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ABSTRACT

This study was undertaken to determine the following:
(1) if red light, gibberellic acid, thiourea, or punching
could overcome the effects of skotodormancy in Grand Rapids
variety lettuce seeds, (2) if skotodormancy involves a de-
crease in permeability of the endosperm, and (3) if skoto-
dormancy or any of the experimental treatments involves a
change in net protein synthesis.

Red light, gibberellic acid, and thiourea were only
effective after 4 or less days of dark storage. Six or more
days of dark storage caused a rapid loss of responsiveness.
The results show that punching did effectively overcome the
effects of skotodormancy after all lengths of dark storage
tested, Red light, gibberellic acid, and thiourea each
effectively raised the level of dark germination of punched
seeds, Vacuum~-treatment of seeds to facilitate the entrance
of chemicals through the endosperm had no effect on germina-
tion, Experiments involving leucine-14Cc indicate that endo-
sperm permeability actually increased during the onset of
skotodormancy. The leucine-14C soluble pool increased as the
length of dark storage increased. Skotodormancy does not
appear to be associated with decreased permeability of the

endosperm to chemicals, Skotodormancy was not found to be



related to net protein synthesis, Red light and gibberellic
acid had no effect on net protein synthesis. Thiourea in-
creased protein synthesis on day 4 and caused a small de-

crease on day 6.
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CHAPTER I
INTRODUCTION

Borthwick et al. (1952) found that germination of

Grand Rapids variety lettuce seeds can be regulated by
different wavelengths of 1light., Red light promotes germina-
tion and far red light inhibits germination., The red and
far red effects are reversible, K¥han et al, (1957) reported
that gibberellic acid could replace red light in stimulating
germination, The effect of gibberellic acid was not re-
versible by far red light. IMayer and Poljakoff-Mayber (1963)
reported that thiourea could replace the red light require-
ment, Scheibe and Lang (1965) reported that removal of the
endosperm allowed complete dark germination that was not
affected by far red light. Ikuma and Thimann (1960) reported
that punching increased dark germination, After extended
dark storage, imbibed seeds lose their responsiveness to light
treatment (Black and Richardson 1965)., This phenomena is
known as skoicdormancy. Speer et al. (1974) reported that
dark-stored imbibed seeds also lose their responsiveness to
other sermination promoters and suggested that decreased
permeability of the endosperm might be the cause,

This study was undertaken to determine the following:

(1) if red 1lighs, gibberellic acid, thiourea, or punching

could overcome the effects of skotodormancy in Grand Rapids



variety lettuce seeds, (2) if skotodormancy involves a de-=
crease in permeability of the endosperm, and (3) if skoto-
dormancy or any of the experimental treatments involves a

change in net protein synthesis,



CHAPTER II
LITERATURE REVIEW

Several varieties of seeds, such as Lactuca sativa

variety Grand Rapids (Borthwick et al. 1952), Betula pubescens

(wareing and Black, 1957), Rumex obtusifolius (Staden and

yareing, 1972}, Lepidium virginicum (Toole et al., 1955),

Rheum rhaponticum and Agrostis alba (Boucher, 1956) and

Daucus carota, Nicotina tobacum and Rumex crispus (Mayer

and Poljakoff-Mayber, 1963), require light for germination.

Others, such as Nemophila insignis (Wareing and Black, 1957)

and Temium amplexicaule (Hendricks et al., 1959) are inhibited

from germination by light.

Borthwick et al. (1952) reported that Grand Rapids
variety lettuce seeds are stimulated to germinate by red
light in the spectral region of 590 to 680 nancmeters (nm.).
Far red light in the region of 700 to 800 nm, depressed

germination, These two effects are reversible and the final

effect on germination 1is dependent on which light treatment

was given las%t, The far red inhibition requires 4 times

as much energy as the red 1light promotion. This is why

the net effect of white light is promotion of germination

(3lack, 1969).



The light absorbing pigment responsible for the

red-far red effect is known as phytochrome (Butler et al.,

1959) . Phytochrome exists in two different forms, (Py)

and (Pgyp), (Borthwick et 2l., 1952), The form of phytochrome

which induces germination, Pfpy has an absorption maximum

near 730 nm. The inactive form of phytochrome, Py, has an
absorption meximum near 660 nm, (Hendricks and Borthwick,
1967). Red light (660 nm.) converts the inactive Py to
the active Pfr and far red light (730 nm.) coaverts it back
to P, (Borthwick et al., 1952). Phytochrome has been ex-
tracted and purified by Butler et al. (1959). Hsiao et al.
(1973) reported that the active form of phytochrome slowly
reverts back to the inactive P, form in the dark if the water
content of the seed is too low for germination, They noted
that this dark reversion does not occur in dry seeds, Ikuma
and Thimann (1959) found that phytochrome was lccated in
the hypocotyl znd of the seed.

Evenari et al, (1957) reported that blue light in
the region of 350 nm, to 590 nm, also caused an increase
in the germination of Grand Rapids lettuce seeds. A narrov

band within this reeion, from 410 nm, to 455 nr., depresses

cermination (Wareing and Black, 1958; Gwenn and L L

1972) »

Dark storage causes & gradual loss of responsive-

ness to red light (Black and Richardson, 1965). This con-

ditiOn, knowvn as skotodormancy, can be prevented with



chloramphenicol and actinomycin D (Black and Richardson
1967). Certain germination promoting chemicals given in
conjunction with red light can overcome skotodormancy

(speer et al,, 1974),

Bewley et al. (1968) reported that phytochrome (Pgp)
was active within five minutes of irradiation with red light,
such a quick response lends support to Burdett's (1972a)
suggestion that phytochrome exerts its control at the level

of membrane permeability,

Hsiao and Vidaver (1971) reported that imbibed seeds
irradiated with red or far red light could be dried and re-
imbibed without changing the form of the phytochrome (Pp
or Pfr)' They concluded that phytochrome mediation of
germination consisted of two phases: (1) induction, or
activation of the phytochrome and (2) expression. ILoercher
(1974) reported that the phytochrome could be activated in
seeds with a water content of 15%. Seeds will not germinate
with a water content this low, ILater imbibition causes the
seeds to respond to the last light treatment. These results
are in agreement with others (Hsiao and vidaver, 1970, 1973;
Berrie et al., 1974).

Kahn et al, (1957) reported that gibberellic acid
. in promoting dark cerminatior of

could replace red light

Grand Rapids variety lettuce seeds, The gibberellic acid-

induced germination is not reversed by far red light

(Kahn, 1960b), Ilany workers have since confirmed the promo-
1960b; Toole

5.3 ; i Kahn
tion of cermination by gibberellic acid (Kann,
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and Cathey, 1961; and Jarvis_gz al., 1968). Germination is
also induced by kinetin (Sankla and Sankla, 1968; Reynolds

and Thompson *971, 1973). Ethylene promotes germination

(Burdett and Vidaver, 1971) and man be responsible for the

expression of the red light effect (Burdett, 1972b, 1972c).

Coumarin and abscisic acid depress germination (Berrie et al.

1968; Bewley and Fountain, 1972),

The effect of various inhibitors of protein and
nucleic acid synthesis on germination has been the object
of much res=arch, Poljakoff-layber (1953) and Kefford et al,
(1965) heve reported that thiourea increases dark germination
of Grand Rapids lettuce seeds, Black and Richardson (1965,
1967) reported that germination is promoted by chlorampheni-
col and actinomycin D, Germination may require actinomycin
D-resistant RNA synthesis (Xhan, 1967).

Bswley and Black (1972) reported that germination
was inhibited by cyclohexamide., The dwarfing compounds
chlormequat, B995, and phosphon D depress germination (Berrie

and Robertson, 1973).

Certain physical alterations have been shown to alter

dark germination of Grand Rapids lettuce seeds, Heating

seeds to 97% induces a dormancy which can be overcome by

cibberellic acid and ethylene, (Burdett and Vidaver, 1971).

0
i , Roth-
Cold treatment (0°C) enhances germination at 30 (

Bejerano, 1966). Reynolds (1973%) reported that Grand Rapids
at imum and
lettuce seeds have a sharp upper temperaiure maxim

germination of seeds incubated

there is a great variability 1n



K|

Kahn (19602) reported that germi-
nation could be suppressed b

at the transition zone,

7 placing the seeds in an
osmoticum, Puncturing the Seeds increased the germination

of seeds in 0.18 I mannitol solution in darkness (Xahn 19602),
Tkuma and Thimann (1960) found that injection of gibberellic
acid into the seeds with a fine needle lowered the concen-
tration of gibberellic acid needed to induce dark germination,
speer (1973) reported that punching removes penetration
barriers to the entrance of chemicals. Speer (1974) noted
that punching increased the dark germination o seeds incu-
bated in distilled water, Removal of the endosperm eliminates
the light requirement (Scheibe and Lang 1965), The light
requirement is restored if the naked embryos are placed in

0.3 M mannitol (Wabors and ILang, 1971a2). Deuteron irradia-
tion of the seed coat and endosperm also promoted dark
cermination, The endosperm and the osmoticum act as a2lter-
nate external physical restraints (Nebors and Lang, 1971a).
Irradiation with red licht causes an increased turgor pres-

sure to be generated in the seed to overcome these restraints

(Xabors and Lang 1971b).

Seeds can overcome the endosperm in two ways:

(1) the mechanical force of the growing embryo and (2) chemi-

can weakening of the endosperm (Palvista and Haber 1970).

Tountain and Bewley (1973) found that protein syn-

thesis occurs early in the imbibition phase of lettuce seeds.
Black and Richardson (1967) reported that dormant seeds syn-

e same rate as germinating seeds, lNet

thesize protein at th
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protein synthesis is not altered by either red light or gib-
perellic acid (Rai and Laloraya, 1965; Klein et al 19713

__C’ ’
3ewley and Biack, 1972), The activity of several enzymes

has been found to be altered even though no change in net
protein synthesis can be detected (Fountain ang Bewley 1973).
There are several growth promoters that influence enzyme
activity in lettuce seeds, Gibberellic acid promotes
Of-amylase activity (Galsky and Lippincott, 1969; and Amen
1968). Thiourea decreases catalase activity and increases
peroxidase activity (Poljakoff-layber 1953), Red light in-
creases the activity of pectinase, cellulase (Amen, 1968)
and peroxidase (Poljakoff-llayber 1953). Red light also
causes polysomz formation (liitchell and Villars, 1972).
Exposure of seeds in a 0,5 1M mannitol solution to red light
causes extensive degradation of protein in the radicle (Nabors
et al,, 1974). Poljakoff-Mayber et al. (1957) found that
two acidic growth inhibitors present in dry seeds both disap-
pear after imbibition, Shain and lMayer (1968) reported that
the activity of a trypsin-like enzyme increased during germi-
The activity of NADIH=-cytochrome C reductase activity

nation,

s : ) i) M
increases rapidly early in germination (Eldan and Mayer,

1972), Haber end Tolbert (1959) and poljakoff-liayber (1955)

: £ i r t tioning
also reported the tricarboxylic acid cyele to B S )

during the earliest phase of cermination. Park and Chen

(1974) found thet digestion of the endosperm and transfer

. o oo 3 j T
of the nutrients to the embryo occurs during germination,



The rate of respiration of dormant seeds is oniy 20% less

than that of nondormant seedg (Chen et al., 1970)., Res-

piration is stimulated hyv reg light and depressed by far
red light (Evenari et al,, 1955; Leopold and Guernsey,
1954). The increase in the activity of enzymes associated
with germiration may be the result of activation of pre-
existing enzymes (Eldan and Mayer 1972),

Mayer and Poljakoff-layber (1962) noted a correlation
between nuclear RNA and germination, but thiourea promotion
of germination did not directly interfere with RIA metabolism.
vrankland et al., (1971) reported a hisher rate of RNA
synthesis in illuminated seeds., RNA inhibitors prevent
light and gibberellic acid promoted germination (Xhan 1967),
Red light causes a rapid increase in extractable cytokins
(Staden et al., 1972), Gibberellic acid and red light

convert cytokinins to their nucleosides which promote germi-

nation (Staaen 1973).



CHAPTER IIT

MATERIALS AND METHODS

Germination

Lactuca sativa, variety Grand Rapids, lettuce seeds

purchased from Joseph Harris Company, Moreton Farm, Rochester,
New York were used throughout this study., They were stored
in a moisture-proof container at 49C, Seeds were chosen at
random and piaced in 5 centimeter (cm.) petri dishes con-
taining one layer of Matheson Type D filter paper., Initially
approximately 40 seeds were used per dish, This was in-
creased to 100 seeds per dish. They were soaked in 1.5
milliliters (m).) of distilled water for one hour before
being irradiated with 5 minutes of far red light to inhibit
germination, The light source was a 150 watt reflector

flood operaied at 120 volts., It was attached to a ring stand
72 cm. above the seeds, An 8 cm, water screen was placed
under the lamp to reduce the heat from the lamp, The seeds

were irradiated in a light-proof box equipped with 2

Carolina Biological Supply (CBS) N. 750 far red filter be-

tween the secsds and the light source. The seeds were stored

in light-preoof petri dish canisters. The seeds were ini-

0
tially germinated at two different temperatures, 20" and

25°, to determine the optimum temperature condivions.

-10-
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111 subsequsnt treatments were carried out at 20°, 7The

far red irradiated seeds were stored in the dark for 0. 2
9 9

4, 6, 8, or 10 days to induce varying degrees of skotodor-

mancy before experimental treatments, After the appropriate

length of dark storage the seeds were treated with gibberel-
lic acid, 0.5 millimolar (0.5m1), thiourea, 50mM, 5 minutes
irradiation with red light, or distilled water, The treat-
ments were applied by transferring the seeds tc 5 cm, dishes
containing one layer of filter paper and 1.5 ml, of the
appropriate solution, The seeds to be treated with red
light were transferred to a dish containing distilled water,
The seeds wzre irradiated in a light-proof box equipped with
a CB8 No. 650 red filter between the seeds and the light
source, An 8 cm, solution of 1% copper sulfate was placed
directly below the lamp., The seeds were allowed to germinate
in the dark for 48 hours after treatment., Germination was
determined by visible protrusion of the radicle tip past
the seed coat as determined under a 10X microscope.

The punched seeds were pierced in the midsection
through the cotyledons with a #0 insect pin to break the

seeds' penetration barriers (Speer, 1973). The seeds were

punched before imbibition.

i icator attached
Bvacuated seeds were placed in a desic

to a vacuum pump immediately after treatment, Twenty pounds
of vacuum pressure was applied for z minutes to facilitate

the entrance of the chemicals through the penetration barriers.,
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A1l dish , .
€S were run in triplicate, All experiments

were run 1in duplicate; the vacuum-treatment was run

three times,

Appearance 7f Radioactive TLeuci i
BeeTna Trcorporation info‘%%it;?nthe Soluble Precursor

Gitpberellic acid, thiourea, red light, and distilled
water were applied to unpunched skotodormant seceds to deter-
nine the effect on protein synthesis, The seeds were tested
after 96 hours and 144 hours of dark storage.

Tor each treatment 0,5 grams of seeds were soaked
for one hour in a sterile 10 cm, petri dish containing one
laver of ]Matheson Type D filter paper and 6 ml, of distilled
water, The seeds weTre irradiated with far red light for 5
minutes and stored in the dark in light-proof petri dish
canisters at 20°, After the appropriate length of dark
storage, the seeds were transferred to a sterile 10 cm, petri
dish containing one layer of Mvatheson Type D filter paper and
the appropriate solution. A11 germinated seeds were removed.
The seeds to be treated with red light were transferred to 2

dish containing distilled water and irradiated with red light

: -4 .. <
for 5 minutes, All solutions contained 107 lolar (1)

penicillin and streptomyecin to inhibit pacterial grovwth. Im-

mediately after application of the experimental treatments,
' 14
two microcuries of BH-L—leucine or leucine- C was added

to each dish., The seeds weTe incubated in the radioactive
twelve hours of germination.

amino acid for the first
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- _ )
The seeds were rinsed with distilled water., Al1l

germinated seeds were removeq, The ungerminated seeds were

ground in a chilled mortar ang pestle containing 5,0 ml, of

0.01 M tris buffer pH 7.5 containing 0,2 mg, leucine per ml

The homogenate was centrifuged at 1640 Xg for 10 minutes to

remove the celluler debris, The supernatant was poured into

a polypropylene test tube. The debris was washed in 5 ml

of buffer and recentrifuged. The supernatant was added to

the first supernatant and the volume was determined, Six
0.2 ml, aliquots were placed on one inch squares of Type A
glass fiber filter paper and dried under a 250 watt reflector
infra-red heat lamp operating at 120 volts., Trree of the
paper squares were used as a measure of soluble precursor

pool and received no further treatment,

The incorporation of “H-leucine and leucine- was

assaved by a modification of the procedure of lMans and

Tovelli (1960)., The three remaining papers were submerged
in a beaker of ice cold 5% Trichloroacetic acid (TCA) and
dept on ice for 15 minutes. The cold TCA was decanted and

the filter papers were rinsed two times with cold 5% TCA

: / T A
containing leucine, The papers vere covered with 5% TCA and

heated to 90° for 10 minutes, The TCA was decanted and cold

5% TCA was added and the beaker was placed on ice for 10

minutes before decanting, The papers were covered with
9 i The ethanol
95% ethanol and warmed to 65° for 3 minutes., The e

P i ifs
was decanted and the papers were covered with a mixture o
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ethanol/ether/chloroform (2: 2: 1) and warmea to 57° for

3 minutes. This was decanted and the papers were washed
with acetone and dried under the infra-red lamp., Both the
treated and the untreated filter paper squares were placed
in scintillation vials. ZEach vial contained 18 ml. of
scintillation solution (4 grams of 2, 5-diphenyl-oxazolyl
and 50 mg. of 1, 4-bis-2 (5-phenyloxazyl) benzene/liter of
toluene). The radioactivity in the vials was counted in a
muclear Chicago Unilux III liquid scintillation counter for
10 minutes.

A 0.2 ml, aliquot of the homogenate was dissolved in
1 ml, of 3 N sodium hydroxide and further diluted with 2 ml,

of distilleC water, The protein of each sample was determined

by the method of Lowry et al, (1951).



CHAPTER Ty

RESULTS

temperatures for germination (Reynolds, 1973; Khan, 1968),
Seeds were tested at 20° ang 25° 4, determine the optimum
temperature of this particular lot. Experimental treatments
were applied after 0, 2, 4, 6, 8, and 10 days dark storage,
Germination was scored after a 48 hour dark germination
period, As indicated in Tables T through IV, seeds grown

at 20° vielded higher germination counts for all treatments
including the water control, In all subsequent tests,

seeds were incubated at 20° to avoid confusing the inhibiting
effect of higher temperature with those of skotodormancy.

Lffects of Red Light, Gibberellic Acid, and Thiourea on
the Prevention of Skotodormancy in Unpunched Seeds

Red light treatment (figure 1) caused very high

germination for day O but, thereafter, the percent germina-

tion fell rapidly, After 6 or more days of dark storage,

fermination was less than 7%.

o= G



16

TABLE 1T

DETERMINATION OF OPTIMUM

1 TEMPERATURE T
SKOTODORMANCY IN GRAND RAPIDS LETngg g%%%EING
INCUBATED IN WATER

e

I

Tncubation Temperature %gzg of Dark Storage
ercent Germination
9 £ % 4 2 Jde
o
20 7‘8 800 609 004 004 004
25°

B.6 s 2,0 0.5 0,4 1.4

Seeds were imbibed in distilled water for 1 hour
before being irradiated with far red light for 5 minutes,
After the appropriate length of dark storage all germinated
seeds were removed and the seeds were allowed to germinate
in water for 48 hours., Six replicates of approximately
40 seeds each were employed for each incubation temperature
at each time interval,
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TABIE 171

DETERMINATION OF OPTIMUM MEmomm s mriom
SKOTODORMANCY TN GRAN% gfgﬁggufg%%vggngggéKlﬂG
TRRADTATED WITH RED LIGHT '

Incubation Temperature Days of Dark Storage
, Percent Germination

9 P 4 6 8 10

(0]
20 96.3 73,5 64,7 6.5 1.5 3.6
259 54.8 42,6 7.1 2.0 0.0 1.2

The treatment was the same as described in Table I
except that the seeds were irradiated with red light for
five minutes at the beginning of the 48 hour germination
period,
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PABIE ITI

DETERMINATION OF OPTTMUM mm
SKOTODORMATGY oo Gﬁi%DEDMPERATURB FOR BREAKING

T RAPIDS IE .
INCUBATED IN GIBBERELIIC Egg%E SEEDS

Tneubation Memperature Days of Dark Storage
Percent Germination

0 2 4 & 8 10
O 10
20 98.8 99.4 93.8 41,1 48.3 192
(o}
25 979 94,2 82.3 27.0 9162 47.3

The treatment was the same as described in Teble I
except that the seeds were incubated in 0.5 mM gibberellic
acid during the 48 hour germination period.



TABLE IV

DETERMINATION OF OPTIMUM
47 gt TET"IP ™ T n
SKOTODORMANCY IN GRAND RADIDG Tommyan Batteiie
INCUBATED TV THTOUREA SyEuR

19

—

——

Tncubation Temperature

Days of Dark Storage
Percent Germination

9]
20° 55,1
25° 89,0

g 4 6 8
72,6 T1.7 30.0 25,2
67.7 2347 19,1 2.6

o

-3

The treatment was the same as in Table I except that

the seeds were jncubated in 5

hour germination period.

0 mM thiourea during the 48
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EFFECTS OF RED LIGHT ON SKOTODORMANCY IN

GRAND RAPIDS LETTUCE SEEDS

Seeds were imbibed in distilled water for 1 hour

before being irradiated with far red light for 5 minutes.
After the appropriate length of dark storage all germinat-
ed seeds were removed and the seeds were irradiated with
red light and allowed to germinate in water for 48 hours,
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Seeds treated with gibberellic acig (figure 2) gave
petter than 90% germination for up to0 4 days of dark st
storage.,
After 6 or more days of dark storage the percent germination

fell rapidly., After 10 days, the percent germination was

still higher than the water control

Thiourea-t i
reated seeds (figure 3) yieldea 55% germi-

nation for O days of dark storage. It then rose to 77%
after 4 days before falling to 7% after 10 days,

The water control germinated 7 to 8% for up to 4
days of dark storage., On the 6th day, the germination
response was less than 19% angd remained there through the
10th day.

The germination percentage decreased markedly for all
treatments including the water control between the 4th and
6th day of dark storage.

The Effects of Red ILight, Gibberellic Acid, and Thiourea
on The Prevention of Skotodormancy o1 Punched Seeds

Speer (1973, 1974) reported that punching seeds with
a #0 insect pin removes penetration barrier to the entrance

of chemicals, Punching was tested to determine its effect

on skotodormancy.

Germination of punched seeds irradiated with red

i i after
Seeds thus treated exhibited 2 90% germination even

sfter 10 days in the dark, the seeds

8 days dark storage.

germinated 2t a level of 72%.



22

100 |=
> 80 |
o
ol
e
3
o
F
s 60 L
e
o
)
3]
]
©
Ay
20 L
20 L
Jater Control
& ——————— A _______ 'A\\\
1 R Ceu— .
O 2 4 6 2 10

Dayrys of Dark Storare

FIGURE 2, TFFECTS OF GIBBERELLIC ACID O S7OTODORMANCY
TN GRAVD RAPIDS TETTUCE SEEDS

The treatment was as described iv firure ? excgnt

that the seeds were incubated in .5 m ‘flﬁvcrelllc acid

during the rermination period rather than

L4

with red 1light and incubated in water.

heing irradiated
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FIGURE 3, EFFECTS OF THIOU'REA OY SKOTODORMAICY IV
GRAMD RAPIDS LETTUCE SFEDS
The' treatment was as described in ficure 1 ex-
rea

cept that the seeds were incnhated in 50m” thiou
during the csermination period rather than deing
with red 1lirht and incubated in water,

irradiated
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LIGHTD OF SYQODORMAYCY I

ERTFECTS OF RED LI
PUTCHYED GRAND RA

TIGURE 4 :
PINS IFM™™MICT SEEDS

the nidsection with a "0
Lo )

Seeds were punched in : '
-d treated as descrived i~

insec* pl“ hefore imbihition a
fisure 1,
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punched seeds treated witp gibberellic acig (L4 5)
igure .

cermination was above 9Qo
909 after g days dark storage, After

10 days in the dark, the germination was still approximately
85%.

Punched seeds incubated in thiourea (figure 6) over-—
came the inhibitory effects of dqark storage, but not as
vell as the other experimental treatments, Germination was
above 90% after 4 days in the dark, Germination declined

after © or more days to 559 on the 10th dav,

In 21l experimental treatments, punching the seeds
was very effective in negating the inhibitory effect of
extended dark storage, especially after 6 or more days.
The most obvious effect was on the punched water control
(ficure 4). DPunched seeds incubated in water germinated
at least 6509 higher than unpunched water controls for every
time period tested (figure 1 and 4)., Punching very effective-

17 prevented skotodormancy for at least 10 days.
The effects of punching and of the various growth

promoters seem to be additive, Punching alone increased dark

~ermination as did each of the experimental treatment.

‘ - he crowth pro-
Treatment of the punched seceds with one of the cro T

N - » i = h.n’_
moters resulted in hicher sermination than either puncnl
. v ﬁf'ter
2lone or any of the growth oromoters alone, especially a

6 or more days.
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TICURE 5. FF *‘W*"% OF GIRBERELLIC ACID O SFOTODOR A™CT
1" PUVCHED P““"D RAPIDS TETTCE SEEDS

he seeds were punched in tne midsection with @
*0 i*sect pin hefore imhibition., The remaining treatmert
was as described ir fipure 1 except that the seeds were_
incubated in .4 m7 gibherellic acid durins the germination

period rather than beinr irradiated /ith Ted lisht and
incubated in water,
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VICTRR 6, TRITECTS OF THIORTA 077 SKOTODORVA™CT I
' PITTOTTED) CRATD RAPIDS LET™CE SEEDS

mhe seeds were punched in the ﬂ?dsggfigﬁ‘wéféﬁévt
"0 insect pir hefore imbibition. ;hg‘fiqfie1ge95£ s
was as described i= fimure 1 except t “~e£ﬁi"at10t e
inrcubateé in 50 mi7 thiourea du;x:; U_el'_~H e
rather than heing irradiated with red licht and 1

v
in water,
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It should
be noteq that many of the punched seeds

germinated during the dark storage periods before th
e the

experimental treatments coulg be applied These
. 3¢ germinated

geeds were removed at the eng of each time intswval bef
@ ore

the application of experimental treatment and subsequent
n

48 hour germination period., As a result the number of
’

seeds scorec¢ for germination for the longer time intervals
was considerably less than for the shorter ones. Because

of the smaller numbers involved, the germinaticn percentages
obtained from the latter portion of the experiment are not

as reliable as those from the first part.

mhe Effects of Red Light, Gibberellic Acid, and Thiourea
on e prevention o% Skotodormancy in Vacuum-treated
Seeds

Since punching seeds effectively preverted skoto-
dormancy, vacuum-treatment of seeds was tested. If the
veneficial effect of punching was the breaking of penetra-
tion barrier to the entrance of the chemicals (Speer 1973,
1974), vacuun—~treatment should also increase germination.

At each time interval a 20 1lb, vacuum was applied to the

seeds for three minutes after the appropriate experimental

treatments had been administered.

Vacuum~treatment of seeds irradiated with red light
(figure 7) did not produce the Same effects as punching.

osely resembled that of the

The germination response moTe cl
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FIGURE 7. EFFECTS OF VACUUM-TREATMENT ON SKOTODORMANCY
IN RED LIGHT-IRRADIATED GRAND RAPIDS LETTUCE

SEEDS
Preatment was as described in figure 1 except
red light irradiation was followed by 20 1lbs, vacuum-
treatment for 3 minutes.



30

unpunched seeds irradisteq Vith red light

d 1lin
deeTeass early from 92% on day 0 to 7* o

Germination

n day 10,

The germination for days 6 and g yag somewhat higher for the

vacuum—-treated seeds than for tne unpunched, The observed
ner o it e

difference may be associategd With the smaller number of

unpvnched seeds scored. The average number of seeds scored
at each time interval for each experimental treatment was
750 for vacuum-treated seeds as compared to 250 for the

unpunched seeds,

Ivacvated gibberellic acid-treated seeds (figure 8)
rave a germination response very similar to that of the
unpunched seeds. The observed variations were attributed
to the smaller population of unpunched seeds.

Evacuated thiourea-treated seeds (firure 9) were able
to overcome longer periods of dark storage than the unpunched
thiourea~treated seeds (figure 3). Germination increased
slirhtly from 45% on day O to 57% on day 8, Germination
was sharply depressed on day 10, Only 13% of the seeds

cerminated,

" : ——
The germination response for the evacuated wate

control was almost identical to the unpunched.,

Vacuum-treatment did not duplicate effects of

P 5 : a. it verv little effect
unching, Except with thiourea, 1 has very 1littl

i vi :n the water control
on germination. This was most obvious in the v

of the punched seeds rerminated every

vhere more than 50% i
never Eermlnated

day tested, and the unpunched and evacuated

Nigher thar 87,
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ITGURE R, TITECTS OF VACTIM=TREATIE'T O S¥OTODORIA €™
T3 GIRRERELLIC ACID-TREATED GRA™D RAPIDS
LETTUCE SFEDS

"he treatment was as described in figure 1 _
i hrerellic

except that the seeds were incubated iﬁ .5&3 gi el
acid durins the germination peripd rauher'u:av Oe%_zol{:
rediated with red light end incubated in water. nof thé'

; 7 cIiNNINFe
racuum vas applied for 3 minutes at the becsinninf
zermination period.
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PIAUER 9, - EFFECTS OF VAC?VT-TREﬁv‘:v 9' S OTOEQ;FU?C
T MHIQUREA=-TREATED GRA™D RAPIDS LF CE

SEENS

"he +trectment was as described”i:‘fi:urf ;wiffipt
that the seeds were incuhated in SO‘H;Hgﬁ}Ome?qtéd 79N
the ~ermi-ation vperiod rather than 3¢120 iirhvaZuum heps
red lirht and incubated in water . & £0.0% T linjeation
applied for 3 minutes at the beginnine O g

veriod,
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5 Leucine= C Permeability an

in gEO EO'aOI'man‘t Seeas

e

m
the onset of skotodormancy in unpunched seeds was

105t grematic between day 4 and day 6 of dark stor
; age.

mnese VO time intervals were selected to determine wheth
ether

protein synthesis was involved in inhibiting germinatio
: o
inpunChed seeds were treated with red light givberellic
© ’

.4. thiourea OT water
ol on day 4 and day 6. 3H-Leucine

: 14 N
or leucineé= ¢ was added and the seeds were allowed to incu-

nate foT 12 hours before extraction.

Experiments involving 3H-leucine showed no signifi-
cent jncorporation into protein, The counts per minute for
all experimental treatments were very near packground counts.

Incorporation jnto protein was detectable using
leucine-1 4(}. Table V jllustrates the effects of the experi-
mental treatments given on day 4 and day © of dark storage
on subsequent permeability of the seeds to 1eucine-14c. Red

licht irradiation on day 4 and day 6 had 1ittle effect on

the permeability to 1eucine-14C. This is consistent with the

findings of Klein €t a1, (1971). seeds treated with gibberel”

1ic acid and thioured on day 4 contained g1ightly higher

s 3
amounts of 1eucine—14C- Thiourea caused & small reduction

in uptake of 1abel on day

T control contained more leu-=

effect on day 6. The 6 day wate

cine-14g than the 4 day wateT control.
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TABLE v

PERIPASILITY 10 TRUCTNE-14q oy GRAND RAPTDS Tmpoycp
SEEDS TREATED WITH Rep LIGHT, GIBRERELIIC AGTD.
AFD THIOUREA AFTER 4 OR 6 hyos DARK STORAGE ’

Treatment Soluble Leucine Pool
_— 12 HoEE Bai Percent of yater Control
nark Storage Germination

4 H,0 100%

4 Red Lipght 95

4 GA 125

4 Thiourea 127

6 H2O 100%*

6 Red Tight 39

6 GA 90

& Thiourea. 81

1 5 ir
95,222 cpm of soluble leucine- 4e per 0,5 gram seeds in
4 day water control

i 14, gra eds in
137,746 cpm of soluble leucine- 'C per 0,5 gram se
6 day water control

indicated time for
0.5 gram of seeds was emplorved for the égglg;tirradiation
each treatment, Dark storage was prece J

Vith far req light for 5 minutes.
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newley and Plack (1972) found that gibberellic acid

gid not affect net protein synthesis in dark germinated
jettuce seeds., Table VI illustrates that gibberellic acid

21so does not affect net protein synthesis in seeds stored

in extended darkness,

" Xlein (1971) reported that red light

aid not affect the incorporation of leucine-'%C into protein
jn dark germinated seeds, Table VI illustrates that this
is 2180 true after extended dark storage. Treatment with
thiourea causes a 50% increase in the incorporation of
1eucine-14c into protein on day 4 and a small decrease on
day 6.

mhe decrease in germination between the 4th and 6th
day of dark storage wvas apparently not due to net protein
symthesis. mhere is no significant difference between incor-

poration of leucine—'4c into protein on day 4 and day b oE

dark storage (Table V1) for any of the treatments except

thiourea.
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TABIE v1

INCORPORATION OF IEyCTyR.14n -, Y
RAPIDS IETTUCE SEmpg mapCrll0 PROTETN T qram

| ATED WITH Rp
GIBBERELLIC ACID, oR THIOUREATEFggg glggm,
6 DAYS DiRg STORAGE N L

Treatment
Days of 12 Hours % W
Derk Storage Dark Germinatjon » Water Control
4 H50 100*
4 Red Light 105
4 GA 116
4 Thiourea 151
T %
6 BZO 100
6 Red Light 97
6 GJ\L 106
§ 77
6 Thiourea o

402 cpm of 1eucine-14c per mg, protein in 4 day water
control

in i vater
* 539 cpm of 1 oncines g per mg, protein in 6 day wate
control

indi time for
€ach treatment, Dark storage was preceded O]

"ith far red light for 5 minutes.



CHAPTER v
DISCUSSION o RESULTS

Many workers have noted that Grand Rapids lettu
nd R ce

seeds irradiated with far reg light and stored in the dark
:

progressively lose their responsiveness to germination
promoters (Black and Richardson, 1965, 1967; Speer et al
— e ?

1974a; Vidaver and Hsiao, 1974). This condition is known as

skotodormancy.

Gibberellic acid, red light, and thiourea were able
to overcome the inhibitory effects of skotodormancy after
as much as 4 days dark storage (figures 1, 2, and 3), More
than 4 days dark storage caused a rapid loss of responsive-
ness to the experimental treatments. The water control also
exhibited an additional depression in the already low germi-
nation rate between the 4th and 6th day of dark storage.

These depressions in germination ability were interpreted

2s the onset of skotodormancy.
Speer et al. (1974) reported that red light given
gibberellic acid or thiourea

in conjunction with either

r 4 ibed
could overcome even 10 days dark storage of fully e

T+ loss of
brand Rapids lettuce seeds, He suggested that The

i jven alone
effectiveness of gibberellic acid and thiourea g1V

~37-
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afver extended dark storage migny pe due to a cop
a change in the

permeability of the seeqd coats, Speer (1973)
' . ’ reported that
punching seeds with a #0 insect Pin removes P
enetration

- 5 a?lc °

Punching the seeds great i
greatly increased the o j
23 . sed the germinetion

rate, Punched seeds incubated in only distilled water ger

nineted better than 50% after every period of dark storage
tested., Red light, gibberellic acid, and thiourea increzsed
the germination rate of punched seeds, The reduction of ger-
mination observed between the 4th and 6th day with intact‘
seeds was prevented by punching,

The fact that the punched water control seeds had
germinated so well indicated that the effect of punching

on skotodormancy was not dvue primarily to the removal of

peretration barriers,
In an effort to determine how punching elicited its

response, vacuum-—treatment was tested as an-alternate method

of overcoming penetration barriers., A twenty pound vacuum

was applied after experimental treatment to facilitate the
1f skotodormancy jinvolved a decreas-

entrance of chemicals.
. treatment should

ing permeability of the endosperm, vacuum=
response to chemical treatments after ex-

treatment did not

allow an increased o
dupli-

tended dark storage., However, vacuum-

c2te the effects of punching (figures f»



cause thiourea to be effective

storage (figure 9). The resuitg of the other
€Xperimental

treatments wWere very similar t, thos
e Obtained \'Ji.th .
intact

seeds. The most convincing data, though, was provid
’ Oovided by

the water controls. Germination of tne Punched
] e

water controls

yas at least 650% higher than the water control for eitp
x either

the intact or the vacuum-treateg seeds at every time j t
inter-

val tested.

These results indicate that skotodormancy is not the

result of a decrease in endosperm permeability, The in-
creased germination brought about by punching may have been
due to the damage to the mechanical restriction of the endo-
sperm, Kehn (1960a) reported that removal of the endosperm
allowed full germination even after far red light. Germina-
tion could be completely inhibited by placing the naked
embryos in a mannitol solution with a high osmotic pressure,
He found that the germination rate could be manipulated by
changing the molarity of the solution the embryos were in-

cubated in, The osmotic pressure substituted for the

mechanical restraint of the endosperm, abors and Lang

(19712) reported that the force necessary for the radicle

. .
o break through the seed coats was equal to the osmotic pre

3~ come
sure of 0,16 to 0,38 M mennitol, Red 1light could over
t nati heibe and
the osmotic restraint and induce germination. Sc
c acid could also over-

leng (1965) reported that gibberelll
abor (1970)

, . i and H
“ome the osmotic restraint, Palvistd



reported that partial destruction of the
endos
germination. Klein and Prejgg (1958) Teported
e

jrradiation of the seed coat and endos
Perm alggo Promoted
It i
1s clear that removing or damaging

the endosperm can increase the Seeds!

jark germination,

germination ability,
rhe increased germination caysgeg by punching was probabl
: obably

due to damaging the physical Testraints to growtn rathe
! T

than increasing the endosperm's permeability to chemicals

Experiments involving 1eucine-14C further demon

strated thet permeability does not decrease during skoto-
dormancy. The effect of skotodormancy in unpunched seeds
wes most dramatic between the 4th and 6th day of dark

storage, These two time intervals were selected for exver—

14

iments involving leucine- "C., After 4 or 6 days of dark

storage, seeds were treated with either red light, gibberel-
lic acid, thiourea, or water and allowed to incubate in

1eucine-14C for 12 hours., Table V indicates that the

1eucine-14c pools for all experimental treatments were higher
for day 6 than for day 4. Permeability was somewhat in-

creased rather than decreased by extended dark storage.

Vet protein synthesis (Table VI) does not appear to

be affected by skotodormancy. The slight increase in

o red
1eucine—14c incorporated into protein 1in the seeds sto

14
. ine-= 'C
for 6 deys can be attributed to the higher RS

gibberellic acid did n
mhis is in agree-

ck (1972).

ot ap-
Soluble pool, Red light and
Preciably alter net protein synthesis.

r d Bla
mentv&jh Xlein et al. (1971) and Bewley an



Thiourea caused an increase in Protei H
1 .

ynthesis o
4 and 2 small decrease on day 6 n day

Even though extendeg dark storage g
e does

. not appear
to involve a change in net Protein synthesis, it
’ may jine—

volve synthesis of specific €nzymes which this Proced
cedure

18 mo% SEABLULVE enough fo detect, Ohangss in the & tivit
- Ctivity

of several enzymes have been Teported to oceur during dark
> dar

germination although no change in net protein synthesis .
J Va. s

aiscernible (Eldan and Mayer, 1972; imen, 196g; Poljakoff-

eyber, 19585 Poljakoff-Nayber, 1953). wNabors et al, (1974)
demonstrated that red light-promoted germination involved
chemical activity., Combining the mechanical restriction of
the endosperm with the osmotic force of 0.5 M mannitol
solution allowed the effects of red light to build up, The
result was extensive degradation of protein in the cortical
cells of the radicle., Park and Chen (1974) reported that
digestion of the embryo and transfer of nutrients from the
endosperm to the embryo occurred during germination., Al-
though net protein synthesis does not appear to be altered
before visible germination, it is apparent that enzymatic
activity is associated with germination ability.

Shain and Mayer (1965 and 1968) suggested that in=
t of gg novo

Creased enzyme activity may not be the resul
| L

isti eed on
Simthesis, The enzymes may D€ pre-existing and 1

1 . s Tmancye.
¢ activated to induce germination OT do
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uce seed
proteins
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CHAPTER VI
SUMMARY

The ob,'ec i e o 1 .S Stud",’ vas (0] de eml h
t v _‘f 't{]] i ) A t ne t. e

y VI .. k;,: ( 1 ) li [‘ed 11- f\}l t, ,«]. bberellic acid thiouI
i o s eC.’

or punching could overcome the effects of skotodormancy i
? 7 1n

nrand Rapids veriety lettuce seeds, (2) if skotodormancy
involves & decrease in the permeability of the endosperm,
and (%) if skotodormancy or any of the experimental treat-
ments involved a change in net protein synthesis,

Red light, gibberellic acid, and thiourea overcame

skotodormancy after as much as 4 days of dark storage,

\Mfter 6 or more days of dark storage these treatments rapidly

lost their effect, DPunching effectivelr overcame skotodor-
mancy after every lenpgth of dark storage tested, Red lirht,
~ibberellic acid, and thiourea each increased the level of

~ermination when applied to punched seeds.

"
by a

The onset of skotodormancy is not accompanied

5 G ¥ i ation of
decrease in endosperm permeability, Vacuuml infiltre

: t on
the seeds with the experimental treatments had no effect o

14, 3031 d
i . f oo ndicate
cerminatiorn, Txperiments involving leucine o 2
, - during
thet endosperm permeability actually increased

Skotodormanc:f.

] B



gkotodormancy was not found to be related to net

15 svnthESiS- Red light and gibberellic acid also
e 2k u*

pro’t
) offect on net protein synthesis. Thiourea increased
nad 10

., gynthesis on day 4 and caused 2 small decrease
pro el v

07’1 da‘y 6o



45

LITERATURE CITED

en Ralph 1)y 1968. A model
- ﬁeview. 34 1=31, of seed dormancy,

Bot,
gerrie, A. M. M., W. Parker, B, 4, Knights, and M, R

Hendrie. 1968, Studies on lettuce seeg germination

I. Coumarin induced dormancy, :
Tz 567=573. Y. Phytochemistry,

J. Patterson and H, R, W
’ 2o - R. West. 1974, wat
—and the responsivity of lettuce seed g auel content
plant. 31: 90-96, S to light. Physiol.

, and James Robertson. 1973, Growth retardant
tThe germination of light sensitive lettuce s ants and
Plant. 28: 278-=783, eeds, Physiol,

Bewley, J. D. agd M. Black. 1972, Protein synthesis during
gibberellin-induced germination of lettuce seeds. Can.
J. Bot, 50: 53=59,

, and David W, Fountain, 1972, A distinction between
The actions of abscisic acid, gibberellic acid and cyto-
kinins in light-sensitive lettuce seed., Planta, 102:
368-371,

, M., Negbi, and M., Black. 1968, Immeaiate phyto-
chrome action in lettuce seeds and its interaction
with gibberellins and other germination promoters.
Planta, 78: 351=357.

; i . A5
Black, M., 1969, Light-controlled germination of seeds,
P: 193-197, In dormancy and survival. Cambridge,

Ingland.

1965, Promotion of germination

, and M, Richardson. Nature.

"~ 1in light-requiring seed by chloramphenicol.
208: 1114-1115.
induced by inhibi-

1967. Germination of lettuce S24-356.

‘—_?BEE'Of protein synthesis. Planta., 73: 1
ur E, H. Toole,
Borthwick, H, A g, B, Hendricks, M. W e ?aikerﬁotoreaction
and Viviénx%’ Téole. 1952, A reversible P

N ‘Y " Acad. Scio
controlling seed germination. proc. Nat

T



souchery, Re Vo 1956, Effects o q; 46

ses: plants, p. 459, ‘In 313 &rious proces.
of biological data, Philadelph?g,sggggledw handbzok
-Vaniag,

purde? of prolon
1ight on 1.:he response of letty ged far preq
gibberellin. Plant Physioj, = Seg%? §§4€X0genous

. 1972b. Antagonistic eff .
.---.ge-ﬁﬁeratgre pretreatments on 'thzcg:rging%gh and low

ermination of ethylene Synthesis of lettl?n and pre-
Plant Physiol. 50: 201-204, uce seeds,

. _1972c., Ethylene synthesis in 1

—physiological significance, plapt Phy:*{glllce ?8?“%19“3
722. . . s -

, and K{J. Vic}aver, 1971, Synergistic act
— ethylene with gibberellin or red light in ge:i:grilngfin
lettuce seeds, Plant Physiol, 4s8: 656-657, 5

Butler, W. L., K. H. Norris, H, w. Siegelman, and S, B
Hendricks. 1959. Detection, assay, and preliminai'y
purification of the pigment controlling photoresponsive
development of plants., Proc., Nat, Acad, Sci, 45:
170%=-1708.

Chen, Shepley, 3. C., and J. E., Varner. 1970. Respiration
and protein synthesis in dormant and after-ripened seeds
of Avena fatua (wild oat)., Plant Physiol. 46: 108-
112,

Fldan, M, and A, M. Mayer. 1972, Evidence for the activation
of NADH-cytochrome C reductase during germination of
lettuce, Physiol, Plant, 26: 67=72.

E i i influence
tvenari, M,, G. Neumann, and S. Klein, 1955. The inf
of i‘ed énd infra—rec’l light on the respiration of photo-
blastic seeds. Physiol. Plant. 8: 33-47T.

’ , and G. Stein, 1957. Action ofdgrllue
mt on the germination of seeds. Nature, London.
180: 609610,

i e
fountain, p, W., and J. D. Bewley. 197?'b-ggéy€320§g§mm
formation and protein synthesis ln-m634-607.
lettuce seeds. Plant Physiol. 52: y
F 1971, R
frankland, B., B. C, Jarvis, and J. H'-C}riif?erﬁsit?ve lettuce
Synthesis’ and the germination of 1ig

Seeds, Planta, 97: 39-49.



A, Gey, @nd J, A, Lippineot +
: - . = to

and 111%11)23;;;100?, -amylase Produlzigﬁ Promotion

sperm ﬂ te. Pl 2 adenosine monoI:'hosphlfl:l Pariey endo-

diphosphate. ant Cell Physiol, - 10. ‘2091 zlzld adenosine
. - O.

calskys

nmn, D. and Joseph Scheibe, 197z, .
"Tih the blue for inhibition of gemﬁgai?tlon Spectrum
seed, Planta, 106: 247-257, nation of lettyce

‘ . H,, and N, E
gabery Ae Hos 32T01ber§5 1959, Metabolism of

C-14—Ricarb9natg pP’%, or s°2-gulfat
during germination, Plant Physiology?y %i?tugséggg

qendricks, S. B., and H, A, Borthwick, 1967 m )
of phytochrcme in regulation of plantggi-éwtﬂhe function
yrat. Acad. Sci., 58: 2125-213Q, . Proc,

E. H, Toole, V, ¥, Toole 5
9 ’ o L and H., A, Bort
—T359. Plﬁlotgcontrol of plant dévelopment by thzwén?;{zltan
ous excl-;atlinsfof two interconvertable Pigments °
III. Control of seed germination and axj -
Sot. Caz. 121: 1. is elongation,

ysiao, A. I-Hsiung, and W, Vidaver, 1970. Seed water content
in relation to phytochrome-mediated germination of let-
tuce seeds (Lactuca sativa L. Var, Grand Rapids).

. 1971, Water content and phytochrome induced
potential germination responses in lettuce seeds,
Plant Physiol., 47: 186-188,

. 1673, Dark reversion of phytochrome in lettuce
seeds stored in a water-saturated atmosphere. Plant

Physiol., 51: 459-463,

Tkuma, H, and X, V. Thimann. 1959. Photosensitive site in
lettuce seeds. Science., 130: 568=569.

1960, Action of gibberellic acid on lettuce

m'gemination. Plant Physiol. 35: 557-566.
arvis, B, C., B. Frankland, and J. He Cherr¥70n1258%he
Increased nucleic-acid synthesis 1n rel%b%erellic -y
dreaking of dormency of hazel seed by g10°C
Planta, 83: 257-266.
- PR, ) ‘t'on"
“ahn, A, 1960a, An analysis of "dark-osmgt;;y;lilgi?l ;5:
of germination of lettuce seeds. Plan

-
L]



. 396013. Promotion of lettue =
—7Tbberellin. Plant Physiol, g, ° SGEngermination by

James A, Gross, and D,

s X E. Smitn
——3T gibberellin on germinatig « 1957, mfe
125: 645-646. " lettuce seed, “soiene

“"ment of lettuce seed germinatiopn b§’eéom;965' Enahnce-
tives., Plants. 67: 103-106, urea deriva-

vhan, Ae A 196'_7. Dependence of lettuce seeq
"~ on actinomycin D-resistant RNA s o
20: 1039-1044, ptlieadn,

germination
Phys, Plant

. 1968, TInhibition of gibberellj i
—ﬁinatior} by abscisic acid ang reve;gaic%gr-&%ui?d-
Plant Physiol. 43: 1463=1465, PR

'\Clein, S., I'Io N-egbi, :/\.. X‘Iitztwn, and L. Rothber . 1
The role of the endosperm in uptake ang disfg;ribugz;ﬁ
of exogenous leucine in germinating lettuce seeds,
Tew Phytol, 70: 143=147,

y, and J, W, Preiss., 1958, Depth control deuteron
irradiation of Lactuca sativa seeds. I, Effects on
germination and growth. Plant Physiol. 33: 3=21,

Leopold, A, C.,, and F. S. Guernsey. 1954, Respiratory
responses to red and infra-red light. Phys., Plant,

Toercher, L, 1974, Persistence of red light induct;on in
lettuce seeds to varrying hydration, Plant Physiol.

53: 503=506.

Iowry, O, H,, 1T, J. Rosebrough, A, L. Fe
1951, Protein measurement with folin phen
Jour, Biol, Chem, 193: 265=275.

lens, R, J, and G. D, Novelli, 1960. 4 cogvenlent,tﬁiﬁlg%
and sensitive method for measuring the 1r_1¢o}xl'poraRes
redioactive amino acids into protein. Biochem. .
Comm, 3: 540-547.

Farr, and R. J. Randell.
ol reagent.

¥ antitative
IR e M, Gmd A Poljakoff—Mayber. 1?6§%ioguof lettuce
changes irn nucleic acids during germin

seeds, Phys., Plant., 15: 283-292.



. 1963. The germinatjg i
—To. N. Y. Dp. 37-195, 1 of seeqs, The YMaemiliay

; Re Coy and T, A Vill

witchell, o e, « Villars, 497,
tion in light-controlled qopm, : _Polysome fopmpe_
671-674. 7Y+ Plant Phygyqy ) TR

jabors, M. W., Paul Kugrens, gng g1
Na doi-mant lettuce seeds: ’Phytochion Aass,
and 1lipid degradation, Planta, 17: 361 365 in

.‘ArabOrS IVI. ‘V‘J. ’ ?-nd Lang’ A. 1971a' Th
" Jater relations of red-light induceg growth
lettuce seeds., Part 7, Planta, 101

Physics
g€rmination in =
: 25,

yabors, M. W., and Lang, A, 1971b, The rp .
water relations of red-light induceq gegz;gai’?gslgs and
lettuce seeds, Part 2, Planta, 101 26-42 ol

palvista, A. D., and A, H. Habor, 1970, Embrvo )
without protrusion in lettuce seeds. Plan;)tr PE;(gansmn
45: 636-637, - .

Park, Won-mok, and Shepley S, Chen. 1974, Patterns of
food utilization by the germinating lettuce seeds,
Plant Physiol, 53: 64-66,

Poljakoff-Mayber, A. 1953, Peroxidase activity in germinat-
ing lettuce seeds, Enzymology, 16: 122,

. 1955, Oxidative activity of particles prepared
from lettuce seedlings, J. Exptl. Bot. 6: 313-320,

P013akoff-llayber, Asy Goldschmidt-Blumenthol, Shulamith,
and 11, DIvenari., 1957. The growth substances content
of germinating lettuce seeds. Physiol, Plant., 10:
14'-190
Rai, Vv, x,, and M. 11, Laloraya. 1965, Correlative s;g%ég:
on plant growth and metabolism., I. Chéng?sdégeg :
Soluble nitrogen accompanying glbbereum’lzo. 437-441,
Erowth in lettuce seedlings. Plant Phys. ‘
T : i
RGynoldS, T, 1973, A temperature-d?Pen@entbsgggggroof
variability in estimates of germlnatlog.
lettuce fruits, planta, 113: 327-332.
~ acterisation
Reynolds, T., and P, A, Thompson. 19f1.f C}eli;ination of
°f the high temperature inhibition o P%an . . 544-547.
lettuce (Tactuca sativa)., Physiol.




2 1ds, M. @nd P. A. Thompson, 1 0
'@yngibbérelllns and (i) abscisic azzg.onEiﬁeCt
e

S of kj .
Tettuce (Lectuca sativa), Physiol, pi. e kinetiy
. n s

germinat;
28 io

—Bejerano’ I\I'Q ]-)0 I{Oller, and I"I. N i

of phytochrome in the inductive aciggrll.ofw%.
on dark germination of lettuce seeq 4t low temperatype
temperature. Plant Phys, 41, 962-964 SUpra~optima]

poth

senkhla, & sy Da Sankhila, 1068, Reversal of (2) absei
= Clsin

77 induced inhibition of lettuce g i i
seedling growth by kinetin, Physigi? %gﬁnatlon i

195.

icheibe J. AAnd 1,‘1.0 Lango 19650 Lettuce i i

S Eviéence for a reversible 1ight—induczeigcigg;nitlon:
growth potential and for phytochrome mediation ofnth
low temperature effect, Plant Phys. 40: 485-492 °

shain, Y. and A. M. lMayer. 1965, Proteolytic enz
endogenous trypsin inhibitor in germinating leﬁlizeand
seeds, Physiol., Plant, 18: 853-859,

. 196&, Activation of enzymes during germination-
Trypsin-like enzyme in lettuce, Phytochemistry, 7:
1491-1498,

Speer, H, .. 1973, The effect of arsenate and other inhibi-
tors on early events during the germination of lettuce
seeds (Lactuca sativa L.). Plant Physiol., 52: 142-
146,

. 1974, Some aspects of the function of the
endosperm during the germination of lettuce seeds.

Hsi d W, Vidaver. 1974. Efi"ects_of
e jven in conjunction

diated ermination
tiva L.). Plant

S 1"
germination-promoting substances g

Wwith red light or the photochrome-me
of dormant lettuce seeds (Lactuca sa
Physiol, 54: 852-854.

genous cytokinins of

Stad i i do
en, J, Vv, 1973, Changes in in Physiol. Plant.

lettuce seed during germination.
222-227.
f light
, and P, T, Wareing. 1972. The §£f§§tR3mex
On endogencus cytokinin levels 1n6S<13§3 =
obtrusifolius, Planta., 104: 126=127




L. ., H. Al Borthwick, 5. B 51
moolgéole 1955. Photocontrol g Hendricks, ang V. ¥

s el . Le idium
plant physiol. 30: 15=21, =2piCium seed geérminatjon,

'.jooll,in ot 11ght-—requ1ring seeds of 1et%§2202igs to gibberel-

virginiCth Plant Phys. 36: 663-671, Lepidium

. ad A, I. Hsiao 1 ,

javer, W. 20 . 1974, Act

L acic’l and phytochrome on lettuce Seedlgzimiia%-}’gberellic
- n. Plant

physiol. %s 266-268,

yareing p, ¥, and I, Black., 1957. Sensitivi
la inh’ibited seeds to certain spectral rjézgrllgy olfla%%ht-
. e’

Tondon. 180: 395.

. 1958, Similar effects of blue and i

—aTTation on light sensitive seeds nd infra-red
= é ‘T

181: 1420=1421. Nature, London,



	000
	000_i
	000_ii
	000_iii
	000_iv
	000_v
	000_vi
	000_vii
	000_viii
	000_vx
	000_x
	001
	002
	003
	004
	005
	006
	007
	008
	009
	010
	011
	012
	013
	014
	015
	016
	017
	018
	019
	020
	021
	022
	023
	024
	025
	026
	027
	028
	029
	030
	031
	032
	033
	034
	035
	036
	037
	038
	039
	040
	041
	042
	043
	044
	045
	046
	047
	048
	049
	050
	051



