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ABSTRACT

A series of field and greenhouse experiments was conducted over a

period of two years to determine the effects of vernalization, certain

growth regulators, plant growing temperatures and photoperiod on the

seedetalk:dovelopment of a number of varieties of lettuce.

2,hADichlorophencxyacetic acid (2,h-D) at eoncentrdzions of l, S,

10, 2D, and QC pom applied singly and in repeated applications to lettuce

plants at several stages of development resulted in a significant hastena

ing of seedstalk development when applied to Great Lakes lettuce plants

9h days old, in a significant retardation when applied to Great Lakes

and Imperial h56 slants 65 days old and had no effect when applied to

65 day old plants of the Clobolt variety. The degree and nature of the

response varied with the variety, the concentration of the solution,

the time of application and the temnerature at Which the plaite were

' grown. No significant differences were obtained by Spraying with

maleic h drazide (50, 106, 500 ppm), n.p. chlorophenylphthalamic acid

(100, $00 ppm) or benzethiasol-2~oxyacetic acid (10o, 500 ppm). Soak-

ing seed in solutions of 2,3;«13 varying from 0.1 ppm to 10 ppm resulted

in a decrease in the rate of and pzrcentare germination as the concentra-

tion of the growth regulator was increased. Plants grown from seed soak—

ed in 1 ppm 2,h-D before vernalization developed seedstalks more rapidly

than plants from seed sown dry, but not as rapidly as plants soaked in

water before vernalizntion. Soaking non-vernalized seed in 1 ppm 2,h-D

or in water for 2% hours before seeding resulted in plants developing

seedstalks more rapidly than control plants grown from seed sown dry in
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the customary manner.

Seed of Great Lales, Imperial hSG, Imperial 6h7, and Elobolt let-

tuce vernalizcd at a temperature of to t 29? for'l6 days resulted in

significantly earlier seedstalk development and flowering compared with

control plants grown from seed handled without cold treatment. Plants

grown from seed subjected to low temperatures and moist conditions with-

out previous soaking in water produced secdstalks as early as plants

from seed allowed to soak before low temperature treatment. Plants of

head lettuce varieties (Great Lakes, Imperial h56 and Imperial 8h?)

grown from vernalizod seed developed almost entirely without the custom-

ary head formation. Cold treatment of seeds sown in flats of moist soil

was as effective as the laboratory technique involving the use of petri

dishes provided treatment was applied no later than seedling emergence.

Vernalization in seed flats offers a seemingly'practical solution to

obtaining desired seed production from hard headed and long standing

lettuce varieties.

A night temperature of 60°F was more effective than a night temp-

erature of 50°F in increasing the rate of eeodstalk development of

plants subjected to vernalization or sprayed with 2,h~D. In the case

of plants receiVing vernalization plus a 2,h-D Spray and those receiv-

ing neither spray nor cold treatment, the effect of the higher tannera-

ture was not so pronounced. Plants subjected to a photoperiod of 15

hours did not produce seedstalks earlier than those grown under a nine

hour day unless the germinating seed had previously been vernalizcd.

Although time of flowering was influenced by both temperature and photo-

period, neither factor ampeared to be tPe limiting or controlling in»
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fluence in dotormininp vegetative or reproductive growth. The reaponaes

to variations in photoperiod indicate that classification of lettuce as

a long day plant may not be justified.

4AA?Mm
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INTRODUCTION

Coincident with the deve10pment of heat resistant varieties of

lettuce there has arisen a seed production problem of considerable econ-

omic importance. Certain characteristics of these varieties, such as

their ability to produce well at higher temperatures, and their tendency

toward delayed seedstalk elongation, are greatly desired by truck gard-

eners but it is becoming increasingly difficult for the seed grower to

produce seed. In some of the areas best adapted for lettuce seed pro-

duction there is hardly sufficient time under normal growing conditions

for completion of the seedstalk elongation, floral develoPment, seed

formation, and maturation sequence (9) (27). These new varieties not

only develop seedstalks at a later date but in the case of crisphead

types, the tightly formed heads offer a physical barrier to seedstalk

development after its growth has been initiated (9) (27).

The combined influence of these two factors usually results in a

major portion of the seed being harvested from the earlier bolting

heavier seed producing plants. Thus a natural selection is set up de-

feating the original purpose for which these varietieS'were developed.

Two possible solutions are suggested: (1) by some physiological or

chemical means not transmittible to the progeny, to bring about an earli-

er differentiation of the floral primordia or seedstalk initials, and

(2) to prevent the development of, or overcome, the effect of the tight

head as a physical barrier.



REVIEW OF LITERATURE

Studies of the effects on plants of such factors as vernalization,

temperature, photOperiod and growth regulators may be termed, in general,

studies of the developmental physiology of plants. Investigations of

such phenomena are said to have begun with the experiments of Klebs (24)

(59) which were concerned with the control of growth and deveIOpment by

appr0priate adjustments of two decisive factors of the environment,

temperature and light. Since that time there have been periodic surges

of interest in single factors or in the interactions of various factors

influencing the deveIOpment of plants. Advancements in the study of the

flowering phase of development, however, have, in the Opinion of Gregory

(13) been determined by three recent researches: first, Gassner's work

(11) concerning the exposure of germinating cereal seeds to low tempera-

tures, secondly, the discovery by Garner and Allard (10) of the import-

ance of the duration of alternate light and dark periods in controlling

flowering and, thirdly, the isolation by Went (59) of plant hormones

controlling extension growth and meristematic activity.

The first recorded studies of low temperature effects on floral

initiation appear to pro-date the work of Klebs and Gassner. In 1857

J. H. Klippart (16) reported:

”To convert winter into spring wheat nothing more is necessary than

that the winter wheat should be allowed to germinate slightly in the

fall or winter but kept from vegetation by a low temperature or freezing

until it can be sown in the spring".

Later, Gassner, in 1918 (11), sowed seeds of cereals in sand at different

dates and subjected them to temperatures of from 1° to 24° c during



germination. Gassner's data indicate that plants germinated at a low

temperature reached the bolting stage more rapidly and more regularly

than those germinated at higher temperatures. The term "vernalization“,

however, in reference to the chilling of seed became known to the English

speaking world only with the revived interest in temperature effects

following the publication (in Englidh) of the work of Lysenko and his

associates at the Institute of Plant Breeding and Genetics at Odessa

(24) (59).

Rudorf and Stelzner (50) in 1954 noted that lettuce plants grown

from seedlings exposed immediately after germination to a temperature

of -5°C for a period of 10 days Showed a very perceptible retardation

in growth rate as compared to plants exposed for 10 days to {5°C. In-

vestigations conducted at Cornell University from 1955 to 1957 (17) by

Knott gt 3}, indicated that exposure of germinating lettuce seed to a

temperature of 40°F for a period of 20 days resulted in more rapid seed—

stalk development than any of the lower temperatures used. Plants from

seed so treated failed tijroduce as many good heads as plants subjected

to other treatments, and the tendency to form an open rosette of leaves

indicated that 10 to 20 days at 40°F had vernalized the lettuce seed

and stimulated the reproductive process. Twenty days at 40°F also

appeared to be more effective than 10 days at 40°F.

In studying the possibilities of applying phasic develoPment to

plant breeding, Reimers in 1958 (59), working in the laboratory of

Physiology of the U.S.S.R. Research Institute of vegetable Production,

subjected germinating seeds of four varieties of lettuce to a tempera-

ture range of from 2.5 to 5°C for periods of 10, 20 and 50 days, respect-

ively. Vernalization for 10 days was apparently sufficient to accelerate



bolting of one of the four varieties but the other three were not able

to complete what Reimers termed their 'thermoephase' in ten days. He

concluded that the variety 'Ideal"was able to pass its thermo~phase in

10 days but the three other varieties required about 20 days. When

green plants, at the stage of formation of the first true leaf were sub-

jected to temperatures of from 2.5 to 5°C, both the growth and shooting

of the lettuce plants were slowed down. Reimers concluded that lettuce

can be vernalized only at the stage of germinating seeds.

More recently two crisphead types of head lettuce, Imperial D and

Imperial 847, were vernalized.by Gray (12). Seeds previously soaked

for one day were placed in a 490 refrigerator for 28, 42, and 56 days

respectively. There were no important differences in flowering res-

ponses among treatments. Some difficulty was encountered, however, in

keeping the material alive for the longer periods. Plants from treat—

ed seed produced seedstalks 2 to 5 weeks earlier than the controls.

Similar results were obtained by Simpson (31) who vernalized the

variety ”Ideal“ at 2 to 8°C for 16 days and.obtained flower stalks 20

days earlier than from the controls. Simpson.mentions the affect on

heading similar to the observations made by Knott gt 2} (17). Plants

from the vernalized seed remained in the hearted condition only 4 or 5

days while the controls remained in the hearted condition approximately

26 days.

Warne in 1947 (58) varied the soaking period prior to cold treat-

ment. Those seeds subjected to his treatment 'V' were soaked 24 hours

before being held at O to 490 for 24 days; those subjected to treatment

'VS' were soaked for 72 hours before being given the same cold treatment.

Plants of treatment 'V' bolted approximately 10 days before plants from



treatment 'VS'. warns (58) concluded that vernalization treatment after

the radicle appears is much less effective than treatment commenced

after the seed had swollen for only 24 hours and before germination had

begun. Thompson and Kosar (55) investigating the possibilities of vern-

alizing the variety Sldbolt to facilitate seed production obtained no

significant differences between vernalized and non-vernalized plants.

They concluded that,

"At no time in the development of seed stems was it possible to

visually detect a definite difference in bolting between vernalized

and check plots.”

Milthorpe and Horowitz reviewing effects of environmental condi-

tions on a number of crops (23) state that there are differences in

the behavior of varieties of lettuce as regards head and seed formation.

Flowering in some varieties of lettuce is initiated by low temperatures

while in other varieties it is brought about by high temperatures.

Exposure to low temperature for 10 to 20 days at 40°F during germina-

tion and early growth stimulates seed stalk production if such condi-

tions are followed by high temperatures and long photoperiods.

Photoperiodic effects on lettuce have also been studied by other

workers, as a single factor and in conjunction with growing tempera-

tures. Arthur and Guthrie (l) in 1926 studying the effects of carbon-

dioxide, light, and temperature on flower and fruit production conclud-

ed that lettuce flowers under long days (exceeding 12 hours). In 1931

Bremer (5) reported that winter and spring lettuce varieties are unable

to form heads in summer because of the long days. Forcing lettuce

“Golden Queen! and spring lettuce 'May King“ grown under 17 - 18% hours

of daylight bolted in 50 to 56 days without forming marketable heads.

When given a twelve hour day, fine, firm heads were formed and the



plants bolted in 75 to 80 days. Under a 9-hour day satisfactory heads

were formed and bolting occurred in 85 to 90 days. Plants sdbjected to

only 6 hours of light produced some loose 'knittings', others only

leaves, and 107 to 117 days were required to reach the bolting stage.

The summer types of lettuce, e.g. Tom Thumb, Rudolph's Favorite, were

not influenced in time of bolting by length of day. Bremer and Crane

(4) in attempts to apply the variation in daylength to study of genetic

differences between winter, spring, and summer fonms of lettuce selected

plants from the variety I'Kaiser Treib' which produced seedstalks during

a short day or long day but formed rosettes only during a short day.

Using the White Boston variety of butterhead type lettuce Thompson

and Knott (34) obtained data which showed most satisfactory head forma-

tion at a 60 to 70°F range in temperature. Under greenhouse conditions

a temperature range of 70 to 80°F prohibited head formation even with a

short daylight period (10 to 12 hours). Only open rosettes were formed

at the high (70 to 80°F) temperature and plants bolted one month earlier

than those grown at 60 to 70°F. Increasing the length of day did not

appear to hasten the initiation of seedstalks but seedstalks elongated

more rapidly under a long photOperiod than under a normal day.

Reimers (39) analyzed light requirement in correlating photo-phase

and types of lettuce. One winter type, one summer type, and two inter-

mediate types of lettuce were exposed to light periods of (a) 10 hours,

(b) 14 hours, (c) sunrise to sunset, (d) during whole day plus continu-

ous illimination at night. Shortening the time of eXposure to light

greatly retarded shooting in the early (winter) varieties but, as was

also observed by Bremer (5), had little effect on the late (summer)

varieties. Reimers concludes that length of day exerts the strongest



influence upon the develOpment of lettuce.

Tincker (56) studying the influence of length of day on lettuce

concluded that although a higher temperature causes a more rapid growth

it does not cause the length of day factor to be ineffective in control-

ling the growth made, either vegetative or reproductive, and in control-

ling the preliminary stem elongation.

”The general principal, however, is established that varieties of

lettuce, as of numerous other plants already tested, show characteris-

tic responses to different periods of light which control the nature of

the growth made - vegetative and reproductive.“

The relationship of hormones to flowering of plants and the inter-

relationships among hormones, vernalization, temperature and photoperiod

are reviewed by Hamner (24) and by Whyte (39). Hamner credits Cailahjan

and Moskov for recognition of green leaves as the organs for the per-

ception of the phot0periodic stimulus which brings about flowering.

Hamner also states that so far as he is aware no one has yet substitut-

ed the application of pure substances or extracts of plant material for

vernalization. work by Melchers (22), however, indicates gyoscyamous
 

23533, which is ordinarily assumed to require vernalization, may be

induced to flower as the result of a stimulus received (by grafting)

from other flowering plants without the necessity of vernalization

treatment.

A number of workers have also reported recently on the influence

of synthetic growth regulators on flowering (8, 9, 20, 29, 37). Clark

and Wittwer (5) investigating the effect of certain growth regulators

on seedstalk development in lettuce and celery make reference to a

number of papers concerning the hastening or retardation of flowering

and to two papers in which synthetic growth regulators failed to affect

the date of flowering. The work of Clark and Wittwer will be more



fully examined later, in the discussion. Franklin (9) has reported data

on the use of certain growth regulators in an attempt to overcome the

seed production difficulties in some varieties of lettuce.

With the exception of investigations by Franklin (9) and Thompson

and Kosar (35), the work of those investigating the flowering of lettuce

appears to have stressed two points of view; First, that of the market

lettuce producer in an attempt to determine the optimum requirements

for a good.market crap, and second, that of the plant physiologist in-

vestigating the basic or fundamental processes of plant growth and

development. The investigations herein described constitute a further

study of the fundamentals of the flowering process and an attempt to

ascertain procedures and methods which would facilitate seedstalk

development and lettuce seed production.

Since the inception of these investigations, reports have been

published of two eXperiments in which increased seed production of

Great Lakes lettuce plants constituted the objective. Hawthorn and

Pollard (15) have investigated the possibility of selecting plants of

good market type on the basis of their capacity to produce seed and

M. T. Lewis (21) has removed the heads to promote seed production from

lateral branches arising from adventitious buds. The influence of var-

ious concentrations of maleic hydrazide on the bolting of lettuce has

recently been reported by Crafts gt_§l (8).



1.

2.

5.

4.

5.

6.

THE PROBLEMS FOR.INVESTIGATION

To determine whether lettuce plants will bolt, flower and produce

seed in a shorter time than usual if sprayed with varying concen-

trations of 2,4-dichlorophenoxyacetic acid (2,4-D).

To investigate the effect of soaking lettuce seed in 2,4—D on the

bolting and flowering of plants grown from the treated seed.

To check varying results by other workers on the effect of vernal-

ization on bolting and flowering of certain varieties of lettuce.

To ascertain whether crisp head varieties, such as Great Lakes

and Imperial 456, may be induced to set seed earlier by the process

of vernalization.

To study the comparative effectiveness of varying periods of

vernalization.

To determine the combined effects and interactions of growth

regulator treatments, vernalization, temperature and photoperiod

on the bolting and flowering of lettuce.
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GENERAL PROCEDURES

Growing plants:

Lettuce plants used in these tests were grown from seeds sown

in vermiculite placed in standard wooden, plant-growing flats.

Seeds were sown in rows 2' apart. In addition to regular watering,

at the time the first primary leaves appeared, seedlings were

given an application of 1 ounce in 2 gallons of water of a soluble

fertilizer composed of equal parts by weight of mono-potassium

and di-ammonium phosphate. Seedlings were 'pricked out' into

flats containing a mixture of two parts mineral to one part muck

soil. Plants were placed with 2' spacing each way. From the

flats, final transplanting was to 8-inch clay pots, a greenhouse'

ground bed, or field plots as required.

vernalizing seeds

Seeds for the vernalization treatments were placed in standard

petri dishes on two No. 429.0 c.m. Whatman filter papers previously

soaked in water or various solutions of growth-regulators. After

various periods of soaking at room temperature under natural light

conditions, the dishes were placed in the dark in a cold storage

room'with temperatures thermostatically maintained at 40°£ 2 F.

While in storage seeds were occasionally subjected to artificial

light of low intensity as it was necessary to place in, or remove

other material from the same storage.



Application of sprays:

Spray applications were made with quart size Sprayers Operat-

ing at about 50 lbs. air pressure. No spreaders were used. In

the greenhouse cardboard guards were used on each row to prevent

the drift of spray. In the wider Spacing in the fields, no guards

were used.

Accumulation and analysis of data:

Wherever possible, results were obtained on a basis of

measurement rather than Observation. Most of the data represent

actual counts or height measurements eXpressed in centimeters.

The analysis of variance method was used on both the randomized

blocks and split plot designs for determining differences.
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EXPERIMENTAL

I The Influence of Applications of 2,4-Dichlor0phenoxy-

acetic acid (2,4-D) Sprays on the Seedstalk

Development of 5 Varieties of Lettuce

Seeds of Great Lakes, Slobolt, and Grand Rapids lettuce were sown

March 5, 'pricked-out” march 25, and transplanted to a greenhouse .

ground bed on.April 16. The three treatments comprising the test were:

1. 5 ppm 2,4-D applied once.

2. 1 ppm 2,4-D applied twice.

5. Control plots to which no treatment was applied.

The three varieties were randomized within each of three replica-

tions, and the three treatments were randomized within each variety.

Single plots consisted of five plants. Spacing was 12! between plants

and 15'I between rows.

Five ppm of 2,4-D (treatment 1) was applied may 19 when the plants

were 77 days old. The first application of treatment 2 was also applied

on may'19 and the second application one week later, on may 26. Weekly

measurements of seedstalk elongation were initiated on may 28.

Results are presented in Table I. very hot weather resulting in

a number of diseased plants forced the abandonment of the test before

any appreciable results could be obtained from the Slobolt and Great

Lakes plants. Treatments made at a comparatively advanced stage of

deve10pment in the case of Grand Rapids, apparently had little effect

on seedstalk elongation. 0n the basis of this limited information and

the experience of Franklin (9), it was determined that the application



Seedstalk Development in Three Varieties of Lettuce

Table I

as Influenced by 2,4—D Sprays

 

 

 

 

 

=2:— *1

Date Seedstalk Lengths

Treatment of (Centimeters) Treatment

Measurement GreatfiLakes Slobolt Grand Rapids Mean

5/28 0.0 0.0 50.1 10.0

5 ppm 2,4-D 6/4 0.0 0.0 68.4 22.8

1 application 6/11 0.0 8.0 89.1 55.5

5/28 0.0 0.0 50.1 10.0

1 ppm 2,440 6/4 0.0 5.8 65.7 25.8

2 applications 6/11 0.0 9.4 89.5 52.9

, 5/28 0.0 0.0 29.0 9.7

Control (No 6/4 0.0 5.0 61.6 21.5

treatment) 6/11 0.0 9.8 85.0 51.6

Variety Mean 6/11 0.0 9.2 87.8
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of fugure sprays should be on the basis of growth develOpment rather

than on the basis of time subsequent to seeding.

14
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II The Effects of Various Concentrations of 2,4-Dichloro-

phenoxyacetic acid (2,4-D) Sprays Used in Single

and Double Applications on the Seedstalk

Elongation of Three Varieties of Lettuce

This experiment was designed to supplement or add to the results of

investigations reported by Franklin (9) as to the possibility of improv-

ing lettuce seed production by the application of growth regulators and

to obtain seed for a progeny test of the possible carry over affect of

growth regulators applied to the plant.

The seven treatments used in the experiment consisted of spray

applications as follows:

1. 10 ppm 2,4-D at large rosette stage.

2. 20 ppm 2,4-D at large rosette stage.

5. 40 ppm 2,4-D at large rosette stage.

4. 2 applications 1 week apart of 5 ppm 2,4éD.

5. 2 applications 1 week apart of 10 ppm 2,4—D.

6. 2 applications 1 week apart of 20 ppm 2,44D.

7. Control (not sprayed).

Three varieties of lettuce were used, Sldbolt, Great Lakes and

Imperial 456. Seeds for all treatments were seeded may 24. Plants were

set in the field July 7 and 8. The field design was a split plot type

with five replications. Within each replication three main variety

plots were randomized. Each varietal plot or main plot was comprised

of eight single row sub-plots of twelve plants each, providing a one

row plot for each treatment. Plots were three feet apart with 12'

between plants. Guard rows were set out on both sides of each replica-

tion. Three rows of Bibb lettuce were direct seeded around the plot

to serve as a trap crop for six spotted leaf hoppers (Macrosteles
 

divisa). As an additional precaution against leaf hoppers and the

dissemination of aster yellows disease, the entire area was sprayed on



July 8, 11 and 20 and.August 10, with 15% parathion wettable powder

(o-diethyl-p-nitrophenyl thionophosphate) at the rate of one half pound

per 100 gallons of water. Spray solutions of treatments 1 to 6 were

applied July 28 when a majority of the plants were judged to be in the

large rosette stage. Treatments 4, 5 and 6 were applied 1 week later

on August 4.

Data on Slobolt plants were recorded at later dates than those of

the two head lettuces and were not included in the main analysis. In

Table II are presented data showing a retardation of seedstalk deve10p

ment as a result of the application of 2,4-D sprays. On August 8, 11

days after the first sprays were applied and 4 days after the second

spray application, there were apparently no differences between the

treated plants and the control. By August 14, however, highly signi-

ficant differences had developed and these differences increased until

observations were concluded on.August 50.

The results with Slobolt variety were somewhat different as shown

in Table III. At no time during the period of Observation (Aug. 17 to

Sept. 20) were there significant differences among treatments. Treat-

ment 5 (40 ppm 2,4-D) apparently was too strong for the Slobolt variety.

Although several plants survived in replications l and 2, planted two

days earlier than the other three replications, all plants succumbed

in replications 5, 4 and 5.
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III Seedstalk Development of Grand Rapids Lettuce as Affected

by Various Spray Applications of

Three Growth Regulators.

The effects of a number of growth regulators on the bolting of let-

tuce have recently been studied (5) (8) (9). To obtain additional in-

formation concerning the effects of three of the newer growth regulators,

the following experiment was conducted. Seeds of Grand Rapids lettuce

‘were sown January 25, pricked out march 5 and transplanted April 10

directly to the groundbed of a greenhouse maintained at 50°F night temp-

erature. 0n may 15 when the plants were at a marketable stage but had

shown no symptoms of bolting, the sprays listed in Table IV were appli-

ed. The eight treatments were replicated four times in a randomized

block design. Single plots consisted of 5 plants.

When all plants had bolted, height notes of the seedstalks were

recorded. These records of seedstalk height are presented in Table IV.

The figures may indicate a tendency to more rapid elongation of

the plants to which growth regulators were applied but an analysis of

variance of the data showed no significant differences.



TafleIV

Effect of Various Concentrations of Three Growth Regulators

on Seedstalk Development of Grand Rapids Lettuce.

 

 

 

Treatment Average Seedstalk Length

(Centimeters)

l. 50 ppm Maleic Hydrazide 67

2. 100 ppm ' ' 62

5. 500 ppm " . ' 65

4. 100 ppm n. p. ChlorOphenylphthalamic acid 68

5. 500_ppm ' 65

6. 100 ppm Benzothiazol-2-oxyacetic acid 68

7. 500 ppm ' ” ' " 66

8. Control (No spray applied) 57

 



IV Percentage Germination of Three Varieties of Lettuce

as Affected by Soaking the Seed in Solutions of

2,4~Dichlorophenoxyacetic acid (2,4-D)

Prior to investigations involving the soaking of seed in various

solutions a preliminary study was made to determine whether the percent—

age germination of certain varieties of lettuce would be affected by

soaking the seed in various concentrations of 2,4-D. Seeds of Grand

Rapids, Slobolt, and Great Lakes varieties were placed in petri dishes

as described under General Procedures. The five treatments applied are

listed in Table V. The varieties were randomized within each of four

replications; treatments were randomized within each variety; and each

petri dish contained 50 seeds. Seeds began soaking at 4:00 p.m.,

march 25. Germination counts were made 42, 114, and 259 hours respect-

ively after soaking had begun.

In Table V data are presented which indicate a decreased rate and

percentage germination with an increased concentration of 2,4-D. 0n

the basis of these results it was concluded that soaking in 10 ppm 2,4-D

'would be impractical in subsequent experiments. Also shown in Table V

is the variation in response among varieties. Solutions of 5 and 10 ppm

apparently had a greater retarding effect on Grand Rapids than on Slo-

bolt and the greatest effect on Great Lakes.
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Table V

The Percentage Germination of Three Varieties of Lettuce

as Affected by Soaking the Seed in Different

Concentrations of 2,4-D.

      

 

 

Percentage Germination

Treatment of .1, . Treatment
So Great Lakes Sldbolt Grand Rapids M93“

42 0.0 0.0 0.0 0.0

259 5.5 50.0 17.5 17.0

42 0.0 0.0 0.0 0.0

5 ppm 2,4-D 114 000 000 0.0 0.0

259 4.0 65.5 55.5 41.0

42 1.0 0.0 15.0 4.7

1 ppm 2,4-D 114 15.5 55.0 71.0 46.5

259 55.0 85.0 95.5 70.5

42 59.5 75.5 95.5 76.2

0.1 ppm.2,4-D 114 74.0 79.5 98.5 84.0

259 79.0 82.0 99.0 86.7

42 72.5 81.5 91.5 81.8

Check 259 85.5 90.5 98.5 90.8

variety mean 259 40.6 69.8 75.2
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V Some Effects of Vernalization and Various Applications of

2,4rDichlor0phenoxyacetic acid (2,4-D) on the Bolting,

Flowering and Seed Ripening Dates of

Three Varieties of Lettuce.

(A series of treatments was designed (1) to check varying results

by other workers on the effect of vernalization on bolting, flowering

and seed ripening dates, (2) to determine whether hard headed or long

standing varieties, such as Great Lakes and Slobolt, may be induced to

set seed earlier by vernalization of the seed, (5) to ascertain whether

combined treatments of a growth regulator and vernalization would have

an accumulative effect upon hastening flowering, (4) to check the com-

parative effectiveness of vernalization for periods of two weeks and

four weeks, and (5) to determine the effect of soaking the seed in a

growth regulator on bolting and flowering.

The eight treatments used in the experiment were as follows:

1. Soaked in H20 24 hours and vernalized for 28 days.

2. Soaked in H20 24 hours and vernalized for 16 days.

5. Soaked in 2,4-D (1 ppm) 24 hours and vernalized for 28 days.

4. Soaked in 2,4—D (5 ppm) 24 hours and vernalized for 28 days.

5. Soaked in 2,4—D (1 ppm) 24 hours and not vernalized.

6. Soaked in H20 24 hours and vernalized for 28 days, plus 2,4-D

(10 ppm) in the field.

7. Soaked in H20 24 hours. Control 1.

8. 3m dry. COHtI‘Ol 20

Three varieties of lettuce were used - Slobolt, Great Lakes and

Imperial 847. Approximately 150 seeds were started for each treatment,

using two petri dishes with 75 seeds per dish. Seeds for treatments 1,

5, 4 and 6 began soaking at 1:50 p.m., April 25, and.were removed at

1:45 p.m., April 24, to a 40°F storage room. Seeds for treatment 2

began soaking may 5 and were placed in the cold room May 6. Treatments

5 and 7 were initiated may 20.
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Seeding and field setting dates were three days earlier than in

EXperiment II.

Field plot design and plant growing procedures were the same as in

the second experiment.

weather conditions prevented the spraying of treatment 6 at the

proper stage. As a result, treatments 1 and 6 thus were identical.

Rather than discard one of them, observations and analyses were made on

both treatments to serve as a check on technique and design. Analyses

showed no significant differences between treatments 1 and 6.

Recordings of seedstalk elongation were made from August 8 to Aug-

ust 50 on the Great Lakes and Imperial 847 plants and from August 25 to

September 20 on the Slobolt plants. measurements were made from ground

level to the growing tip in the early stages of the experiment. As

flower buds began to form, the measurements were made from ground level

to the highest bud or flower. Data were also recorded as to the time of

appearance of flower buds, flowers, and the feathering-out stage.

As in Experiment II, data on the Sldbolt plants were not included

in the main analyses. Also omitted from the main analyses were treat-

ments 5 and 4. Too few plants survived the 5 ppm 2,4-D plus 28 days

vernalization of treatment 4 to justify field setting. The combined or

additive retarding effects of these two treatments on early vegetative

growth apparently was too strong for the seedlings to survive. Sldbolt

and Imperial 847 also failed to grow after the soaking in 1 ppm 2,46D

and 28 days vernalization of treatment 5. Comparisons of the seedstalk

elongation of the remaining six treatments at various dates are presented

in Table VI.
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On August 8, thirty-five days after field setting, plants from the

vernalized seed (treatments 1, 2 and 6) had deve10ped seedstalks approxi-

mately three times the height of the control plants. Plants from seed

soaked overnight (treatment 7) had elongated only half as rapidly as the

others grown from vernalized seed but still showed a highly significant

increase over the control plants grown from dry seed in the customary

manner. There was no significant difference between the 1 ppm 2,4-D

soaking of treatment 5 and the soaking in water of treatment 7. The»

vernalized plants maintained their significant margin in seedstalk length

between the period August 25 to August 26. ~Those soaked overnight main-

tained their height advantage until August 17.

The data in Table VI indicate no apparent advantage for 28 days

vernalization over 16 days vernalization. There was actually more varia-

tion between the two sets of supposedly identical plants of treatments

1 and 6 than between treatments 1 and 2. Figures 1 and 2 show that the

differences between the vernalized plants of treatments 1 and 2 and the

non-vernalized plants of treatments 6 and 7 were plainly visible in the

field.

Data in Talfle VI also appear to indicate a leveling-off among treat-

ments at later dates. This was not the case. As the plants approached

their maximum height the length of seedstalk ceased to be a justifiable

method of comparison. In later stages of reproduction the plants devel-

Oped more laterally as their vertical deve10pment slowed down. The

stage of floral deve10pment thus became a more accurate basis for com-

parison.

As the flowering and ”feathering out" data in Table VII show, treat-

ments 1, 2 and 6 maintained a decided margin in stage of deve10pment



Figure l.

 
Field grown plants of Experiment V. left, seed vernal-

ized in water 28 days (treatment 1); right, seed vern-

alized in water 16 days (treatment 2).
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Figure 2.

 
Field grown plants of Experiment V. Left, control

plants (treatment 8); right, seed soaked over-

night in water (treatment 7).
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when recording of data was terminated on September 16.

Variations in varietal response are shown in Table VIII. Vernaliz—

ing the seed apparently had a greater effect on the slow bolting Great

Lakes than on Imperial 847, while soaking without the addition of cold

treatment was more effective on Imperial 847. Vernalization of Great

Lakes brought the reproductive phase of the variety to approximately the

same level as the earlier bolting Imperial 847. .A considerably greater

difference existed between the non-vernalized plants of the two varieties

than between the vernalized plants.

Analysis of observations made on the performance of the Slobolt

plants coincides very closely with the results Obtained with Great

Lakes and Imperial 847. The results are presented in Table IX.
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VI The Influence of Various Seed and Foliage

Treatment on the Seedstalk Elongation

of Great Lakes Lettuce.

As a further test of treatments similar to those in Experiment V,

seven seed treatments were applied to Great Lakes lettuce as follows:

1. Seed soaked in H 0 until radicles just emerged then

vernalized for 18 days.

2. Seed soaked in 1 ppm 2,4-D to same stage as treatment 1

then vernalized 17 days.

5. Seed soaked in 1 ppm 2,4-D only.

4. Seed soaked in H 0, vernalized 18 days plus plant foliage

spray of 5 ppm 2,4-D.

5. Seed soaked in 1 ppm 2,4-D, vernalized 17 days plus plant

foliage spray of 5 ppm 2,4PD.

6. Seed soaked in 1 ppm 2,4-D plus plant foliage spray of

5 ppm 2,4PD0 .

7. Control plants, seed sown dry and plants grown in the

customary manner.

0n the basis of results obtained by Thompson and Knott (54) plants

were grown in the greenhouse at night temperatures of 600 to 70°F.

Five eight inch pots were sunk in the greenhouse ground bed for each

treatment. Seeds for all treatments were sown October 15 and the plants

requiring spraying were sprayed January 11th when they were in the

early rosette stage. Treatments were randomized within each of four

replications. measurable seedstalks were in evidence on plants of

treatments 1, 2 and 4 as early as February 12 but it was almost one

month later before sufficient stalks were visible to justify recording

measurements in treatments 5, 6 and 7.

In Table X data are recorded.which indicate significant differences
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in seedstalk development. As was the case in EXperiment V, a number of

the seedlings did not survive the 1 ppm 2,4-D plus vernalization of

treatments 2 and 5. To obtain a sufficient number of seedlings for one

complete treatment, treatments 2 and 5 were combined and continued as

treatment 2.

Only those seedstalks from the treatments involving vernalization

elongated at an earlier date than those of the control. No significant

differences were apparent among the vernalized treatments on March 12

but by March 51 treatment 4, Sprayed with 5 ppm 2,4-D, had deve10ped

seedstalks significantly higher than treatments 1 and 2 and by April 15

the difference was highly significant. Soaking the seed in 2,4-D ap—

peared to counteract the effect of vernalization. A comparison of the

effects of the 5 ppm 2,4-D Spray on treatments 4 and 6 is interesting.

Treatment 4 soaked in water and vernalized, developed more rapidly after

seeding than treatment 6 which had been soaked in 1 ppm 2,4-D and not

vernalized. On January 19 when the spray was applied, plants in treat-

ment 4 were further developed than those of treatment 6. (It might be

noted that as early as January 9, before any data were taken, plants in

treatments 1 and 4 were noticeably larger than those in any other treat—

ment.) The data in Table I suggest that 5 ppm 2,4-D applied at the

later stage of growth of plants (treatment 4) had an accelerating effect

on seedstalk elongation or initiation while the same treatment applied

at an earlier stage of growth (treatment 6) had a retarding effect. The

accelerating effect of treatment 4 and the retarding effect of treatment

6 are discernable when each is compared with its non sprayed counterpart

- treatments 1 and 5, respectively (Table I).

Figures 5 to 7 demonstrate pictorially some of the differences
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Table I

Seedstalk Elongation of Great Lakes Lettuce

as Affected by Vernalization and Treat-

ments with 2,44D.

- -1. .__-___— _,_____.___,__._-._ _.__._._-‘__—
  

    ...~—.—— ——4 - , ~-

Seedst

 

 

Treatment (Centimeters)

mar. 12* Mar. 51 AprI_15

1. H20 ,1 Vern. 21.7 56.9 85.8

2. 1 ppm 2,4-11 ,l Vern. 16.7 57.1 70.0

5. 1 ppm 2,4-D 6.2 14.4 52.7

4. 520 / Vern. ,l 5 ppm 2,4-11 spray 24.7 71.7 117.2

6. 1 ppm 2,4-D { 5 ppm 2,4-D spray 5.4 8.4 24.1

7. Control 0.8 5.4 17.1

Difference Required for Significance

5% 7.6 15.5 21.6

1% 10.4 17.9 29.5
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presented in the data of Table X. In Figure 5 may be seen the character-

istic loose, open type of growth of the vernalized plants compared with

the close, well formed, more typically Great Lakes, head of the check

plant. At the time the photographs were taken (march 8) it was thought

that the slower deve10pment of plants in treatment 2 compared to treat-

ment 1 was visible. Although the data in Table X bear out this observa-

tion, subsequent analysis indicates no significant difference in seed-

stalk elongation between the two treatments. There appeared to be no

modification in form of leaf or plant characterizing the 2,4—D soaking

of treatment 2 as compared with treatment 1. When 2,4-D was applied

in the form of a 5 ppm spray, however, modifications of both the leaf

and plant enabled observers to distinguish sprayed plants from those

not sprayed. A reduction in vegetative growth accompanied.by curling

and twisting of leaves and petioles is evident in the middle plant of

Figure 4 and the plant on the left in Figure 6. The malformation was

most noticeable on plants of treatment 6, which received a I'double dose”

of 2,4-D (soaking of seed plus the application of spray to plants). An

example of this extreme effect on form is seen in the middle plant of

Figures 5 and 6. Figure 7 taken almost five weeks later, on April 15,

shows the advanced stage of growth reached by vernalized plants while

seedstalks of many of the check plants had not yet escaped the tightly

formed heads. The forms of the two inflorescences in Figure 7 were

thought to be somewhat characteristic of treatments 1 and 4 but recent

work by Lewis (21) and Hawthorn and Pollard (15) indicates there is

considerable variation in type and quantity of inflorescence within the

variety.
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Figure 7.

 
Greenhouse grown Great Lakes lettuce plants of

Experiment VI. Left, seed vernalized in water,

plant sprayed with 5 ppm 2,4—D (treatment 4);

center, plant subjected to vernalization only

(treatment 1); right, cheek plants - no seed

treatment, no spray (treatment 7).

41
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VII A.Comparison of the Influence of Certain Vernalization

Methods and the Application of maleic Hydrazide

on the Seedstalk Elongation of Two

Varieties of Lettuce.

During the course of the preceding experiments a problem of signi-

ficant practical importance arose in the sowing of vernalized seed. In

each of the experiments involving vernalization a certain amount of

seedling growth occurred during the cold treatment period. This growth

made sowing of the vernalized seed very difficult. To provide a some-

what more practical method of vernalizing seed, therefore, and to verify

the work of Reimers (59) and Werne (58) relating to stage of development

at time of treatment, an eXperiment was designed to compare several

possible methods of vernalization with the one used in the earlier ex-

periments. In addition to the cold treatments and as_a result of the

current interest in the effect of maleic hydrazide on plant deve10pment

(8, 26, 28, 41), concentrations of maleic hydrazide were applied in the

form of sprays to a number of the lettuce plants. Nine treatments were

applied to each of two varieties of lettuce. Plots were laid out in a

randomized block design with 5 replications. Spacing and single plot

size were the same as for EXperiments II and V the previous year.

Treatments 1 to 9 were applied to the variety Great Lakes. Treatments

10 to 18 designate the same treatments applied to Imperial 456. Treat-

ments were as follows:

1. Seed placed in petri dishes as in General Procedures and

removed to 40°F storage immediately.

2. Seeds remained in petri dishes at room temperature until

seeds had swollen but radicle had not yet emerged - a

period of 18 hours (5 p.m. to 9 a.m.) - and.were then

removed to 40°F storage.



43

5. Seeds were removed to storage just after radicles had emerged

- a period of 22 hours (5 p.m. to l p.m.).

4. Seed sown directly into flats of 2 parts mineral to 1 part

muck soil. The flats remained in a greenhouse with a night

temperature of 60°F for approximately 48 hours and were then

removed to the 40°F room. No seedlings had emerged from the

soil at the time.

5. As in 4, but the flats remained in the greenhouse until seed-

lings were just breaking through the surface of the soil ——

a period of approximately 68 hours -— before being removed to

the 40°F room.

6. Flats removed to 40°F room when seedlings were 2 to 5 cm. high

- 5% days after seeding.

7. Seed sown dry in the usual manner and plants sprayed with

50 ppm maleic hydrazide when they reached the early cluster

stage.

8. Plants sprayed with 25 ppm maleic hydrazide when they reached

the early cluster stage.

9. Control plants raised from seed sown in the customary manner.

Vernalization treatments were begun.April 25. Seeds vernalized in

the soil were watered once during cold treatment, on may 17. All vernal-

ized seeds were removed from the 40°F room may 28. Seedlings in the

petri dishes were transferred to flats containing soil and the non-

vernalized seeds of treatments 7, 8, 9, 16, 17 and 18 also were seeded

in soil. Plants were set in the field July 17 and the maleic hydrazide

sprays were applied August 17.

A number of plants in the vernalized treatments had bolted by Aug-

ust 16. Records of seedstalk length were taken August 24 when most of

the vernalized stocks had bolted. A further check on September 4 showed

that plants sprayed.with maleic hydrazide and the control plants still

were showing no signs of bolting. In Figure 8 may be seen the typical

firm heads of the check plants approaching the marketable stage while

the vernalized plants had already produced considerable seedstalk growth



with very little tendency to form heads. A comparison of the seedstalk _

lengths recorded.August 26 is presented in Table XI.

As no seedstalks had deve10ped on the control plants or on those

sprayed with maleic hydrazide, their nil seedstalk lengths were not

included in the analysis of variance. It would appear from the data

in Table XI that vernalization of seed sown in soil is apparently not

only as satisfactory as the laboratory technique but if the cold treat—

ment is applied in the early stages of germination the results are even

more desirable. Treatments 6 and 15 indicate a decrease of the vernal-

ising effect if seedlings developed past emergence rather than germinat-

ing seeds, or emerging seedlings, are exposed to low temperature treat-

ment.



Figure 8.

 
Field grown lettuce plants of Experiment VII.

Above, plants from vernalized seed showing

typical open leafy growth; below, control

plants showing head formation more typical

of the Great Lakes variety.



Table XI

The Effect of various Vernalization Methods and Spray Application

of maleic Hydrazide on the Bolting of

Imperial 456 and Great Lakes Lettuce.

 
 

 

 

 

 

 

Treatment Average Seedstalk Length

(Centimeters)

‘ Great Lakes

1. Petri dish, 40°F 1 54.4

2. Petri dish, swollen 40°F 54.8

5. Petri dish, radicles, 40°F 34.5

4. Soil, none emerged, 40°F 44.7

5. Soil, Just emerged, 40°F 45.3

6. Soil, seedlings, 40°F ' 26.6

7. 50 ppm Maleic Hydrazide 0.0

8. 25 ppm Maleic Hydrazide 0.0

9. Control 0.0

Imperial 456

10. Petri dish, 40°F 49.5

11. Petri dish, swollen.40°F 45.4

12. Petri dish, radicles, 40°F 55.7

15. Soil, none emerged, 40°F 58.4

14. Soil, just emerged, 40°F 1 57.9

15. Soil, seedlings, 40°F 27.2

16. 50 ppm Maleic Hydrazide 0.0

17. 25 ppm Maleic Hydrazide 0.0

18. Control 0.0

Difference Required for Significance 5% 7.8

I I I I! 1% 10. 4
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VIII The Elongation of Seedstalks of Grand Rapid Lettuce as

Affected by Soaking the Seed in 2,4rDichlorophenoxy-

acetic acid (2’4PD) Prior to Harvesting from the

Parent Plant

That vernalization of the embryos of certain cereals can take place

while the seed is still on the parent plant has been observed in nature

by Kostjucenko and Zarubailo (18) and demonstrated experimentally by

Gregory and Purvis (14). As demonstrated earlier in the present ser-

ies of experiments treatment of germinating seed with 2,4-D has been

shown to affect seedstalk elongation of lettuce. Accordingly an in-

vestigation of the possible effects of treating lettuce seed while

still on the parent plant, was initiated. The seed bearing inflores-

cences of greenhouse-grown Grand Rapids lettuce plants were dipped

momentarily into beakers of 2,4-D at concentrations of 1 ppm and 5 ppm.

Plants dipped into beakers of distilled'water served as controls for

comparison.

Developing seeds were treated when approximately 50 per cent of

the inflorescences had feathered out. Inflorescences of three plants

were used for each treatment. Seeds were harvested at maturity and a

composite sample from the three plants of each treatment was seeded

January 25. Plants were pricked out march 5 and transplanted.April 10

to the ground bed of a greenhouse held at 50°F night temperature. The

three treatments were replicated five times in a randomized block

design and single plots for each treatment consisted of four plants.

A comparison of the stalk lengths of plants from each treatment

may be made from data presented in Table III. Analysis of variance

indicates a significant increase in seedstalk length of treatment with



Table XII

Seedstalk Elongation of Grand Rapids Lettuce Plants

as Affected by Soaking the Seed in 2,4PD Prior

to Removal from the Parent Plant.

 

Seedstalk Lengths

 

 

Treatment (Centimeters)__

Rep. 1 Rep. TRep. 5 Rep. 4 Rep.5 Mean

1 ppm 2,4-D 52.0 56.0 55.0 43.5 57.5 52.4

Control (Distilled water) 59.0 59.0 71.0 51.7 59.0 59.9

Difference Required for

Significance 5% 6.7

Difference Required for

Significance 1% 9.6

 



5 ppm 2,4-D over treatment with 1 ppm 2,4-D, but no significant dif-

ference between 5 ppm and the distilled.water check. A significant

difference is also indicated in the decreased seedstalk length of the

1 ppm 2,4-D treatment compared to the control.



II The Flowering Response of

As indicated in the review of

been made to determine the effects

alization on flowering of lettuce.

by Vernalization, Growing Temperatures,

Photoperiod and Chemical Treatment.

50

Great Lakes Lettuce as Influenced

literature a number of studies have

of temperature, photoperiod and vern-

There have been few investigations,

however, concerned with these three factors singly, and interacting,

and no work has been reviewed in which the interacting effect of growth

regulators with temperature and photOperiodic responses has been includ-

ed. A.greenhouse eXperiment was designed, therefore, to determine some

of the effects of temperature, photoperiod, vernalization, and growth

regulators on the bolting and flowering of lettuce.

were formulated as follows:

1.

2.

5.

4.

5.

6.

7.

8.

Eight treatments

Plants from seed vernalized 26 days were grown at 50°F night

temperature and 9 hour photOperiod.

Plants from seed vernalized 26 days were grown at 60°F night

temperature and 9 hour photOperiod.

Plants from seed vernalized 26 days were grown at 50°F

temperature and 15 hour photoperiod.

Plants from seed vernalized 26 days were grown at 60°F

temperature and 15 hour photOperiod.

Plants grown from non-vernalized seed under conditions

treatment 1.

Plants grown from non—vernalized seed under conditions

treatment 2.

Plants grown from non-vernalized seed under conditions

treatment 3.

Plants grown from non-vernalized seed under conditions

treatment 4.

night

night

of

of

of

of

Plants grown under short day conditions were exposed to 9 hours of
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daylight (8 a.m. to 5 p.m.). Those grown under long days were subjected

to fifteen hours of light (normal day length supplemented by artificial

lights). Growing temperatures of 50° and 60°F were maintained only at

night.

Seeds to be vernalized were soaked in water for 24 hours beginning

December 29 and were removed to cold storage December 30. Seeds of all

treatments were sown in vermiculite January 25, 'pricked out" March 1,

and potted April 8. The Great Lakes variety was used. To facilitate

the transfer between the light and dark rooms, required in exposing

plants to varying day lengths, pots were placed on portable tables.

Four replications of the eight main treatments were used. The main

plots consisted of six plants each and were split into two subplots of

three plants each. One complete set of subplots was sprayed with 5 ppm

2,4-D when a majority of the plants were at the early rosette stage

(May 9). The remaining subplots served as the unsprayed checks.

Lengths of seedstalks were recorded on June 4, June 25, and July 14.

The test was then discontinued because high outdoor temperatures pre-

vented proper control of indoor temperatures.

The effects of four interacting factors - vernalization, tempera-

ture, photOperiod and 2,4—D - on plant development are shown in

Table XIII. Both vernalization and the application of 2,4—D spray in-

creased the seedstalk length. The effect of each such treatment was

more clearly evident in the absence of the other, however. Greater dif-

ferences were apparent between vernalized and nondvernalized plants

given no Spray treatment than between vernalized and non-vernalized

sprayed with 5 ppm 2,4—D. Greater differences were also apparent be-

tween sprayed and non-sprayed plants that had not been vernalized than
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between sprayed and non-sprayed that had been vernalized.

Although the differences were not all significant there is a strong

suggestion that the 60°F night temperature favors earlier seedstalk

elongation than does the 50°F night temperature. Exposure to 15 hours

of light resulted in more rapid deve10pment of seedstalks than expos-

ure to 9 hours of light. The advantages of a long day for seed produc-

tion appear to be more pronounced on plants grown from vernalized seed

than from plants grown from non-vernalized seed. The additive effect of

high temperature, long days and vernalization are indicated in a com-

parison of treatment 4 with any of the other treatments. It would

appear that the application of any one treatment promoting seedstalk

development is not as effective as applying various combinations. The

variable results obtained from spraying the vernalized plants with 2,4-D

do not justify interpretation of the value of 2,4-D in effecting additive

results in combination with vernalization, long days and high tempera-

tures.
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DISCUSSION

The effect of certain growth regulators on flowering of lettuce has

received the recent attention of Clark and Wittwer (5), Crafts gt_§l_(8)

and Franklin (9). In 1946 and 1947 Franklin (9) studied the effects of

spray applications of a number of growth regulators. His objective was

to induce sufficient epinasty of the lettuce leaves to prevent the usual

compression of leaves or to cause headed plants to be less compressed

thus permitting the release of the seedstalk. A number of growth re-

gulators of varied concentrations were applied at three stages of devel-

Opment. In the 1946 eXperiment p-chlorophenoxyacetic acid at 100 ppm

produced results closest to those desired. Where it was used, heading

was almost entirely prevented and seedstalks, slightly dwarfed but

otherwise normal, appeared and bore viable seed. In the 1947 experiment

the ammonium salt of 2,4-D at 20 ppm produced the best results of both

years. The concentrations of this substance in the previous year's

experiment had been high enough (50 ppm and higher) to cause the death

of many plants. Results of both the 1946 and 1947 experiments indicated

that the most desirable stage for application of the sprays was that_of

a large rosette with enfolding of the leaves just starting. Although

Franklin (9) reports promising results with 20 ppm of the ammonium salt

of 2,4-D, results with 2,4—D in the present investigations were not con-

elusive.

In Experiment II where 2,4-D sprays were applied to Great Lakes

and Imperial 456 at the rosette stage recommended by Franklin (9), a

significant retardation of seedstalk development was obtained. 'With



55

the leaf lettuce Slobolt, there were no significant differences in seed-

stalk development. In Experiment VI (Table X) a 5 ppm spray application

of 2,4-D resulted in significantly earlier seedstalk elongation of treat-

ment 4 as compared to treatment 1, but there was no significant differ-

ence between the sprayed.plants of treatment 6 and the non-sprayed

plants of treatment 5. Plants grown from non-vernalized seed in Experi-

ment IX to which 5 ppm 2,4-D was applied produced seedstalks earlier

than the plants which did not receive such treatment as indicated in

Table XIII. Results of the preliminary greenhouse work described in

Experiment I show no significant differences in seedstalk development

between sprayed and non-sprayed plants. Clark and Wittwer (5) indicate

that 2,4-D hastened seedstalk elongation if applied to 8 to 12 week old

plants. They also report a greater effect for repeated than for single

applications.

The lack of agreement in results as just outlined appears to justi-

fy consideration of why results do vary and what factors may be respons-

ible for such variation. First, the concentrations of the growth re-

gulators used will be considered. In 1946, Franklin (9) applied the

ammonium salt of 2,4PD at concentrations of 50, 75, 100 and 150 ppm.

Even at the lowest concentrations many of the treated plants died. In

1947 using 10, 20, 50 and 40 ppm of the same material, Franklin (9)

Obtained his best results with 20 ppm. Clark and'Wittwer (5) in their

first experiment, using 5 ppm 2,4~D, obtained seedstalks significantly

longer than those of the control. In their second experiment, using

10 ppm 2,4-D, they obtained significant differences through to date of

blossom bud appearance on Grand Rapids plants but with the Imperial 456

plants a significant difference in seedstalk length was recorded on one
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date only. In the present studies no significant differences were ob-

tained using 5 ppm 2,4-D on the Grand Rapids variety (Table I). Signifi-

can retardation at all concentrations is indicated in Table II, EXperi-

ment II, and no significant differences are indicated in Table III. In

EXperiment VI, a 2,4-D spray of 5 ppm favored seedstalk elongation in

one case (treatment 4 over treatment 1) and had no significant effect in

another (treatment 6 not significantly different from treatment 5) while

in Experiment IX (Table XIII) an application of 5 ppm 2,4—D increased

the earlier seedstalk deve10pment of non-vernalized plants and had little

or no effect on the vernalized plants. With such evidence as just out-

lined, we may be justified in assuming that the concentration of 2,4AD

within a non toxic range is not the major factor determining its effect-

iveness in influencing seedstalk elongation of lettuce. Coincident with

the experiments herein described Crafts and his cadworkers (8) were in-

vestigating the effects of maleic hydrazide on a number of crops and

weeds. In 1950 they reported (8) that severe bolting of lettuce plants

resulted when 1000 ppm maleic hydrazide was applied and that 2000 ppm

resulted in stunting of the plants.

Second, let us consider the effect of stage of growth or, as this

writer would suggest, the 'morphological age'* of the plant at time of

2,4-D application. In Clark and Wittwer's study (5), applications were

made on the basis of days from seeding only, thus their results would

have little significance in this phase of the discussion. Franklin (9)

reports that in both his 1946 and 1947 experiments, most satisfactory

* In reference to the actual visible stage of growth of the plant

in contrast to 'physiological age“, referring to physiological

deve10pment within the plant not neceSsarily visible to the

Observer.
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results were obtained by applying sprays when plants were in the large

rosette stage, with enfolding of the leaves just starting. In the ex-

periments of the present series involving spray application of 2,4—D,

EXperiment II, VI and IX, the plants were treated when a majority were

at the rosette stage preferred by Franklin (9) and the remainder in a

somewhat earlier stage. As was the case with the first factor consider-

ed, response varied among plants apparently treated at approximately the

same visible stage of growth.

A third factor involved in the response to Spray application of

growth substance is the number of days from seeding. To present a com-

parison of the effects of the number of days from seeding to spraying in

each group of eXperiments, a summary is presented in Table XIV.

A comparison of Emperiment I (Andrew) with Experiment 2 (Clark and

Wittwer) shows an increase in seedstalk development with 10 ppm 2,4-D

applied at 77 days and no effect with 5 ppm at 77 days. The same variety,

Grand Rapids, was used in both experiments. The variety Slobolt showed

no response to 5 ppm 2,4-D applied at 77 days or to 10, 20 or 40 ppm

applied at 65 days. Plants of Imperial 456 treated with the 10, 20,

and 40 ppm applied at 65 days were significantly retarded in their seed-

stalk elongation while treatment with 10 ppm at 65 and 77 days may have

given a slight increase. As with Imperial 456 and in contrast to re-

sults with Slobolt, the Great Lakes variety was retarded by sprays of

10, 20 and 40 ppm 2,4-D at 65 days. The work of Crafts 32 a; (8) in-

dicated that when maleic hydrazide was applied, more mature plants were '

less severely affected. Great Lakes has given increases, however, when

sprayed with:

5 ppm 2,4-D at 94 days,

50 ppm NH4 Salt 2,4-D at 47 days

20 ppm NH4 Salt 2,4-D at 77 days
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Such information may suggest a modification of Clark and Wittwer's state-

ment (5),

“In general when any of these substances (including 2,4-D) was

applied to 8 to l2aweek-old lettuce plants, seedstalk elongation was

hastened, the effect being greater for repeated than for single appli-

cations.”

A hastening may occur when plants are treated at less than eight

weeks (Franklin) or at more than 12 weeks (Andrew Experiment IX). There

also may be no effect or a retardation where plants are treated within

the 8 to 12 weeks range. The results of the present Experiment II are

also not in agreement with the latter part of the quoted statement.

Double applications of 5, 10 and 2) ppm 2,4-D applied to Imperial 456

and Great Lakes resulted in a significant retardation of seedstalk deve1—

0pment rather than a hastening. With the variety Slobolt, the same re-

peated applications had no significant effect and in EXperiment I, two

applications of 1 ppm 2,4-D did not alter the seedstalk development of

Great Lakes, Slobolt, or Grand Rapids. Three other growth-regulators

applied at various concentrations to Grand Rapids lettuce had no signi-

ficant effect on seedstalk development as evidenced by results presented

in Table IV, EXperiment III.

_ On the basis of the foregoing discussion involving the results of

three series of experiments, it would appear that the factor or combina-

tion of factors affecting the degree and type of influence of growth

regulators on the seedstalk development of lettuce is as yet uncertain.

In terminating the discussion of the effects of growth regulators

on lettuce seedstalk development, we might refer briefly to the effect

of soaking the seed in various concentrations of 2,4-D. Data in Table V,

Experiment IV, show that soaking lettuce seed in a solution of 2,4—D

causes a reduction in the rate and percentage of germination. When such
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treated seed was planted (Experiment V), however, plants from seed

soaked overnight in 1 ppm 2,4—D developed seedstalks somewhat earlier

than the control plants. On the other hand, as evidenced in treatment 2,

Experiment VI, soaking in 1 ppm 2,4—D before subjecting it to the low

temperature treatment somewhat counteracted the hastening effect of

vernalization.

Results of the foregoing eXperiments, in which vernalization was

the main source of variation, coincide to a large degree with results of

earlier cold treatment investigations performed mainly on butterhead

types of lettuce (4, 17, 51, 59). In the present experiments vernaliza-

tion of germinating lettuce seed to promote earlier seedstalk elongation

was effective on four varieties: Great Lakes, Imperial 847 and Imperial

456 of the crisphead group, and Slobolt of the leaf lettuce group. Such

results are not in agreement, however, with those of Thompson and Kosar

(55), who used the same Slobolt strain and a numbered strain of the Cos

type. Thompson and Kosar (55) were unable to detect visually any defin-

ite difference in bolting between vernalized and check plots. They con-

cluded that under the conditions of their eXperiments, vernalization did

not offer any aid in hastening bolting of the two varieties of lettuce

tested.

Papers by Rudorf and Stelzner (50) in 1954 and Knott 22 El (17) in

1957 offer some eXplanation for the differences in results obtained in

the previous and present investigations from those obtained by Thompson

and Kosar (55). Rudorf and Stelzner found that plants grown from seed-

lings exposed immediately'after germination to a temperature of -5°C

showed a very perceptible retardation in growth rate as compared to

plants exposed for 10 days to / 5°C. Khott gt_al_(l7) found that treat-
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ment of germinating seeds at 40°F resulted in more rapid seedstalk

development than did treatment at 27°F. Following a description of

their procedure Thompson and Kbsar (55) stated,

I'The methods used were believed to be comparable to those employed

by Gray (12), Simpson (51), and warns (58) and that comparable results

could be expected.”

This writer believes that in establishing comparable procedures closer

attention might have been given to the holding temperature at which germ-

inating seeds were stored. The temperatures at which four previous in-

vestigators held their seed were as follows: Gray (12), 4°C; Reimers

(59), 2.50 to 5°C; warne (58), 0° to 4903 Simpson (51), 2° to 8°C; and

Knott 33 £3; (17), 40°F. It is apparent that at some period during each

of the previous experiments germinating seeds were exposed to tempera—

tures from 2°to 6°C above the 1° to 2°C range used by Thompson and Kosar

(55). If a relationship exists between temperature range used in these

experiments, as one might surmise from the results of Rudorf and Stelz— I

mar (50) and Knott 32 al (17), such a relationship might be that of a

gradual retardation of seedstalk appearance with a gradual decrease in

temperature. Thus, a storage or holding temperature 2° to 5°C higher

might have increased the differences Obtained by Thompson and Kosar (55)

to a level of significance.

Another possible source of variation in the tests involving vernal-

ization of SlObolt was the difference in definition of control or check

plants. In Experiment V of the present series the control plants were

grown from dry seed sown in the usual manner. Thompson and Kosar's

control plants (55) were soaked in water twenty-four hours, then kept

in a low temperature chamber overnight before seeding. Such control

plants would correspond more closely to the plants of treatment 7, Ex-
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periment V, which were soaked in water twenty-four hours before seeding.

In Table IX of EXperiment V may be seen the apparent highly significant

difference between treatment 7 and treatment 1, correSponding more closely

to the difference in the Thompson and Kosar test (55). Although highly

significant it is not as great as the difference between treatment 8

and treatment 1 (Table IX). Thompson and Kosar (55) do not state what

temperature their "lowtemperature'I treatment of the controls was and

there arises the possibility that even a few hours exposure to low temp-

erature might have a slight vernalizing effect. Some varieties of

lettuce are known to have been vernalized in as little as ten days (17,

59). If such were the case, the possibility of affecting a significant

difference in Thompson and Kosar's (55) work might have been lessened

by exposing germinating seeds of the control plants to low temperature

overnight.

In addition to this possible influence of variations in holding

temperature, the results of EXperiment VII of this series and those of

two earlier workers appear to indicate that the effectiveness of the

vernalization procedure is also influenced by the stage of development

at which the germinating seed or seedling is exposed to low temperatures.

Reimers (59) found that lettuce seedlings exposed to from 2.5° to 5°C

when they had reached the stage of formation of the first leaf, were

lewed down in both growth and shooting to seed. He concluded that

lettuce can be vernalized only.at the stage of germinating seed. Werne

(58) compared the effectiveness of vernalizing seeds soaked for 24 hours

only with seeds soaked 72 hours before treating. The seeds soaked only

24 hours had swollen but radicles had not appeared. He concluded that

vernalization treatment of lettuce after the radicle appears is much less

effective than treatment commenced after the seed had swollen for 24 hours
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and before germination had begun. Results of treatment 6 and 15 in

Table XI, EXperiment VII, are in agreement with Reimers' results (59)

but results of treatments 1, 2, 5, 10, 11 and 12 are not in accord with

those of warns (38). As indicated in Table XI there is apparently no

appreciable difference between treating seed at the swollen stage and

treating it after the radicles had emerged. So far as the Imperial 456

plants were concerned there appeared to be a slight advantage in treat-

ing seed after the radicles had emerged. A very interesting observation

in Experiment VII was the performance of plants in treatment 1 in which

seeds were removed to the cold room immediately after being placed to

soak in the petri dishes. On the basis of results obtained in treatment

1, it would appear that at least in the case of the lettuce varieties

tested, a presoaking period before subjecting the seed to low tempera-

ture treatment is not essential. Such a situation suggests the possibilr

ity of obtaining unsprouted vernalized seed which could be field sown

in the usual manner, thus eliminating special field seeding procedures

or the necessity of transplanting. Tolmacev (24) working with winter

wheat had just such an objective in mind. He kept seeds in the form of

seeds for as long a period as possible and at the same time broke their.

dormancy and started growth very sloflLy. This provided seeds, not seed-

lings, which might be sown in the normal manner.

Two further observations made during the course of EXperiment VII

are of interest. At the time the flats of treatments 4, 5, 6, 15, 14

and 15 were removed to the 40°F room, seedlings of treatments 6 and 15

were from two to three centimeters above the surface of the soil. Those

of treatments 5 and 14 were just breaking through and those of treatments

4 and 13 were not showing. When the six treatments were removed from
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the cold room the order of height had been reversed. Such behavior may

suggest that the seedS'which had just germinated were subject to less

shock or setback when eXposed to the low temperature. The seedlings

two to three centimeters high on the other hand, already developing

rapidly and becoming adapted to 60°F plus, may have undergone sufficient

setback to require considerable recovery time before growth was resumed

again.

Another factor determining the effectiveness of vernalization is

the duration of the low temperature treatment. Knott at al_(l7) found

that eXposure to 40°F for 20 days resulted in more rapid seedstalk devel-

Opment than 10 days at 40°F. Simpson (51) vernalized the variety 'Ideal'

for 16 days and obtained flower stalks 20 days earlier than from the

controls. Reimers (59) in his tests concluded that the variety “Ideal"

was vernalized in 10 days while for three other varieties he tested

about 20 days was required. Gray (12) held seeds at 4°C for 28, 42 and

56 days, respectively, and found no important differences which could be

ascribed to the duration of the treatments.

Data are presented in Tables VI and IX, Experiment V, which indi-

cate no difference in seedstalk deve10pment between plants undergoing

l6 and 28 days vernalization. we might therefore assume that for Great

Lakes, Imperial 847 and Slobolt varieties of lettuce exposure of the

germinating seed to a temperature of 40°F for 16 days is sufficient to

bring about the vernalization effect.

From the point of view of the seed producer, one of the most prac-

tical results obtained from vernalization in the present investigations

was that the vernalized plants of Great Lakes and Imperial 456 did not

form tight heads. Indeed in a majority of cases no heads were formed at
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all. Such plants may be seen in Figures 5, 4, 6 and 8. Regardless of

whether the vernalization process hastens initiation of seedstalks or

whether it increases the rate of deve10pment after initiation, the fact

that no hard, compact head is formed as a barrier to seedstalk develop-

ment is of considerable practical advantage. Somewhat similar results

were obtained by Knott et_§1’(l7) and Simpson (51). Knott gt §1_(l7),

working with New York 728 and White Boston, referred to the failure of

plants from vernalized seed to produce as many good heads and to a

tendency to form an open rosette of leaves. Simpson (51), vernalizing

the variety I'Ideal", observed that plants from vernalized seed remained

in the hearted condition only four or five days, while controls remained

in the hearted condition approximately 26 days.

Photoperiod and growing temperature also exert influences on the

seedstalk development of lettuce (l, 5, 4, 25, 54, 56, 59). Arthur and

Guthrie (l) in 1927 concluded that lettuce flowers under long day con-

ditions (longer than 12 hours). Milthrope and Horowitz (25) indicate

that vernalization stimulates seedstalk production if followed by high

temperatures and long photoperiods. Tincker (56) concluded that al-

though a higher temperature causes a more rapid growth it does not cause

the length of day factor to be ineffective in controlling the growth

made, either vegetative or reproductive, and in controlling the prelimin-

ary'stem elongation. In the light of the eXperiments herein described

and the results obtained by Bremer (5), Bremer and Grana (4), Reimers

(59) and Thompson and Knott (54), such conclusions appear subject to

some revision.

Bremer (5) reported that the variety “Thy King”, a butterhead type

of lettuce, bolted in 50 to 56 days without forming heads fit for use
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under 17 - 18%; hours of daylight. When given a 12 hour day, fine firm

heads were formed and the plants bolted in 75 to 80 days. Under a nine

hour day (which would likely be generally classified as a "short” day)

satisfactory heads were formed and bolting occurred in 85 to 90 days.

Plants subjected to only six hours of light produced some loose "knit-

tings”, others only leaves and 107 to 117 days were required to reach

the bolting stage. The summer varieties Tom Thumb and Rudolph's Favorite

were not influenced in time of bolting by length of day. The writer

wishes to add a further interpretation of Bremer's data (5) which may be

of interest. Plants subjected to long days, of 17 - 18% hours, required

over 500 more hours of light to the bolting stage than did the plants

subjected to six hour days. (56 x 18.5 = 692 hours; 1,056 - 692 = 544

hours). Bremer and Grana (4) were able to select plants from the

variety ”Kaiser Treib' which produced seedstalks during a short or long

day. .Reimers (59) also observed that shortening the time of‘exPosure

to light had little effect on the late (summer) varieties. In compar—

ing the investigations of Thompson and Knott (54) to those of Tincker

(56) we find that in contrast to Tincker's explanation (page 65) the

Cornell workers report that increasing the length of day did not appear

to hasten the initiation of seedstalks but seedstalks elongated some-

what more rapidly under long photOperiod than under a normal day. They

also suggest that high temperature is an important factor involved in

premature seeding of lettuce.

In Experiment IX of the present series it was demonstrated that the

Great Lakes variety of lettuce will flower under short day conditions

(nine hours) and at night temperatures as low as 50°F. It was also

demonstrated that vernalization stimulated seedstalk production regard-

less of whether such treatment was followed by high temperatures and
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long photoperiods or low temperatures and short photOperiods. The data

presented in Table XIII indicate that the length of day factor may not

be effective in controlling the growth made (vegetative or reproductive)

and in controlling the preliminary stem elongation. The effect of a

number of interactions are also presented in Table XIII. Increasing

the length of day appeared to affect plants from vernalized seed to a

greater degree than plants constituting the control. An increase in

temperature was more effective on plants subjected to vernalization or

2,4-D treatment than it was on plants receiving vernalization plus 2,4—D

or neither vernalization nor 2,4-D. It would appear that as conditions

vary, any one of the environmental factors observed in these experiments

may become the deciding factor. Apparently temperature or photoperiod

cannot in itself limit flowering if another factor or combination of

factors is favorable.
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SUMMARY AND CONCLUSIONS

To obtain a possible solution to the problem of producing seed from

hardheaded and longstanding varieties of lettuce, a series of experi-

ments was conducted to determine the effect of certain growth regulating

substances, vernalization, temperature and photOperiod, on seedstalk

deve10pment.

The application of certain growth regulators to Great Lakes, Imper-

ial 456, Slobolt and Grand Rapids varieties of lettuce resulted in res-

ponses of considerable variability. Spray applications of maleic hydra-

zide, n. p. chlorOphenylthalamic acid and benzothiazol-Z—oxyacetic acid

at the concentrations tested, produced no significant differences in

seedstalk elongation of Grand Rapids lettuce. Concentrations of 2,4-D

applied singly and in repeated applications to plants at several stages

of deve10pment produced results varying from a hastening of seedstalk

deve10pment, through no significant effect, to a retardation of seed-

stalk deve10pment. The degree and nature of response to spray applica-

tion of 2,4-D was more pronounced with plants held at 60° night tempera-

ture than with plants held at 500 night temperature.

Soaking seed in concentrations of 2,4-D from 0.1 ppm to 10 ppm

resulted in a decrease in the rate of and percentage germination as the

concentration of growth regulator was increased. Plants grown from seed

soaked in 1 ppm 2,4-D before vernalization did not develop seedstalks as

early as plants soaked in water before low temperature treatment. They

did, however, develop seedstalks more rapidly than control plants, and

when soaked in a concentration of 1 ppm 2,4-D without vernalization,
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their performance was very similar to that of plants from seed soaked

overnight in water before seeding.

When soaking the seed in 2,4-D and vernalizing were combined, seed-

stalk deve10pment was observed to be later than when the seeds were sub-

jected to vernalization only. Vhen spray application of 2,4-D to plants

was combined with vernalization, seedstalk deve10pment was earlier than

when subjected to vernalization only. The additive effect appeared to be

somewhat more evident at night temperatures of 50°F than at night tempera-

tures of 60°F. It would appear that the factors affecting response of

lettuce plants to certain growth regulating substances are as yet not

sufficiently well understood that substances could be recommended for

field application to obtain earlier and/or better seedstalk development.

Subjecting the germinating seeds of Great Lakes, Imperial 456,

Imperial 847 and Slobolt varieties to a temperature range of 58° to 42°F

for periods of from 16 to 28 days, resulted in significantly earlier

seedstalk deve10pment and flowering of plants from seed thus treated

compared to control plants grown from seed handled in the customary

manner. Exposure of seeds to low temperature for periods longer than

18 days was no more effective than exposure for 16 days. Soaking seed

prior to low temperature exposure apparently was not necessary. Plants

grown from seed subjected to low temperature without previous soaking.

produced seedstalks as early as plants grown from seed allowed to swell

or those from which the radicle was allowed to emerge before low tempera-

ture treatments were applied.

Vernalizing seed on a larger scale, after seeding in flats contain-

ing a good loam soil was found to be even more effective in inducing

earlier seedstalk deve10pment than the laboratory technique involving the
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germinating of seeds in petri dishes - provided, however, the germin-

ating seeds were exposed to the low temperatures prior to or just at

the stage of emergence. subjecting emerged seedlings to the low tempera-

ture treatment when two to three centimeters high, resulted in signifi-

cantly earlier seedstalk development than observed in control plants but

was not as effective as treating at earlier stages of seed or seedling

deve10pment.

Plants grown from vernalized seed of the varieties Great Lakes,

Imperial 847 and Imperial 456 showed little tendency to form heads.

While control plants formed tight solid heads, growth was loose and

leafy on treated plants and seedstalks were able to develop practically

free of any physical barrier. Vernalization was shown to favor earlier

and stronger seedstalk development throughout the entire series of ex-

periments. Such earlier deve10pment was also evident throughout all

subsequent stages of flowering and seed production.

No significant differences in seedstalk development were observed

between plants grown at 50°F night temperature and those grown at 60°F

night temperature. There was an indication, however, that the higher

temperature (60°F) was more effective in further increasing seedstalk

deve10pment on plants subjected to vernalization or spraying with 2,4-D

than on plants receiving both or neither of the treatments.

Plants subjected to a photoperiod of 15 hours did not produce earli-

er seedstalks than those grown under a nine hour day unless the plants

had previously been vernalized. Increasing the length of day had con-

siderably more effect on plants grown from vernalized seed than on

plants grown from seed not vernalized.

The Great Lakes variety of lettuce bolted either under short days
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and lower temperature or long days and higher temperature. Although

time of flowering was influenced by both temperature and photoperiod

neither factor appeared to be the limiting or controlling influence in

determining vegetative or reproductive deve10pment.
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