
ABSTRACT

ORIGIN, NATURE AND MODIFICATION OF THE FLOWERING

STIMULUS IN THE TOMATO (LYCOPERSICUM ESCULENTUM)

by Sharad Chintaman Phatak

The origin and nature of the flowering stimulus, and the

mechanism of flower formation in the tomato were studied by

experimentally manipulating nutritional, environmental,

chemical, and other factorso Effects of nutrient deficiency,

nitrogen levels, root and top temperatures, carbon dioxide,

light intensity, photOperiod, mutilation, exogenous

application of chemicals, and reciprocal top-root grafting

of diverse flowering types on the formation of the first

inflorescence in the tomato were studiedo

The tomato plants were exposed to various nutrient

deficiencies and to different nitrogen levelso The

optimum nitrogen level for the earliest flowering varied

with the time of the year, higher quantities of nitrogen

were more effectively utilized in the summerc Nutrient

element deficiency studies revealed that the initiation

of the first inflorescence occurred even in the absence

of nutrient elementso Thus, it was concluded that the role

of mineral nutrition in tomato flowering is probably an

indirect oneo



ii

Reciprocal grafts of early and late cultivars, exposure

of seedlings to different tOp and root temperatures, and

mutilation of seedlings suggest that the flowering stimulus

as well as the inhibitor of the flowering stimulus for the

first inflorescence originates in the leaves, and under

natural conditions plumule leaves play an important role in

determining the initial flowering responses of tomato

seedlings as influenced by external factors. Reciprocal

top-root grafting of early and late cultivars revealed that

flowering was not modified by hypocotyl grafts or grafting

above the site of the plumule leaves in the absence of leaves

on the rootstocks° Flowering was, however, influenced by the

stocks when the scions were grafted above the intact plumule

leaves. Exposure of seedlings of several tomato cultivars

to different top and root temperatures for 2 to 3 weeks

following cotyledon expansion resulted in significant

differences in flowering, as indexed by nodes subtending

the first inflorescence, by t0p but not by root temperatureo

The removal of cotyledons gave inconsistent results while

root removal had no effects on floweringo Flowering was,

however, modified by the removal of plumule leaves when

interacted with the effects of temperatureo There were no

effects at 50-55°Fo, a delay at 60-65°F° and earlier flowering

on plants at 70-75°Fo
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Studies with metabolic inhibitors suggest that the

flowering stimulus in the tomato is possibly an isoprenoid

or a steroid° Single foliage applications of 10"3 molar

2-thiouracil, 5-flurouracil and chloramphenicol did not

affect flowering, Extended exposure, however, to these

metabolic inhibitors at 10'5 and 5x10"5 molar maintained

in the solution culture root media resulted in significant

delays in flowering with marked suppressions of vegetative

growtho One foliar application of 1.25 to 500 mg /ml of

steroid synthesis inhibitors (SKsF 7732 and SK&F 7997),

was sufficient to delay flowering without a reduction in

vegetative growth.

Observations on tomato flowering following application

of auxins, gibberellins and inhibitors of vegetative

growth, and auxin contents of tomato plants at different

temperatures, and the gibberellin content at different

photOperiods suggested that the auxin-gibberellin balance

or relationship modifies the expression of the flowering

stimulus for the first inflorescence° Higher, but not

super Optimal, levels of auxin or auxin-like compounds

promote earlier flowering while super optimal gibberellin
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levels delay floweringo It is further suggested that

modifications in the auxin-gibberellin levels may be the

pathway by which certain environmental factors exert an

influence on the flowering behavioro

Induction of anther develOpment on flowers of a

stamenless (sllsll), tomato mutant following 6A3 application

through the solution culture root medium suggested that

the gibberellins are functional in the development of the

microgametophyte within the developing flower partso
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INTRODUCTION

Flower formation is a phenomenon of great significance

in crop production. Any factor which regulates flowering in

higher plants is concerned mainly with induced modifications

of meristems. Flowering in many plants is dependent on

environmental factors that in turn are easily controlled

experimentally. Of these factors photoperiod, or the daily

length of illumination is perhaps the best known and one

of the easiest to manipulate. Thus, photoperiodic control

of floral induction in long and short day plants has been

extensively studied. Very little is known, however, about

the mechanism and physiology of flowering of a large group

of plants which are not dramatically responsive to photo-

period. These are commonly classified as day neutral. The

tomato is in this category.

The environment during early growth of the tomato

plant is important in the initiation of the first flower

cluster. This inflorescence is formed within a few

days following cotyledon expansion. The number of leaves

subtending the first inflorescence is reduced when the

plants, during this period of floral initiation, are

grown at low temperatures, high light intensity, and short

days (19, 20, 34, 42, 43, 76, 77, 93, 94, 100, 101, 132)



Up to the first 2 to 3 weeks following cotyledon

expansion a tomato plant consists of roots, cotyledons,

a stem, expanding plumule leaves, and an apical meristem.

Elucidation of the possible role of each of these plant

parts as the origin for the site of the flowering

stimulus for the first inflorescence in the tomato was

the first objective. This was followed by studies of

factors affecting flowering, the flowering mechanism,

and the chemical nature of the flowering stimulus. Limited

observations are also included as to the effects of

naturally occurring plant growth substances on the develOp-

ment of specific floral parts.

These studies are of significance not only with

respect to fundamental aspects of the physiology of

flowering in the tomato, a plant classically, perhaps

erroneously (132) considered as day neutral in its flowering

behavior, but should also be of practical value in tomato

crOp production.



LITERATURE REVIEW

Inheritance of the Flowering Responses
 

Flowering of the tomato is controlled by genetic

and non-genetic factors. Information on the inheritance

of earliness of flowering is fragmentary (32, 39, 91, 96).

It has been suggested that flowering as indexed by the

time interval from seeding to the first anthesis may be

controlled by three or more major gene pairs (39, 91).

Recently, however, Honma, Wittwer and Phatak (55) proposed

that the two characters, days from seeding to first anthesis

and nodes subtending first inflorescence are governed by

a single major gene pair, with earliness as dominant.

Their observations were different from those of others due

to variations in the environmental conditions under which

the investigations were conducted. These two characters,

days to first anthesis, and number of nodes subtending the

first flower cluster, are also subject to non-genetic

variation, the details of which will be given in later

sections.

The tomato inflorescence is described as a racemose

cyme (24, 26, 104). Bouquet (14), however, has pointed out

that the inflorescences occur in mixed populations of simple

racemes, as well as racemose cymes having dichotomous and

polychotomous branching. The simple raceme is determined by



a single dominant gene (30, 77). This dominant character

occurs in all common varieties with the exception of

Earliana (l4)° Many non-genetic (environmental) factors alter

this dominance, among which are mineral nutrition, light,

temperature, humidity, mutiliation, and plant growth

substances. The latter include auxins, gibberellins, kinins,

and growth inhibitors.

Factors Affecting Tomato Flower Formation

Mineral nutrition - Effects of nitrogen nutrition on

flowering and fruiting in the tomato have received much

attention since Kraus and Kraybill (65) proposed the concept

of the carbohydrate-nitrogen relationship and its control

on vegetative and reproductive responses. They concluded

that fruitfulness in the tomato plant was dependent on the

ratio of carbohydrate to nitrogen, or the C/N ratio.

According to Kraus and Kraybill a moderate accumulation of

carbohydrates favored flowering and fruiting, whereas if

all carbohydrates were used up in new growth, a luxuriant

Vegetative condition resulted with little reproductive

develOpment. This conclusion, in general, was widely accepted

and appears to have been valid for the particular conditions

Of their experiments. One should note, however, that Kraus



and Kraybill were chiefly interested in flower and fruit

development, not in flower initiation. They did not record

nodes subtending the first inflorescence which is, perhaps,

the most objective measurement for flowering in the tomato.

A study by Wittwer and Teubner (139) on the tomato does not

support the hypothesis that high nitrogen favors vegetative

growth at the expense of flowering. On the contrary the

highest nitrogen levels in the solution cultures gave the

earliest flowering even under Optimal temperature conditions.

Eguchi, Matsumara and Ashisawa (38) also observed in experiments

where nutrient levels were a variable that the earliest

flowering in the tomato also occurred at the highest levels

of nitrogen and phosphate, with 8 or 9 nodes to the first

inflorescence. Nitrogen or phosphate at the lowest levels

delayed flowering to the 12th and 13th nodes.

Eight - PhotOperiodic control of floral inductiqh in

long and short day plants has been extensively studied.

Little is known, however, of the large group of plants

commonly classified as day neutral. The tomato has been

considered as a day neutral and has been listed as the

primary example of this class (82). Many others (5, 13,

49, 51, 89) have similarly classified it. It has been

further concluded that since the tomato is completely day



length indifferent with respect to flowering, it offers an

Opportunity to study the purely vegetative effects of

photOperiod and its relationship to temperatures (50).

The effect of the light regime upon flowering in

tomatoes is now widely known. There has been some difficulty

in interpretation relative to the failure of separating the

influence Of two factors; namely, light intensity and light

duration which are partially independent in their effects

and therefore should be studied separately. The former is

significant through its control of the rate of photosynthesis,

and the latter through the mechanism of photOperiOdic control

which, under certain circumstances, may be influenced by

light intensities lower than those at which photosynthesis

occurs.

There are many studies wherein high intensity lamps

have been used as a supplement to the low light intensities

and to extend the short winter photoperiod. This has

promoted the develOpment of greenhouse grown tomato plants.

The greater length Of the day was associated with more

photosynthesis and resulted in earlier flowering (l, 72, 73,

119, 120, 128). Photoperiod differences and an enchanced

.Photosynthesis were, however, not separated in these

studies.



The effects of photoperiod on tomato flowering, however,

has not been completely ignored by researchers. Reinders-

Gouwentak (94) extended a basic photOperiod Of 7-1/2 or

9 hours of high intensity artificial light with 1-1/2, 3,

4-1/2, or 7-1/2 hours of low intensity light. With each

increase in photOperiod above 9 hours there was an increase

in the number of leaves to the first inflorescence and in

number days to flower initiation. Similar effects were

Observed by extending the duration of a lZ-hour basic

photOperiod. On the other hand, with the basic photoperiod

of 7-1/2 hours the delay was shown only with the longest

extension (7-1/2 hours) and enhancement of flower initiation

with those Of short extension (4-1/2 hours or less) of light

period. Others (22, 95, 138) have similarly reported that

exposure of tomato plants, during the critical stage of

the formation of the first inflorescence to an extended

photOperiod Of low light intensity increased the number

of leaves subtending the first inflorescence.

These Observations led Wittwer (132) to an objective

analysis of the photoperiodic behavior of flowering in the

tomato. He reported that varieties differing widely in

tYpe and earliness responded to a short (9 hours) photo-

Period by earlier flowering. This was indexed by the number



of nodes subtending the first inflorescence and the days to

first anthesis. From the results Obtained he suggested that

tomato be classified as a facultative short day plant.

The number of leaves subtending the first inflorescence

decreases with an increase in light intensity. This results

in earlier flowering (22, 34, 69, 70, 121). Wittwer (132)

confirmed the favorable effects of high light intensities.

The extent Of flower initiation and polychotomy within an

inflorescence of the tomato was increased by high light

intensities and extra illumination (76, 77, 81, 119, 120).

Photoperiod and light intensity not only influence the

”position” of the first inflorescence as to node number and

influence polychotomy, but may also modify the development

of individual flowers. Under short days and low light

intensities, the flower develops an extremely long pistil

in relation to the stamens and this interferes with normal

self pollination (17, 56, 104). This may be a contributing

factor affecting flower abscission.

Effects of unfavorable photoperiodic cycles on the

Vegetative growth of tomato have been studied by many workers

(21, 41, 10, 49, 50, 117, 129). These researchers, however,

disinot study the flowering response of the tomato to

different cycles of light and dark.



Temperature - The response of the tomato plant tO

temperature is complicated. Roberts (97) suggested that

night rather than the day temperature largely determines

the response a particular plant makes to temperature. A

diurnal fluctuation in temperature, designated as

'thermoperiodicity", is of paramount importance in the

develOpment of the tomato plant (124). Went (126) also

found a gradual shift of optimal night temperature for

growth from 30°C. in the seedling stage to 18°C. in the early

fruiting stage. He (126) further observed that the optimum

night temperature increased with increased light intensity.

Hoffman (53) suggested that for tomatoes, under greenhouse

conditions in Ohio, the night temperature be kept around 15

to 16°C. and be raised to 21 to 24°C. during sunny days.

Roodenberg (100) and Withrow and Withrow (129) Observed

that low temperatures prevented or moderated the injury to

tomato plants caused by continuous illumination.

Seed vernalization, with the Objective of earlier

flowering, has given inconsistent results. Burr and

Turner (18) found that plants grown from vernalized seeds

lagged behind the controls in growth, fruiting, time of

ripening, and yield of fruit. Subsequent experiment (118).

indicated earlier flowering and fruit ripening from vernalized



10

seeds provided the seedlings were given 12 days of continuous

light. Stier (106) Obtained similar results and also

observed that the accelerating effect of continuous light

was negated by prolonged low temperature (32°F.) exposure.

Stier concluded that vernalization was not important for

early flowering in the tomato.

An increase in the number of flowers formed in the early

inflorescences was Observed by Goodall and Bolas (44) on

tomato plants grown from vernalized seed, but there was no

effect on the time of fruit maturity. Higher yields were

Obtained from vernalized seed and chilling at 3°C. for 10

to 15 days increased early yields (60, 108). Calvert (21)

was unable to reproduce the results Obtained by Junges (60).

Likewise, Wittwer and Teubner (139) Observed no effect from

seed vernalization.

Diurnal temperature fluctuations during early seedling

growth have striking effects on tomato flowering. Plants

grown at 78°F. day and 55°F. night temperatures produced

inflorescences that were more branched and had a greater

number Of flowers than plants at a lower day temperature

accompanied by a higher night temperature (124, 125, 126,

127). verkerk (119) suggested that temperature fluctuations

favored earliness and increased yield. However, he Observed

that a difference of 10°F. or more between day and night

retarded growth.



11

Lewis (77) reported that the temperature sensitive

period for tomato seedlings with respect to flower number

in the first inflorescence is shortly after cotyledon

expansion. Cold exposure during this period will induce

a larger number of flowers to form in the first

inflorescence. This effect may carry over the fifth

inflorescence. A series of papers from the John Innes

Horticultural Institute (69, 70, 71) has reported a

decrease in nodes to first inflorescence accompanied by

an increase in flower number in tomato plants exposed to

low temperatures (55°F.) at this seedling stage.

Wittwer and Teubner (136, 137, 138, 139) and Kurki and

Wittwer (68) reported that the number Of nodes subtending

the first inflorescence was less and the number of flowers

in the first cluster greater when tomato seedlings were

exposed for 2 to 3 weeks following cotyledon expansion to

a temperature of 40~55°F., as compared with the plants

grown at 65-70°F. Further conclusions indicate no difference

in the effectiveness of the cold treatment between day and

night exposure. It was not the pattern of cold exposure

but the accumulation Of cold that determined the effectiveness

of the treatment. This is in agreement with the conclusions

of Calvert (19) and Went (126). Others (40, 58, 59, 67, 100,

101) have Obtained similar results on tomato flowering by

exposure of seedlings to lower temperatures. Howlett (57),
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however, Observed no significant differences in the number

of flowers in the first four clusters following three weeks

of cold exposure. This may have been related to the variety

WR-7 (pink glove) used in the trials which apparently was

less sensitive to the cold treatment.

There is a high correlation between the number Of

flowers in the first inflorescence and early yield (136)

as well as the number of nodes to first cluster and days

to the first anthesis (55, 78).

Low root temperatures also increase flower number in the

first inflorescence (112). Tomato plants exposed to a cool

soil temperature of 57 to 61°F. gave an increased yield (20)

which may have been from a greater number of flowers in the

earlier inflorescences.

The development of floral parts is also affected by

the temperature. At night temperatures of 54 to 59°F.,

tomato flowers showed phyllody of the calyx and had a greater

tendency to fasciate (124). High temperatures accompanied

by low humidity caused styles to elongate abnormally (105).

Self pollination under such conditions failed because the

styles elongated several days earlier than the anthers

dehisced.
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Moisture supply - Availability Of moisture has an effect

on flowering, and low temperatures were effective only under

Optimum moisture supply. Fukushima and Masui (40) observed

that leaf number to first inflorescence was increased by

dry soil conditions during the first two weeks following

cotyledon expansions and was not affected by night

temperatures if moisture was limiting. Leaf number,

however, was increased by high night temperatures under

Optimum soil moisture conditions.

Mutilation - Seedling mutilation alone and in combination

with various temperatures invariably modified the flowering

behavior of the tomato. DeZeeuw (34), 35) suggested that

young expanding leaves exerted an inhibitory effect on

flowering in tomato. The removal of these young expanding

leaves advanced flower initiation and hastened the first

anthesis. The number of flowers in the inflorescences

was also increased. Shen (103) confirmed these findings

but reported no difference in the number of nodes subtending

the first inflorescence from defoliation. Heinze (48) and

LeOpold and Lam (75) Observed an increase in the number of

flowers in the first cluster and a decrease in time to the

first anthesis following the removal of young expanding

leaves for several varieties varying in earliness Of fruiting.
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This effect Observed by Leopold and Lam (75) was much

greater on late than on early varieties.

Hussey (58, 59) has suggested that at high temperatures

leaves of the tomato grow vigorously and there is a

competition for available assimilates between the apex

and the expanding leaves. This delays flowering. He

further Observed that at high temperatures (25°C.) removal

of the plumule leaves hastens flower initiation by 8 days

and reduces the number Of leaves to first inflorescence

from 11.810.03 to 9.6:0.05. Cotyledon removal, however,

delayed flowering? At low temperatures leaf removal had

no significant effect on flowering. Calvert (22) has also

reported a delay in flowering upon removal of portions of

the cotyledons following germination.

Chemical - Auxins and auxin-like compounds - Auxins

have been used in many experiments to alter flowering behavoir.

Leopold (74) suggested that they may modify flowering in

four ways: (1) earlier flowering from seed treatment;

(2) promotion Of flowering following plant treatment; (3)

delay in flowering, and (4) altering flowering morphology.

Inconsistent results have been obtained with auxin

treatment of tomato seeds. Cholodny (23) reported a



15

promotion of flowering. Thimann and Lane (1938) and Stier

and DuBuy (107) observed a hastening of anthesis and an

increase in the flower number following treatment of tomato

seed with NAA and IAA at 100 ppm. Both earlier flowering

and an accelerated vegetative development on IAA treated

plants was reported by Tang and LOO (109). Barton (6)

observed no beneficial effects from auxin treatment of

tomato seeds.

The number of flower buds in the first inflorescence

may be increased by treating the young seedlings with

indoleacetic acid (111, 135). Flowering as indexed by

nodes subtending the first inflorescence, however, was not

affected by treatment with indoleacetic acid (135). Tri-

iodobenzoic acid (TIBA) which was considered an auxin (82),

and anti-auxin (4), and an auxin synergiest (115), increased

the number of flower primordia in tomato (45, 46, 47, 142,

143). Alpha (2-naphthoxy) phenylacetic acid produced

responses on the tomato plant similar to those Of TIBA (86).

TIBA, however, was quantitatively more active than alpha

(2-naphthoxy) phenylacetic acid in respect to flower number

in the first inflorescence. An increase in flower number
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was observed subsequent to the application of N-m-tolylph-

thalamic acid and other N-aryl-phthalamic acids (103, 110,

111, 112, 113, 114). Under environmental conditions not

favorable for flower formation the effects of N-m-tolylph-

thalamic acid on flower number was reflected in more fruit

and noticeably higher yields Of greenhouse tomatoes (110, 112).

Gibberellins - Flowering of gibberellin treated tomato

plants is delayed as indexed by nodes to the first cluster.

There are fewer flowers in the first cluster. Days from

seeding to anthesis, however, did not differ because growth

was accelerated in the treated plants (15, 16, 131).

Kinins - Flowering was delayed in tomato plants

following exposure of the seedlings to various concentra-

tions of kinetin maintained in the solution culture root

media (135). This delay in flowering was reflected by an

increase in the number of nodes to the first flower cluster

and days to the first anthesis. vegetative growth was also

inhibited proportionately as the concentration of kinetin

was increased from 10"8 to lO'SM.

Growth Inhibitors - Many chemicals which inhibit

vegetative growth also affect flowering in the tomato.



gron

refit

earl



17

2-Chloroethyltrimethy1ammonium chloride (CCC) and related

compounds inhibit vegetative extension and at the same time

promote earlier flowering. The time to first anthesis was

reduced and the first inflorescence was formed one node

earlier in a midwinter tomato crop (131, 140, 141).

2-isopropyl-4-dimethylamino-S-methylpheny1-l-piperidine-

carboxylatemethyl chloride (Amo-1618) had no effect on tomato

flowering, while maleic hydrazide and 2,4-dichlorobenzyl-

trimethyl phosphonium chloride (phosphon D) delayed anthesis

and increased the number of nodes subtending the first

inflorescence (140).



GENERAL METHODS

Plant material - Several homozygous tomato cultivars,

including F1 hybrids, were used. The majority of the

experiments were conducted with the variety Michigan-Ohio

Hybrid (Wittwer, 130) supplied by Roy Burghart, Eureka

Greenhouse, Greenville, Michigan. Tuckcross O was supplied

by Joseph Harris Seed Company. Seeds of the remaining

varieties were obtained from different sources and multiplied

from individual plant selections during the course of these

investigations.

Chemicals - The following chemicals were utilized and

Obtained from the sources indicated.

Indole-B-acetic acid (IAA), 6-furfurylaminOpurine

(kinetin) and 1,2-Benzopyrone (coumarin) were purhcased

from Nutritional Biochemicals Corporation, Cleveland, Ohio.

2-isoprOpy1-4-dimethy1amino-5-methylphenylel-piperidine-

carboxylatemethyl chloride (Amo-1618) was supplied by the

Rainbow Color and Chemical CO., Box 31, Northridge,

California.

18
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N-dimethylaminoscuccinamic acid (B995) and 1,2-

dihydro-pyridazine-3,6-dione (Maleic hydrazide (MB-40))

were supplied by the Naugatuck Chemical CO., Naugatuck,

Connecticut.

2-chloroethyltrimethylammonium chloride (CCC) was

supplied by the American Cyanamide CO., New York 20,

New York.

2,4-dichlorobenzy1trimethy1phosphonium chloride

(phosphon D) was obtained from Virginia-Carolina Chemical

Corporation, Richmond, Virginia.

3,4,7-Trihydroxyf1avonone (Naringenin) was supplied

by California Corporation of Biochemical Research.

Gibberellins} and gibberellic acid derivatives were

supplied by Merck and Company, Rahway, New Jersey.

5-fluorouraci1 (S-FU) was supplied by Hoffman-LaRoche,

Inc., Nutley 10, New Jersey.

2-Thiouracil (2-TU) was Obtained from Nutritional

Biochemicals Corporation.

D-threo-N-dichloroacety1-l-p-nitrophenyl-Z-amino-l,

3-propanediol (chloramphenicol) was supplied by Parke,

Davis and CO., Detroit 32, Michigan.
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SKfiF 7732-A3 (tris (2-dimethylaminoethyl)- phosphate

trihydrochloride), SKaF 7997-A3 (tris(2-diehtylaminoethyl)-

phosphate trihydrochloride) was supplied by the Smith, Kline,

and. French Laboratories in Philadelphia.

Indole-B-acetyl-D,L-aspartic acid was provided as a

gift by Dr. Norman E. Good of the Department of Botany

and Plant Pathology, Michigan State University.

Anthogenes were Obtained through the courtesy of

Dr. R. H. Roberts, Professor Emeritus in Horticulture at

the University of Wisconsin.

Chemicals were applied as sprays, dips, or plants

were immersed for varying time intervals or added directly

to the solution culture root media. For the solution culture

treatments sufficient quantities of a stock solution were

added to achieve the appropriate molar concentrations of

the entire volume as indicated. Unless otherwise stated,

replacement Of evaporated and transpired solutions was by

addition of half strength Hoagland solution only (see below).

PlantGrowing - Plants were maintained in experimental

greenhouses. Both soil and solution cultures were employed.

One-half strength of the normal nutrient concentration
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(Hoagland and Arnon, 52) was used for the solution cultures.

That lost through transpiration and evaporation was

replenished by the same solution unless stated otherwise.

A mixture of loam, sand, and muck in equal volume

proportions was steam sterilized and used for the soil

cultures. Fertility levels in the soil were maintained

by watering once a week with a soluble fertilizer solution

(1/2 ounce per gallon) containing equal amounts by weight

of diammonium phosphate and monOpotassium phosphate for

the first three weeks following transplanting and 1 ounce

per gallon thereafter until the experiment was terminated.

Seedlings were germinated in vermiculite at approximately

65°F. night and 75°F. day temperatures and were trans-

planted or grafted at cotyledon expansion. Generally

seedling plants were exposed to the experimental variables

during the first 24 hours after transplanting. Plants

were trained to a single stem by periodic removal of the

laterals.

The seedlings grown in soil cultures were first trans-

planted as single plants into three inch peat pots, and

after two to three weeks into six inch clay pots of soil.

For solution cultures, seedlings were transplanted directly
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into one gallon containers of aerated one-half strength

nutrient solution. The plants were suspended in the solution

over the container‘by styrofoam corks placed around the

hypocotyl. Light was excluded from the roots in the aerated

solutions within the gallon glass jars.

Recording observations - Following observations were

recorded: number of days from seeding to first anthesis,

number Of nodes subtending the first inflorescence, and

number Of flowers in the first inflorescence.

Nodes subtending the first inflorescence were determined

by counting from cotyledonary leaves to the nodes formed

prior to first inflorescence, excluding the plumule leaves.

Node number is an Objective measurement of flowering.

Unless mentioned otherwise, flowering will be considered

as node number subtending the first inflorescence.

Statistical methods - Unless otherwise stated

replications consisted of single plants. Conventional

experimental designs were followed. CDC 3600 and other

facilities of the computor laboratory, Michigan State

University were used for analyzing the data. The data

‘were analyzed by apprOpriate statistical methods (Cochran
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and Cox, 25: Panse and Sukhatme, 87) applicable to the

experimental designs. Two treatment means were compared

as to the least significant differences, and three or more

by the Multiple Range Test (Duncan, 37). Significant

differences (Odds of 19:1) between means are designated

by appropriate letter suffixes.



EXPERIMENTAL RESULTS

I. Mineral Nutrition

A. Effect of nutrient element deficiency during floral

initiation and subsequent treatment.

Experiment 1

Seed of tomato (cv. Michigan-Ohio Hybrid) was sown on

April 26, 1962 and the seedlings at cotyledon expansion

were transferred to aerated solution cultures complete

with all nutrients, lacking in all nutrients, or minus

the single nutrients of nitrogen, phosphorus, potassium,

calcium, or magnesium, or minus all the trace elements

(Table 1). Half (six) the seedlings were transferred to

one-half strength Hoagland solution after exposure to

these nutrient treatments for three weeks (fig. 1).

The remainder were planted in six inch pots of soil. The

greenhouse temperatures were approximately 70°F., which

varied with the prevailing outdoor temperatures. The

experiment was terminated after all the plants flowered.

The results (Table 1) show that the plants grown in

cultures that were minus in all nutrients and minus in

magnesium flowered significantly later as indexed by

24'
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Fi ure 1. Vegetative growth of the tomato seedlings

after a three week exposure to nutrient element

deficiencies.

Top (L to R): Complete nutrient, -trace elements,

-Ca, -Mg.

Bottom (L to R): -K, -P, -N, -all nutrients.



Table 1. Effects of nutrient element deficiencies during flower

inductibn and subsequent exposure of roots tO'BOil and

solution cultures on the formation of the first

inflorescence of the tomato,.cv. Michigan-Ohio Hybrid

  

Initialfi Days to lst Nodes to lst IFlowers in lst

nutrient anthesis inflorescence inflorescence

treatment
  

(Means for 12 plants)

‘ Complete 44a 7.2a 8.0ab

-A11 nutrients 59g 8.8e 6.3ab

-Nitrogen Slde 7.5abc 7.7ab

~Phosphorus 53ef 7.5abc 6.1a

-Potassium 49cd 7.3ab 8.9b

-Calcium 47bc 7.2a 6.8ab

~Magnesium S7g 7.9bcd . 5.5a

-Trace element 46ab 7.2a 7.8ab

Sgbseguent'nutrient'treatment

(Means for 48 plants)

Solution cultures 49 7.7 8.6b

.8011 cultures 52 7.4 5.7a

 

Mians fOIIowea 5y tfie same Ietter"not HIfférentat"SffiéveI.

26
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number of nodes subtending the first inflorescence and number

of days to first anthesis. The first anthesis was also

delayed significantly by growing plants in solution cultures

lacking in nitrogen, phosphorus, potassium or calcium.

Number of flowers in the first inflorescence was less on

plants grown in the absence of magnesium or phosphorus and

in the minus all nutrients cultures (distilled water)

as compared with those maintained in minus potassium

cultures. Flower number in the first inflorescence was

significantly affected by the subsequent root treatment.

Number of flowers formed on all the plants transferred from

solution to soil cultures was less than those retained in

solution cultures. All treatments which delayed flowering

also suppressed the vegetative growth (fig. 1).

Experiment 2,

Experiment 1 was essentially repeated and seed of

the tomato (cv. Michigan-Ohio Hybrid) was sown on

April 25, 1963. The seedlings were grown during the three

weeks following cotyledon expansion in solution cultures

complete with all nutrients, minus in all nutrient, or in

solution cultures lacking in nitrogen, phosphorus, potassium,

calcium, magnesium, or sulphur (Table 2). Half (six) of the
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Figure 2. Development of tomato inflorescences following

exposure of seedlings to nutrient element deficiencies

during the sensitive period for the floral initiation.

Top (L to R): Complete nutrient, -Trace elements, -Ca, -Mg.

Bottom (L to R): -K, -P, -N, -all nutrients



Table 2. Effects of nutrient element deficiencies during flower

induction and subsequent exposure Of roots tO'SOil and

solution cultures on the formation of the first

inflorescence of the tomato, cv. Michigan-Ohio Hybrid

 

initial Days to lst Nodes to Iat’ Flowers in I§t

nutrient anthesis inflorescence inflorescence

treatment
 

(Means for.12ep1ants)

Complete 42a 7.0a 6.5

-All nutrients ' 58d 8.8e 7.0

-Nitrogen 55d 7.8bc 6.2

-Phosphorus 55d 7.7bc 6.6

-Calcium 47bc 7.3ab 5.8

-Magnesium ’ 56d 7.9bcd 6.6

-Sulphur 43ab 7.3abc 7.8

-Potassium 44ab 7.0a 7.8

Subsequent-nutrient?treatment

(Means for 48 plants)

SolutiOn cultures. 49 7.7 8.1b

Soil Cultures ’ 51 7.5 5.5a

 

Means fOIlOwed by the same letters not different at 5% level:

29
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plants were then transferred to soil in pots and the remainder

to solution cultures complete with all known essential

mineral nutrients.

Flowering of plants in solution cultures lacking in

all nutrients, nitrogen, phosphorus, or magnesium was

significantly delayed as indexed by the number Of days to

first anthesis and number nodes subtending the first

inflorescence (Table 2). The first anthesis was also

delayed on plants grown in solution cultures lacking in

calcium. Number Of flowers in the first inflorescence

was not affected by the initial nutrient deficiency

treatments but was significantly altered by the subsequent

treatments of solution versus soil cultures. Number of

flowers formed on all plants transferred from solution

cultures to soil cultures was once again less than those

retained in solution cultures. Treatments which delayed

flowering also suppressed vegetative growth.

Experiment 3

Experiment 2 was duplicated and paralleled with the

cultivar, Farthest North (Table 3). Flowering as indexed

by the number of days to first anthesis and number of

nodes subtending the first inflorescence, was delayed

on all plants grown in cultures of all mineral nutrients



.
.

.
1

(
I

.
I
‘

a
s
h

V
L
I

\
a
-

I
]

I
“

.
0
!
!
-

c
e

I
I

e
I

I
O

C
H

C
H

.
\
U

(
n
.
.
.



Table 3. Effects of nutrient element deficiencies during flower

induction and subsequent exposure of roots to soil and

solution cultures on the formation of the first

inflorescence of the tomato, cv. Farthest North

 

InitIaI Days to lst Nodes to lst Flowers in Ist

nutrient anthesis inflorescence inflorescence

treatment
 

TMeans for l2r—plants)

Complete 39a 7.1e 11.1

-All nutrient 57f 7.1e 11.0

-Nitrogen 47cd 6.2de 11.5

-Phosphorus 48d 6.1bcd 10.0

-Potassium ' 43bc 5.9abc 11.5

-Ca1cium 44bc 5.9abc 10.1

-Magnesium 53e 6.8cde 9.5

-Sulphur 41ab 5.7ab 10.5

Subsequent nutrient treatment

(Means for 48 plants)

SolutiOn cultures 44 6.0 12.4b

Soil cultures ‘ 48 6.2 9.8a

 

Means fOllowed by the same letter not different at 5% level.
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and solution cultures lacking in nitrogen, phosphorus or

magnesium. First anthesis was also delayed on plants in

solution cultures lacking in potassium or calcium. Initial

nutrient element deficiencies had no significant effect on

the number of flowers in the first inflorescence. Plants

subsequently maintained in solution cultures, however,

had a greater number Of flowers in the first inflorescence

than those transferred to soil cultures.

Results of these three experiments suggest a consistent

delay in flowering due to the lack of all nutrients and of

magnesium during the period of the initiation of the first

inflorescence. A significant delay in the flowering of

plants from both cultivars grown in solution cultures

lacking in nitrogen and phosphorus was observed in 1963.

This delay in flowering was associated with a marked

suppression of negetative growth. Flowers appear to have

been initiated in the absence of added major nutrient

elements in the root media.

B. Effect of nitrogen nutrition.

Experiment 1. Nitrogen levels and root temperature effects.
 

Seed of MichigancOhiO Hybrid was sown on February 28,

1963. The seedlings were transplanted on March 7 into
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solution cultures containing 0, 55, 110, or 220 ppm Of

nitrogen. The solution culture containers were then placed

in the temperature controlled water tanks. Root (tank)

temperatures of 70° and 60°F. were duplicated. There

were two replicates Of each nitrogen level containing two

plants each within each temperature replication. In the

analysis of the data each container with two plants was

handled as a single replicate. After three weeks exposure

to the various nitrogen levels and root temperatures the

seedlings were transplanted into soil in 6 inch clay pots.

The results are summarized in Table 4.

With increase (Table 4) in nitrogen level flowering

was earlier as indexed by number of days to first anthesis

and number of nodes to the first inflorescence. The

highest nitrogen level (220 ppm) resulted in earliest

flowering. The nitrogen effect was not modified by root

temperature. Flower number in the first inflorescence

was not significantly affected by the nitrogen level in

the root medium. Root temperature had little effect on

flowering. There were no significant interactions between

root temperatures and nitrogen levels.
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Experiment 2. Effect of nitrogen levels and full vs.

partial (2/3) sunlight.

Seed of Michigan-Ohio Hybrid tomato was sown on

June 20, 1963. Seedlings were transplanted on June 27

into solution cultures with 11, 55, 110, 220, 440, 660,

or 880 ppm of nitrogen (Table 5). Sunlight was reduced

to 2/3 by shading with muslin. Values in Table 5 constitute

those from twelve plants, grown as three - four plant

replicates. The treatments within each sunlight level

were randomized and each container of four plants were

considered as a single replicate. The plants were

transferred to soil in 6 inch clay pots on July 8, 1963.

Increase in nitrogen promoted earlier flowering up

to 440 ppm (Table 5). Plants at 440 ppm of nitrogen

flowered earliest, as indexed by number of days to first

anthesis and nodes to first flower cluster. Plants

grown at nitrogen levels of 660 and 880 ppm cultures

showed typical high nitrogen injury with suppressed

vegetative growth. Flowering on these high nitrogen

plants was delayed. Mean number of nodes subtending the

first inflorescence was less at full sunlight than On plants

at 2/3 sunlight. This difference was significant only at
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nitrogen levels of 220 ppm and above. Flower number was

not influenced.

Experiment 3. Effect of nitrogen levels maintained
 

throughout the growing period.

Seed of the Michigan‘Ohio Hybrid was sown on January 27,

1964 and seedlings were transplanted at cotyledon expansion

into solution cultures containing 11, 110, 220, 330, 440,

550, 660 and 880 ppm. The nitrogen levels were replicated

three times with two plants in each container (replicate).

The data (Table 6) reveal that during winter when

light limits growth any deviation in nitrogen level from

110 ppm significantly delayed flowering as indexed by

days to first anthesis and nodes to the first inflorescence.

At early growth stages all plants in 220, 330, or 440 ppm

nitrogen showed injury and vegetative growth was inhibited.

These plants recovered after 2 to 3 weeks perhaps as a

result of an increased leaf area and greater photosynthesis.

Flower number was not affected. Plants grown at 550 ppm

or above did not survive.

Results Of the three experiments on nitrogen levels

in the root medium and flower formation in the tomato
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Table 6. Effects of different nitrogen levels maintained

throughout growing period on flowering of the tomato

(cv. Michigan-Ohio Hybrid). (Winter 1964)

Nitrogen Days to lst Node to lst Flowers in lst

(ppm) anthesis inflorescence inflorescence

(Means OT 6 plants)

11 67b 9.2b 6.0

110 59a 8.3a 7.0

220 65b 9.2b 5.2

330 67b 9.4b 5.8

440 66b 9.5b 5.5

550-880 Plants did not survive

  

Means followed by the samegletter not different at‘5% Iével.
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suggest that the Optimum level of nitrogen for flowering

as well as growth varied with the time of the year. Tomato

seedlings during the high light Of summer can utilize more

nitrogen than during winter when the light limits the normal

growth. The Observed effects of various nitrogen levels

on tomato flowering appears indirect as they reflect an

influence on seedling growth rather than direct effects on

the flowering process.

II. LIGHT

A. Effects Of light intensity and carbon dioxide

concentrationo

Seeds of tomato cultivars Farthest North, l46j,

Michigan-Ohio Hybrid and Pennorange were sown July 25,

1963. The seedlings were transplanted into 3 inch peat

pots August 2. Twelve seedlings from each cultivar were

exposed to three light intensities (500, 1000, 2000 f.c.)

maintained in two different growth chambers. The carbon

dioxide concentration in the atmosphere of one of the

growth chambers was maintained at 2000 ppm and in the other

at the nearer normal level of 350 ppm (Table 7). The levels
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Table 7. Flowering of the tomato following exposure of the seedlings

to different light intensities and carbon dioxide during

the sensitive period for the formation of the first

  

 

infloresnce.-

Tomato (C02 Light Intensities in foot candles Means

cultivar (ppm) 500 1000 2000
  

_7Means of I2 plantsY

Days to first anthesis
 

  

 

Farthest 350 53 46 44 48b

North 2000 50 44 43 468

146j 350 66 58 50 58b

2000 63 54 47 55a

Michigan-Ohio 350 62 57 52 57b

Hybrid 2000 59 54 48 54a

Pennorange 350 68 64 61 64b

2000 65 61 58 61a

Means 61c 55b 50a

Nodes subtendin the first inflorescence

Farthest 7.6 6:1 5.1 6.1b

North 2000 6.6 5.3 5.0 5.6a

146j 350 9.0 7.9 6.8 7.9a

2000 8.8 7.8 7.0 7.7a

MiChigan-Ohio 350 904 7.6 609 8.08

Hybrid 2000 9.1 7.4 7.0 7.8a

Pennorange 350 11.0 11.6 10.5 11.0a

2000 11.5 11.5 10.8 11.3a

Means 9.1c 8.1b 7.4a

Number of flowers in the first inflorescence

Farthest 350 9.4 10.3 10.5 10.1

North 2000 9.4 10.1 10.8 10.1

146j 350 15.0 13.3 10.8 13.1

2000 20.6 15.1 12.4 16.0

Michigan-Ohio 350 5.9 6.1 5.9 6.0

2000 6.9 6.2 6.1 6.4

Pennorange 350 2.8 2.6 3.4 2.9

2000 2.8 2.7 3.0 2.8

Means 9.1a 8.3a 7.9a

 

Means by the same letter not different at 5% level.
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of carbon dioxide were monitored at 12 minute intervals

and automatically recorded. After three weeks exposure to

the indicated light and carbon dioxide levels the seedlings

were transferred to the greenhouse and planted in 6 inch

clay pots of soil.

Increase in light intensity induced earlier flowering

as indexed by days to first anthesis and number of nodes

to first inflorescence in all the cultivars. The number

of flowers in the first inflorescence was not affected by

light intensity.

All cultivars reached anthesis earlier when exposed

to high carbon dioxide level. Farthest North also flowered

after fewer nodes when given 2000 ppm of carbon dioxide.

The differences in carbon dioxide in the atmosphere did

not influence number of flowers in the first inflorescence.

B. Effects of prOportional duration Of light and dark

in 24 and 36 hour cycles.

Seeds of Michigan-Ohio Hybrid, l46j, Manapal,

Spartan Pink 10, Ailsa Craig, Farthest North, Indian

River, Moneymaker, Hot Set, Pennorange and 1-3 (selection

from multiple flower cluster type) cultivars were sown
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on November 15, 1963. Seedlings were transplanted in

3 inch peat pots November 29 and eight plants of each

cultivar were transferred to each Of the two controlled

atmosphere chambers. One of the chambers was manually

Operated at a 36 hour cycle consisting of 15 hours of

light and 21 hours of dark, and the other at a 24 hour

cycle of 10 hours of light and 14 hours Of dark. Thus

plants maintained in both the chambers were exposed to

approximately the same ratios and amounts of light and

dark in total, but for varying durations in a given cycle.

Seedlings were exposed to the same light intensities

(1500 f.c.) and same temperatures(60-65°F.) in each growth

chamber. After 18 days exposure (12 cycles of 36 hours or

18 cycles of 24 hours) the seedlings were transferred to

a greenhouse and transplanted into 6 inch pots. Mean

values in Table 8 represent eight plants.

The results (Table 8) show that all cultivars exposed

to 36 hours cycle flowered later than those exposed to a

24 hour cycle. This was true of both days to anthesis and

nodes to the first inflorescence. Number of flowers in the

first inflorescence was not affected by the different cycles

to which the plants were exposed.
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Significant differences were Observed between the

cultivars in days to first anthesis, nodes subtending

first inflorescence, and number Of flowers in the first

inflorescence.

III. TEMPERATURE

A. Effects Of continuous and three week exposure of

seedlings to different root temperatures.

Michigan-Ohio Hybrid seed was sown on June 29, 1962.

Seedlings were transferred on July 8 to solution culture

containers placed in temperature control water tanks

within a greenhouse. The root (tank) temperatures were

54-58, 58-62, 62-66, and 66-70 degrees F. There were

20 plants in each temperature tank. Ten of these plants

were transferred to soil in 6 inch pots after three weeks.

The remainder were retained at the same root temperatures

in the solution cultures. The effects on flowering are

summarized in Table 9.

With decrease in root temperature there was a progressively

delay in flowering (Table 9). The number of nodes subtending

the first inflorescence was increased on plants maintained
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at temperatures lower than 66°-70°F. Number of flowers in

the first inflorescence was markedly (but not significantly)

affected by root temperature. These effects were, however,

not consistent when continuous and three week's exposure

to these root temperatures were considered separately. This

inconsistency may be following wider fluctuation in top

temperatures because of lesser degree of control over

greenhouse temperatures during the summer. TO avoid this

fluctuation in air temperature further experiments were

conducted in controlled atmosphere chambers.

B. Effects Of differential exposure of tops and

roots of seedlings.

Michigan-Ohio Hybrid seed was sown on September 1, 1963.

The seedlings were transferred on September 10 to solution

culture containers maintained at two (GO-65° and 50-55‘F.)

root (tank) temperatures within two plant growth chambers.

One growth chamber was held at 60-65°F. and the other at

50-55’F. Light intensities at the plant levels in both

chambers were 1200 f.c. A 24 hour cycle Of 10 hours Of

light and 14 hours of dark was established. There were ten
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plants for each temperature combination. Seedlings were

transferred to pots Of soil in a greenhouse after three

weeks exposure to these temperatures.

The experiment was repeated with two other cultivars

(Farthest North and l46j). Seedlings from seed sown

October 1, 1963, were manipulated as described above for

the Michigan-Ohio Hybrid.

The results for the three cultivars are summarized

in Table 10. Flowering as indexed by nodes subtending

the first inflorescence was significantly affected by

tOp but not by the root temperatures. Low (SO-55°F.)

top temperatures induced the first flower cluster to

form at a significantly lower node than high (GO-65°F.)

tOp temperatures.

The effect Of tOp and root temperatures on numbers

of flowers in the first inflorescence, were exactly

Opposite to those obtained for nodes subtending the first

inflorescence. Here flower numbers in the first

inflorescence were significantly increased by low (SO-55°F.)

root temperatures but not by low tOp temperatures.

These studies on flower formation in the tomato in

relation to temperature suggest that top (air) temperatures

determine the position of the first flower cluster as to



Table 10. Effects of differential exposure of roots and tops of

seedlings during sensitive period on the formation of

the first inflorescence of the tomato, cv. l46j,

Farthest North (FN) and Michigan-Ohio Hybrid (MO).

 

 

  

Tamato ROOt To temperature (3F.) Means

Cultivar temp. (°F.) 60-65 .55-55

(Means O plants)

Number of nodes

 

146j 60-65 800 702 706

50-55 7.9 7.2 7.6

Means 8.0b 7.2a

FN 60-65 5.7 4.5 5.6

50-55 5.5 4.7 5.6

Means 5.6b 4.6a

MO 60-65 701 605 608

50-55 609 603 606

Means 7.0b 6.4a

Number'of~flowers

146j 60-65 5.8 5.5 5.6a

50-55 708 903 806b

Means 6.8 7.4

FN 60-65 903 805 899a

50-55 10.5 10.8 10.6b

Means 9.9 9.5

MO 60-65 5.2 5.4 5.3a

50-55 7.8 8.2 8.0b

Means 6.5 6.8

 

MEans followed by the same Ietter not different af5i'leve1.
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node number while root temperatures control the number of

flowers in the first inflorescence.

IV. MUTILATION

A. Effects of mutilation of seedlings.

Experiment 1.

Seed (cv. Michigan-Ohio Hybrid) was sown on March 3, 1962.

Seedlings were mutilated on March 14 after cotyledon

expansion. Treatments included (a) intact plants (controls)

and plants with (b) roots or (c) cotyledons removed. The

seedlings were transplanted into vermiculite in 3 inch peat

pots. There were 8 plants for each treatment. The above

experiment was duplicated on the cultivar Farthest North

seed Of which was sown on June 6, 1962. The seedlings were

mutilated on June 15.

A summary of flowering responses for both cultivars is

shown in Table 11. Removal of cotyledons significantly

delayed flowering in terms of the first anthesis. There

was also a delay but not a statistically significant one,

in flowering following cotyledon removal as indexed by an

increase in the number of nodes subtending the first flower
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cluster for both cultivars. The number of flowers in the

first cluster was not influenced by cotyledon removal nor

by root removal.

Experiment 2.

Michigan-Ohio Hybrid seed was sown on June 6, 1962.

Seedlings were mutilated on June 15. Treatments were:

(a) intact plants (controls), (b) roots removed.(rerooted),

(c) cotyledons removed, (d) one cotyledon removed, (e)

1/4 cotyledons removed, and (f) 1/2 cotyledons removed.

There were eight plants for each treatment. Plant growing

procedures were same as in Experiment 1 above.

The anthesis wasdelayed by 8 days when both cotyledons

were removed. Number of nodes subtending the first

inflorescence and number of flowers in the first cluster

were not affected by mutilation of seedlings at cotyledon

expansion (Table 12).

In these two mutilation experiments, seedlings grown

in the greenhouse wereexposed to wide range Of fluctuating

day to day temperatures. To avoid a differential exposure

of seedlings to fluctuating temperatures, seedlings in

further experiments were transferred to growth chambers

following mutilation and were maintained in a controlled



Table 12. Effects of mutilation following cotyledon expansion

on flowering Of the tomato, cv. Michigan-Ohio Hybrid

 

Mutilation Days to lst Nodes to lst Flowers in 1st

treatment anthesis inflorescence inflorescence

Means or p an 8

Control 56a 7.1 6.4

Roots

removed 59a 7.0 6.4

Both cotyledons

removed 64b 7.2 6.4

One cotyledon

removed 56a 7.0 5.8

1/4 cotyledons

removed 56a 7.0 5.3

1/2 cotyledons

removed 57a 6.9 5.5
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environment during the period when flowers for the first

inflorescence were initiated.

Experiment 3.
 

Cultivars Farthest North and l46j were seeded June 29,

1962 and the seedlings mutilated on July 12. There were

two treatments, the intact plants (controls), and those

with cotyledons removed, with eight plants per treatment

for each cultivar. Experimental seedlings were planted in

peat pots and moved to a controlled environment chamber.

The seedlings were maintained at 65-70°F. and 8 hours Of

1500 f.c. light with 16 hours Of darkness in a 24 hour cycle.

After three weeks, plants were transferred to a greenhouse

and moved to 6 inch pots.

Flowering (Table 13) was delayed by cotyledon removal

in the l46j cultivar, but not in Farthest North. Days to

first anthesis and numbers of flowers in first cluster

were not significantly altered by cotyledon removal.

{Experiment 4.

The cultivar Michigan-Ohio Hybrid was seeded June 29,

1962.” Seedlings were mutilated and transferred to a controlled

environment chamber on July 12. Treatments were the same as

those for Experiment 2 above (Table 12).
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The results (Table 14) indicate that there was a

significant delay in days to first anthesis following removal

of both the cotyledons, one cotyledon or 1/2 of both

botyledons° No differences were observed in number of

nodes subtending first inflorescence and number of flowers

in the first cluster when mutilated.

Efiperiment 5°

Michigan-Ohio Hybrid tomato seed was sown on June 8, 1962

and the newly emerged seedlings were transplated into peat

pots on June 14. Treatments included (a) intact plants

(controls), (b) plants with cotyledons removed, (c) those

with plumule leaves removed, and (d) plants with cotyledons

as well as plumule leaves removed. The cotyledons were

removed June 15 and plumule leaves were removed June 19 as

they became visible° Plants were grown in a greenhouse

at night temperatures 65f70°Fo

All mutilation treatments (Table 15) delayedflflowering°

The delay in flowering following removal of only the

plumule leaves was greater than the delay caused by

the removal of only the cotyledons. Removal of both

(cotyledons and plumule leaves) caused delay greater in

flowering than‘removal of either but was not any greater



Ta



Table 14, Effect of mutilation of flowering of the Michigan-

Ohio Hybrid tomato grown under controlled

conditions for three weeks following cotyledon

 

 

expansion

Mutilation Days to lst Nodes to lst Flowers in lst

treatment anthesis inflorescence inflorescence

(Means forlfiplants)

a-Control 71a 807 604

b-Roots

removed 74ab 9.0 606

c-Both cotyledons

removed 78b 901 509

d-One cotyledon

removed 77b 9.0 7.1

e-l/4 cotyledons

removed 7Sab 9.1 601

f-1/2 cotyledons

removed 77b 9,0 605

  

fiEans followed by the same letter not different at 5§lleve10
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Table 15° Effects of mutilation of seedlings on flowering

of the tomato, cvo Michigan-Ohio Hybrid

 

  

Mutilation Days to lst Nodes to lst Flowers in lst

treatment anthesis inflorescence inflorescence

(Means for I: plants)

Control 58a 704a 604

Cotyledons

removed 63b 8°5b 6.0

Plumule leaves

removed 67c 9°le 602

Cotyledons and

plumule leaves

removed 69c 8°9bc 504

 

means followed by the same letter not different at 5% levelo
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than the removal of only the plumule leaves, These results

suggest that the plumule leaves play an important role in

the initiation of the first inflorescence. The numbers of

flowers in the first inflorescence were not affected by

removal of either cotyledons, plumule leaves, or both.

B° Effect of mutilation, temperature and light intensity,

Seeds of cultivars Farthest North (FN), Michigan-Ohio

hybrid (M0), and Pennorange (P0) were sown on February 13,

1964. Seedlings at cotyledon expansion were transplanted

into 3 inch peat pots and moved to controlled environment

chambers maintained at SO-SS‘F° and 70-7S°F° on March 3.

Light intensities were 400, 1000 and 2000 fOCo and 24 hour

cycle (10 hour light and 14 hour darkness). Treatments

included the (a) controls (intact plants), (b) plants with

cotyledons removed, (c) those with plumule leaves removed,

and plants with (d) plumule leaves plus cotyledons removed.

There were six plants for each treatment. The seedlings

were mutilated on March 9, six days after cotyledon

expansion and were moved to the greenhouse on April 7, 1964,

Except for significant delay in anthesis (Table 16)

fellowing removal of plumule leaves and cotyledons there
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were no overall effects of mutilation on anthesis. However, with

every increase in light intensity there was significant decrease

in number of days to first anthesis. The number of nodes

subtending first inflorescence was significantly affected by

temperature, light intensity and mutilatidn. The first

flower clusters appeared on the lowest nodes following

removal of plumule leaves when all plants maintained at

70-75’F. are compared. With a few exceptions all other

mutilation treatments including controls when grown in

high (70675°F.) temperatures significantly increased

number of nodes subtending first inflOrescence as compared

with low (SO-55°F.) temperatures.‘ With an increase in

light intensity resulted in fewer numbers of nodes to

first flower cluster. This effect of light intensity

followed a definite trend being most effective on the

earliest cultiVar (Farthest North) and least effective on

the late cultivar (Pennorange).

C. Effects of mutilation, photoperiod and light intensity.

Seeds'of'tomato cultivars Farthest North, Michigan-Ohio

Hybrid and Pennorange were sown on March 27, 1964. Seedlings

were transplanted and moved to controlled environment chambers
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on April 8. Plants in one of the growth chambers were

exposed to short days (9 hours of light and 15 hours of

darkness) and in the other to long days (18 hours of light

and 6 hours of darkness). Light intensities (1000 and

2000 f.c.) and temperatures (GO-65°F.) were the same in

both chambers. Cotyledons and plumule leaves were removed

on April 14. There were eight plants for each cultivar

in each treatment. Plants were removed to a greenhouse on

May 4 and transplanted to 6 inch clay pots of soil.

The number of days from seedling to first anthesis

(Table 17) was not affected by mutilation or by the length

of day, but was reduced by the high (2000 f.c.) light

intensity. There were significant differences among

cultivars as to the effects of light intensity on days

=to the first anthesis. The number of nodes subtending the

first inflorescence was significantly affected by all the

experimental variables. Long days significantly increased

the number of nodes to the first inflorescence as compared

with the short days. Plants maintained at low (1000 f.c.)

light intensity flowered later than those that received

high (2000 f.c.) light. Except for Pennorange removal of

plumule leaves significantly delayed flowering as indexed

by nodes subtending the first inflorescence under both
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photoperiodic treatments. Varietal differences for node

number were significant.

Removal of roots did not influence flowering in the

tomato except in Experiment 4. Effects of cotyledon

removal on tomato flower formation were inconsistent.

Following cotyledon removal, tomato plants reached

anthesis significantly later but the flower clusters did

not appear at different nodes than in the controls. The

effects on the removal of plumule leaves on the number of

nodes subtending the first inflorescence, varied with

temperature. Plumule leaf removal had no effect on the

flowering of plants grown at 50-55°F. while at 70-75°F.,

plumule leaf removal induced the first inflorescence at

a lower node. At 60-65°F., however, the first inflorescence

occurred at a higher node if the plumule leaves were

removed. Plumule leaves apparently play an important role

in the initiation of flowers of the first inflorescence of

the tomato.

V. CHEMICALS

A. Effects of application of indole compounds.

Michigan-Ohio Hybrid seed was sown on July 5, 1963.

Seedlings were transplanted on July 17 and sprayed with
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indole chemicals on July 18, 20 and 22. lndole-B-acetic

acid (IAA) and Indole-3-acetyl-D,L-aspartic acid (IASP)

were applied at 10'4, 10’3, and 10"2 molar concentrations.

There were ten plants per treatment.

Number of days (Table 18) from seeding to first

anthesis were not affected. Flowering as indexed by the

number of nodes subtending first inflorescence was

initiated earlier only by IAA at 10‘3 and 10‘4 molar

concentrations. The number of flowers in the first

inflorescence was not affected.

B. Effects of various concentrations of gibberellic

acid (6A3) applied through root media, and the

duration of the GA3 treatment.

Seed of the tomato (cv. Michigan-Ohio Hybrid) was sown

on July 25, 1962. Seedlings were transferred to nutrient

solution cultures on August 2. Aliquotes of a 10"3 molar

stock solution of 6A3 were added to the containers to

achieve the desired concentrations of 6A3 in the nutrient

cultures. Concentrations of 10'7, 10'5, 10"5 and 10'4

molar were established. Each treatment container was replicated



Table 18. Flowering response of the tomato (cv. Michigan-Ohio

Hybrid) to Indoleq3-acetic acid (IAA) and Indole-B-

acetyl-D,L-aspartic acid (IASP), sprayed on the

foliage during sensitive period.

 

Ehemical‘ Molar Days to let Nodes to lst ’flowers to 1st

concen- anthesis inflorescence inflorescence

tration
 

(Means of 10 plants)

Control 0 58 8.1cd 6.2

IAA 10-4 S6 7.4ab 6.8

10-3 55 7.3a 6.6

10-2 58 8.4d 6.5

IASP 10‘4 57 7.7abc 6.6

10-3 59 8.4d 5.7

10'2 so ' 8.1bcd 8.2

 

Means followed by the same letter not different at 55 level.
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five times and there were five plants in each container. One

plant from each container was removed and planted in soil in

6 inch pots 4, 8, 12 and 16 days after the GA3 treatments

were initiated. The remaining one plant in each container

was grown continuously in the GA3 solution. During the

first two weeks of chemical treatment, the solutions lost

through transpiration and evaporation was replenished with

nutrient l/2 concentration of standard Hoagland solution

containing 6A3 at the same concentration originally applied.

The containers were then emptied, rinsed and refilled with

fresh nutrient solution containing the same GA3 concentration.

Growth responses of plants exposed to gibberellic acid at

10’7 molar were the same as the controls.

The number of days from seeding to first anthesis

and.the number of flowers in first inflorescence were not

affected by GA3 concentration nor by the duration of the

treatments (Table 19). The number of nodes, subtending

the first inflorescence, was significantly increased by

GAB concentration and also by the duration of the treat-

ments. The,first flower cluster appeared after a higher

node with increase in GA3 concentration. Exposure of

seedling to 6A3 for 8 days was most effective. An

extension was no more effective. Plants with roots grown



Table 19. Effects of various concentrations of gibberellin A3

and duration of treatment following cotyledon expansion

on flowering of the tomato (cv. Michigan-Ohio Hybrid)

 

 

Molar

Concen- Duration of the treatment

tration 4 days 8 days 12 days 16 days Confinuous Means

GA3
 

(Means for 5 plants)

Days to first anthesis
 

o 51 51 51 49 49 so

10"6 51 51 52 so 49 51

10'5 51 53 so 50 49 51

10-4 52 51 51 50 48 50

Means 51 52 51 so 49

Number of nodes to first inflorescence

o 7.6 8.2 7.8 7.6 7.6 7.8a

10‘6 8.8 9.2 9.0 8.8 8.6 8.9b

10’5 9.2 9.6 9.2 9.2 9.2 9.3bc

10'4 9.2 10.2 10.2 9.4 9.6 9.70

Means 8.7a 9.3b 9.0ab 8.7a 8.7a

Number of flowers in first inflorescence

o 6.4 5.6 6.0 5.4 8.4 6.4

10"6 4.8 6.6 8.0 8.0 5.8 6.6

10'5 6.6 4.4 7.0 5.4 6.8 6.6

10'4 5.2 4.4 4.4 3.8 7.2 5.0

Means 5.7 5.2 6.3 5.6 7.0

  

Means followed by the same letter not diffarent at 5% level.
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in the higher concentrations of GA3 flowered after later

nodes than the controls but because of more rapid growth

(fig. 3) rate reached anthesis at about the same time.

C. Effects of various gibberellins applied on

meristems.

Seed (cv. Michigan-Ohio Hybrid) was sown June 10, 1963.

The seedlings were transplanted June 21, and treated

June 22. The chemicals in solution were applied to the

meristem with a micro-pipette.l One and 10 micrograms of

gibberellin A3, the butylcellosolve ester of gibberellin

A3, the anhydride of gibberellin A3 and gibberellin A4

were applied. There were twenty plants in each treatment

including the non-treated controls.

Number of days from seeding to first anthesis, and

number flowers in the first inflorescence were not

influenced by gibberellins (Table 20). All gibberellin

compounds at the higher dosage (10 microgram) significantly

increased the number of nodes subtending the first

inflorescence. At the one microgram level only gibberellin

A3 delayed flowering by increasing node number. Gibberellin A3

and its derivatives were more effective than gibberellih A4.

I
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Table 2

C‘ we: reweld

Control

Gibbere

Butylce

ester c



Table 20. Effects of gibberellin A3, some derivatives of

gibberellin A3 and gibberellin A on the flowering

response of the tomato (cv. Michigan-Ohio Hybrid)

 

 

Gibberellin Quantity lDays to lst Noaes to lst 7?lOwers to

(#g./ anthesis cluster lst cluster

plant)

(Means of:20 plants)

Control 0 52 6.9a 5.1

Gibberellin A3 10 52 8.5d 6.8

l 52 7.8c 6.6

Butylcellosolve 10 52 8.5d 7.3

ester of GA3 1 51 7.1ab 6.0

Anhydride of 10 52 8.7d 7.1

6A3 l 51 7.5abc 7.0

Gibberellin A4 10 52 8.2d 6.8

l 51 7.5abc 6.7

  

Means followed 5? the same letter not different at’58 level.
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D. Effect of chemical growth inhibitors.

Seed of the tomato cultiVars Michigan-Ohio Hybrid

(MO) and Farthest North (FN) were sown November 21, 1962.

Seedlings were transferred to the solution cultures

December 3. The treatments included 10‘4, 10's, and 10'6

molar concentration of MH, Amo-1618, B995, CCC, and

Phosphon D, plus a control of 1/2 nutrient strength of

Hoagland solution. Treatments were replicated twice for

each of the cultivars with five plants of each cultivar in

one container (one replication). Appropriate amounts of

the stock solutions of each growth inhibitor were added to

the solution cultures on December 4. Plants were removed

to soil in 6 inch pots on December 20. Mean values for

the response of each cultivar to the various growth

inhibitors are given in Table 21.

The five chemical inhibitors of vegetative growth had

contrasting effects on flowering of the tomato. The

flowering was delayed 10-13 days by MH and Phosphon D at

10"5 molar. Plants treated with CCC at all concentrations

reached anthesis 7 to 10 days earlier in the Farthest

North cultivar but not in the Michigan-Ohio Hybrid. Other

‘chemical treatments had no effect on anthesis.



T
a
b
l
e

2
1
.

E
f
f
e
c
t
s

o
f

c
h
e
m
i
c
a
l
g
r
o
w
t
h

i
n
h
i
b
i
t
o
r
s

o
n

f
o
r
m
a
t
i
o
n

o
f

t
h
e

f
i
r
s
t

i
n
f
l
o
r
e
s
c
e
n
c
e

o
f

t
h
e

t
o
m
a
t
o

c
v
.

F
a
r
t
h
e
s
t

N
o
r
t
h

(
F
N
)

a
n
d

M
i
c
h
i
g
a
n
-
O
h
i
o

H
y
b
r
i
d

(
M
O
)
.

‘

C
h
e
m
i
c
a
l

M
o
l
a
r

-
.

i
n
h
i
b
i
t
o
r

c
o
n
c
e
n
-

D
a

s
t
o

a
n
t
h
e
s
i
s

N
o
d
e
n
u
m
b
e
r

N
u
m
b
e
r

o
f
'
f
l
o
w
e
r
s

t
r
a
t
i
o
n

F
E

M
O

M
e
a
n
s

F
N

M
O

M
é
a
n
s

P
M

'
M
O
*

M
e
a
n
s

(
M
e
a
n
s

f
o
r

1
0

p
l
a
n
t
s
)

9
.
0
1

8
.
0
f

M
R

1
0
"
4

-
-

-

1
0
-
5

8
4

9
6

9
0
e

1
0
"
6

7
4

8
4

7
9
b
c

O

0

V0 cunxo O‘ON NQO

O

O O

a

a

\DO O‘V‘Q FOP. NVN

0

00¢

o

O

A
m
o
-
1
6
1
8

1
0
'
4

7
1

8
6

7
8
b
c

1
0
'
5

7
3

8
4

7
8
b
c

1
0
"
6

7
1

8
1

7
6
a
b
c

8
0
4
9
h

7
.
9
d
e
f
g

7
.
1
b

0

mom

0 o

o

o

0

0

7
.
3
c
d

7
.
5
d

7
.
6
d
e

B
9
9
5

1
0
'
4

7
1

8
1

7
6
a
b
c

1
o
"
5

7
0

8
3

7
6
a
b
c

1
0
"
6

7
1

8
2

7
6
a
b
c

Fl" (\Q‘N HNI‘ “'1‘"

o o

o

e

0

(~00 l‘l‘l‘ cows

0

moo coach 50000

0

coco [‘50 \Dl‘!‘

o

Q'NN

0°

0

0

6
.
2
a

6
.
6
a
b

6
.
9
b
c

c
c
c
‘

1
0
“

6
1

8
1

7
1
a

1
0
"
5

6
4

8
4

7
4
a
b

1
0
‘
5
‘

6
4

8
3

7
8
b
c

0

I‘m oomoo O‘QG QGQ

0

e

mhh

QNQ'

o

0

t~r~m

coo

It'll-DD

I ‘30 N

8
.
9
h
i

7
.
6
d
e

P
h
o
s
p
h
o
n

D
1
0
'
4
'

-
-
—

-
-

1
0
"
5

8
4

9
2

8
8
e

8
.

1
o
-
6

7
2

8
3

7
7
b
c

7
.

7
.

O

coo V

o

moo co

0

V'N N

0

mm co

C
o
n
t
r
o
l

'
7
1

8
3

7
7
b
c
d

00‘ oo

a

(‘l‘ 1‘

7
.
7
d
e
f

 

M
e
a
n
s

f
o
l
l
o
w
e
d

b
y

t
h
e

s
a
m
e

I
E
t
t
e
r

n
o
t

d
i
f
f
e
r
e
n
t

a
t

5
i
i
l
e
v
é
l
.

72



wa

ch

in

22

Pl

da-

na:

tw:

in

the

00;}



73

Flowering as indexed by number of nodes subtending first

inflorescence, was delayed by both MH and Phosphon D at

10"5 and by Amo-l6l8 at 10'4 molar. All plants exposed to

10'4 molar of MH and Phosphon D did not survive. On the

other hand CCC at all concentrations, and Amo-l618 at

10"6 reduced node numbers preceding‘ the first flower

cluster. With CCC the higher the concentration lower was

the node number to the first flower cluster. This effect

was more pronounced on Farthest North than in MO. The

chemical treatments had no effect on the number of flowers

in the first inflorescence.

Experiment 2.

Seeds (cv. Michigan-Ohio Hybrid) were sown on March 20,

22, 24, 26, and 28, 1964. On April 6, after the last

planting of seed germinated, ten seedlings from each seeding

date were immersed in beakers containing solutions of

naringenin and coumarin at 0, 0.5 and 1.0 mg/ml. After

two hours immersion the seedlings were transplanted in soil

in 6 inch clay pots. Data for number of nodes subtending

the first inflorescence are summarized in Table 22.

Both naringenin and coumarin at the.htgher (1.0 mgjml)

concentration significantly delayed flowering as indexed by
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Table 22. Flowering of the tomato (cv. Michigan-Ohio Hybrid) as

indexed by the number of nodes subtending the first inflores-

cence as influenced by immersing seedlings of

different ages in Naringenin and Coumarin.

 

 

 

Ehemical Cbncen- ' Age of seedlinggin days following emergence—

inhibitors tration 9 7 3 1 Means”

(mg.[ml.)

(Means 6? 18 plants)

Control 0.0 7.2 7.3 7.5 7.5 7.5 7.4a

Naringenin 0.5 7.4 7.6 7.6 6.9 7.4 7.4a

1.0 8.3 8.0 ‘7.7 8.0 ‘7.3 7.9b

Coumarin 0.5 7.3 7.8 7.5 7.4 7.1 7.4a

1.0 8.1 8.3 8.1 8.0 7.1 7.9b

Means 7.7 7.8 7.7 7.6 7.1

  

Means followed’by the same letter not different at 5% level.
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an increase in nodes subtending the first inflorescence

except with one day old seedlings. Both chemicals inhibited

vegetative growth at the 1.0 mg /ml concentration.

E. Effects of Z-thiouracil, 5-flurouracil, and

chloramphenicol.

In an earlier study roots and tops of the tomato

(cv. Michigan-Ohio Hybrid) seedlings were dipped momentarily

once in 10'4, and 10‘3 molar solutions of 2-thiouraci1,

S-flurouracil, and chloramphenicol. This chemical

treatment had no effect on tomato flower formation. In

another experiment seedlings were grown for an extended

period in nutrient solution containing the above chemicals.

Seeds of the tomato (cv. Michigan-Ohio Hybrid) were

sown July 1, 1963. Seedlings were transferred to solution

cultures on July 8. Treatments consisted of 10‘5 and‘

leO'5 molar concentrations of 2-thiouracil, 5-flurouracil

and chloramphenicol in the solution culture root media

plus non-treated controls grown in 1/2 nutrient strength

(Hoagland solution). There were five replications with two

plants per replicate for each treatment. After a 15 day

exposure to the above chemical treatments, the phants were

transferred on July 23 to soil in 6 inch clay pots.
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Results are summarized in Table 23. All plants grown

in 5x10"’5 molar, 2-thouracil were killed. Days to first

anthesis was significantly delayed by 2-thiouracil at 10"5

molar, and by chloramphenicol at both concentrations.

S-flurouracil did not modify days from seeding to first

anthesis. The first flower cluster appeared after a higher

node when plants were exposed to 10"5 molar 2-thiouracil

and 5x10"5 molar, 5-flurouracil or chloramphenicol. Other

treatments did not change the nodal position of the first

flower cluster. Number of flowers in the first cluster

were not affected.

F. Effect of inhibitors of steroid biosynthesis.

Experiment 1. Effect of various concentrations.

Michigan-Ohio Hybrid seed was sown on October 7, 1963.

Seedlings were chemically treated on October 19 by applying

a drop of solution to the growing point. Chemicals used

were SK&F 7732 and SKaF 7997 at 1.25, 2.50 and 5.00 mg

per ml. They were dissolved in distilled water and the

pH immediately adjusted to 6.5. There were eight plants in

each treatment including the controls.

These inhibitors (Table 24) significantly delayed

the first anthesis and markedly increased the number of

nodes subtending the first inflorescence, but they had

p



Table 23. Effects of 2-thiouracil, 5-flurouracil and chloram-

phenicol applied through the solution culture root

media on the formation of first flower cluster in the

tomato, cv. Michigan-Ohio Hybrid

 

Inhibitor Concentration Days to Node Number Number of

(x10'5M) Anthesis flowers

 

(Means of 8 plants)

2-thiouracil 5 -- -- --

l 55bc 8.7d 6.2

S-flurouracil 5 54abc 8.3bcd 6.7

l 52ab 7.9abc 6.4

Chloramphenicol 5 57c 8.3bcd 5.3

l 55bc 7.8abc 5.9

Control 51a 7.2a 6.0

 

Means followed by the same letter not different at.5% 1.681.
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Table 24. Effects of different concentrations of inhibitors of

steroid biosynthesis on the formation of the first

flower cluster in the tomato cv. Michigan-Ohio Hybrid

 

Steroid Concentration Days to Node Number Number of

Inhibitor mg./ml. anthesis flowers

 

(Means 078 plants)

SK&F 7732 1.25 49ab 8.0bc 6.2

2.50 49ab 8.1bc 5.8

5.00 50b 8.4c 5.5

SKaF 7997 1.25 48ab 7.5ab 6.2

2.50 49ab 8.2b 6.2

5.00 51b 8.6c 5.8

Control 47a 7.0a 5.8

 

fiEans followed by Ehe samedletter not different at 55 level.
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no effect on flower number. Both SKaF 7732 and SK&F 7997

at 5.00 mg /ml delayed anthesis. Flowering occurred at

a later node following treatment with either compound and

all concentrations except SK&F 7997 at 1.25 mg /ml

The node number preceding flowering increased as the

concentrations increased. The numbers of flowers in the

first inflorescence were not influenced by these treat-

ments nor was the rate or amount of vegetative growth

NOdi fied.

Egpgriment 2. Effect of duration of treatment.

Seed of Michigan-Ohio Hybrid was sown on March 20, 1964

and seedlings were treated on March 31. Seedlings were

immersed or dipped into solutions of SK&F 7997 (2 mg /ml )

at pH 6.5 Treatments consisted of momentary dipping

whole seedling, and immersion of seedlings for 30 minutes,

1 hour, 2 hours, 4 hours and 8 hours. Control seedlings

were immersed in distilled water for 8 hours. There

were eight single plant replicates for each treatment.

All plants immersed in SKaF 7997 for 4 or 8 hours

were killed. Treatments did not modify days from seeding

to first anthesis or the number of flowers in first

inflorescence but markedly influenced node number to the

first inflorescence (Table 25). All treatments



Du

tr



Table 25. Effects of duration of treatment with steroid

synthesis inhibitor (SKaF 7997) on the formation

of the first inflorescence of the tomato cv.

Michigan-Ohio Hybrid

 

Duration of ' Days to anthesis Node number Number of flowers

treatment

 

(Means for 8 plants)

Control 60 7.4a 6.0

Dip 60 8.3b 6.4

1/2 hour 60 8.4bc 6.0

1 hour 61 8.8bcd 5.6

2 hour 61 9.0d 5.6

 

Means fBIIOwed by the same letter not different at 5% level.

80



81

significantly delayed flowering as indexed by the number

of nodes subtending the first inflorescence. With each

increase in duration of treatments there was a progressively

greater delay in flowering as indexed by nodes subtending

the first inflorescence.

Experiment 3. Effectiveness when applied at different

stages of seedling growth.

Lots of tomato (cv. Michigan-Ohio Hybrid) seed were

sown March 20, 22, 24, 26, and 28, 1964. On April 6 after

the last planting of seed germinated, 10 seedlings from

each seeding date were immersed in the solutions of

SKSF 7732 and SK&F 7997 (1.0 and 2.0 mg/ml each) at pH

6.5 for two hours. (Controls were immersed in distilled

water). After the two hours immersion the seedlings were

transplanted into soil.

The number of nodes subtending the first inflorescence

are given in Table 26. Flowering was significantly delayed

by SK&F 7732 at 2.0 mg/ml and SKaF 7997 at 1.0 and 2.0

mg/ml. Both of these chemicals were most effective in

delaying flowering when 7 and 9 day old seedlings were

treated. SKaF 7732 had very little delaying effect on

flowering of l, 3, and 5 day old seedlings. SK&F 7997

was effective in delaying flowering on seedlings of all ages.



Table 26. Flowering of the tomato (cv. Michigan-Ohio Hybrid) as

indexed by number of nodes to first inflorescence

.following immersion of seedlings at different stages

of growth in solutions of steroid synthesis inhibitors

 
 

 
 

§Eéroid “cencen- Age of seedlings in days fblIbwingFZRergence

 

inhibitor tration 9 7 1 Means

mg./ml.

(Means of lfilants)

; Control 0 7.2 7.3 7.5 7.5 7.5 7.4a

sxsp 7732 1 7.8 7.8 7.6 7.3 7.3’ 7.6ab

2 8.0 8.0 7.9 7.8 7.9 7.6bc

SK&F 7997 1 8.1 8.3 8.0 8.2 8.1 8.1c

2 8.5 8.5 8.3 8.2 8.3 8.3c

Means 7.8 7.9 7.8 7.7 7.7

  

Means followedhy the same letter not mmnt at 5% T'evel.
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G. Effect of anthogenes applied at different stages

during seedling growth.

Seeds of the tomato (cv. Michigan-Ohio Hybrid) were

sown on January 17, 20, 23, 26, 29 and February 1, 1964.

On February 16, after the last planting of seed had

germinated, 10 seedlings from each seeding date or age

lot were immersed in solutions of anthogenes l, 2, 3, or

4 for four hours. Anthogene stock solutions were diluted

1:200 with distilled water. After four hours immersion

the seedlings were transplanted into pots of soil.

Node numbers were altered by treatment and the

results are summarized in Table 27. Flowering was

consistently delayed by anthogene l. Anthogene 2

induced early flowering only when 4, 10, and 13 day

old seedlings were treated. Anthogene 3 accelerated

flowering when supplied to 4, 7, and 13 day old seedlings.

Flower cluster formed after fewer nodes when anthogene 4

was applied to 4 and 7 day old seedlings. These

inconsistent results shed little light on the possible

roles of anthogenes in floral initiation in the tomato.

The effects of various plant growth substances,

including inhibitors of vegetative growth, metabolic



Table 27. Effect of anthogenes supplied to tomato (cv. Michigan-

Ohio Hybrid) seedlings at different stages of growth

on flower formation as indexed by nodes subtending

the first inflorescence

 

 

 

Treatment A e of seedlin s in days following emergence

6 13 '1 7 4* 1 Means

(Means of 10 plants) 7

Controls 8.6 8.2 8.5 8.6 8.7 8.2 8.5bc

Anthogene 1 9.1 8.6 8.1 9.0 9.0 8.8 8.8e

Anthogene 2 8.5 7.6 7.3 8.8 8.1 8.4 8.1ab

Anthogene 3 8.1 7.5 8.1 7.6 7.9 8.1 7.9a

Anthogene 4 9.0 9.0 8.5 7.8 7.8 8.1 8.4abc

Means 8.7 8.2 8.1 8.4 8.3 8.3

  

Means followeddby the same letter not different at 53 level.
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inhibitors, and anthogenes have been evaluated as they

modify flower formation in the tomato. Many diverse

effects on vegetative growth and flowering have been

recorded. Indole-B-acetic acid induced earlier flowering

but the effect was not as marked as for other auxins

already reported by other workers. Indole-3-acetyl-D,L-

aspartic acid the endogenous tomato auxin (102) had no

effect. A11 gibberellins were effective in delaying

flowering. Even single applications on growing points

were effective. Gibberellin A3 (GA3) delayed flowering

when applied through the solution culture root media.

Duration of treatment extending beyond 8 days was no more

effective than a 8 days exposure. Inhibitors of

vegetative growth had contrasting effects on flowering

MH, Phosphon D, naringenin, and coumarin delayed flowering

while CCC at all concentrations and Amo-1618 at 10'6 molar

induced early flowering, and B995 was ineffective.

Inhibitors of DNA-RNA synthesis (Z-thiouracil and

S-flurouracil) and protein synthesis (chloramphenicol)

had no influence on flowering when applied as a single

treatment, but significantly delayed flowering after two

weeks of contact through the solution culture root media.
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This delay in flowering was accompanied by a marked

suppression of vegetative growth. Single foliar application

of steroid biosynthesis inhibitors (SK&F 7732 and SKaF 7997)

significantly delayed flowering without restricting

vegetative extension. These steroid biosynthesis inhibitors

were increasingly effective in delaying flowering as the

duration of the exposure was extended. Results with

anthogenes were inconclusive.

VI. GRAFTING

A. Effects of reciprocal grafting.

Emeriment 1.

Seeds of the cultivars (Farthest North, Michigan-Ohio

Hybrid, l46j, Tuckcross O, and Pennorange) were sown =

December 28, 1961. Reciprocal root/top epicotyl grafts

were prepared in which the rootstocks were grafted above the

plumule leaves (first two true leaves). All five above

mentioned cultivars were used in all possible rootstock-scion

combinations. The plumule leaves were left intact on the

rootstocks. The method of grafting was wedge and cleft.

Sealtex Latex Bandage was used to hold the grafts together

until a union was formed and, if needed, toothpicks were
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used to support the grafted plant parts (fig. 4). Previously

grown plants at 3 to 4 leaves were used as rootstocks.

Grafting was done January 11-13, 1962. There were 12 grafts

in each combination and 12 non-grafted controls of each

cultivar. Subsequent to grafting all plants were kept in

plastic chambers at high humidity for 8-10 days. Six

grafted plants with acceptable unions were selected for

final observations. Following similar procedures,

hypocotyl grafts (fig. 4) were made from March 12 through

14, 1962. The results on flowering of the most effective

combinations are presented in Table 28.

The node to first inflorescence and number of

flowers in the first inflorescence were significantly

affected when scions were grafted on rootstocks with intact

plumule leaves. This was not true for hypocotyl grafts.

As compared with non-grafted controls, rootstocks with

plumule leaves of Farthest North (fig. 5) in which 6-7

leaves ordinarily formed prior to the first inflorescence,

induced the first flower cluster after lesser number of

nodes on scions of both Farthest North and of Pennorange.

Farthest North rootstocks also formed more flowers

in the first clusters on FN scions, but had no effects

on flowering when used as a rootstock
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Fi ure 4. Grafting technique. (L to R) Epicotyl

graft (above the cotyledons), Hypocotyl graft

(below the cotyledons)
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Table 2 80 Influence of grafting and reciprocal top-root

grafting of an early (Farthest North (FN))and a

late (Pennorange (PO))cultivar on formation of

the first inflorescence in the tomato.

 

Treatment

Scion Rootstock

 

Hypocotyl grafts Grafts above lumules

Node Number of Node 8555.: of

number flowers number flowers

 

E
2.

3

P0

P0

P0

P0

FN

Not

grafted

PO

FN

Not

grafted

(Means of 6 plants)

6.2 9.0 8.8e 15.00

6.1 8.8 5.5a 11.8b

6.1 9.1 6.3ab 9.3a

10.7 2.8 17.3c 3.8c

10.0 3.0 12.0a 2.5a

10.2 2.7 15.1b 2.6ab

 

Means followed by the same letter within the same cultivar

not different at 5% level.
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Fi ure 5. ($22) Early and late tomato cultivars used in

rec1procal top/root grafting studies. (1 to R) Pennorange

(late cultivar), Farthest North (early cultivar).

(Bottom) Effects of rootstocks with intact plumule leaves

on flowering in the Farthest North tomato. (L to R) Farthest

North on Farthest North rootstock, Farthest North non-

grafted, Farthest North on Pennorange rootstock.
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in hypocotyl grafting. On the other hand, Pennorange

(fig. 5) in which 12-15 nodes ordinarily subtend the

first inflorescence, rootstocks with intact plumule leaves

delayed flowering. This was indexed by the number of nodes

subtending the first inflorescence on scions of both

Farthest North (fig. 5) and Pennorange. Pennorange

rootstocks also caused the initiation of larger numbers

of flowers in the first inflorescence and had no effects

on flowering when used as rootstock in hypocotyl grafts.

Non-grafted plants were used for comparison.

It is possible that the above effects on scion

flowering may have been positional and not related to

the presence of plumule leaves on the rootstocks since

graft unions were made at different levels on the

rootstocks.

Experiment 2.

Seeds of Farthest North and Pennorange were sown

April 15, 1964 and the seedling scions grafted April 24

on rootstocks derived from plants which were at the

3 to 4 leaf stage. Grafting procedures were the same as

described in Experiment 1, above, except that all unions

were made at the same time and above the plumule leaves.
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Plumule leaves from half (twelve) of the rootstocks were

removed. Six plants with good graft unions were selected

for observations.

The data in Table 29 confirm the findings reported

in Experiment 1, above. The presence of plumule leaves

on the rootstocks of Farthest North induced significantly

earlier flowering on both FN and PO scions, and the

presence of plumule leaves on Pennorange significantly

delayed flowering as indexed by nodes subtending the

first inflorescence, on both the scions. Pennorange

scions were not affected as to number of flowers by grafting

irrespective of the rootstocks used but grafting increased

the number of flowers on the Farthest North scions. This

increase in flowers on Farthest North scions was highest

when plumule leaves were present on the rootstocks.

Non-grafted plants were used for comparisons.

These grafting experiments suggest that the flowering

stimulus originates in above ground plant parts; specifically

in the plumule leaves and perhaps those of subsequent

development. Delayed flowering in late cultivars is the

function of an inhibitor which is also produced in the

above ground plant parts, particularly in the leaves.
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Table 29. Influence of grafting and reciprocal top-root grafting

of an early (Farthest North (FN)) and a late

(Pennorange (PO)) cultivar on the formation of the

first inflorescence in the tomato.

 

Treatment Graftin shove lumule leaves

Scion Rootstock Withoutplumule leaves With plumule leaves

Node Numhe r df Node Number of

number flowers number flowers

(Means of 6 plants)

FN P0 6.5 10.0b 7.2c 14.0b

FN F“ 604 1100b 402a 1600b

FN Not

grafted 6.6 7.0a 6.6b 7.0a

P0 P0 12.0 2.2 13.5c 2.1

PO FN 12.0 2.5 11.0a 2.2

PC Not

grafted 12.0 2.3 12.0b 2.3

 

Means followed By the same letter within the scion of the

same cultivar not different at 5% level.
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VII. EXTRACTION OF GIBBERELLIN-LIKE

SUBSTANCES FROM THE TOMATO

A. The gibberellin contents of Farthest North (FN), an

early cultivar, and Pennorange (PO), a late cultivar.

Seedlings were started in a greenhouse held at 65°F.

night temperature and under natural light and photoperiod

during early fall. All plants at 3 to 4 leaf stage were

harvested the same day.

All plant parts above soil level were utilized.

Tissues were macerated with 90 percent methanol in a

blender and held overnight in a refrigerator. Each sample

was filtered, pressed, and then re-extracted with 90

percent methanol. Samples were again filtered, pressed,

and the combined extracts concentrated in vacuo at

36°C. The residue was treated with a slurry of basic

lead acetate to precipitate impurities. An excess of lead

acetate was shown by adding a drop of dilute hydrochloric

acid to the solution which produced a white precipitate

of lead chloride (92). The purified solutions were then

centrifuged. The supernatant was acidfied to a pH. of

2.5 and extracted three times with equal volumes of ethyl

acetate. The combined ethyl acetate fractions were
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concentrated to about 150 m1 and extracted with three

50 ml volumes of 1 percent sodium bicarbonate solution.

These sodium bicarbonate extracts were combined and

re-extracted with three equal volumes of ethyl acetate.

The combined ethyl acetate solutions were evaporated to

dryness in vacuo at 36°C. The residue was then dissolved

in 8 ml. of 50 percent methanol and the methanol evaporated.

Extracts of these residues were bioassayed‘Bn Blue

Lake bean, Burpee Hybrid cucumber, and Little Marvel

dwarf pea seedlings. The solutions were applied on

growing tips. After 3 to 5 days, differences in

vegetative extension were noted, and comparisons made

with known amounts of gibberellic acid (GA3).

Bioassays on beans, cucumber and pea seedlings (134)

revealed that Pennorange tomato seedlings contained more

gibberellin-like substances than Farthest North. The

comparative amounts of the gibberellin-like substances

(based on 6A3 activity) were estimated in the dwarf pea

bioassay (Table 30). These extracts containing

gibberellin-like compounds from two tomato cultivars

when applied to seedlings of the Michigan-Ohio Hybrid

tomato delayed flowering significantly by increasing the

number of nodes subtending the first inflorescence. The
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Table 30. Amounts of gibberellin-like substances in an early

tomato cultivar (Farthest North (FN)) and late

tomato cultivar (Pennorange (PO)) as estimated by

the dwarf pea (cv. Little Marval) seedling bio-

assay, and the effects of those extracts on the

flowering of the Michigan-Ohio Hybrid tomato.

 

Extracts Micrograms equivalent GA3

per kilogram fresh weight

Node number to

lst inflorescence

 

FN extract 20-22

PO extract 56-58

Controls --

8.2b

9.0c

7.5a

 

Means followed by same letter not different at 5% level?
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delay induced by Pennorange extracts was significantly

greater than that from Farthest North (Table 30).

Significant differences in cucumber hypocotyl growth

were induced by the tomato plant extracts which suggested

the presence of gibberellins A4, A7 or A9. These are

three known gibberellins that are most effective on

cucumber hypocotyl growth (134). Thin layer chromotography

(61, 80) with the known gibberellins eluted along with

the extracts revealed that the gibberellins in the tomato

plants may possibly include GA4 and GA7 and possibly small

quantities of GA6 and GA9. The gibberellins separated by

the thin layer chromotography were not bioassayed.

B. Effects of photOperiod on gibberellin content.

The seedlings of Michiganthio Hybrid with cotyledons

expanded were grown for 15 days in controlled environment

chambers under long (18 hr. light + 6 hr. dark) and short

days (9 hr. light + 15 hr. dark). Light intensities

(1000 f.c.) and temperatures (60:65°F.) were the same at

both photOperiods.

Extraction and purification procedures for native

gibberellins were the same as already outlined. except
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that dry ice was added while initially macerating the

seedlings at 2 to 3 leaf stage. The extracts were again

bioassayed on bean, cucumber, and dwarf pea seedlings.

Growth responses from the various extracts were compared

with those derived from known amounts of gibberellin A3.

The results of the bioassays revealed that plants

grown in long days had higher content of gibberellin=like

substances than those grown in a short photOperiod.

Growth responses with bean seedlings were inconsistent,

but very reproducible on cucumber hypocotyl elongation.

This again suggested the presence of gibberellins A4,

A7 or A9. Quantitative extractions derived from the

growth of dwarf pea seedlings after the application

of tomato plant extracts and from known amounts of

gibberellin A3 revealed that plants grown in long days

had 68r70pg/K equivalents compared with 26-28 micrograms

equivalent GA3 for those maintained in short day (Table 31).

These results suggest that the higher gibberellin

content in seedlings of Pennorange may be one of the

factors contributing to the delay in flowering of the late

cultivar compared to that of the early cultivar, Farthest

North. The delaying effects of long days in relation to

node to the first flower cluster may be explained on the



Table 31. Amounts of gibberellin-like substances in the

Michigan-Ohio Hybrid tomato following exposure

to long and short days, as bioassayed on the

Little Marvel dwarf pea seedlings.

 

.SI_z‘x;1n" “L" """V "" ‘ ‘

 

Photoperiod Micrograms equivalent 6A3

treatment per kilogram fresh weight

Short day 26-28

Long day 68-70
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basis of higher quantity of gibberellin-like substances,

observed in long day grown plants as compared with those

grown in the short days.

VIII. GIBBERELLIN INDUCED MICROGAMETOPHYTE

DEVELOPMENT IN A STAMENLESS (811511)

TOMATO (8)

One approach in the study of flowering is a

consideration of factors influencing the formation of

floral parts (stamens, pistils, petals, sepals). The

tomato offers an excellent opportunity for such studies

in that mutants are available that are lacking in

important floral structures. Thus, the effects of

gibberellin A3 were observed on the development of

stamen and pollen formation on otherwise male sterile and

stamenless mutant.

In the preliminary study uniformly rooted cuttings

of the stamenless mutant were exposed to IAA, kinetin,

GA3, and casein hydrolysate at 25 ppm in the solution

culture root media, during the Spring of 1963. Plants

exposed to GA3 showed good anther development in the

flowers which appeared 3 to 4 weeks after the initiation

of the treatment.) Microscopic observations showed normal
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pollen to be present in these 6A3 induced anthers. Progeny

raised from the seed obtained by sibbing gave 100 percent

stamenless plants, which would have had to otherwise be

propogated from a segregating population of l stamenless:

3 normal.

A more detailed experiment was planned in the

Spring, 1964. Uniformly rooted cuttings were exposed to

GA3 treatments on April 4, 1964. These consisted of 0,

10's, 10’4 and 3x10“4 molar concentrations in the solution

culture root media; and foliage spray applications of 0,

10's, 10’4 and 10"3 molar. A split-plot design was

utilized with the foliage sprays as the main and root

application as the sub-plots. There were 3 double plant

replicates for each treatment. All solutions were

renewed at six day intervals. After 18 days of exposure

to the various gibberellin levels in the root media the

containers were washed with water and replenished with

1/2 strength Hoagland solution only.

Spray treatments of gibberellin A3 produced no

observable effects on the develOpment of microgameto-

phytes, and are thus omitted in the presentation of the

results in Table 32. All root treatments, however,
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produced some effect. Anther development was not

influenced on the first two inflorescences that developed

after treatment. Buds of these clusters were visible when

the treatments were initiated. The subseuquent two

inflorescences, which appeared after 3 to 4 weeks showed

a marked response to gibberellin applied through the root

5 molarmedium. There was little response from 10'

gibberellin A3. Molar concentrations of 10‘4 and 3x10’4,

however, resulted in most all flowers having one or more

(usually all) fully developed anthers (fig. 6). MicroscOpic

examinations revealed that these gibberellin induced

anthers contained normal pollen. The flowers with

developed anthers were vibrated every day. This resulted

in a small number of parthenocarpic fruits. Honma and

Bukovac (54) similarly observed parthenocarpic fruits on

stamenless tomat01mutant following whole plant sprays with

GA3. They, however, observed no anther or pollen formation.

Gibberellin developed anthers did not form a regular

tube or stamen cone around the stule and stigma, but

were curled and twisted (fig. 6). This curling of anthers

was most prevalent at the highest gibberellin A3

concentration (3x10‘4M).
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Fi ure 6. Effect of various concentrations of

gigharellin A3 applied through the solution

culture root medium on the development of stamens

in the flowers of a stamenless (sllsll) tomato

mutant.

(L to R) Top to bottom: 0 (control), 1075,

10‘4, and 3x10-4M.
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Flower clusters which appeared 3 to 4 weeks after the

discontinuation of the gibberellin treatments showed no

anther development, thus confirming that anther development

was induced by the presence of an exogenous supply of

gibberellin. In another parallel study it was observed

that application of a drop of 10’2 molar 6A3 on the

maristem, induced anther development on the flowers that

appeared 3 to 4 weeks later.



DISCUSSION

Experimental modification of the flowering:

Kraus and Kraybill in 1918 proposed the concept of

the carbohydrate-nitrogen relationship. Many studies and

numerous observations have subsequently considered the

effect of nitrogen nutrition on flowering and fruiting

in the tomato. Most of these, however, have been diyected

toward effects on flower and fruit development and not on

floral initiation. Wittwer and Teubner (139) exposed

tomato plants to several levels of nitrogen in the root

medium and obtained the earliest flowering with highest

nitrogen levels. Similarly the highest nitrogen-phosphorus

levelsi§ave the earliest flowering in experiments conducted

by Eguchi, Matsumura and Ashizawa (38). In the present

studies the optimum nitrogen level in relation to flowering

was dependent on the rate of growth and.photosynthesis.

Thus, during summer earliest flowering was obtained with

440 ppm, but in winter when light was limiting 110 ppm

was best. High nitrogen levels were best utilized as photo-

synthetic rates were increased. Data on plant growth rates
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as altered by various nutrient element deficiencies

suggest that flowers are initiated even in the absence

of added major nutrient elements. The effects of nitrogen

nutrition on the flowering of the tomato are probably

indirect.

The number of nodes subtending the first inflorescence

decreases with increase in the light intensity. This

results in earlier flowering (22, 34, 121, 132). The

present studies further confirm these results wherein

light intensities enhance earliness of flowering.

However, this induction of early flowering in relation

to node number does not seem to be'a~directeresuit of

increased photosynthesis as carbon dioxide enrichment of

the atmosphere which invariably increases photosynthesis

failed to induce early flowering in all except one cultivar.

A large number of workers (22, 93, 94, 95, 138)

have reported that exposure of tomato plants, during the

sensitive stage of flower initiation of the first

inflorescence, to an extended photoperiod of low light

intensity increased the number of leaves subtending the

first inflorescence. Wittwer (132) after an objective

analysis of the photoperiodic behavior of flowering in

the tomato suggested that the tomato be classified as a
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facultative short day plant. The present findings support

the proposal of Wittwer (132) and further suggest that.

the delay in flowering following exposure to long days may

be from higher gibberellin production in the long day

grown plants as compared to those grown in the short days.

The delay in the flowering observed herein following

exposure of seedlings to a 36 hour cycle as compared to

those grown in a 24 hour cycle may have been from higher

gibberellin levels following exposure to the longer

light period (15 hr.) to which the plants were exposed

during a given interval in 36 hour cycles.

Many reports (20, 21, 68, 70, 71, 76, 103, 119,

120, 123, 124, 126, 136, 137) indicate that low

temperatures during the early growth of tomato seedlings

reduces the number of nodes to the first inflorescence,

and increases the number of flowers. The effects of root

and top temperatures have not, however, heretofore been

separated. Teubner and Wittwer (112) distinguished

between the effects of root and top temperatures, and

observed that low tOp temperatures initiated the first

flower clusters earlier while low root temperatures were

responsible for a greater number of flowers in the first

inflorescence. Observations in the present studies confirm
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the findings of Teubner and Wittwer (112) that the node

number is influenced by the top (air) temperatures and

flower number by root temperatures. These differential

effects of root and top temperatures suggest that the

stimulus for the initiation of the first inflorescence

originates in the above ground plant parts.

Number of workers (34, 35, 48, 75, 103) reported that

defoliation increased the number of fldWefs on the first

cluster and decreased the time of the first anthesis.

Only Shen (103), however, recorded the number of nodes

subtending the first inflorescence. She, like others,

started defoliation after the first inflorescence was

already initiated. Thus, it is obvious why she observed

no difference in the node number to the first inflorescence

following defoliation.l Hussey (58, 59) in microscopic

examinations of meristems observed earlier initiation of

flowering following removal of plumule leaves of plants

grown at high temperatures, but found that cotyledon

removal delayed flowering. The results of the present

study suggest that removal of plumule leaves induces

early flowering when plants are grown at a high temperature

(70-75°F.) but there was no delay in flowering when
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cotyledons were removed. The present studies confirm

the reports of Hussey (58, 59) that removal of cotyledons

or plumule leaves had no effects on plants grown at low

(SO-55°F.) temperatures. A delay in flowering was noted,

however, when plumule leaves were removed from plants

grown at 60-6S°F.

It is suggested that at high temperatures plumule

leaves of the tomato grow vigorously and there is a

competition for available assimilates between the

apex and the expanding leaves (58, 59). The data support

this assumption and suggest that there is also a

competition for the auxins which may be present in smaller

amounts in plants grown at higher temperatures (64).

These observations further suggest that plumule

leaves play an important role in determining the flowering

responses of tomato seedlings to external factors,

particularly temperatures.

Flower number in the first cluster has been reported

to be increased when young tomato seedlings were treated

with IAA (112, 135). ’In this study, IAA did not influence

flower number but reduced the number of nodes to first

inflorescence thereby inducing early flowering. ’Indole-3u

acetyl-D, L-aspartic acid the endogenous tomato auxin (102)
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cdid not modify flowering in the tomato. This confirms other

reports that IASP is inactive in some plant systems (3).

Results of numerous studies (35, 45, 46, 47, 86, 103,

110, 111, 114) suggest that auxins and auxin-like

substances play a crucial role in tomato flower initiation

and development. Indole and non-indole auxins have been

isolated from different parts of the tomato plant (64, 85).

IKramer and Went (64) reported that the auxin content of

tomato stem tips of seedlings exposed to low temperatures

(46°F.) was double that of auxin in seedlings maintained

at 72°F. Temperatures comparable to those that increase

the auxin content also initiate earlier flowering and

increase the number of flowers in the first inflorescence

(20, 21, 68, 69, 70, 71, 76, 103, 119, 120, 123, 124).

This is further evidence (of the important role of auxins

and auxin-like substances in the initiation and formation

of the first flower cluster in the tomato.

Applied as a spray, gibberellin A3 delayed flowering,

and reduced the number of flowers in the first inflorescence.

There was no effect on the net time to first anthesis since

growth rates were accelerated at the same time that node

number was increased (16, 131). Except for flower number

similar results were obtained when GA3 was added to the
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solution culture root media. An 8 day exposure to GA3 was

most effective in delaying flowering. Extending the

exposure time did not increase the effectiveness of GA3.

This suggests that the first flower cluster was initiated

within 8 days after cotyledon expansion. Gibberellin A3,

some derivatives of 6A3, and 6A4 also delayed flowering

when applied as a single drop on the apical meristems

at cotyledon expansion. These results suggest that

gibberellins play a role in modifying flowering of the

tomato. Furthermore, gibberellin-like substances derived

from different tomato cultivars and applied exogenously

delayed flowering differentially. Quantitative differences

in gibberellin-like substances in long and short day

grown tomato plants further suggest that the effects of

photoperiod may be mediated through a varied synthesis of

gibberellin-like substances.

Chemical inhibitors of vegetative growth had

contrasting effects on tomato flowering. Time to first

anthesis was reduced and the first inflorescence was

formed one node earlier in a mid-winter tomato crop

following solution culture root media treatments with

CCC (131, 140, 141). Similar results were obtained in

these studies. CCC may inhibit the biosynthesis of
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gibberellin in tomato plants as has already been reported

for Fusarium 22. (62, 84). Amoel618 though reported to be

ineffective as foliage apray on tomato flowering (140)

delayed flowering at 10"4 molar induced earlier flowering

at 10'6 molar but had no effect at 10"5 molar when applied

through the solution culture root media. MH delayed

flowering both in terms of time to the first anthesis and

node number to first inflorescence. The observations of

Wittwer and Tolbert (141) were thus confirmed. Phosphon D

”delayed anthesis but did not alter node number in soil

application (140). When applied through solution culture

root media Phosphon D delayed anthesis and also increased

nodes to the first inflorescence. 8995 had no effect

on tomato flowering.

The inhibitors of DNA-RNA biosynthesis: 5-flurouracil,

and 2-thiouracil, which inhibit flower induction in

Xanthium (12), and chloramphenicol, a specific inhibitor

of protein synthesis, delayed flowering in the tomato

only after extended periods of exposure. There was also

an inhibition of vegetative growth. The delay in flowering

:following extended exposure may be from the inhibition of

(cell division which one would expect to occur following

'the inhibition of DNA-RNA and protein synthesis. Inhibitors
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of steroid biosynthesis, which inhibit floral induction

in Xanthium (11), also inhibited flowering in the tomato.

A single application delayed flowering without affecting

vegetative growth. This suggests that the flowering

stimulus in the tomato may be a steroid or an isoprenoid.

Inconsistent results with anthogenes shed little

light on the possible role of these lipid hormones (98,

99) in floral initiation in the tomato.

Reciprocal top-root grafting of late and early

cultivars, involving hypocotyl grafts, grafts above

plumule leaves, and epicotyl grafts with or without leaves

on the rootstocks showed that flowering was not modified

by hypocotyl grafts or grafts without plumule leaves on

the rootstocks. Flowering was, however, significantly

modified by rootstocks with plumule leaves. The rootstocks

of an early flowering type with plumule leaves induced

early flowering on the scion of a late cultivar while

rootstocks of a late one with plumule leaves delayed

flowering on scions of an early cultivar. This suggested

that the origin of the flowering stimulus as well as that

for an inhibitor for flowering may be in the plumule.

13aves o
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Origin of flowering stimulus:

Differential exposure of tops and roots of tomato

seedlings, mutiliation of seedlings, and reciprocal

top-root grafting of early and late cultivars suggest

that the flowering stimulus for the first inflorescence

in the tomato originates in the above ground plant parts

and that the plumule leaves play an important role in

 

determining the response of seedlings to the external

environment.

Nature of flowering stimulus:

Results of studies with DNA-RNA synthesis inhibitors

and inhibitors of protein synthesis showed a delay in

flowering on plants exposed to these chimicals for

extended periods. DNA-RNA and protein synthesis is

essential for cell multiplication, and therefore, for

growth and development of every living organism. This

is also true of floral initiation since cell multiplication

is necessary;

Single applications of inhibitors of steroid bio-

synthesis, delayed flowering in the tomato without '

daffecting the normal vegetative growth. This strongly
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suggests that the flowering stimulus for the first

inflorescence in the tomato may be a steroid or an

isoprenoid.

Mechanisms of flowering:

Reciprocal grafts of early and late cultivars suggested

the presence of both a flowering stimulus and an inhibitor

for flowering in the plumule leaves. Honma, Wittwer and

Phatak (55) have reported that the node number to the

first inflorescence is controlled by qne major gene pair

with earliness being dominant. It is thus possible that

the major gene, which controls node number, in its

homozygous recessive form produces an inhibitor which in

turn delays flowering in the late tomato cultivars.

There is some evidence that the auxin-gibberellin

balance significantly modifies flowering (15, 16, 34,

35, 45, 46, 47, 64, 86, 103, 110, 111, 113, 114, 131, 133,

135). Higher auxin levels promote earliness. This is

reflected by direct induction by auxin of earlier flowering

and the results from exposure to higher light intensity,

(and to cold temperatures both of which increase the amounts

(of endogenous auxin. Conversely high gibberellin level;

inhibit flowering reflected by the results from exogenous
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gibberellin application, long day exposure, and CCC induced

early flowering. The data presented by Honma, Wittwer

and Phatak (55) also suggest the presence of minor genes

or modifiers affecting the expression of the major gene

controlling the node number to first inflorescence. These

minor genes or the modifiers may beicontrolling auxin-

gibberellin synthesis in the tomato thereby modifying the

expression of the major gene. Thus formation of the

flowering stimulus in the tomato is a continuing process

and earliness or lateness of cultivars is determined by

an inhibitor for the flowering stimulus. The auxin-

gibberellin balance may also be the mechanism through

which tomato cultivars respond to the external environment.

Gibberellin induced microgametophyte development:

The significant role of gibberellins in the

development of microgametophyte in monoecious and

gynoecious cucumbersis well known (41, 88). The

present studies suggest that the gibberellins probably

play a significant role in the development of micro-

gametophyte (androecium), not only in the plants having

unisexual flowers, but also on plants such as the tomato

with bisexual or hermaphroditic flowers.



SUMMARY

The objectives of this study were to identify the origin

and nature of the flowering stimulus in the tomato and to

regulate the appearance of the first inflorescence. The

procedure was to expose young seedlings to the various

treatments during the critical period for the initiation

of the first inflorescence, which is l to 2 weeks interval

immediately following cotyledon expansion. Environmental

factors (nitrogen nutrition, mineral nutrient deficiencies,

photoperiod, light intensities, temperature, atmospheric

carbon dioxide), reciprocal top-root grafting of early“

and late cultivars, removal of plant parts, treatment with

various plant growth substances and metabolic inhibitors,

analysis of naturally occurring plant growth substances

' in the seedlings and development of specific floral parts

following application of plant growth substances constituted

*the experimental approach.

Flowering was delayed either from the lack of all

nutrients, or from the absence of magnesium, phosphorus,

and nitrogen. The optimum nitrogen levels for earliest

118
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flowering related to season of the year. During the summer

higher nitrogen was utilized than in the winter. The first

inflorescence was initiated in the absence of added nutrients

in the solution cultures. Plants flOwered earlier under short

days and a high light intensity. Flowering on plants was

delayed when they were exposed to 36 hour as compared to 24 hour

cycles of the same light-dark ratio and total exposures of light

and dark. The’numbers of flowers in the first inflorescence

were increased by low root temperatures but not by low top (air)

temperatures. Conversely low top (air) temperatures induced

earlier flowering as to the node number. Anthesis occurred

earlier in plants exposed to a high atmospheric carbon dioxide

level. I

Flowering was not modified by hypocotyl grafting or

grafting without plumule leaves on the rootstocks. It was,

however, greatly modified by grafting scions onto the

rootstocks with plumule leaves. Root removal was without

effect, and the results for cotyledon removal were

inconsistent. The effects of plumule leaf removal on

flowering were dependent on temperature.

Indole-B-acetic acid induced early flowering.

Gibberellin delayed flowering. Inhibitors of vegetative

growth had contrasting effects on tomato flowering
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dependent upon the chemical used. DNA-RNA synthesis

inhibitors and an inhibitor of protein synthesis delayed

flowering only after the exposure of the tomato seedlings

for extended period. This was accompanied by a marked

suppression of vegetative growth. Single applications of

steroid synthesis inhibitors markedly delayed flowering

with no effect on vegetative growth. Effects of antho-

genes were inconsistent.

The endogenous gibberellin contents of long day

grown seedlings were higher than those grown in short

days. Seedlings of late cultivar had higher gibberellin

content than those of early cultivar.

Gibberellin applied through solution culture root

media promoted the development of anthers containing

normal pollen in the flowers of a stamenless mutant.

 



CONCLUSIONS

The present studies and those reported elsewhere

suggest that the flowering in the tomato is a continuing

process. A flowering stimulus and possibly an inhibitor

originates in the leaves. Differences in-number of nodes

subtending the first inflorescence between the two

cultivars may be related to a differential biosynthesis

of‘an inhibitor. Synthesis of this inhibitor is probably

controlled by one major gene. This gens in its homozygous

recessive form produces an inhibitor which delays flowering.

The auxin-gibberellin balance seems to further modify

the expression of the flowering stimulus for the first

inflorescence. High auxin levels promote flower initiation.

Conversely, high gibberellin levels delay floral initiation.

Responses of tomato seedlings to certain environmental

factors appears to be mediated through differential

biosynthesis of auxins and gibberellins.

High auxin, low gibberellin, some growth inhibitors,

low temperature, short days, high light intensity, high

atmospheric carbon dioxide, and the presence of plumule

leaves on rootstocks of early cultivars promote flowering.
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Conversely, low auxin, high gibberellin, other growth

inhibitors, high temperature, long days, low light

intensity, low atmospheric carbon dioxide, plumule leaves

on rootstocks in late cultivar, and metabolic inhibitors

delayed flowering.

Gibberellin plays a significant role in the

development of the microgametophyte.



LITERATURE ‘ CITED

1. ABD, El Rahman, A. A., P. G. C. Kuiper and J. F. Bierhuizen.

1959. Preliminary observations on the effect of light

intensity and photoperiod on the transpiration and

growth of young tomato plants under controlled

conditions. Meded. Landbouhgesc., Wageningen. 59:1-14.

2. Allard, H. A. and W. W. Garner. 1941. Responses of some

plants to equal and unequal ratios of light and

darkness in cycles ranging from 1 hour to 72 hours.

Jour. Agric. Res. 63:305-330.

0

3. Andreae, W. A. and N. E. Good. 1955. The formation of

indoleacetylaspartic acid in pea seedlings. Plant

Physiol. 30:380-382.

4. Arthur, J. W., J. D. Guthrie and J. M. Newell. 1930. Some

effects of artificial climates on the chemical

composition of plants. Amer. Jour. Bot. 17:416-482.

5. Audus, L. J. 1959. Plant growth substances. p. 331.

Leonard Hill Ltd., London.

6. Barton, L. V. 1940. Some effects of treatment of non-

dormant seeds with certain growth substances.‘ Contri.

Boyce Thompson Inst. 11:181-206.

7. Bedesem, P. P. Jr. 1958. ‘Histogenetic effects of 2,3,

5-tri-iodobenzoic acid on the shoot apices and leaf

primordia of tomato. Bull. Torey Bot. Club 85:434-472.

8. Bishop, C. J. 1953. A fertile, stamenless male sterile

mutate TGC 3:60

9. Bonde, E. K. 1955. The effects of various cycles of

light and darkness on the‘tomato and Cocklebor plants.

Physiol. Plant. 8:913-923.

10. Bolas, B. D., and R. Melville, 1933. The influence of

environment on the growth and metabolism of the tomato

plant. 1. Methods, Techniques and Preliminary results.

Annals of Bot. 47:673-688.

11. Bonner, J., E. Heftmann and J. A. D. Zeevaart. 1963.

suppression of floral induction by inhibitors of

steroid biosynthesis. Plant Physiol. 38:81-88.

123



124

12. , and J. A. D. Zeevaart. 1962. Ribonucleic

acid synthesis in the bud an essential component of

floral induction in Zanthium. Plant Physiol. 37:43-49.

13. Borthwick. H. A. 1962. Effect of light intensity and

quality on flowering and fruitset. Proc. Campbell Plant

Sci. Symp., pp. 189-200. ‘Campbell Soup Company,

Camden, New Jersey.

14. Bouquet, A. G. B. 1932. An analysis of the characters of

the inflorescence and fruiting habit of some varieties

of greenhouse tomatoes. N. Y. Cornell Agr. Exp. Sta.

Mem. 1939.

15. Bukovac, M. J. and S. H. Wittwer. 1956. Gibberellic acid

and higher plants. I. General growth responses. Mich.

Agr. Expt. Sta. Quart. Bull. 39:307-320.

 

16. , and F. G. Teubner. 1957.

Gibberellin and higher plants.‘ VII. Flower formation

in the tomat0'(L co ersicon esculentun). Mich. Agr.

Expt. Sta. Quart. Bu . :2 - .

l7. Burk, E. F. 1929. The role of pistil length in the

develOpment*of forceing tomatoes. PrOC. Amer. Soc.

Hort. Sci. 26:239-240.

18. Burr, S. and D. M. Turner. 1935. vernalization of

tomatoes. Gardeners' Chronicle, 98:288.

19. Calvert, A. 1955. ‘Temperature effects on early growth

and development in tomato. Resp. XIVth Int. Hort.

Congress, The Netherlands. 560-565.

20.'CalVert, A. 1956. Influence of soil and air temperature

on cropping of greenhouse tomatoes. Jour.\Hort. Sci.

31:69-750

21.‘ _ 1957. Effect of the early environment on

J develOpment of f10wering:in the tomato. I. Temperature.

Jour. Hort. Sci. 32:9-17.

22. 1959. Effect of the early environment on

develOpment of flbwering in tomato. II. Light and

temperature interactions. Jour. Hort. Sci. 34:154-162.

23. Cholodny, N. G. 1936. Growth-hormones and development

of'plants. Nature 13:586.



125

24. Clements, Janette N. and A. T. Guard. 1961. An anatomical

study of sidebranching in the"Rutgers"a d the ”Side

shootless' tomato plants. Amer. Jour. Bot. 48:527.

25. Cochran, W. G. and G. M. Cox. 1950. Experimental designs.

John Wiley & Sons, Inc., pp. 1-459.

26. Cooper, D. C. 1927. Anatomy and development of tomato

' flower. Bot. Gaz. 83:399-413.

27. CoOper, A. J. 1961. Observations on seasonal trends in

the growth of the leaves and fruits of glasshouse

tomato plants, considered in relation to light

duration and plant age. Jour. Hort. Sci. 36:55-69.

28. Observations on flowering in glasshouse

tomato plants considered in relation to light duration

and plant age. Jour. Hort. Sci. 36:102-115.

29. Cordner, H. 8., and G. Hedger. 1959. Determination in

the tomato in relation to variety and to application

of N-m-tolyl-phthalamic acid of high concentration.

Amer. Hort. Sci. Proc. 73:323-330.

30. Crane, M. B.‘ 1916. Heredityeofitypes of inflorescence

‘ and fruits in the tomato. Jour. Genet. 5:1-11.

31. Crocker, G. L. 1948. Growth of plants. p. 304. Refinhold

Publishing Co.’ 1

32. Currence, T. M. 1938. The relation of the first chromosome

pair to date of fruit ripening in the tomato

(hycopersicum‘esculentum). Genetics 23:1-11.

33. Davis, R. M., and J. C. Lingle. 1961.’ Basis of shoot

response to root temperature in tomato. Plant

Physiol. 36:153-162.

34. de Zeeuw, D. 1954. ‘The influence of leaf on flowering.

Meded. Landbhoogesch., Wageningen. 54:1-144.

35. 1956. Leaf induced inhibition of flowering

r in tomato. Proc. Koninkl. Ned. Akad. Weten. 59:535-540.

36. Dorland, R. E. and F. W. Went. 1947. Plant growth under

controlled conditions.' Amer. Jour. Bot. 34:393-401.

37. Duncan, D. B. 1955.‘ Multiple-range and multiple-F

tests Biometrics '11:1-42.



126

38. Eguchi, T., T. Matsumura and M. Ashizawa. 1958. The

effect of nutrition on'flower formation in vegetable

crops. Proc. Amer. Soc. Hort. Sci. 72:343-352.

39. Fogel, H. W. and T. M. Currence. 1950. Inheritance of

fruit weight and earliness in‘a tomato cross. Genetics

35:363-380.

40. Fukushima, Y. and M. Masui. 1962. The effect of early

environment on flower formation in tomato. I. On

night temperature and soil moisture. Jour. Jap. Soc.

Horto SCio 313207-2120

41. Galun, E., Y. Jung and A. Lang. 1962. Culture and sex

modification of male buds in vitro. Nature 194:596-598.

42. Goodall, D. W. 1936. Some preliminary observations on

the position of the first inflorescence in the tomato.

Exp. Res. Sta., Cheshunt, 22nd Ann. Rep. pp. 87-92.

43. 1937. Further observations on the position

of the first inflorescence in the tomato. Exp. Res.

Sta., Cheshunt, 23rd Ann. Rep. pp. 73-78.

44. , and B. D. Bolas. 1942. The vernalization

of tomato seed. Ann. Appl. Biol. 29:1-10.

4S. Gorter, Chre. J. 1949. The influence of 2,3,5-triiodobenzoic

acid on the growing points of‘tomato.' Proc. Kon. Ned

Akad. wetensch.' 52(10):1185-ll93.

46. 1951. The influence of 2,3,5-triiodobenzoic

acid on the growing points of tomatoes. II. The

initiation of ringfasciations. Proc. Kon. Ned.

Akad. wetensch. 54C:181:190.

47. __ 1955. Increase of the number of flowers

in Beans and tomatoes by means of 2,3,5-triiodobenzoic

acid (T.I.B.A.). Meded. Tuinbouw. 18:35:42.

48. Heinze, W. 1959. Uber den Einfluss des Blattes auf

den Bluhtermin bei der Tomate. Die naturwissenschaften.

46:609-

49.‘ Highkin, H. R. and J. B. Hanson. 1954. Possible

interaction between light-dark cycles and endogenous

daily rhythems on the growth of tomato plants. Plant

Physiol. 29:301-302.



50.

51.

52.

53.

S4.

55.

56.

57.

58.

59.

60."

127

Hillman, W. S. 1956. Injury to~tomato plants by

continuous light and unfavourable photoperiodic

cycles. Amer. Jour. Bot. 43:89-96.

1962. The physiolbgy of flowering. pp. 15-

1t. Holt Rinehart‘andiWinston,'New York. U.S.A.

 

Hoagland, D. R. and D. I. Arnon. 1950. The water-

culture method for growing plants without soil.- Univ.

CalifOrnia, Berkeley. Cir. 347.

Hoffman, I. C. 1938. Present cultural methods in

growing the spring greenhouse tomato crop in Ohio.

Ann. Rept. Veg. Growers Assn. Amer. 88-100.

Honma, S. and M. J. Bukovac. 1964. Gibberellin and

anther formation in stamenless tomato. Personal

communication.

Honma, S., S. H. Wittwer and S. C. Phatak. 1963.

Flowering and fruiting in the tomato.' Inheritance

of associated characteristic. Jour. Heredity.

54:212-218.

Howlett, F. S. 1939.' The modification of flower

structure by environment in varieties of Lycopersicum

esculentum.' Jour. Agric. Res. 58:79-117.
 

1958. Effect of temperature upon flower

deVélOpment and fruit set in the greenhouse tomato.

Growers Handbook and 43rd Ann. Proc. Ohio veg. and

Potato Grow. Assoc. pp. 21-31.

 

Hussey, G. 1963.’ Growth and develOpment in the young

tomato. I. The effect of temperature and light

intensity on growth of the shoot apex and leaf

primordia.' J. Exp. Bot. 14:316-325.

1963. Growth and development in the young

tomato. II. The effect of defoliation on the '

develOpment of shoot’apex.’ J. Exp. Bot. 14:326-333.

 

Junges, W. 1954. The duration of vernalization treatment

fOr development and yield in bush tomato. Arch.

Garten. 2:213-221.



61.

62.

63.

64.

65.

66.

67.

68.

69.

70.’

71.

72.

73.

128

Kagawa, T., T. Fukinbara and Y. Sumuki. (1963) Thin

layer chromatography of gibberellins. Agri. Biol.

Chem. 27:598-599.

Kende, H., H. Ninnemann and A. Lang. 1963. Inhibition

of gibberellic acid biosynthesis in Fusarium

moniliforme by Amo-l6l8 and CCC. Naturwissenschaften.
 

S0:599'6000

Ketellapper, H. J. 1960.

environmental periods in plant growth. Plant

Physiol. 35:238-241.

Kramer, M.

in tomato stem tips.

and F. W. Went.

Interaction of endogenous and

1949. The nature of the auxin

Plant Physiol. 24:207-221.

Kraus, E. J. and H. R. Kraybill. 1918. Vegetative and

reproduction with special reference to tomato.

Oregon Agr..Exp. Sta.

Kristofferesen, T. 1955.

use of supplementry light for greenhouse crops.

Proc.

PPo

14th Internat'l.

1048-1964.

1963.
 

BUllo 1499

Experiments on the economic

Hort. Congress. Vol. II.

Interaction of photoperiod

and'temperature in growth and development of young

tomato plants (Lypo

Physiologia Plant. : 

aersicon esculentun. Mill.).

Supp. 1:1: .

Kurki, L. M. and S. H. Wittwer.* 1956. Thermoperiodicity

and flower formation in some tomato varieties.

Jour.

Lawrence. W. J. C. 1952.

John Innes Hort. Inst.

1953.
 

JOhn Innes Hort. Inst.‘

1954.
 

flowering. John Innes

PPo 26.

, and A.
 

Sci. Agr. Soc. (Findland). 28:223:228.

MethOds of raising plants.

43rd Ann. Rep. pp. 23.

Temperature and flowering.

44th Ann. Rep. pp. 23-24.

Temperature and tomato

Hort. Inst. 45th Ann. Rep.

Calvert." 1954. The artificial

illumination of seedlings. Jour. Hort. Sci. 29:157-174.

Learner.-E. N. and S. H. Wittwer. 1953. Some effects of

photoperiodicity and thermOperiodicity on vegetative

growth, flowering and fruiting of the tomato. Proc.

Amer. Soc. Hort. Sci. 61:373-380.



74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

129

LeOpold, A. C. 1955. Auxin and plant growth. University

of California Press

LeOpold, A. C. and S. L. Lam. 1960. A leaf factor

influencing tomato earliness. Proc. Amer. Soc. Hort.

SCio 763543-5470

Lewis, D. 1949. John Innes Hort. Inst. 40th Ann. Rep.

pp. 13.

. 1953. Some factors affecting flower production

in the tomato. Jour. Hort. Sci. 28:207-220.

 

Lopez, A. P. 1960. Relation of earliness to some plant

characters in the tomato. Jour. Agr. Univ. Puerto

Rico. 44:236-250.

Luckwill, L. C. 1943. The genus Lchpersicon. Aberdeen

University Studies No. 120.

Mather, K. 1948. Plant improvement. John Innes Hort.

Inst. 38th Ann. Rep. pp. 17.

MacMillan, J. and P. J. Suter. 1963. Thin layer

chromatography of the gibberellins. Nature. 197:790.

Muir, R. M. and C. Hansch. 1951. The relationship of

structure and plant growth activity of substituted

benzoic and phenoxyacetic acids. Plant. Physiol.

26:369-374.

'Murneek. A. E. 1948. History of research in photo-

periodism. In Vernalization and PhotOperiodism.

pp. 39-61. (A. E. Murneek and R. O. Whyte, Editors).

Chronica Botanica Co., Waltham. Mass.

Nennemann. H., J. A. D. Zeevaart, H. Kende, and A. Lang.

1964. The plant growth retardant CCC as inhibitor

of gibberellin biosynthesis in Fusarium moniliforme.

Planta. 67:229-235.

Nitsch, J. P. and C. Nitsch. 1955. The separation of

natural plant growth substances by paper chromatography.

Beitr. Biol. Pflanz. 31:387-408.

Osborne, D. J. and R. L. Wain. 1950. Studies on plant

growth-regulating substances.' 11. Synthetic compounds

inducing morphogenic responses in the tomato plant.

Jour. Hort. Sci. 26:60-74.



87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

130

Panse, V. G. and P. V. Sukhatme. 1961. Statistical

methods for agricultural workers. Second Edition.

Indian Coun. Agri. Res. New Delhi, India.

Peterson, C. E. and L. D. Anhder. 1960. Induction of

stamenate flowers on gynoeceious cucumbers with

gibberellin A3. Science' 131:1673-1674.

Piringer, A. E. 1962. Photoperiodic responses of

vegetable crOps. Proc. Campbell Plant Science

Symposium, pp. 173-185. Campbell Soup Company,

Camden, New Jersey.

Porter, A. M. 1937. Effect of light intensity on the

photosynthetic efficiency of tomato plants. Plant

Physiol. 12:225-252.

Powers, L. and L. F. Locke. 1950. Partitioning method

of genetic analysis applied to quantitative characters

of tomato crosses. U.S.D.A. Tech. Bull. 998:1-32.

Radley. M. 1963. Gibberellin content of spinach in

relation to photOperiod. Annals of Bot. (N.S.)

27:373-377.

Reinders-Gouwentak, C. A. 1954. Light and flower

initiation in the tomato. Rapp. et Comm. 8me Congres.

Internat‘l. de Bot. Sect. ll.‘Paris.

1954. Growth and flowering of

the tomato in artificial light. Kon. Ned. Akad.

Wetensch.‘57:549-600.

 

j . L. Smeets. and J. M. Andeweg.

1951. ‘Growth and flowering of tomato in artificial

light. I. Vegetative growth. Meded. Landbouwhogesch.,

Wageningen'51:63-73.

 

Rick, C. M. and L. Butler. 1956. Cytogenetics of the

tomato. Advances in Genetics 82267-382.

Roberts, R. H. 1943. The role of night temperature in

plant performance. Science 98:265.

1964.' The reproductive sequences as

revealed by the regulation of flowering with natural lipid

hormones. In (Regulateurs Edition du centre National

de 1a'Recherche Scintifique. Paris). Fifth International

conference on Plant Growth Substances.

 

, and B. E. Struckmeyer. 1964. The lipid

hormones of the reproductive cycles. Plant Physiol.

39 (suppl.):XXXVI.

 



100.

101.

102.

103.

104.

105.

106.

107.

108.

1090

1100

111.

131

Roodenburg. J. W. M. 1947. The growth and flowering in

tomato. Meded. Dir. Tuinb. 10:296-306.

1952. Environmental factors in
 

greenhouse culture. Rep. 13th Internatal. Hort.

Congress pp. 117-126. The Royal Hort. Soc.. London.

Row. V. V.. W. W. Sanford and A. E. Hitchcock.' 1961.

Indole-3-acetyl-D, L-aspartic acid a naturally occuring

indole compound in tomato seedlings. Contri. Boyce

Thompson Inst. 21:1-10.

Shen. J. Y. 1959. Modification of floral morphogenesis

in the tomato (LycoEersicum esculentum) with N-m-

tolylphthalamic acid. PH.D. Thesis, Department of

Horticulture. Michigan State University, East

Lansing, Michigan.

Smith. Ora. 1935. Pollination and life history studies

of tomato. N. Y. Cornell Agr. Exp. Sta. Mem. 184.

, and H. L. Cochran. 1935. Effect of

temperature on pollen germination and tube growth

in the tomato. N. Y. Cornell Agr. Exp. Sta. Mem. 175.

 

Stier. H. L. 1938. Response of tomato (Lycgpersicum

esculentun Mill. var. Marglobe) to certain vernalization

treatments. Proc. Amer. Soc. Hort. Sci. 36:708-714.

Stier. H. L. and H. G. DuBuy. 1938. Influence of

phytohormones on the time of flawering and fruit

production of tomato plants under field conditions.

Proc. Amer. Soc. Hort. Sci. 36:723-731.

Sutov. D. A. and N. V. Beljaev.' 1956. The reaction of

tomatoes to presowing chilling (Russian).‘ Izv Moldav

fil ANSSSR. No. 6. (Hort. Abs. 1957. 27:3562).

Tang, P. S. and S. W. Loo. 1940. Test on after effect

of auxin seed treatment. Amer. Jour. Bot. 27:385-386.

Teubner. F0 Go and So Ho Wittwero 19550. EffeCt Of

N-m-tolylphthalamic acid on tomato flower formation.

Science 122:74-75.

19570 EffeCt Of

 

N-arylphthalamic acids on tomato flower formation.

Proc. Amer. Soc. Hort. Sci. 69:343-351.



112.

113.

114.

115.

116.

1170

1180

119.

120.

121.

122.

123.

132

1957. Observations on

tomato flowering'TunpuinshedT. Mich. State Univ.,

East Lansing, Michigan.

 

1958. Structure-

activity relationships of the N-aryl-phthalamic acids

in flower formation and fruit setting of the tomato.

Plant Physiol. 33:47-48.

 

, and J. Y. Shen. 1961.

Rélationship of molucular structure to biological

activity in the N-arylphthalamic acids: in plant

growth regulation. Iowa State Univ. Press, Ames,

Iowa. U.S.A.

 

Thimann. K. V. and W. D. Bonner. 1948. The action of

triiodobenoic acid on growth. Plant Physiol.

25:158-161.

and R. H. Lane. 1938. After effects of

treatment of seed with auxin. Amer. Jour. Bot.

25:535-543.

 

Tukey. H. B. Jr. and H. J. Ketellapper. 1963. Length

of the light-dark cycles and plant growth. Amer.

Jour. Bot. 50:110-115.

Turner. D. M. and S. Burr. 1937. Vernalization of

garden crops. Gard. Chron. 100:10.

Verkerk, K. 1955. Temperature, light, and the tomato.

Hort. Lab. Agr. Univ. Wagen. (Dissertation).

1955. Temperature, light and the tomato.

Meded. Landbouwhgsch. Wagen. 55(4)l75-224.

 

l958.‘ Photosynthesis, production and

distribution of dry matter in the tomato plant.

Landbouwk. Tijdschr. 68(8):705-710.

 

Waard. J. De and J. W. M. Roodenburg. 1948. Premature

flower-bud initiation in tomato seedlings caused by

2.3.5-triiodobenzoic acid.' Proc. Kon. Ned. Akad.

wenten. 51:248-251.

Went. F. W. 1944. Morphological observations on the

tomato plant. Bull. Torrey Bot. Club 71:77-92.



133

124. 1944. Plant growth under controlled

' conditions. 11. Thermoperiodicity in growth and

fruiting of the tomato. Amer. Jour. Bot. 31:135-150.

125. 1944. Plant growth'under controlled

’ conditions. III. Correlation between various 4

physiological processes and growth in the tomato

plant. Amer. Jour. Bot. 31:597-618.

126. Went, F. W. 1945. Plant growth under controlled

conditions. V. The relation between age, light,

variety and thermoperiodicity of tomato. Amer.

Jour. Bot. 32:469-479.

127. 1957. Experimental control of plant growth.

Chronica Botanica Co. ‘

 

128. Withrow, A. P. 1945. Comparative effects of radiation

and indolebutyric acid emulsion in tomato fruit

production. Proc. Amer. Soc. Hort. Sci. 46:329-335.

129. . and R. B. Withrow. 1949. PhotOperiodic

chlorosis in tomato. Plant Physiol. 24:657-663.

 

130. Wittwer, S. H. 1953. The Michigan-Ohio Hybrid:' A new

F1 tomato for greenhouse production. Mich. Agr. Exp.

Sta. Quart. Bull. 36:191-194.

131. 1960. Eine neue Gruppe von Wuchsstoffen

r and einige ihrer Wirkungen auf die Pflanze im Vergleich

zu denen von Auxin and Gibberelin. Die

Gartenbauwissenschaft. 25:236-248.

132. 1963. Photoperiod and flowering in the

' tomato TLyCOpersicon esculentun Mill.) Proc. Amer.

Soc. Hort. Sci. 83:688-694.

133. , and M. J. Bukovac. 1958. The effects

of gibberellin on economic crops. Eco. Bot. 12:213-255.

 

134. 1962. Quantitative

and qualitatiVe differences in plant responses to the

gibberellins.‘ Amer. Jour. Bot. 49:524-529.

135. 1962. Exogenous plant

growth substances affecting floral initiation and

fruit set. Proc. Campbell Plant Sci. Symposium,

Campbell Soup Co.. Camden. New Jersey.



136.

137.

138.

139.

140.

141.

142.

143.

134

, and F. G. Teubner. 1956. Cold exposure of
 

tomato seedlings for early fruit production. Mich.

Agr. Exp. Sta. Quart. Bull. 38:588-594.

1956. Cold exposure of
 

_._tomato seedlings and flower formation. Amer. Soc.

Hort. Sci. Proc. 67:369-376.

1956. New practices for
 

increasing’fhe fFEiF-E?5p of greenhouse grown tomatoes.

Mich. Agr. Exp. Sta. Quart. Bull. 39:198-207.

1957. The effect of
 

temperature and nitrogen nutrition on flower formation

in the tomato. Amer. Jour. Bot. 44:125-129.

. and N. E. Tolbert. 1960. (Z-cthroethyl)
 

trimethyl-ammonium chloride and related compounds

as plant growth substances. III. Effect on growth

and flowering in tomato. Amer. Jour. Bot. 47:560-565.

1960. (2-chloroethyl)
 

trimethyl-ammonium chloride and related compounds

as plant growth substances. V. Growth. flowering

and fruiting responses as related to those induced by

auxins and gibberellin. Plant Physiol. 35:871-877.

Zimmerman, P. W. and A. E. Hitchcock. 1942. Flowering

habit and correlation of organs modification by

triiodobenzoic acid. Contr. Boyce Thompson Inst.

12.491-496.

19490 Tri-

 

iodobenzoic acid influences flower formation of

tomato. Contr. Boyce Thompson Inst. 15:353-361.



”TITWQWLEJMHfliflhflflfijhflflgflflfiflfilfl‘s  


