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INFLUENCE OF LIGHT ON CHEMICAL
INHIBITION OF LETTUCE
SEED GERMINATION
By ROBERT L. WEINTRAUB i

Division of Radiation and Organisms, Smithsonian Institution

INTRODUCTION

It is well known that some lots of lettuce seed (Lactitca saliva L.),

under particular environmental conditions, will give a higher percent-

age germination if exposed to light than if maintained in darkness

during the germination test (Larson and Ure, 1924; Shuck, 1933,

1934; Flint, 1934a, 1934&, 193s, 1936; Flint and McAHster, 1937;
Thompson, 1938). This response, which is found also in many other

species and has been termed "light-sensitivity," is influenced by several

factors including the variety, storage history of the particular seed lot,

temperature and water supply during the test, and characteristics of

the irradiation treatment. No systematic study of the role of the in-

fluential factors has been reported for lettuce seed, and there is very

little information as to the mechanism of light-sensitivity in general.

One suggested mechanism is that dormancy is caused by the presence

in the seed of a growth inhibitor which is somehow rendered inactive

by light.

There exists a considerable body of evidence that dormancy of a

number of species is controlled, or at least influenced, by chemical

inhibitors present in, or formed by, the seed or fruit (for literature

citations see Stout and Tolman, 1941 ; Nutile, 1944, 1945). The pres-

ence of such inhibitors in lettuce has been invoked as an explanation

for various aspects of dormancy (Borthwick and Robbins, 1928;

Shuck, 1934), and evidence for the formation of germination inhibitors

by this species has been reported by Shuck (1935) and by Stout and

Tolman. Similar evidence, to be published separately, has been ob-

tained by the writer.

Nutile (1944, 1945) discovered that in darkness low concentrations

of coumarin prevented germination of lettuce seed under conditions

1 Now with the Department of the Army, Camp Detrick, Frederick, Md.
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favorable to germination in the absence of this compound. Appre-

ciably higher concentrations were required for comparable inhibition

if the seeds were illuminated, however.- Nutile suggested that couma-

rin, or related compounds, might occur naturally in lettuce seed and

play the role of a germination inhibitor. Coumarin, which itself does

not absorb visible radiation, was believed to become photosensitive

upon entering the seed.

Two facts have been regarded as furnishing some support for the

suggestion of coumarin as an endogenous inhibitor. In the first place

the compound is known to occur in a considerable number of plant

species (see Nutile, 1945), although its presence in lettuce has not

been demonstrated. Secondly, a number of naturally occurring sub-

stances having inhibitive effects on cell growth in both plant and

animal tissues have been shown to possess an unsaturated lactone

structure as does coumarin. Coumarin has been found to inhibit germi-

nation and seedling development in several other species also (see

Audus and Quastel, 1947), although the effect of light has not been

investigated in these.

Nutile's hypothesis thus seems rather attractive, and if substan-

tiated might contribute greatly to solution of the problem of light-

sensitivity of seeds.

The present report describes some experiments undertaken with

the purpose of ascertaining whether the effect produced by coumarin

is specific for this substance or can be duplicated by other compounds

more or less similar in molecular structure.

EXPERIMENTATION AND RESULTS

Methods.—All the data herein reported relate to the black-seeded

variety Grand Rapids ; the seeds were of the 1944 crop and had been

in storage approximately 2 years at the time the experiments were

~ As stated in Nutile's publications, the differential inhibition in light and dark

was found when the substrate was moistened with 10 to 100 p.p.m. of coumarin.

This is in agreement with our results. In an erratum supplied by Mr. Nutile it

is stated, however, that the actual concentrations employed were only one-tenth

as great as originally reported. This correction appears to have been made
because the solubility of coumarin is sometimes given in the literature (Seidell,

1941; Hodgman, 1944) as o.oi percent (100 p.p.m.), a value taken from a de-

termination by Dehn (1917) ; examination of Dehn's paper reveals that the de-

termination was of a very low order of precision. The solubility of coumarin was

earlier reported (Schimmel & Co., 1899) as 0.12 percent at 0° C, 0.18 percent

at 16-17°, and 0.27 percent at 29-30° ; we have found the solubility at 25° to lie

between 0.2 and 0.3 percent.
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commenced. Seeds of this age were chosen so that there would be no

significant change in germinative energy during the period of some

months required for the study. Some of the tests were repeated with

variety Black-Seeded Simpson, with similar results.

Two series of experiments were conducted. The first was designed

to determine approximately the effective concentrations of the various

substances and to evaluate the possible influence of variations in tem-

perature, spectral quality and intensity of the light, duration of the

germination period, and other details of technique. The general char-

acter of the results was found to be the same at temperatures from

16 to 23°, in red light and in white light, and over a hundredfold

range of light intensity.

In the second group of tests a finer series of concentrations was

compared, all other conditions being kept uniform. Each treatment

was carried out in duplicate (lOO seeds per dish) and the experiments

were repeated one or more times at the critical concentrations. The

air-dry seeds were distributed on dry blotters in small Petri dishes,

amounts of the solutions slightly greater than required to saturate

the blotters were added, and the dishes placed, within a few

minutes, under the desired condition of light or darkness which was

maintained until observations were made 3 or 4 days later. The water-

jacketed thermostat employed as a germinator was provided with

several independent compartments so that a number of tests could

be made concurrently in light and in darkness without interference.

The temperature was maintained at 22.55 ±0.05° C. Illumination

was furnished by a 20-watt red fluorescent lamp 20 cm. above the

seeds with a sheet of window glass interposed.

Results.—A number of compounds were found to inhibit germina-

tion to a greater extent in darkness than in light ; with increasing con-

centration the germination was progressively less both in light and in

dark, the inhibitory effect of a given concentration being always greater

in darkness. Data obtained in the present study suggest that the con-

centration-inhibition curves for various compounds may differ greatly

in shape. To assess the relative effectiveness of different substances

it would be desirable to determine concentration-inhibition curves

for each, so that comparison could be made either among the concen-

trations required for a given degree of inhibition, or of the effects

produced by a selected concentration. A complication arises in ex-

periments of this kind in that it is necessary to distinguish between

effects upon the initiation of germination and those on subsequent

development of the seedling. Several substances were found to permit
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emergence and some elongation of the root and shoot but then to exert

secondary toxic effects upon one or the other organ. A similar ob-

servation has been made by Audus and Quastel (1947) in the case of

coumarin. As the criterion of germination used in this study is elon-

gation of the seedling axis, a secondary suppression of such elongation,

if sufficiently great, renders impossible the accurate determination

of the germination percentage.

For this reason it was thought preferable to compare the lowest

concentrations (within a twofold range) that showed a significant dif-

ference between light and dark. At such concentrations there was no

Table 2.

—

Effect of several less active compounds on germination of Grand
Rapids lettuce in light and in dark

Molar
Compound concentration

Sucrose o.i

Maltose i

Lactose i

Glucose I

Fructose i

Galactose i

Mannose i

Arabinose 15

Xylose 15

Sorbitol I

Mannitol i

Ascorbic acid i

a-Alanine i

/9-Alanine i

uncertainty in classifying a seed as germinated or not: a portion of

the population showed no macroscopic development at all, while the

remainder had radicles at least 4 to 5 mm. long.

In table i are listed, in descending order of activity, some com-

pounds which, at approximately the same order of magnitude of con-

centration, act similarly to coumarin. In table 2 are listed several

substances which are much less toxic than the foregoing, but which,

in sufficiently high concentration,^ also cause greater suppression of

germination in darkness than in light.

Cei
(as '/o of
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DISCUSSION

Consideration of the studies of lettuce germination reported in the

literature together with results of as yet unpublished experiments of

the writer leads to the following view

:

Dormancy and germinability of lettuce seed appear to be controlled

by a delicately balanced mechanism which is highly sensitive to a di-

versity of factors. The response of a given lot is influenced both

by the integrants of the environment at the time of testing and by the

internal condition of the seed, which is determined in part by its his-

tory from the time of harvest or even earlier. The precise effect of

each of the several operative external and internal elements is depen-

dent upon the concurrent status of all the others.

Light is not essential for germination of lettuce. Depending upon

conditions it may or may not be favorable. Germination of all the

viable individuals of a given population can occur in darkness provided

that the constellation of influential internal and external factors is

optimal. When this is not the case, as in freshly harvested seed or at

elevated temperature, the suppression of germination which is found

in darkness can be overcome to some degree by illumination.

Similarly, light tends to counteract the adverse influence of exog-

enous chemical germination inhibitors. The foregoing results demon-

strate that this behavior is independent of the specific inhibitor. In

other words, stimulation by light, which obviously can be manifested

only under conditions which are suboptimal for germination, is a gen-

eral response to such conditions.

The finding that chemical induction of light-sensitivity is not a spe-

cific effect of coumarin, or even of compovmds possessing similar mo-

lecular groupings, would appear to weaken materially, although not

necessarily to disprove, the hypothesis that coumarin plays a role in

the natural dormancy of lettuce seed.

SUMMARY

It has been proposed that coumarin may be the endogenous germi-

nation inhibitor responsible for light-sensitivity of lettuce seed, on the

basis of the finding that the inhibitory action of this substance is greater

in darkness than in light. In the present paper it is shown that the

effect is not specific for coumarin. Other compounds demonstrated

to act similarly are parasorbic acid, melilotin, y-pyrone, sorbic acid,

hydrocinnamic acid, sodium fran.y-cinnamate, sucrose, maltose, lactose,

glucose, fructose, galactose, mannose, arabinose, xylose, sorbitol, man-

nitol, ascorbic acid, a-alanine, and /?-alanine.
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