

Growth Habit*

L 210 dw

dwarf

'Pelican'

indeterminate

'Creole'

indeterminate

L 243

determinate

L 303-3

dwarf

L 38

indeterminate and stamenless

L 39

indeterminate and stamenless

L 46

indeterminate and stamenless

L 47

indeterminate and stamenless

L 47 (X)

indeterminate and stamenless

L 48

indeterminate and stamenless

*Dwarf represents an indeterminate plant type with short internodes,
which cause it to be dwarf; indeterminate represents a tall plant
with longer intemodes which cause it to be tall; determinate
represents a plant which terminates in a flower cluster.
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(Table X).

All breeding parents used were of the species Lycopersicon

esculentum Mill.
During the 1973 growing season plants of L 210 dw were grown in
the field to study this dwarf plant character.

Plants of the dwarf

mutant L 210 dw were grown in pots in

the greenhouse in 1973, along

with plants of other parental lines.

All F^ crosses were made in the

greenhouse during the fall and winter of 1973-74 (Table II).
the

seed were sown immediately in pots

the F^ progenies, and the backcross L
made.

Some of

inthe greenhouse to obtain

210 dw x (L 39 x L 210 dw) was

The F 2 and backcross seed were collected and planted and grown

in the spring 1974 to study the segregation of characters (Table III).
In making the crosses, the flowers of each female parental line
or cultivar were emasculated before anthesis occurred, except in the
case of the stamenless lines in which emasculation was not necessary.
Pollen was obtained from the anthers of the desired pollenizer to
make the crosses and the backcross.

The parental lines and cultivars

were genotypically homozygous for growth habit and other horticultural
characters.
In February of 1974 seed of all parental lines, F^ hybrids, F 2
progenies, and backcross seed were sown into a soil medium of 1:1:1
(peat: silt loam soil: sand) into a greenhouse bench.

The tomato seed

lings were allowed to grow for two weeks, then transplanted to 2% inch
peat moss pots filled with the same medium.

Tip cuttings approximately

3 in. long were made from each stamenless line and rooted directly in
the 2% inch peat moss pots.

Three weeks later all plants were moved

to the field and spaced 1% ft. apart on five foot rows that were
mulched with 1.5 ml black polyethylene plastic.

Table II.

Crosses Made in a Study of the Inheritance of a Dwarf
Mutant Character in the Tomato

'Pelican' x L 210 dw F-^
'Creole' x L 210 dw
L 243 x L 210 dw F t
L 303-3 x L 210 dw Fr

L 210 dw x 'Pelican' F^
L 210 dw x 'Creole' Fj^
L 210 dw

xL 243 Fj^

L 210 dw

x L 303-3 Fx

L 38

xL 210 dw Fx

L 39

xL 210 dw Fx

L 46

xL 210 dw Fx

L 47

x L 210 dw Fj^

L 47 (X)

x L 210 dw Fx

L 48 x L 210 dw F][

L 210 dw x (L 39 x L 210 dw) backcross
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Table III.

F ^ s and Backcross Observed in Inheritance Studies of
a Dwarf Mutant Character in the Tomato

'Pelican' x L 210 dw F2
L 243 x L 210 dw F2
L 39 x L 210 dw F2
L 303-3 x L 210 dw F2

L 210 dw x (L 39 x L 210 dw)
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Near the end of the harvest period each plant of parents, F^
hybrids,

progenies, and the backcross was classified as to growth

habit, indicating whether each plant was tall (indeterminate),
determinate, or dwarf, and segregation ratios were established.
These data were subjected to the Chi Square test of significance for
goodness of fit to the expected ratios for a simply inherited character,
as described by Snedecor and Cochran and as applied by Rick (95), using
the formula
x2

a

^>T

(observed - expected)

o

expected
In addition, the F2 ratio for the cross L 303-3 x L 210 dw was
subjected to the Chi Square test of significance for goodness of fit
to the expected ratio for a character controlled by separate genes at
two different loci.

C.

Mode of Inheritance of the Induced Stamenless Character
The plant material used in this study are listed in Table IV.

They include six stamenless lines, L 38, L 38 (X), L 39, L 43, L 46,
L 47, and L 47 (X), and the cultivars 'Pelican' and 'Creole,' both of
which produce flowers possessing stamens.

Also included were the

Louisiana breeding lines L 303-3 and L 320, and the dwarf mutant
L 210 dw, all of which have complete flowers.

The lines and cultivars

used were all of the species Lycopersicon esculentum Mill.
During the fall of 1973 plants of each stamenless line produced
by rooting terminal cuttings were grown in the field to observe all
characters of the stamenless lines under field conditions.

Seedlings

of the two lines L 38 (X) and L 47 (X) were also grown for the same

Table IV.

Parents Used in the Study of Inheritance of
the Stamenless Character in the Tomato

Breeding Parent

Flower Structure

L 38

stamenless

L 38 (X)

stamenless

L 39

stamenless

L 43

stamenless

L 46

stamenless

L 47

stamenless

L 47 (X)

stamenless

L 48

stamenless

L 210 dw*

stamens present

L 303-3

stamens present

L 320

stamens present

'Pelican'

stamens present

'Creole'

stamens present

*An induced dwarf mutant
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purpose.

Plants were grown in pots in the greenhouse, along with plants

of all parental lines.

Crosses were made in the greenhouse during the

fall and winter of 1973-74 as shown in Table V.
mature, some seed of selected

When the fruit were

hybrids were sown in pots in the

greenhouse during the winter to obtain F2 progenies and to make backcrosses as follows:
(Table VI).

L 38 x (L 38 x L 303-3) and L 39 x (L 39 x 'Creole')

Also the cross (L 39 x 'Creole') x (L 43 x 'Creole')

was made.
Plants of each of the 6 stamenless lines were observed to produce
an occasional flower with a rudimentary stamen.

Whenever this occurred,

a self was attempted, and seed from each selfed line were obtained.
Since it was assumed that the mutant lines were genotypically homozy
gous for stamenlessness these progenies were of interest in testing
this assumption.
In the spring of 1974 seed of all parental lines, selfed seed of
each of the stamenless lines, and seed of all F^ hybrids, F2 progenies,
backcrosses, and other crosses were sown in greenhouse benches and
transplanted into peat moss pots as previously described.

At this

time tip cuttings approximately 3 inches long were made of each of the
stamenless lines, and they were rooted directly in 2% in. peat moss
pots.

Three weeks later all plants were moved to the field and treated

as previously described.
Approximately 5 weeks after planting all plants were in bloom,
and the flowers of each plant were examined for the presence of stamens.
In the case of the F 2 progenies, backcrosses, and the cross (L 39 x
'Creole') x (L 43 x 'Creole'), segregation ratios were established.
These ratios

were subjected to the Chi Square test of significance
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Table V.

Crosses Made to Study Inheritance of Stamenless Character
in the Tomato

L 38 x l 210 dw F1
L 38 x L 303-3 Fx
L3 8 xL

320 Fx

L 38 (X) x 'Creole' F^
L 39 x 'Creole' F^
L 39 x L 210 dw Fx
L 39 x L 320 Fx
L 43 x 'Creole' F^
L 43 x L 320 Fx
L 46 x ’Pelican' F-^
L 46 x L

210

dw F^

L 47 x L

210

dw Fx

L 47 x L 303-3 F t
L 47 (X) x L 210 dw
L 47 (X) x L 303-3 Fx
L 48 x L 210 dw Fx

Ft

Table VI.

F2 's and Backcrosses Observed in the Study of Inheritance
of Stamenless Character in the Tomato

L 38 x L 303-3 F 2
L 39 x 'Creole' F2
L 39

x L 210

dw F 2

L 43

x 'Creole' F 2

L 43

x L 320 F2

L 38

x (L 38x L 303-3) backcross

L 39

x (L 39x 'Creole') backcross
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for goodness of fit to the expected ratios for a simply inherited
character.

D.

Combining Ability of the Dwarf Mutant
In the spring of 1974 a yield trial was conducted to provide

preliminary evaluation of the dwarf mutant as a parent in certain
hybrid combinations.

The material used in this study (Table VII)

included the dwarf mutant L 210 dw, the Louisiana breeding lines
L 303-3 and L 243, and the cultivars 'Pelican' and 'Creole', and the
stamenless lines L 38, L 39, L 46, L 47, L 47 (X), and L 48.

Hybrid

seed were produced as previously discussed during the fall and winter
of 1974.

The crosses made are listed in Table VIII.

In the early spring of 1974, seedlings of all parental material
and F^ hybrids were grown in the greenhouse as described above.
March 20, they were transplanted to the field.
loam.

On

The soil was a silt

A randomized block design was used with each treatment repli

cated four times.

All plantings were made on rows five ft. wide.

Six plants were spaced into each plot that was five ft. wide and
ten ft. long.
Plants were pruned to one stem and staked, except for the parental
lines and hybrids which were either dwarf or determinate.
ter of breeding parents and

The charac

hybrids that were not expected to be

indeterminates are shown below:
L 210 dw
L 303-3
L 243
L
L
L
L

303-3 x L 210 dw
243 x L 210 dw
210 dw x L 303-3
210 dw x L 243

(known dwarf)
(known dwarf)
(known determinate)
(expected
(expected
(expected
(expected

dwarf)
determinate)
dwarf)
determinate)
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Table VII.

Parents Used in a Study of the Combining Ability of an
Induced Dwarf Tomato Mutant

Breeding Parent

Growth Habit

L 210 dw

dwarf

'Pelican'

indeterminate

'Creole'

indeterminate

L 303-3

dwarf

L 243

determinate

L 38*

indeterminate

L 39*

indeterminate

L 46*

indeterminate

L 47*

indeterminate

L 47 (X)*

indeterminate

L 48*

indeterminate

*These lines are stamenless.
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Table VIII.

Crosses Made in a Study of the Combining Ability of an
Induced Dwarf Tomato Mutant

'Pelican' x L 210 dw
'Creole' x L 210 dw
L 303-3 x L 210 dw Fx
L 243 x L 210 dw Fx

L 210 dwx 'Pelican'

F^

L 210 dwx L 303-3 F1
L 210 dw

x

L 243 Fx

L 38 x

L

210

dwFj^

L 39 x

L

210

dwFx

L 46

xL 210 dw F1

L 47

x

L

210

L 47 (X) x L 210 dw Fj^
L 48 x L 210 dw Fx

dwFx
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The recommended practices of fertilization and insect and, disease
control, were followed (70).

Furrow irrigation was provided when

needed.
Yield data were collected in 1974 on June 5, 10, 18, 25, and 28.
The first two harvests were considered early yield.

Yield was collected

on the basis of number and weight in pounds of fruit per plot.
Fruit from parents and F^ hybrids from the second harvest were
evaluated for quality factors.

Six ripe fruits from each treatment

were used in these analyses.
Firmness and diameter of the fruit were determined with an Asco
Firmness Meter which shows the firmness index.
for each of the six fruits used.

One reading was recorded

A low index indicates a firmer fruit.

Percent soluble solids was determined with a Bausch and Lomb
"Abbe-SL" refractometer.

A one-quarter section was taken from each of

the six fruits, blended in a Waring Blender and strained through two
layers of cheesecloth.

Titratable acidity was determined by using a

25 g. sample of the blended juice in 100 ml. of distilled water and
titrating with 0.1 N NaOH.

The soluble solids andtitratable

acidity

data were used to calculate the sugar/acid ratio.
The pH readings were made on the juice of each treatment with a
Beckman pH meter.

Color was determined using 0.5 g. of blended juice

filtered and extracted with 10 ml. of hexane.

Percent transmittance

was determined using a DB-G recording spectrophotometer, then con
verted to optical density.
Ripe fruits from the fourth harvest were evaluated by a panel.
The six panelists were asked to rate each parental line and F]^ hybrid
for flavor, texture, and color of fruit.

A scale of 1 to 10 was used
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with 10 being the best rating.

Each panelist was asked to rate fruit

of each treatment organoleptically as being acid, slightly acid, or
non-acid.
At approximately mid-season each of the plots was rated for virus
resistance.

A scale of 1 to 10 was used, with 10 representing no

visual symptoms.
All parental lines and

hybrids were evaluated for resistance

to root-knot nematodes employing the method described by Hernandez,
Miller, and Giamalva (39a).
All data were subjected to an analysis of variance to determine
the significance of differences observed.

Correlation coefficients

were calculated to determine the degree of association between the
observations made.

All statistical analyses in the yield test were

made on the basis of mean per plant reading.

EXPERIMENTAL RESULTS

A genetic study was conducted in 1973 and 1974 to determine the
mode of inheritance of two irradiation-induced mutations of the tomato
cultivar 'Pelican'.

One of the mutations was a dwarf line which was

designated L 210 dwarf (L 210 dw).

The second mutation was male

sterile, characterized by the lack of stamens in the flowers.

The

six lines possessing this mutation were designated L 38, L 39, L 46,
L 47, L 47 (X), and L 48.
In studying the mode of inheritance of induced dwarfism the
L 210 dw mutant was crossed with the indeterminate cultivars 'Pelican'
and 'Creole'.

L 210 dw was also crossed with the determinate line

L 243, and with the genetic dwarf line L 303-3.

In addition, L 210 dw

was crossed with six stamenless lines L 38, L 39, L 46, L 47, L 47 (X),
and L 48.

A.

These stamenless lines were all indeterminate in growth habit.

Mode of Inheritance of the Induced Dwarf Mutant
Plants of L 210 dw were grown in the field for 1973 and found to

be homozygous for the dwarf character.

All F-^ hybrid plants were

grown in the field during the spring of 1974.

Data in Table IX show

the character for plant stature or tallness of the F-^ hybrids.

It can

be noted that the dwarf character was recessive both to indeterminate
and to determinate stature.
The cross of L 210 dw with L 303-3 and its reciprocal did not
behave as expected (Table IX).

The resultant F-^ plants were indetermi

nate in stature, indicating that possibly the genes controlling dwarfism
in these two dwarfs, though both simple recessives, occupy different loci.
34
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Table IX.

Stature of the F^ Hybrids in a Study of the Inheritance
of Induced Dwarfism in the Tomato

Cross

Stature

'Pelican' x L 210 dw Fj

indeterminate (tall)

'Creole' x L 210 dw Fi

indeterminate

L 243 x L 210 dw Fx

determinate

L 303-3 x L 210 dw Fj

indeterminate

L 210 dw x 'Pelican' Fj

indeterminate

L 210 dw x 'Creole' F^

indeterminate

L 210 dw x L 243 F-j^

determinate

L 210 dw x L 303-3 F-j^

indeterminate

L 38

xL 210 dw F^

indeterminate

L 39

xL 210 dw Fx

indeterminate

L 46

x L 210 dw F x

indeterminate

L 47

xL 210 dw Fx

indeterminate

L 47 (X) x L 210 dw Fx

indeterminate

L 48 x L 210 dw Fi

indeterminate
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Data in Table X show the F2 segregating ratios expected if this
dwarf character is simply inherited and recessive as indicated by the
data.

Data in Table X show that the ratios observed in the field

gave a good fit for the expected 3:1 ratio, as indicated by the Chi
Square and probability values.

The observed ratio of 55 indeterminate

(tall) to 54 dwarf in the backcross L 210 dw x (L 39 x L 210 dw) was a
good fit for the expected 1:1 ratio.
In the case of the F 2 progeny of the cross L 303-3 x L 210 dw the
segregation ratios were subjected to two Chi Square tests because of
the difficulty in distinguishing between dwarf and double recessive
dwarf (L 210 dw) type.

As shown in Table XI, the F2 population which

consisted of 135 plants segregated into 86 tall plants, 30 dwarf, and
19 very dwarf of double-dwarf plants.

When these data were subjected

to the Chi Square test of significance for goodness of fit to a 9:7
ratio of tall to dwarf segregates the Chi Square and probability values
supported the hypothesis that the dwarfism of L 210 dw and L 303-3 were
controlled by non-allelic genes.

This hypothesis was further tested

by subjecting the data to a Chi Square test for goodness of fit to a
9L4L3 ratio of nine tall to four dwarf (L 303-3 type) to three dwarf
(L 210 dw type).

For this test of significance the double dwarf type

was assumed to resemble one or the other of the dwarf parents suffi
ciently to be indistinguishable from it; thus, a segregation ratio of
9:4:3 was tested statistically.

The data for these analyses are shown

in Table XI, and a good fit for both expected ratios as measured by
the Chi Square test and the probability level was obtained.

37

Table X.

F 2 and Backcross Data Observed in a Study of the Inheritance
of a Dwarf Mutant in the Tomato

Expected
Ratio

Cross

Observed
Ratio

'Pelican' x
L 210 dw F2

3:1

169 Tall:52 dwarf
(3:.92)

L 39 x
L 210 dw F2

3:1

L 243 x
L 210 dw F2
L 210 dw x (L 39
x L 210 dw)
3
*X

X^

P

.25

.70-.50

138 Tall:34 dwarfs
(3:.74)

2.51

.30-.10

3:1

125 Tall:38 dwarfs
(3:.91)

.25

.70-.50

1:1

55 Tall:54 dwarfs
(1: .98)

.0092

.90

with 1 d.f. = 3.84
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Table XI.

Segregation of F£ Progeny of L 303-3 x L 210 dw

X2 for ratio 9:7 (tall:dw), and 9:4:3 ( :dw:ddw)
Expected
ratio

Observed
ratio

X2

______ P

9:7*

86:49

3.05x

.90-.95

9:4:3**

86:30:19

3.33z

.80-.90

* 9 tall:7 dwarf
** 9 tall:4 dwarf:3 double dwarf
xX2 with 1 d.f. = 3.84
ZX2 with 2 d.f. = 5.99
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B.

Mode of Inheritance of the Induced Stamenless Character
In the fall growing season of 1973 rooted cuttings of six stamen

less lines
During

weregrown in

the field and all of the plants were stamenless.

the winter of 1973-74 cuttings from theseplants were rooted

pots in the greenhouse where all crosses were made.

in

The crosses made

were as listed below:
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L

38
38
38
38
39
39
39
43
43
46
46
47
47
47
47
48

x L 210 dw Fx
x L 303-3 Fx
x L 320 F x
(X) x 'Creole' F^
x 'Creole' F-,
x L 210 dw Fx L 320 F 1
x 'Creole'*' F^
x L 320 Fx
x 'Pelican' F^
x L 210
dw F x
x L 210
dw F^
x L 303-3 F-,
(X) x L
210 dwFx
(X) x L
303-3Fx
x L 210 dw Fj^

Seed from several F^ hybrids were planted in pots in the greenhouse for
the production of F£ progenies.

These included the crosses L 38 x

L 303-3 Flf L 39 x 'Creole' F-^ L 43 x L 320 F ^

and L 43 x 'Creole' Fj_.

Also during the winter of 1973-74 two backcrosses to the stamenless
parents were made which included L 39 x (L 39 x 'Creole') and L 38 x
(L 38 x L 303-3).

The F 2 progenies of the selected crosses and seed of

the backcrosses were collected and grown in the spring of 1974.
The F

1

plants from the above crosses grown in the spring of 1975

were all found to be fertile or the flowers were perfect.

This indi

cated that the stamenless character was recessive.
The F 2 and backcross segregation ratios for the crosses selected
for further study are presented in Table XII.

The observed F 2 ratios

40

Table XII.

F„ and Backcross Data Observed in Studying the Inheritance
or Induced Male Sterility in the Tomato

Cross or B.C.

Exp. Ratio
(Fert.:Ster.)

Obs. Ratio
(Fert.:Ster.)

38 x L 303-3

3:1

171:67
(3:.85)

1.27

.30-.20

39 x 'Creole'

3:1

225:65
(3:.87)

1.04

.50-.30

43 x 'Creole'

3:1

148 :46
(3:.93)

.17

.70-.50

43 x L 320

3:1

122:40
(3:.98)

.0083

.95-.90

38 x (38 x L 303-3)

1:1

4 6 :45
(1: .98)

.06

.80

39 x (39 x 'Creole')

1:1

84:84
(1:1)

0.00

1.00

*X2
•v J

with 1 d.f. = 3.84

X

2*

P
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gave a

good fit for the expected 3:1 ratio of fertile to sterile plants

as indicated by the Chi Square and probability values.

The data of 46

fertile to 45 stamenless plants for the backcross L 38 x (L 38 x
L 303-3) were also a good fit for the expected 1:1 ratio of fertile
to sterile plants.

For the backcross L 38 x (L 39 x 'Creole') a ratio

of 84 to 84 (fertile to sterile or stamenless) plants was recorded.
In order to establish that the genes controlling this stamenless
character occupy the same locus, two

hybrids, L 39 x 'Creole' and

L 43 x 'Creole' were crossed and F^ seed were collected for testing.
The two hybrids were chosen because they have a common pollen parent.
These seed were grown in the field in the spring of 1974 for genetic
study.
The expected and observed ratios for this cross are shown in
Table XIII, along with the Chi Square and probability values.

As can

be observed from the data presented, the segregation ratios gave a good
fit for the 3:1 ratio expected if the same locus was involved in both
the L 39 and the L 43 lines.

It was assumed from these data that the

genes governing sterility in all six lines are allelic.

C.

Yield of Parents and F-^ Hybrids for First Two Harvests
Data for early yield of 18 treatments including 13 F^ hybrids and

five parental lines are shown in Tables XIV through XVII.
consisted of the first two harvests.

Early yield

The combining ability of L 210 dw

with each of four parents, 'Pelican', 'Creole', L 303-3, and L 243
and their reciprocals except for 'Creole' was measured in terms of
yield and other characters.

Also L 210 dw was crossed with each of

six male sterile lines, L 38, L 39, L 46, L 47, L 47 (X), and L 48 to
compare their performance as F^ hybrids.
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Table XIII.

Data Observed in Testing Same-Locus Hypothesis for the
Stamenless Tomatoes L 38 and L 43

Cross

Ob s. Ratio
(Fert.:Ster.)

X

3:1

68:21

.08

(L 39 x 'Creole')
X
(L 43 x 'Creole')

*X^
with 1 d.f. =» 3.84
.05

2*

P

0
00•
1
o
00•

Exp. Ratio
(Fert.:Ster.)
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A comparison of the early yield of marketable (U.S. No. 1) fruit
and total yield is shown in Table XIV.

The total yield included U.S.

No. 1 fruit, cracked fruit and catfaced fruit.

Among the parental

lines L 243 produced the highest early marketable yield of 25,032
pounds per acre, and L 210 dw produced the lowest early yield of
1,336 pounds.

Also, the cultivar 'Creole' produced the second largest

early yield of 13,475, with 'Pelican' next with 10,ere pounds per acre.
Of the F^ hybrids, the crosses L 243 x L 210 dw and L 210 dw x
L 303-3 produced the highest yields of U.S. No. 1 marketable fruit of
17,134 pounds per acre and 13,475 pounds, respectively.

The cross

L 210 dw x L 243 also produced a high yield of 12,081 pounds per acre.
These data suggest that the parents L 243 and L 303-3 have the best
combining ability with L 210 dw for early yield.
the

The differences among

hybrids of L 210 dw with each of 'Pelican', 'Creole', L 303-3,

and L 243 were not statistically significant.

Also, none of these F^

hybrids exceeded the best parent in weight of U.S. No. 1 fruit produced.
L 210 dw was also crossed with each of six male sterile lines as
shown in Table XIV.

There were no significant differences in yield of

U.S. No. 1 fruit among these F^ hybrids.

The yield of the F^ hybrids

between L 210 dw and the male sterile lines ranged from a high of
10,048 pounds per acre for the cross L 47 (X) x L 210 dw to a low of
4,937 pounds for the cross L 39 x L 210 dw.
The data for number of U.S. No. 1 fruit per acre followed the
same trend as the data for weight of U.S. No. 1 fruit, as shown in
Table XIV.
A comparison of total yield, which consisted of all potentially
marketable fruit (U.S. No. 1, cracked fruit, and catfaced fruit) showing
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Table XIV.

Yield of F. Hybrids and Parental Lines in Spring of 1974
for First Two Harvests (Early Yield)

Treatment
L 210 dw

U.,S. No. 1
Number
Weight

Total Yield
Weight
Number

4414

1336

10338

3833

'Pelican'

19341

10454

30492

16088

'Creole'

32118

13475

34964

14985

L 303-3

18063

6156

23755

8596

L 243

86133

25032

95019

27356

'Pelican' x L 210 dw

10629

5518

18295

9525

'Creole' x L 210 dw

12836

7492

25613

14520

L 303-3 x L 210 dw

23058

9874

37113

16264

L 243 x L 210 dw

41701

17134

61913

25904

L 210 dw x 'Pelican'

15217

8480

22709

12139

L 210 dw x L 303-3

29214

13475

36765

17250

L 210 dw x L 243

33570

12081

41992

15507

L 38 x L 210 dw

12720

7550

24161

14288

L 39 x L 210 dw

8944

4937

17192

10801

L 46 x L 210 dw

13300

7376

20386

11035

L 47 x L 210 dw

13707

7202

27181

14462

L 47 (X) x L 210 dw

21664

10048

33396

17134

9525

5169

22419

13010

34865

11888

41838

15765

40209

13709

48250

18181

L 48 x L 210 dw

HSD.05
HSD.01

* U.S. No. 1 = Marketable tomato fruit
** Total yield included U.S . No. 1 and Cracked fruit + catfaced fruit.
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number and weight of fruit per acre is shown in Table XIV.

These data

for total yield of the parental lines and F-^ hybrids showed the same
trend as in the early yield of U.S. No, 1 fruit.
The male sterile mutants in hybrid combination with L 210 dw
produced comparable total yields ranging from 23,406 pounds per acre
to a high of 31,886 pounds.
The parental lines were significantly different in total yield as
shown in Table XIV.

The mutant dwarf, L 210 dw, produced the lowest

total yield of 3,833 pounds per acre in this test.

L 243, a determinate

type, produced the highest total yield of 27,356 pounds per acre, and
the cultivar 'Pelican', produced the second highest yield of 16,088
pound s.
The parental lines L 243 and L 303-3 showed good combining ability
with L 210 dw in crosses and reciprocal crosses.

In all cases the

hybrids of the above two parents with L 210 dw produced a highly signi
ficant increase in total early yield over the L 210 dw, but did not
yield more than L 243 or L 303-3.

The yields of 'Pelican' x L 210 dw

F^ and its reciprocal cross, and the cross 'Creole' x L 210 dw F^ were
comparable to the yields of the highest parents which were 'Creole' and
'Pelican'.
The yield and percentages of non-marketable fruit which included
cracked and catfaced fruit, and fruit with blossom end rot, and culls
are

shown in TablesXV and XVI.
In the spring of 1974 the percentage of fruit cracking was low in

all treatments for early harvested tomatoes with the exception of the
hybrids 'Creole' x L 210 dw F-^ and L 39 x L 210 dw Fj_, which had 18 and
15 percent cracked fruit by weight, respectively.

Table XV.

Yield of Non-marketable Fruit in Spring 1974 for First Two Harvests

Cracked Fruit
Weight
Number

Treatment

Catfaced Fruit
Number
Weight

Blossom-end Rot
Number
Weight

Culls
Number Weight

L 210 dw
'Pelican'
'Creole'
L 303-3
L 243

290
1220
2381
290
348

174
697
1045
116
58

5692
9932
465
5401
8538

2323
4937
465
2381
2265

0
6795
4414
1452
1859

0
1278
755
290
290

0
5808
2904
4356
36300

0
581
290
290
3659

'Pelican' x L 210 dw
'Creole' x L 210 dw
L 303-3 x L 210 dw
L 243 x L 210 dw
L 210 dw x 'Pelican'

0
6563
581
290
290

0
3369
174
174
174

7725
6215
13533
19921
7202

4008
3659
6156
8596
3543

7028
4704
3659
5576
3543

3020
1104
929
1045
581

2904
4356
4356
5808
0

174
465
465
581
0

L
L
L
L
L

465
755
1336
1452
232

232
290
523
1162
174

7086
7667
10106
6795
7144

3543
3136
6215
4704
3543

1975
2962
5111
7725
7783

348
639
1104
1394
1626

8712
24684
0
0
2904

871
2033
0
0
290

1452
0
2265

871
0
1104

12081
11790
10629

6389
7086
6679

3659
3543
4763

639
987
755

1452
1452
10164

174
174
581

5760

2983

13246

6779

7740

n.s.

n.s.

3031

15276

7818

210 dw
210 dw
38 x L
39 x L
46 x L

x L
x L
210
210
210

303-3
243
dw
dw
dw

L 47 x L 210 dw
L 47 (X) x L 210 dw
L 48 x L 210 dw

HSD.05
HSD>01

Table XVI.

Percentages of Non-marketable Fruit in Spring 1974 for First Two Harvests
% Cracked Fruit
Number
Weight

Treatment

% Catfaced Fruit
Number
Weight

% Blossom-end Rot
Number
Weight

L 210 dw
'Pelican'
'Creole'
L 303-3
L 243

3
6
10
1
0

4
6
9
1
0

52
30
3
16
9

52
29
5
21
8

0
18
13
10
1

0
8
6
5
1

'Pelican* x L 210 dw
'Creole' x L 210 dw
L 303 x L 210 dw
L 243 x L 210 dw
L 210 dw x 'Pelican'

0
21
2
0
3

0
18
1
0
2

45
24
34
27
29

43
23
34
29
25

29
21
8
12
16

22
11
4
7
6

L
L
L
L
L

1
1
9
12
2

1
1
6
15
2

15
17
40
37
39

16
19
41
40
37

6
58
21
28
27

2
3
9
12
13

5
0
10

6
0
9

45
35
52

44
40
54

14
10
21

5
6
8

.35

.36

.79

.91

.46

.27

.40

.41

.91

.93

.53

.31

210 dw
210 dw
38 x L
39 x L
46 x L

x L
x L
210
210
210

303-3
243
dw
dw
dw

L 47 x L 210 dw
L 47 (X) x L 210 dw
L 48 x L 210 dw

HSD.05

HSDtoi

•P*
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As shown in Table XVI, L 210 dw produced 52 percent of the fruit
as catfaced, 'Pelican' had 29, and L 303-3 had 21 percent.

L 243 and

'Creole' had the lowest percentages of catfaced fruit of eight and five,
respectively.

In general, all crosses with L 210 dw showed percentages

of catfaced fruit skewed toward that of the high parent which was
L 210 dw, with the exception of the crosses L 210 dw x 'Pelican' and
L 210 dw x L 303-3, which had catfaced percentages of 25 and 16,
respectively, which were lower than that of the lowest parents.
In the crosses of the stamenless mutants with L 210 dw, the per
centages of catfaced fruit were skewed toward that of L 210 dw, the
higher fruit cracking parent.
Data on the number and weight and on the percentages of number and
weight of blossom end rot are shown in Tables XV and XVI.

In general,

the incidence of blossom end rot was fairly low as shown in Table XVI,
where the range for most parental lines and hybrids in percent was
from zero for L 210 dw to a high of nine for the hybrid L 38 x L 210 dw.
An exception to this trend was the cross 'Pelican' x L 210 dw which had
22 percent of fruit with blossom end rot.

The F^ hybrids 'Creole' x

L 210 dw, L 39 x L 210 dw, and L 46 x 210 dw had a moderate amount of
fruit with blossom end rot.
The yield of culled fruit for the parental lines and
are shown in Table XV.

hybrids

The dwarf mutant L 210 dw produced no culls

although hybrids with this mutant in general were fairly low in culled
fruits early in the season.

Culled fruit are non-marketable, being

fruit that are less than two inches in diameter.

The line L 243 pro

duced the most culls, but it also had the highest production of early
marketable and total fruit yield.
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The mean fruit weights of parental lines and hybrids for U.S.
No. 1, total yield, cracked fruit, catfaced fruit, blossom end rot
fruit and culls are shown in Table XVII.

The L 210 dw mutant produced

the smallest fruit with a mean weight of 3.5 ounces for the U.S. No. 1
grade, and 5.8 ounces for the fruit from the total yield category.
The parental line L 243 produced fruit in the marketable category
with a mean weight of 4.8 ounces.

'Pelican* and 'Creole' produced

the largest fruit in the marketable
and 7.0 ounches, respectively.

grade, having a mean weight of 8.6

All of the F-^ hyveisa produced large

fruit that ranged from 5.6 ounces to a high of 9.4 ounces.

D.

Yield of Parents and F^ Hybrids for Yield of Five Harvests
Data for yield of eighteen treatments including thirteen F^ hybrids

and five parental cultivars and lines are shown in Tables XVIII and XIX
for five harvests.

The combining ability of L 210 dw with each of four

parents, 'Pelican', 'Creole', L 303-3, and L 243 and their reciprocals
except for 'Creole' was measured in terms of yield and other characters.
Also L 210 dw was crossed with

each of six male sterile lines, L 38,

L 39, L 46, L 47, L 47 (X) and

L 48 tocompare their performance as

F^ hybrids.
Comparisons of yield of marketable fruit and total yield, which
included yield of U.S. No. 1 fruit, cracked fruit and catfaced fruit
are shown in Table XVIII.

Among the parental lines L 243 produced the

highest marketable yield of 51,516 pounds per acre, and L 210 dw, a
mutant dwarf, produced the lowest yield, 5,169 pounds.

Also, L 303-3,

a genetic dwarf, produced the second largest yield of 25,497 pounds per
acre.

Of the F^ hybrids the crosses L 243 x L 210 dw F^ and L 210 dw x

Table XVII.

Mean Fruit Weights of Parental Cultivars and Hybrids in oz. for First Two Harvests

Treatment

U.S. #1X

L 210 dw
'Pelican'
'Creole'
L 303-3
L 243

3.5
8.6
7.0
5.6
4.8

'Pelican' x L 210 dw
'Creole' x L 210 dw
L 303-3 x L 210 dw
L 243 x L 210 dw
L 210 dw x 'Pelican'

7.8
9.4
7.2

L
L
L
L
L

7.7
5.6
9.4
9.0

210 dw
210 dw
38 x L
39 x L
46 x L

x L
x L
210
210
210

303-3
243
dw
dw
dw

6.6
9.3

Total
Yield y
5.8

8.6
7.2
5.9
4.8
8.8
9.0
7.2
6.7
8.8
7.7
5.8
9.6

Cracked
Fruit

Catfaced
Fruit

1.3
4.3
5.0

5.1
7.8
3.8
4.8
4.8

0.8
0.1
0.0
4.8

0.6
1.3
1.0
1.0

8.5
7.4
7.2
7.7

6.2

Blossomend Rot

0.0

Culls

1.1
1.3

0.0
0.5
0.5
0.3
1.3

5.3
4.0

1.3
0.5

1.8

0.8
0.5
0.0

3.0
1.4

3.0
1.9

7.2
5.9
8.5
9.6
7.7

4.0

0.6
0.8
0.0
0.0
0.2

1.4
1.9
2.7

8.6

10.2
8.5

1.4
2.4
5.3
1.4

L 47 x L 210 dw
L 47 (X) x L 210 dw
L 48 x L 210 dw

8.3
7.7
5.6

8.2
8.5
8.8

2.7
0.0
2.9

8.8
9.3
9.4

2.2
3.7
2.1

0.2
0.2
0.5

HSD.05

1.2

1.6

2.3

n.s.

n« s •

0.5

1.4

1.8

2.6

^.01

Marketable fruit
ytotal yield - U.S. #1 + cracked fruit + catfaced fruit
zall fruit under 2 in. diameter, even if otherwise blemished

2.2
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Table XVIII.

Yield Data of
Hybrids and Parental Cultivars in Spring
1974 for Five Harvests

Treatment

U.S. No. lx
Number
Weight

Total YieldY
Number
Weight

16610
31479
48380

5169
16785
19224

40539
66792
75620

12778
36416
31654

L 303-3
L 243
'Pelican' x L 210 dw F^

96064
191664
22535

25497
51516
11848

141948
257817
52911

45419
66734
28808

'Creole' x L 210 dw F^
L 303-3 x L 210 dw F x
L 243 x L 210 dw F x

21896
93799
119005

11674
33918
42166

57325
141425
171743

32176
51633
62610

L 210 dw x 'Pelican' F^
L 210 dw x L 303-3 F-,
L 210 dw x L 243 F x

136416
99839
103556

18469
37868
34964

163191
146768
143225

32292
57848
50065

L 38 x L 210 dw F x
L 39 x L 210 dw Fx
L 46 x L 210 dw F^

22593
15972
24509

12545
9002
13416

53550
38739
50936

30840
23406
29563

L 47 x L 210 dw F x
L 47 (X) x L 210 dw Fj^
L 48 x L 210 dw F 1

21373
30956
17365

10977
13823
9989

51401
65108
52098

27704
31886
31479

HSD.os

77234

21829

107325

30924

123773

35663

L 210 dw
'Pelican1
'Creole'

HSD.01

88808

XU.S. No. 1 = marketable fruit
YTotal Yield = U.S. No. 1 + cracked fruit + catfaced fruit
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L303-3, produced the highest yields of 42,166 pounds and 37,868 pounds
per acre, respectively.

These two F^ hybrids show that the parents

L 243 and L 303-3 had the best combining ability.

However, these two

hybrids did not perform better than the highest yielding parents.
The same was true when L 210 dw was crossed with 'Creole' and 'Pelican'.
L 210 dw was also crossed with each of six male sterile lines as
shown in Table XVIII.
among these

hybrids.

There were no significant differences in yield
The yield of the F^ hybrid crosses of L 210 dw

and the male sterile lines ranged from a high of 13,823 pounds per acre
for the

cross L 47 (X)

x L 210 dw Fj^ to a low of 9,002 pounds per acre

for the

cross L 39 x L

210 dw, but these differences were not signifi

cant.
The data for number of U.S. No. 1 fruit per acre followed the
same trend as the weight of U.S. No. 1 fruit, as shown in Table XVIII.
A comparison of total yield showing number and weight of fruit
per acre is shown in Table XVIII.

These data show that the parental

lines and F^ hybrids followed the same trend as in the yield of U.S.
No. 1 fruit.

The total yield indicates the potential in production

of each parent and hybrid.

The L 243 line produced the largest total

yield of 66,734 pounds per acre, and it was highly significant over
L 210 dw, and significant over several hybrids and 'Creole.'

In

general, the hybrids of L 210 dw with each L 243 and L 303-3 produced
high total yields.
The yield and percentages of non-marketable fruit which included
cracked and catfaced fruit, and fruit with blossom end rot and culls
are shown in Tables XIX and XX.

Table XIX.

Yield Data of Non-marketable Fruit in Spring 1974 for Five Harvests
Cracked Fruit
Weight
Number

Treatment

Catfaced Fruit
Number Weight

Blossom-■end Rot
Number
Weight

L 210 dw
'Pelican'
'Creole'
L 303-3
L 243

1626
1396
25555
9002
12371

755
6389
11500
3194
3543

21780
24916
1684
36939
53840

6853
13242
929
13591
11616

0

0

7460
4704
2207
2556

1336
871
407
465

'Pelican' x L 210 dw F^
'Creole' x L 210 dw F-^
L 303-3 x L 210 dw Fx
L 243 x L 210 dw F x
L 210 dw x 'Pelican' F^

7956
23638
8305

22419
11790
39378
43792
17192

12313
6447
14810
17192
8305

7550
5750
4472
6389
3833

3078
12894
1045

8886
9583

4646
14055
2904
3311
5576

L
L
L
L
L

12371
10802
9757
8245
7144

4821
3891
5692
4995
4240

34500
28924
2199
14520
19283

15159
11209
12603
9351
11906

2207
2962
5576
8247
8544

407
639

1220
1510
1975

4356
8131
11964

2439
4124
7376

25671
26020
22767

14288
13939
14055

3949
3543
4763

11521

6670

36684

12430

7904

13286

7692

42307

210 dw
210 dw
38 x L
39 x L
46 x L

x L
x L
210
210
210

303-3 F x
243 F-,
dw F q
dw F,
dw F^

L 47 x L 210 dw F-,
L 47 (X) x L 210 dw Fx
L 48 x L 210 dw F^

HSD.05
HSD.01
kA 11 fruit under 2 in. diameter

.4335

9115

1220
581

Culls*
Number
Weight
31944
8712
8712
40656
139392

2207
871
4356
4356
11326

5808
5808
49368
59532
4356

465
581
4250
4356
581

45012
95832
1452

4530
7725
174

0

0

7260

755

697
987
755

8712
1452
10164

871
174
581

XI*s •

85490

6543

98592

7545
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Table XX.

Percentages of Non-marketable Fruit in Spring 1974 for Five
Harvests

Treatment

______________________ Percent____________________ _
Cracked Fruit
Catfaced Fruit
Blossom-end Rot
Number Weight
Number Weight
Number Weight

L 210 dw
'Pelican'
'Creole'

4

6

2
34

18
36

L 303-3
L 243
'Pelican' x L 210 dw

6
5
14

7
5
16

'Creole' x L 210 dw
L 303-3 x L 210 dw
L 243 x L 210 dw

41

44

6
5

6
5

6
8
8

17

L 38 x L 210 dw
L 39 x L 210 dw
L 46 x L 210 dw

18

21
8

L 47 x L 210 dw
L 47 (X) x L 210 dw
L 48 x L 210 dw

L 210 dw x 'Pelican'
L 210 dw x L 303-3
L 210 dw x L 243

HSD

54
37

53
36
3

0
11
6

4
3

26

21
42

30
Ur
43

2
1
14

1
1
10

21
29
26

20
29
27

10
3
4

29

2
10

11
24
20

26
26

22

2
2
2

2
1
1

19
21
14

4
38

41
40
40

10
21
17

4

9
13
23

9
13
23

50
40
44

52

11
45

8
6
9

3
3

1.3

1.4

1.4

1.4

.5

.27

1.5

1.6

1.6

1.6

.6

.32

8
8

0

6
6

2

•U j

HSD Q1
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In the spring of 1974 conditions for the development of fruit
cracking were favorable due to frequent rains during the harvest period.
In comparing all treatments the L 210 dw had the

lowest percentage of

fruit

crack of 6percent, and L 303-3 had only 7 percent, as shown in

Table

XX.

had a

low percentage of 6 and 8 percent cracked fruit, respectively.

Also, the cross of

L 303-3 x L 210 dw

and its reciprocal

In the cross of L 243 x L 210 dw F^, there were 5 percent cracked
fruit, and for the reciprocal, 8 percent.

This F-^ hybrid, like the

parents was very resistant to fruit cracking.
The 'Creole' parent had the highest fruit cracking percentage in
fruit weight of 36 percent, and the F^ hybrid of 'Crecle' x L 210 dw
had 44 percent cracked fruit.

In this cross the F^ hybrid performed

like the 'Creole' parent.
Generally, the other F-^ hybrids of L 210 dw with 'Pelican' and
stamenless parents were comparable to the highest cracking parent with
the exceptions of the cross L 47 x L 210 dw which had only 9 percent
cracked fruit.

Genetically, the stamenless parents are assumed to be

similar to 'Pelican' because they were mutants from the 'Pelican'
cultivar.
Data on the number and weight and percentages of number and
weight of catfaced fruit are shown in Tables XIX and XX.

As shown

in Table XX, L 210 dw produced 54 percent of the fruit with catfaces,
'Pelican' had 37 percent, and L 303-3 had 30 percent.

'Creole' had

the lowest value of 3 percent of catfaced fruit and L 243 had only 4
percent.

In general, all parental crosses with L 210 dw produced a

skewed distribution of catfaced fruit toward the high parent, L 210 dw.
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In the crosses of Pelican and stamenless mutants with L 210 dw
the percentages of catfaced fruit were as high as or higher than the
low parents.

An exception to this was the cross L 47 (X) x L 210 dw

which had only 11 percent of catfaced fruit.
Data on the number and weight and on the percentages of number
and weight of fruit with blossom end rot are shown in Tables XIX and
XX, respectively.

In general, the incidence of blossom end rot was

fairly low as shown in Table XX where the range was from zero for
L 210 dw to a high of 29 percent for the cross 'Creole* x L 210 dw.
The yield of culled fruit for the parental lines and
are shown in Table XIX.

hybrids

In general, ’Pelican 1 produced the fewer culls,

and the stamenless mutants of 'Pelican* and the 'Pelican' hybrids with
L 210 dw produced a low weight of culls.

The number and weight of

culls were fairly high with L 303-3 and L 243, and in their
with L 210 dw.

hybrids

It should be pointed out that the culls were fruit that

were less than two inches in diameter.
The mean fruit weight of each parental line and F^ hybrids are
shown in Table XXI.

The L 210 dw produced the smallest fruit, having

a mean weight of 3.7 ounces and 'Pelican' produced the largest fruit
with a mean weight of 7.5 ounces in the U.S. No. 1 grade.

In the

crosses of L 303-3 and L 243 with L 210 dw the mean fruit weight of the
F-£ hybrids was higher than the highest parent.

All crosses of L 210 dw

with 'Pelican' and the stamenless mutants produced fairly large fruits
having a mean fruit weight of 6.1 ounces or more.
In general, the mean fruit weight of parental lines and hybrids
were slightly higher for the total yield than for U.S. No. 1 fruit.

Table XXI.

Mean Fruit Weight of Parental Cultivars and Hybrids in Ounces for Five Harvests-Spr. 1974

Treatment

U.S. No. 1X

L 210 dw
'Pelican'
'Creole'

3.7
7.5
5.9

L 303-3
L 243
'Pelican' x L 210 dw

5.0
4.2
7.5

'Creole' x L 210 dw
L 303-3 x L 210 dw
L 243 x L 210 dw

7.0
5.9
5.6

L 210 dw x 'Pelican'
L 210 dw x L 303-3
L 210 dw x L 243

8.2
6.6
5.3

L 38 x L 210 dw
L 39 x L 210 dw
L 46 x L 210 dw
L 47 x L 210 dw
L 47 (X) x L 210 dw
L 48 x L 210 dw

6.4

HSD,05
HSD _pi

Total
Yield?

Cracked
Fruit

Catfaced
Fruit

5.1

1.6
6.1
5.8

4.5
7.7
2.4

0.0
1.4
0.8

0.8

3.4

5.0
3.5

0.8
0.6
2.4

0.8
1.1
0.2
0.3

8.2
6.7
5.3
4.5

Blossom-end
Rot

Culls2
0.5
0.3

8.6

2.6
4.2

8.6

7.4

6.1

5.9
5.8

2.2
3.7

5.9

6.1

1.9
1.0
1.8

8.0
6.7
5.1

4.2
4.0
3.2

6.2
5.9
5.8

0.8
0.6
0.8

0.2
0.8
1.0

7.8
7.5
7.4

9.0
9.4
9.1

5.9
7.0
4.6

8.0
8.8
8.5

1.3
1.3

2.1

0.2
0.0
0.3

6.2

3.8
3.4
5.3

8.3
7.5

6.1

9.4
8.2
9.3

8.8

1.1
1.4
0.8

0.2
0.2
0.2

3.2

2.9

3.5

4.5

n.s.

3.7

3.0

3.7

5.2

XU.S. No. 1 = marketable fruit
^Total Yield = U.S. No. 1 + cracked fruit + catfaced fruit
z
Culls = all fruit under 2 in. diameter, even if otherwise blemished

8.6

1.0

.7
.9
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E.

Results of Laboratory Analyses
The results of laboratory analyses for quality factors made in

the spring 1974 for all parental lines and F-^ hybrids are shown in
Table XXII.
As shown in Table XXII, the data on soluble solids are presented
for five parental lines and 13

hybrids.

The percent soluble solids

of all treatments ranged from a low of 4.70 for the F^ hybrid L 47 (X) x
L 210 dw, and for the parental line L 243, to a high of 5.8 for
L 303-3 x L 210 dw F p

and this difference was highly significant.

In most cases the percent soluble solids was 5.00 or higher, which is
considered satisfactory.
The titratable acidity and pH values for all treatments show that
there were very little differences among treatments.

The L 210 dw was

the only treatment that was significantly higher than ’Pelican* and the
cross L 47 x L 210 dw F p
in titratable acidity.

All of the other treatments were comparable

All treatments were comparable in pH values.

The sugar/acid ratios are shown in Table XXII for all treatments.
There were no significant differences among treatments, and the range
was from a high of 0.20 to a low of 0.15.
The fruit diameters and firmness values as measured by the Asco
Firmness Meter for all treatments in this test are shown in Table XXII.
The differences in diameter readings of fruit for all treatments were
comparable with the exception of L 243 which had the lowest diameter
reading of 6.61 cm.

The F^ hybrid L 39 x L 210 dw produced the largest

fruit with a diameter value of 8.69 cm.

There were no significant

differences among treatments for firmness values.
L 210 dw F^ had the firmest fruit.

The hybrid L 48 x

Table XXII.

Results of Laboratory Analyses in Spring 1974

Treatment

Percent
SS*

XA**

S/A***

PH

Diameter

L 210 dw
'Pelican'
'Creole'
L 303-3
L 243

5.85
5.05
5.65
5.00
4.70

0.36
0.26
0.35
0.30
0.31

0.17

0.20
0.16
0.18
0.15

4.55
4.46
4.40
4.48
4.36

7.89
7.94
7.99
7.03
6.61

44.10
44.60
46.40
43.60
52.00

0.22
0.21
0.20

'Pelican' x L 210 dw
'Creole' x L 210 dw
L 303-3 x L 210 dw
L 243 x L 210 dw
L 210 dw x 'Pelican'

5.00
5.05
5.80
5.15
5.00

0.28
0.29
0.31
0.31
0.30

0.18
0.18
0.19
0.18
0.17

4.53
4.45
4.50
4.43
4.45

8.02
7.98
7.37
7.52
7.54

45.50
50.40
54.70
47,00
51.70

0.27
0.27
0.31
0.30
0.25

L
L
L
L
L

5.15
5,65
4.90
5.00
4.95

0.31
0.29
0.27
0.27
0.28

0.17

0.20
0.19
0.20
0.18

4.42
4.52
4.49
4.48
4.50

7.99
7.35
8.08
8.69

8.02

42.60
53230
53.65
33.60
50.75

0.24
0.27
0.32
0.27
0.28

4.90
4.70
5.05

0.26
0.28
0.30

0.19
0.17
0.17

4.53
4.43
4.45

8.65
7.41
8.61

54.25
43.40
33.40

0.37
0.29
0.25

.80

.10

n.s.

n.s.

H « s*

XI* S e

tl» S e

210 dw
210 dw
38 x L
39 x L
46 x L

x L
x L
210
210
210

303-3
243
dw
dw
dw

L 47 x L 210 dw
L 47 (X) x L 210 dw
L 48 x L 210 dw

HSD.05

HSD.01
*soluble solids

Firmness

Color****
0.14
0.25

.97
**Titratable acidity

***soluble solids/acid ratio

****optical density

60
The color values of all treatments, which are shown as optical
density readings, showed no significant differences among treatments.

F.

Results of Ratings for Disease Resistance
The resistance to virus complex and root-knot nematode of

parental lines and

hybrids are shown in Table XXIII.

The scale

used was from Eero to ten, with zero representing absence of symptoms.
The L 210 dw mutant had the highest incidence of virus symptoms of
seven, while 'Pelican1 showed the most resistance, having a rating of
only three.

The 'Creole', L 303-3, and L 243 parental lines showed

relatively high incidence of virus infection, having ratings of 5.5,
6.0, and 5.5, respectively.

Among the F^ hybrids, the trend was toward

the high susceptibility of the L 210 dw parent.

Exceptions to this

trend were the crosses 'Creole' x L 210 dw, L 303-3 x L 210 dw, and
L 210 dw x L 243, which had ratings slightly lower than that of the
lower parent.

These differences were not significant.

The only two parental lines which were susceptible to damage by
the root-knot nematode complex were 'Creole' with a rating of eight,
and L 243 with a rating of seven.

Hybrids which had either 'Creole'

or L 243 as a parent had a high incidence of root-knot nematode damage.
All of the other hybrids were resistant to root-knot nematode showing
little or no root galling with the exception of the crosses 'Pelican'
x L 210 dw and L 39 x L 210 dw, but these differences were not signi
ficant .

G.

Results of Organoleptic Ratings
Tomato fruit of all treatments were organoleptically scored by

six panelists for flavor, texture, acidity, and color.

There were no

61

Table XXIII.

Disease Ratings of Breeding Parents and
Hybrids for
Virus Complex and Root-Knot Nematode Group

Treatment

Virus
Complex*

RootKnot**

L 210 dw
'Pelican'
'Creole'

7.0
3.0
5.5

0.0
0.0
8.0

L 303-3
L 243
'Pelican' x L 210 dw

6.0
5.5
5.0

7.0
1.5

'Creole' x L 210 dw
L 303-3 x L 210 dw
L 243 x L 210 dw

5.0
5.5
5.5

1.0
0.0
2.5

L 210 dw x 'Pelican'
L 210 dw x L 303-3
L 210 dw x L 243

6.5
6.5
5.0

0.0
0.0
3.0

L 38 x L 210 dw
L 39 x L 210 dw
L 46 x L 210 dw

6.0
5.0
4.5

0.0
1.0
0.0

L 47 x L 210 dw
L 47 (X) x L 210 dw
L 48 x L 210 dw

5.5
5.5
5.5

0.0
0.0
0.0

3.3

2.9

® D .05

® D.01
*Virus complex = TMV + other unidentified viruses.
and 10 = severe symptoms.

0.0

3.5

1 =» no symptoms,

**Root-knot nematode - 0 = no symptoms, 3 = several galls on roots.
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significant differences among the parental lines and F^ hybrids for any
of these characters, which indicates that all of the samples organo
leptically rated were satisfactory in culinary qualities (Table XXIV).

H.

Correlation Coefficients of Factors Relating to the Combining
Ability of the Dwarf Mutant
Correlation coefficients of eight groups of factors affecting

tomato yield of U.S. No. 1 fruit and quality are shown in Table XXV,
As shown in Group I, the marketable fruit (U.S. No. 1) yield
showed a highly significant positive correlation with yield of culled
fruit.

Generally as a cultivar is more productive a large amount of

culled fruit can be expected.

The yield of marketable fruit showed a

negative relationship with yield of cracked fruit, but this relationship
was not significant.

Yield of marketable fruit did not have a signi

ficant relationship with yields of catfaced fruit.
The correlation between marketable fruit yield and disease ratings
are shown in Group II of Table XXV.

There was no significant correla

tion between any of the disease ratings with marketable yield.
Data in Group III show no relationship between virus complex and
root-knot nematode ratings.
Data in Group IV show no correlation of fruit firmness with each
pH, titratable acidity, soluble solids, texture, and fruit diameter.
Correlation coefficients of soluble solids with each pH, titratable
acidity, sugar/acid ratio, flavor, texture and acidity showed that there
were no significant relationships between any two of these characters.
In Group VI data show a highly significant positive correlation
between pH and sugar/acid ratio.

The pH showed no relationship with

flavor, acidity taste, and titratable acidity.
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Table XXIV.

Organoleptic Ratings of Parental Lines and F-^ Hybrids*

Treatment

Flavor

L 210 dw
'Pelican'
'Creole'

5.83
5.17
6.33

7.00
6.00
7.17

2.17
2.67
1.83

6.00
6.17

L 303-3
L 243
'Pelican' x L 210 dw

5.67
5.83
6.50

5.83
7.33
7.00

1.67
1.67
2.17

7.33
8.00
7.50

'Creole' x L 210 dw
L 303-3 x L 210 dw
L 243 x I. 210 dw

6.50
6.67
5.83

7.67
7.17
6.67

2.67

2.00
1.83

7.67
7.50
7.83

L 210 dw x 'Pelican'
L 210 dw x L 303-3
L 210 dw x L 243

6.50
6.17

6.00

7.67
6.50
5.83

2.17
2.17
2.33

8.17
8.33
7.33

L 38 x L 210 dw
L 39 x L 210 dw
L 46 x L 210 dw

5.83
5.83
6.33

6.17
6.17
7.33

2.17
2.17
2.17

6.50
6.83
7.83

L 47 x L 210 dw
L 47 (X) x L 210 dw
L 48 x L 210 dw

5.33
6.77

7.33
7.00
7.67

2.67
2.83
3.33

6.50
5.67
6.33

n.s.

n.s.

n.s.

n.s.

HSD.05

6.00

Texture

Acidity

HSD#oi

*A scale of 1 to 10 was used with 10 being the best rating.

Color
7.00
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Table XXV.

Correlation Coefficients of Factors Affecting Total Market
able Yield (weight) and Quality Factors of Tomato Fruits

Factors Correlated___________

r values

Group I
marketable
marketable
marketable
marketable

c u l l s .................... ..
cracked fruit .......... . . . . .
blossom end rot f r u i t ............
catfaced fruit ..................

.87**
-.23 n.s.
-.24 n.s.
.35 n.s.

Group II
marketable fruit and virus complex rating..............
marketable fruit and root-knot resistance..............

.08 n.s.
.46 n.s.

fruit
fruit
fruit
fruit

and
and
and
and

Group III
Virus complex rating and root-knot resistance

-.05 n.s.

Group IV
fruit firmness
fruit firmness
fruit firmness
fruit firmness
fruit firmness

and
and
and
and
and

p H
titratable acidity
soluble solids. .
texture35
fruit diameter

.13 n.s.
-.06 n.s.
.11 n.s.
.14 n.s.
-.41 n.s.

Group V
soluble
soluble
soluble
soluble
soluble
soluble

and
and
and
and
and
and

pH
titratable acidity
soluble solids/acid ratio
flavorx
texturex
acidityx

.34 n.s.
.65 n.s.
.12 n.s.
.23 n.s.
-.09 n.s.
-.20 n.s.

flavorx ....................
acidity3 5 .......................................
soluble solids/acidratio ........................
titratable acidity...............................

-.09 n.s.
.16 n.s.
.62**
-.20 n.s.

Group VI
pH and
pH and
pH and
pH and

solids
solids
solids
solids
solids
solids

Group VII
color and
colorx and
color25 and
color25 and

optical d e n s i t y .............................
flavor25
...................................
texture2 5
acidity2 5 ...................................

Group VIII
flavorx and acidity25 ..................................
flavor25 and texture35 ..................................
flavor35 and titratablea c i d i t y .........................
xAs rated by the taste panel
*significant at the .05 level
**significant at the .01 level

-.15 n.s.
.34 n.s.
.16 n.s.
-.51*
.08 n.s.
.58*
.31 n.s.
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Data in Group VII showed no relationship between color and
optical density, flavor and texture, but a significant negative
correlation occurred between color and acidity.
There was a significant positive correlation between flavor and
texture as shown in Group VIII.

However, flavor showed no significant

correlation with acidity and titratable acidity.

DISCUSSION OF RESULTS

There has been a great interest in the growing of dwarf tomato
types to be used for the production in limited areas where this plant
type can be used partly for ornamental purposes and for production of
fruit for consumption.

Also this plant type could lend itself to

mechanization of tomatoes, especially in once-over harvests.

The

mode of inheritance and general and specific combining ability of
an irradiation-induced dwarf mutant, L 210 dw, was used in this study.
This mutant resulted from the cultivar 'Pelican', which is recommended
and reasonably well adapted for production in Louisiana.
Stevenson and Tomes (104) in earlier work reported on the use of
the dwarf type of tomato for mechanical harvesting, as it showed
promise for once-over harvest.

Halsted (32) as far back as in 1905

and Price and Drinkard (81) in 1908 studied this dwarf tomato plant
character.

However, the plant breeders and seed companies have not

popularized this type until recently when a renewed interest occurred.
Although the dwarf type of tomato has been used in the breeding
program at L.S.U., this mutant (L 210 dw) appeared to be different in
stature and perhaps superior for mechanical harvesting and concentrated
fruit production.

The inheritance of this dwarf character behaved as

a simple Mendellian recessive to the indeterminate and determinate
types.

This is in agreement with several workers (32, 33, 34, 49,

54, 81, 93, 95, 113) who found dwarfism to be a recessive character.
The L 210 dw mutant was found to be unrpoductive.

It was also

a very poor parent to use in the production of F-^ hybrids, as it showed
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poor general and specific combining ability in all crosses studied.
The production of catfaced fruit in L 210 dw and most of its hybrids
was large, and is a genetic weakness of this parent.
Because of the hybrid vigor exhibited by

hybrid tomatoes, many

workers have searched for economical ways of producing

seed.

Con

ventional methods of hand emasculation and pollination were shown to
be too costly (4, 77).
With the appearance of various forms of male sterility interest
in the production of

hybrids was revived. Many studies

were con

ducted in an attempt to select forms of male sterility

and methods of

promoting natural cross pollination which would reduce

the cost of

producing F^ seed (1, 17, 28, 40, 48, 50, 58, 76, 87).

It was found,

however, that hybrid seed production by natural cross pollination of
male-sterile lines was not satisfactory because of the low yield of
hybrid seed (29, 42, 109), and it was generally agreed that a combina
tion of male-sterile female parents and hand pollination was the most
practical means to produce hybrid seed (9, 30).
Male-sterile lines other than the stamenless type were shown to
exhibit the same combining ability as parental lines in which this
character was found (31, 48, 67, 68).

In the present study male-

sterile lines of the cultivar 'Pelican' appear to have retained the
good combining ability of'Pelican'.
It is apparent from the good performance of these stamenless
lines that an intensive effort should be made to find parental lines
which combine well with them so that the benefits of hybrid vigor can
be utilized in tomato production in Louisiana.

SUMMARY AND CONCLUSIONS

In 1973-74 a study was conducted to determine the mode of
inheritance of irradiation-induced male sterility (stamenless type)
and dwarfism in the tomato.

Also, a combining ability study was con

ducted to determine the potential value of the dwarf mutant as a parent
in the production of

hybrid seed.

The! mutants were produced by

irradiating seedlings of the cultivar 'Pelican' with

Co.

As a result

of this study the following conclusions were reached:
1.

The irradiation-induced dwarf character was simply inherited and
recessive.

2.

The gene controlling dwarfism in this mutant (L 210 dw) is probable
at a locus different from genes controlling dwarfism in other
tomato lines.

3.

The dwarf mutant is of little use as a breeding parent since it
has poor general and specific combining ability.

4.

The irradiation-induced male sterility is controlled by a simplyinherited recessive gene.

5.

The genes controlling male sterility in the six lines possessing
this character were located at the same locus.

6.

The stamenless lines have retained the relatively good combining
ability of the original parent cultivar 'Pelican'.

7.

Because of the good performance of the stamenless lines, an inten
sive effort should be made to find parental lines with which they
combine well.
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The stamenless mutants are potentially useful for the production
of

hybrid seed for Louisiana.
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