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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 pe::::ineability of the endosperm, and (3) if skoto­

dormancy or any of the experimental treatments involves a 

change in net protein synthesis. 

Red lig~t, 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 ~hrough the endosperm had no effect on germina­

tion. Experiments involving leucine-14c indicate that endo­

sperm permeability actually increased during the onset of 

skotodormancy. The leucine- 14c soluble pool increased as the 

length of dark storage increa sed. Skotodormancy does not 

appear to be a ssociated with decreased permeability of the 

endosperm to ~hemicals. Skotodormancy was not found to be 



rela ted 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. 



PREVENTION OF SKOTODORMANCY IN LACTUCA SATIVA 

VARIETY GRAND RAPIDS LETTUCE SEEDS 

A Thesis 

Presented to 

the Graduate Council of 

Austin Peay State University 

In Partia l Fulfillment 

of the Requirements for the Degree 

Master of Science 

by 

James Edward Conatser J r. 

August 1975 

i 



ii 

To the Graduate Council: 

I am submitting herewith a Thesis written by 

J ames Edward Conatser Jr. entitled "Prevention of Skotodor-: 

mancy in Lactuca sativa Variety Grand Rapids Lettuce Seeds." 

I recommend that it be accepted in partial fulfillment of 

the requireraents for the degree of Master of Science, with 

a major in Biology. 

We have read this thesis and 

recommend its acceptance: 

Second CommitteeMembr 

Acc epted for the Council: 



iii 

ACKNOWLEDGEMENTS 

The author wishes to express sincere appreciation 

for the suggestions and guidance offered by Dr. Benjamin 

P. Stone, Department of Biology, Austin Peay State Uni­

versity. Appreciation is also extended to Dr. Davis L. 

Findley and Dr. Floyd M. Ford, both of Austin Peay State 

University , for their critical reading of the manuscript. 

I am deeply grateful to my wife for her aid and 

understanding throughout this study. 



i v 

TABLE OF CONTENTS 

Page 
LIST OF TABLES. . . . . . . . vi 

vii 

. . . . . . . . . . . 
LIST OF FIGURES ••• . . . . . . . . . . . . . . . . 
Chapter 

I. 

II. 

II I. 

IV . 

I NTRODUCTION . . . . . . 
REVIEW OF LITERATURE •• 

MATER I ALS AND METHODS •• 

Germina tion •••••• 

. . . 

. . . . . . . . , . . 

. . . . . . . . . . . 

. . . . . . . . . . . 
Appear ance of Rad ioact ive Leucine i n the 

Soluble Precursor Pool and Incorporation 

3 

10 

10 

into Protein. • • • • • • • • • • • • • • 12 

RESULTS ••••••• . . . . . . . . . . . 
Determinat ion of Optimum Tempera ture for 

Breaking Skotodormancy i n Gr and Rapids 
Lettuce Seeds Tr eated with Red Light , 

15 

Gibberellic Acid, and Thiourea . • • • • • 15 

Effects of Red Ligh t , Gibberellic Acid, 
and Thiourea on the Prevent ion of Skoto-
dormancy in Unpunched Seeds . • • • • • • • 15 

The Effe ct s of Red Li ght , Gi bber ellic Acid, 
and Thiourea on the Prevention of Skoto-
dorrnancy of Punched Seed s . • • • • • • • • 21 

The Effects of Red Li ght , Gibberellic Acid , 
and Thiourea on the Prevention of Skoto-
dormancy i n Vacuum-treated Seeds . • • • • 28 



V 

chapter Page 

Effec t of Red Light , Gi bber~lli c Aci d, 
and Thi ourea on Leucine-14c Permeability 
and Prote i n S}~1thesis i n Skot odormant 
Seeds ••••••••••••••••••• ~ 33 

V. DISCUSSION OF· RESULTS • • • • • • • • • • • • • • 37 

VI . SUMMARY . . . . . . . . . . . . . . . . . . . . 
LITERATURE CITED • • • • • • • • • • • • • • • • • • • 

43 

45 



Tabl e 

I . 

I I. 

II I. 

IV . 

LI ST OF TABLES 

Determinat ion of Opt imum Tempe r atur e for 
Breaking Skotodormancy i n Grand Rapids 
Lettuce Seeds Incubated in Water ••• . . . . 

Determination of Optimum Temper a tur e for 
Breaking Skotodormancy i n Gr nnd Rapids 
Lettuce Seeds Irradiated wi th Red Li ght . . . . 

Determinat ion of Optimum Temperatur e for 
Breaking Skotodormancy i n Gr and Rapi ds 
Let t uce Seed s I ncubated i n Gi bber ellic 
Ac i d • . • • • • . . • . • • . • • • 

De t e:!.'IJl j_nat ion of Optimum Temper ature for 
Breaking Skotodormancy i n Gr and Rapi ds 
Le t t uce Seed s Incubated i n ~hi o r ea •• 

. . . . 

. . . . 

Vi 

Page 

16 

17 

18 

19 

v. Permeability t o Leucine- 14c of rr ~nd Rapids 
Lettuce Seeds Tr eated wi t h Red Li ght , 
Gibberellic Acid , and Thiour ea af te r 
4 or 6 Days Dark Storage ••••••••••• 34 

TI. 
14 . t p t . Incorpora t ion of Leucine- C 1n o ro e1n 

i n Gr and Rapi ds Lettuce Seeds r eated . 
wi tr.. Red Li ght , G- i bberellic , cid , or Th1ourea 
a f ~er 4 or 6 Days Dar k St orage •••• • • • • 36 



Fi gure 

1 • 

2. 

3. 

4. 

5. 

6. 

7. 

8 . 

9. 

LIST OF FIGURES 

Ef!ects of Red Light on Skotodormancy 
i n Gr and Rapids Lettuce Seeds ••• 

Effects of Gibberellic Acid on Skoto­
dormancy i n Grand Rapids Lettuce 
Seeds 

• • • • 

. . . . . . . . . . . . . . . . . . 
Effects of Thiourea on Skotodormancy 

in Grand Rapids Lettuce Seeds •••• 

Ef~ects of Red Li ght on Skotodorma~cy 
i n Punched Gr and Rapids Lettuce Seeds 

Effects of Gi bberellic Acid on Skoto­
dormancy i n Punched Gr and Rapids 
Lettuce Seeds •••••••••••• 

Effects of Thiourea on Skotodormancy i n 
Punched Grand Rapids Lettuce Seeds 

. . . 

. . . 

. . 
. . . 

Effects of Vacuum- Treatment on Skotodonnancy 
in Red Light-Irradiated Gr and Rap ids Lettuce 
Seeds • • • • • • • • • • • • • • • • • • 

Effects of Vacuum- Tr eatment on Skotodormancy 
i n Gibberellic Acid- Treated Gr and Rapids 
Lettuce Seeds ••••• .•••••••• • • 

Effects of vacuum- Tr eatment on Skotodormancy 
in Thi ourea- Treated Grand Rapids Lettuce 
Seeds • • • • • • • • • • • • • • • • • • 

vii 

Page 

20 

22 

23 

24 

26 

27 

29 

31 

32 



CHAPTER I 

I NTRODUCTION 

Borthwick et~- (1952) found that gerrnj_nation of 

Gr and Rapids variety lettuce seeds can be re gulated by 

different waveJengths of light. Red ligh t promotes germina­

tion and f a r J:ed ligh t inh i bits germination. The red and 

f ar red eff8cts are reversible. Khan et al. (1957) reported 

tha t gibberellic acid could r eplace red light in stimula ting 

germina tion. The effect of gi bberellic acid w,t S not re­

versible by f a r red light . Maye r and Pol jakoff-Mayber (1963) 

reported that thiourea coul d replace the red light require­

ment. Scheibe and Lang ( 1965 ) r eported that removal of the 

endosperm a :;.lowed complete dark germination tha t was not 

affected by f a r red light . Ikuma and Thimann (1960) reported 

that punch ing i ncrea sed dark germination. Aft8r extended 

dark stora ge, imbi bed seeds lose their respons~veness to light 

t r eatment (Bl ack and Richar dson 1965) . This phenomena is 

known a s sko •;:cdormancy . Speer e t al. (197,1) reported t hat 

dark-stored imbi bed seeds a lso lo se their re sponsiveness to 

other germinat ion promoters and sugge sted tha"t iecreased 

permeability of the endo sperm mi ght be the causE . 

This study was undertaken to dete rmine the following : 

(1) if red ligtt , gibberellic acid, th iourea , 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, 

2 



CHAPTER II 

LI TERATURE REVIEW 

Several varie ties of seeds, such as Lactuca sativa 

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

(Wareing and Bl ack, 1957), Rumex obt usifolius (Staden and 

Wareing , 1972), Lepidium virgi nicum ( Toole et al., 1955), 

Rheum r hapon t~cum and Agrostis al ba (Boucher, 1956) and 

Daucus ~ta , Ticotina t obacum and Rumex crispus (Mayer 

and Pol jakoff-Mayber, 1963 ), require light for germination . 

Others, such a s Nemo-ohila i nsigni s (War ei ng and Bl ack, 1957) 

and Lamium ampl exicaule (Hendricks et al., 1959) are i nh i bited 

from germina tion by light. 

Borthwick et al. ( 1952) repor ted that Gr and Rapi ds 

variety l e t ~uce seeds ar e st i mul a ted to germi nat e by r ed 

light in t he spec t r a l r egion of 590 t o 680 nanorae te r s (nm.). 

Far red ligh t i n t he r egion of 700 t o 800 run . depr essed 

germination. Th e se t wo effect s ar e r ever s i ble and t he final 

effect on germj nat ion i s dependent on wh ich light treatment 

The f a r red i nhi bi t ion r equires 4 t i mes 
wa.s given l a3t . 

a s much energy a s the r ed light promo t i on . 
This i s why 

t he ne t effec t of white light is promo t ion of ge. nnination 

(:al ack, 1969). 

- 3-
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The light absorbing pigment r esponsible for the 

r ed-far red effect is lmown as phytochrome (Butler et al . -- , 
1959). Phytochrome exists in t wo different forms, (Pr) 

and (Pfr) , (Borthwick et al. , 1952). The form of phytochrome 

which induces germina tion, Pfr , has an absorption maximum 

near 730 nm. ~he inactive form of phytochrome, Pr , has an 

absorption r1aximum near 660 nm . (Hendricks and Borthwick, 

1967) . Red light (660 nm.) conver ts t he i nact ive Pr to 

the active Pfr and f ar red light (730 nm .) converts i t back 

t o Pr (Borthwick e t al., 1952 ). Phytochrorne has been ex-

t r acted and purifi ed by But l er et al . (1959) . Hsiao e t al. --
(1 973) r eported that t he ac t ive form of phytochrome slowl y 

r everts back to t he i nac t ive Pr form i n the dark if t he water 

content of t he s eed is too low for germinat ion . They noted 

t hat this dark r evers ion does not occur i n dr y 3eeds . I kuma 

and Th imann ( 19 59) f ound t hat phytochrome was l ecated i n 

the hypocotyl 2nd of t he seed . 

Evenari e t a l . (19 57 ) r epor t ed tha t bl ue li f,ht i n 

the r egion of 350 nm . t o 590 nm . also caused an i ncrease 

i n the germination of Gr and Rapi ds l ettuc e seed s . A narro\·1 

t h . · f r om 410 nm . to 45 5 nrr ., depr es ses band wi th i n i s re gion , 

( d Bl ack , 1958; Gwenn and Sche i be , foermination War e i ng an 

197 2). 

Da r k s t orage caus es a gr adual loss of 

ness to red ligh t (Bl ack and Richar dson , 19 65 ). 

Skotodormancy , can be pr evente1 
di t ion , lmO'vm a s 

responsive­

This con­

with 



chloramphenicol and actinomycin D (Black and Richardson 

1967). Certain germination promoting chemicals given in 

conjunction \·Ti th red light can overcome skotodonnancy 

(Speer et al,, 1974). 

5 

Bewley et al. (1968) reported that phytochrome (Pfr) 

was active within five minute s of irrad i at ion witn red light. 

such a quick resnonse lends support to Burdett's (1972a) 

suggestion that phytochrome exerts its control at the level 

of membrane permeability . 

Hs iao and Vidaver (1971) r eported that imbibed seeds 

irradiated wi th red or f ar red light coul d be dried and re­

imbibed without changi ng the form of the phytochro:ne (Pr 

or Pfr)• They concluded t hat phyt ochrorne med i at ion of 

germination consis ted of t\·ro pha ses : ( 1) induction, or 

activat ion of th8 phytochrome and (2) expression. Loercher 

(197 4) reported that the phytochrome coul d be activated in 

seeds with a \vater content of 15%. Seed s ,-,ill not genninate 

with a wa ter content this lm·1. Late r imbi bition cat:.ses the 

seeds to r e spond to the l a st light t r eatment . These results 

ar e i n agreement with other s (Hsiao and Vi daver, 1970, 1973; 

Berrie et al. 19? 4). 

Kahn e t ~3.1. ( 1957) r eported that i bberellic acid 

could r epla ce red light i n promo t i ng dar k germinatior. of 

d The ~i bberellic acid-Gr and Rapids variety le ttuce sees . -

i nduced germinat ion ~snot r eversed by f ar r ed light 

· ce confirmed the promo­
(Kahn , 196Gb) . nany workers have sin 

. . ' bberellic acid (Kahn , 1960b ; Toole 
t 1on of germi na t10~ by gi 



and Cathey , 1961 ; and Jarvi s ~ al., 1968). Ger.mination is 

al so i nduced by kine tin (Sankl a and Sankla , 1968 ; Reynolds 

and Thomp son 
1
97 1, 1973). Ethylene promotes germination 

(Burdet t an1 Vidaver, 1971) and man be responsible for t he 

expr ession of the r ed light effect (Burdett , 1972b, 1972c). 

6 

coumarin and abscisic acid depre ss germination (Berrie et al., 

1968 ; Bewley and Founta in, 1972 ). 

The 8ff ect of various i nhibi t ors of protein and 

nucle ic acid synt hesi s on germi nat ion has be en the obj ec t 

of much r e s c>.arch . Pol jakoff-Layber (1953 ) and Kefford et al. 

(1 965) have r eported t hat th i our ea i ncreases dar k germinat ion 

of Gr and Rap i ds l e t tuce seeds . Bl ack and Ri cha~dson (1965 , 

1967 ) r eported tha t ge rmination is promoted by chlorampheni­

col and actinofilycin D. Ge rmina t i on may requir e act i nomycin 

D-res i stant FNA synthes i s (Kh2n , 1967). 

B::wl ey and Bl ack (1972 ) r eported that germination 

was i nh i bited by cyclohexami de . The dwar f i ng compounds 

chlorrneq_ua t , B995 , and phosphon D depress germj_nat ion (Berrie 

and Rober tson , 1973 ). 

1 a l ter at l. ons have been shown to alter Cer t 2. i n phys ica 

dar k germi n2.t ion of Gr and Rapi ds lettuce seeds . Heat ing 

seeds t o 97c induces a dormancy which can be ove r come by 

f ibberellic a c i d and ethylene , (Burdet t and Vid~ver, 1971 ). 

o enhances germinat i on a t 300 (Roth­Col d t r eatment (0 C) 

( 1973 ) r epor ted that Gr and Rap i ds 
~eje r ano, 1966 ) , Reynolds 

uppe r temperatur e maximum and 
let tuc e see ds tave a shar p 

. ·1 · t i n germi nati on of seeds i ncubated 
the re i s a g~eat var1ab1 1 Y 
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at the transiti.on zone . Kahn (19 60a ) reported that germi-

nat ion could be suppressed by placing the seeds in an 

osmoticum. Puncturing the seeds increa sed the germination 

of seeds i n 0.1 8 M mannitol solution i n darlmess (Kahn 1960a). 

Ikluna and Thi rnann (19 60 ) found that i njection of gi bbere llic 

acid into the seeds with a fine needl e lowe red the concen­

trat ion of gi bberellic acid needed to i nduce dark germinat ion . 

Speer (1 973 ) r eported that punchi ng removes pene tration 

barriers to the entr ance of chemicals. Speer (1974 ) noted 

that punchin8 i ncreased the dar k germi nation o: seeds i ncu­

ba ted i n di st.illed wn ter . Removal of the endos!)erm eliminates 

the light r equi r ement (Scheibe and Lang 1965). The light 

r equirement is restored if t he naked embr yos are placed i n 

0 . 3 M mannitol (Nabors and Lang , 1971 a ). Deuteron irrad i a­

tion of the s eed coat and endosperm also prorr.o -ted dar k 

Jerminat ion . The endosperm and t he osmoti cum &ct a s a l te r­

nate externa l physical r est r a ints ( iabors and Dang, 1971a ). 

I rradi a tion wi th red light causes an i ncreased tur gor pres­

sure t o be Gener a ted i n the seed to ove r come these r estr a i nts 

(:r;abors and Lang 1971b). 

t he endosperm i n two ways : Seeds can overcome -

· br vo ~nd ( 2) chemi-( 1) t he me chanica l force of the grovnng em V ' 

(Palvi sta and ~aber 1970). can weakening c;f the endosperm 

Bewl ey ( 1973) found that pro te i n syn-Fountai n and -

the imbi bi t ion pha se of lettuce seeds. thes i s OCCUYS early i n 
ted that dormant seeds syn­

Bl ack and Ri char dson (1 967) r epor 
r a te as germina t i ng seeds. 

thes i ze protein at the same 
Net 
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pro te i n synthes i s is not alter ed by either red light or gi b-

ber ellic acid ( Rai and Lalorava , 1965 ., 1 
J K ein et al., 1971; 

1ewley and Bl ack , 1972). Th e activity of several enzymes 

has been f ound t o be alter ed even though no change in net 

protein synthes i s can be detected (Fountai·n d ) an Bewley 1973 . 

There ar e sever al growth promoter s tha t · f l i n uence enzyme 

act i vi t y i n l et~uce seeds . Gi bberell ic aci d promote s 

0(-amyl a se activi t y (Ga l sky and Li pp i ncott , 1969 ; and Amen 

1968 ). Th i our ea de crea.ses ca t a l a se activity and i ncreases 

per oxi da se a ctivi t y (Pol jakoff- Maybe r 1953 ) . Red light i n­

crea ses t he a c t i vity of pectinase , cellul a se (Amen , 1968) 

and peroxida se (Pol j akoff - rriay-ber 1953 ) . Red light al so 

causes polysom:::: fo rmat i on (Ei t chell and Villar s , 1972). 

Exposur e of seeds i n a O. 5 ~l mann i t ol solut ion t o red light 

causes ext en s i ve de gr adat ion of pr ote i n i n the r adic l e (Nabor s 

et 2.l., 197 4) . Pol j akoff- Viayber et a l. ( 1957) found t h2.t 

two acidic gr owth inh i bi t ors pr esent i n dr se eds bot h di sap­

pear aft er irnb i b i t ion . Shai n and Maye r (19 68 ) repor ted tha t 

the act i vi ty of a t r yps i n- like enzyme i ncr eased during germi­

n2.tion . The a c t i vi t y of JArn _- cytochr ome C r eductase activi ty 

increa ses r ap i dl y early i n gemi nat i on (El dan and 1ayer , 

1972 ) . Habe r and Tolber t (1959 ) and Pol jako f f - iayber (1955 ) 

al so repor ted t he t r icar boxyl ic acid cycle t o b~ fun ct ioni n~ 

durine the earl iest phase of ~emi na t ion . Par k 2.nd C~en 

f the endospem and t r ansfer 
(197 4) found thet di ge stion o 

Occurs during germi na t i on . 
of the nutrients to the embr yo 
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The rate of respirat ion of dormant seeds is on1y 20% less 

than that of nondormant seeds (Chen .£! al., 1970). Res­

piration is stimula ted by red liGht and depressed by far 

red light (Ev€nari et~., 1955; Leopold and Guernsey, 

1954) . The i ncrease i n the activity of enzyme s associated 

with germil'!ation may be the r esult of activation of pre­

existing enzymes (Eldan and Maye r 1972). 

Mayer and Pol jakoff➔Iayber (1962) noted a correl a tion 

be tween nuclea:c RJ:A and germination , but t hiourea promotion 

of 8ermina t ion. did not dir ect l y i nterfer e ':.r i th RFA metabolism. 

:r,1 r ankland ~! al. ( 1971) r eported a hi ghe r r ate of ID!A 

synthesis i :1 illuminated seeds . RFA i nhi bi tors prevent 

lj_ght and c; i bber ellic aci d promoted germination (Khan 1967 ). 

Red light causes a r apid i ncrea se i n ext r actable cytokins 

(Stad en et al.j 1972). Gi bber ellic acid and r ed light 

conve r t cytokini ns to the ir nucleoside s which pr.emote germi­

nation (St aa en 1973) . 



CHAPTER III 

MATERIALS AND METHODS 

Germination 

Lactuca sativa, variety Grand Rapids, lettuce seeds 

purchased from Joseph Harris Company, Moreton farm, Rochester, 

New York were used throughout t his study . They were stored 

i n a moisture-proof container a t 4°c. Seed s were chosen at 

r andom and p~aced in 5 centimeter (cm.) pe tri dishes con­

t aining one l ayer of Matheson Type D fil te r paper. Initially 

approxima tely 40 seeds were used per dish . This was in­

crea sed to 100 seeds per dish . They we r e soaked in 1.5 

milliliters (mJ.) of distilled wate r for one hour before 

be ing irradiated with 5 minut es of f ar r ed light to inhibit 

germination. ·r he ligh t sourc e was a 150 wat t reflector 

flood opera ted a t 120 volt s . I t was a t t ached to a ring stand 

72 cm. above the s eed s. An 8 cm. wat er screen ~as pl aced 

under the l amp t o r educ e t he heat from the l amp . The seeds 

we r e irradia t ed i n a light-proof box equi pped with a 

Carolina Biologica l s uppl y (CBS ) N. 750 f ar r ed fil t er be­

tween the s eads and t he light sourc e . The seeds were stored 

· t The seed s were ini-i n light-proof pe tri dish cani s er s . 

t i ally germina ted a t two diffe r ent temper a tur es , 20° and 

25°, to determine the optimum temper atur e condi·cions. 

- 10-



11 
All subsequent treatment s we re carried out at 200. 

The 
far red irradiated seeds were stored in the dark for o, 2, 

4, 6, 8, or 10 days to induce varying d ~ k egrees o~ s otodor-

mancy before experimental treatments. After the appropriate 

length of dark storage the seeds were treated with gi bberel­

lic acid, 0 • 5 millimolar ( 0. 5mM), thiourea , 50mM, 5 minutes 

irrad i a tion with red light, or distilled water. The treat­

ments were applied by transferring the seeds tc 5 cm. dishes 

containing one l aye r of filter paper and 1. 5 ml. of the 

appropriate soJ.ution. The se eds to be t r ea ted with red 

light were tra::1Sferred to a dish containing distilled water. 

The seeds W8re irradiated i n a light-proof box equipped with 

a CBS No. 6:SO r ed fil te r bet\•.'een the seeds and the light 

source. An 8 cm. solut ion of 1% copper sulfa t€ was placed 

direc t l y belov, t he l amp. The seeds vrnre allowect. t o germinate 

i n the dark fo::::· 48 hours af ter trea tment . Germination was 

detennined by visible pro trus i on of t he r ad icle tip past 

the se ed coat as detennined unde r a 10X microscope. 

The punched seeds we r e pi erced i n the mi dsect ion 

through the co tyl edons with a #0 i nse ct pi n t o break the 

(s 1973) The seeds wer e seeds ' penetrat ion barriers peer, • 

punched before :i_mbi bi t ion . 

Evacuated seeds we re placed i n a des icator a ttached 

t o a vacuum pump immediate l y af te r t r eatment . Twenty pounds 

for 3 minutes to facilitate 
of vacuum pressure was applied 

h the penetration barriers. 
the entrance of the chemicals throug 
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All dishes were run i n t r i plica te. All experiments 

\'!ere run in dupl i ca t e · th ' e vacuum-trea tment was run 

thr ee times. 

Appear ance T?f Rad ioac~ive Leucine i n t he Pool and ~ncorpora t1.on 1.nto Protein Soluble Precursor 

Gi tberellic acid , t h iourea , r ed light, and di s tilled 

ptmc e skot odormant seeds to deter-\'Tater were applied t o un h d 

Te seeds were te s ted mine the effect on protein synthes 1.· s . h 

s orage . af t er 96 hour s and 144 hour s of dar k t 

For each t r eatment 0 . 5 grams of seeds were soaked 

for one ho~r i n a ster i l e 10 cm. petri dish contai ni ne one 

l ayer of nat h eson Type D fi l ter paper and 6 ml. of distilled 

water. The s eeds wer e irrad i a ted wi th f ar r ed light for 5 

mi nute s and stored i n the dark i n l i ght- proof , et ri di sh 

can i ster s at 20°. Afte r t he appropria te length of dar k 

stor age , the seeds wer e t r ans f erred to a s t eri l e 10 cm. petri 

di sh cont aini n~ one l aye r of 1at heson Type D fi lter paper and 

t he appropri a te solution . All ge rminated seea.s wer e r emoved . 

The seeds to be t r eated wi th r ed l i ght vrer e transf erred t o a 

dish contai n i r..g distilled water and i r r adiated. wi th r ed light 
. - 4 1 ( ' ) 

f or 5 mi nute s, Al l solut i ons contai ned 10 J o ar 
1 

I m-
peni c i llin and streptomyc i n t o i nh i bit bacter i al grovith . 

medi atel y ~fte r appl i cation of the experimental t r eatments , 

Of 
3H- J-leuc 1.· ne or leucine- 1 \: was added 

ti:ro mi crocuries .., 
to ea~ di sh . The seeds wer e i ncubated i n the r adioact ive 

the f l.
. r st twelve hour s of germlna tion . 

ami no acid f o:i:-
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The seeds were rinsed •th 

Wl distilled water. All 

germinated seeds wer e removed . The ungerminatecl. seeds were 

p:round in a chilled mortar and pestle cont a i ni ng 5.0 ml. of ~' 

0.01 M tris b1,:;_ffer pH 7 .5 con t a i ni ng 0.2 mg. leucine ml. per 
The homogenate was centrifuged at 1640 Xg f or 10 minutes to 

r emove t he cel l ul a r debris. The supernatant w~s poured i nto 

a polypropylene te st t ube . The debris 1:ras wasb ed i n 5 ml. 

of buffer and r ecentrifuged . The supernat ant was added to 

the first supernatant and t he volume was determined . Six 

o. 2 ml. aliq_uots i•1ere pl aced on one i nch sq_uare s of Type A 

gl a s s fi ber fil ter paper and dried unde r a 250 watt r efl ect or 

i nfra-red heat l amp oper at i ng a t 120 volts . Tr ree of the 

paper squar es we r e used a s a mea sure of solubl e precur sor 

pool and r ece ived no fur t her t r eatment . 

The i n corpora t ion of 3H-leucine and leucine- 14c was 

assayed by a mod i f icat ion of t he pro cedur e of ~ans and 

~ovelli (19 60). The t hr ee r ema i n i ng paper s wer e submer ged 

i n a beaker of i ce cold ~ ~ Tric~lor oace t i c acid ( TCA ) and 

dept on ice for 15 mi nu tes . 'Phe cold TC:\ \,,as decanted and 

· th cold 5/ TCA the fil t er pape:rs we r e rins ed two times w i 

1 • The paper s wer e cov cont a i ni ng eu~1ne . ered with 5~1o TCA and 

o The TCA was decanted and cold heated t o 9C for 10 mi nutes . 

t he beaker was pl aced on ice for 10 5% TCA was added and 

mi nutes before de cant i ng . h ape r s \··er e covered wi th T e P ' 
o t The ethanol 

95% ethanol and warmed t o 65 for 3 minu es . 

re r e cove r ed wi t h a mixtur e of 
was decanted and the pa per s v 
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ethanol/ether/chloroform (2: 2: 1) and warmed 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 

i n scintilla tion vials. Each vial conta i ned 18 ml. of 

scintillation solution (4 gr ams of 2, 5-diphenyl-oxazolyl 

and 50 mg. of 1, 4-bis-2 (5-phenyloxazyl) benzene/liter of 

toluene). '.[•he r adioactivity i n the vials was counted i n a 

Nuclear Chicago Unilux III liqui d scintillation counter for 

10 minutes. 

A 0.2 ml. a liquot of the homogenate was dissolved i n 

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 IV 

RESULTS 

Different lo ts of se eds have differ ent optimum 

tempe r atures for germinat i on (Reynolds , 1973 ; Khan , 1968). 

Seed s we r e t ested a t 20° and 25° t o determine the opt imum 

tempe r atur e of th i s par t icul ar l ot . Experimental t r eatments 

wer e applied a f te r 0 , 2 , 4 , 6, 8 , and 10 days dar k storage . 

Germi na tion was s cored a f te r a 48 hour dar k ger mi nat ion 

period. As i ~d ica ted i n Tabl es I through IV , seeds grown 

a t 20° yielded hi ghe r germination counts f or all treatments 

i ncludi ng the 1:rater contr ol. In all subsequent t ests , 

seed s we r e i n cubat ed a t 20° to a void conf using t he inhi biting 

effec t of higher temper a t ur e wi t h t hose of skot odormancy . 

Red light trea tment ( fi gur e 1) caused very hi gh 

~errni nat i on f or day 0 but , t her eafter , the percent genni na-

Af ter 6 or more days of dar k stor age, t ion fell r ap i dl y . 

germi nat i on was l ess than 7?t 

- 15-
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TABLE I 

DETERMINATION OF OPTI MUM rr1EMPERA ""' 
SKOTODORMANCY IN GR.AfJD-R> ~PI DSTURE FOR BREAKI NG 

T Vl LETTUCE SEEDS 
I NCUBATED HT WATER 

Incubation Temper a ture ~ of Dar k Storage 
cem Germination 

0 2 4 6 8 10 

7. 8 8 . 0 6. 9 0 . 4 0 . 4 0 . 4 

8 . 6 2 . 1 2 . 0 0 . 5 0 . 4 1 . 4 

Seeds we r e i mbi bed i n distilled w~te r f or 1 hour 
lJefore being irrad i ated \·ri t h f ar red lieht for 5 mi nutes . 
Afte r the a ppropria t e l engt h of dar k stor age al l germinated 
seeds we r e removed and the seeds ,-,er e allowed to germinate 
i n water for 48 hour s . Si x rep l i ca tes of appr oximately 
40 seeds each were employed f or each i ncubat i on temper atur e 
a t each time i nterval. 



17 

TABLE II 

DETEW'iINAT I ON OF 0PTHM1 TEMPERATuo;:.-
SKOTO.DORMANCY I N GRAFD RAP 1

~ FOR BREAKI NG 
IRRADI ATED-WITH REiniI~~iTncE SEEDS 

Incubation Tempera ture Davs of~ Storage 
Percem Germination 

0 2 4 6 8 10 -
20° 96 . 3 73 . 5 64 . 7 6 . 5 1 • 5 3. 6 

25° 54 . 8 42 . 6 7 . 1 2 0 o. o 1 • 2 

The treatmen t was t he same a s de scr i bed i n Tabl e I 
excep t that t h e se ed s were irrad i ated wi th red l i ght f or 
five minutes a t t he begi n.."'1. i ng of the 48 hour germinat i on 
period. 
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TARLF, III 

DETERM I NA TION OF OPTIViUl'lf r , 

SKOTODORMAHCY I N GRAJ\TD rR~PPERi\.TURJ,; FOR BREAKI NG 
I FCUBAT ' .t-l IDS LETTUCE SEEDS 

- ED I T\: GI BBERELLIC ACID 

Incubation Tempera ture Days of~ Stor age 
Percent Germination 

0 2 4 6 8 10 
200 98. 8 99.4 93 . 8 41 . 1 48 . 3 19 .2 
25° 97 . 9 94 . 2 82. 3 27. 0 37. 2 47. 3 

Th e t r ea tment wa s t he same a s described i n T2.ble I 
exc ept tha t the seed s wer e i ncuba t ed i n 0 . 5 mf-' gi bber ell ic 
acid during t he 48 hour gennina tion per iod . 
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TABLE IV 

DETERN TNATION OF OPTTI-'iUM TEMP -r:i 

SKOTODORJYIANCY I N GRAlTD P.APEI ])RASTURE FOR BREAKI TG 
I
,-.:rc , L LE'T1TUCE SEEDS 
i\ UBATED L ~ THIOUREA -

Incubat i on Temper atur e 
Days of Dar k St ora ge 
Percem Germi na~i on 

0 · 2 '1- 6 8 10 

20° 55. 1 72 . 6 77 . 7 30 . 0 25 . 2 7 . 0 

25° 8 9 . 0 67 . 7 23 . 7 19 . 1 2. 6 2. 0 

Th e treatment was the same a s i n ~abl e I except that 
the seeds wer e i ncubated i n 50 mF thiour ea during t he 48 
hour germinat ion per iod . 
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FIGURE 1. EFFECTS OF RED LIGHT ON SKOTODORMANCY IN 
GRAND RAPIDS LETTUCE SEEDS 

20 

Seeds were imbi bed i n dis t illed wa ter for 1 hour 
before being irradiated with f a r red ligh t for 5 mi nutes . 
Afte r the appropria te lengt h of dark stor age all germinat­
ed seeds were removed and t he s eeds we r e irr2.di ated wi th 
red light and allowed to germinate i n water for 48 hours . 
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Seed s treated with gi bberel11· c 

acid (figure 2) gave 
better t han 90% germination for t 

After 6 or more days of dark st 
up o 4 days of dark storage. 

orage the percent germination 

fell rapidly . After 10 days, the percent germination was 

s t ill higher t han the water control. 

Thiourea-trea ted seeds (figure 3) yielded 55% germi-

nation for O day s of dark storage. I t 
then rose to 77% 

after 4 day s before f alling to 7% af t er 10 days. 

The water control germina ted 7 t o 8% for up to 4 

days of da rk storage. On the 6t h day , the gennination 

respon s e was less than 1% and remained the r e through the 

10th day . 

The germinat ion perc entage decreased markedl y for all 

t rea tments including the water control between the 4th and 

6th day of dark storage. 

Speer (1973 , 1974 ) r eported that punchi ng seeds wi th 

a #0 i n sect pin removes pen e t r a tion barrier t o the entr ance 

of chemica ls. Punch i ng was tested to determine i t s ef f ec t 

on skotodormancy . 

d · t d wi th red Germination of punched seeds irra i a e 

i nh i bi ted by dark storage. light (figure 4 ) was not serious l y 

90016 0 {:Fe rmina t ion even after Seeds thu s trea ted exhibited a 
. the dar k t he seeds 8 A.ft er 10 days i n ' days da r k storage. 

germinated ~ta level of 72%· 
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10 

PI G URE 2 . :SP.FF,CrPS O? G I BBERELLIC ,'\C I D o,· s·:oTODORJ :. re·., 
I T G-W\YD RAPIDS JiE J.'rr1T ~CF, SEEDS 

The t r ea t me~t was a s de scri ed i ~ f l ntr e 1 exc ept 
t ha t t he seeds were i ncubat ed L • 5 m>~ pi "!, )er ell i c acid 
durini t h e r erminat i on per iod r ather t han oei f i r r adia t ed 
wi t h red l i ght and i ncubat ed i n water . 
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The · t r ea t ment v12. s a s d e s cri bed i n fi ~ r e 1 ex­
cept that t he s e ed s \·rer e i n c 1 1bated i ::-:. 50!:rf ~ th i ourea 
du.r i r:.g the i::·ermi nat ion p e riod r a t h er tha~7. ½e i n . i rra dj_a ted 
with red li ,;;.h t and i :-'.1. cubo. ted i n \·late r . 
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Seeds \'!e re p11.n ch ed i '1. t he r.:1 i.d s ec t · o:-: wi 2.. '!O 
j_ n sec t :pi'1 ~)efore i mh i. 1) i ti o11 a· 0 d t r ea t ed a s descr i ·Jed i -­
fi n J.re 1 • 



25 Dar k stora ge a l so d "d 
~ 1 not have much effect on 

puJ1ched seeds t r ea t ed vii t h e;i bberell1.· c a c1.· d 
(figure 5). 

Germination was a bove 90~~ after 6 days dark 
storage. After 

10 days in the da rk, t he germination was 
s t ill approximately 

Punched seeds i ncuoated i n th . ( . 
J. Olr ea f1. gure 6) over-

came t he i nhi b i t ory effects of dar k stor ai::e , but not as 

we ll a s the o the r experimental t r eatment s. r, erminat ion was 
above 90% a f te r ~ da,Jrs i n the dar k . G erminat ion declined 

afte r 6 or more days t o 5 5 ~~ on t he 10th davr. 

In all experimenta l t r ea tment s , pu..~chi ng t he seeds 

was ve r y eff ec t i ve i n nega t i nE t he i nhi bi or y effect of 

extended dar k stora ~e , especia l l y a f te r 6 or more days . 

The mo st obvious effec t was on the punched ·Tate r control 

(fi gur e ~). Pun ch ed seeds i ncubated i n vate r genni nated 

at l eas t 650~', h i gher than unpunched \'late r controls for every 

hme period t e s ted (figur e 1 and 4) . Pun.ch i n.:; ver r effec t ive-

1? pr evented skotodormancy for at lea st 10 da s . 

The effe c t s of ptmchi ng and of the var i ous gr ovrth 

promote r s se em t o be add i t i ve . Punching a lone i ncrea sed dar k 

. t · d i"d each of the exper ime~t a l t r eatment . c;er rrn n2. 1011 a s 

d .·.• 1· th one of the c;rowth pr o­•J1 r eatmen. t of the pur..ch ed see s 

moters resul t ed i n higher ~erminat io t ha. either pur..ch i n~ 

a l one , especial l y a f ter alone or any of the growth :promote r s 

6 or more days. 
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:rIG-F~F, 5. f.YPEC fll S OF G-Fl~f.R"EiiLIC ;\CID (,,- ,,o r.·onoK-_':--c-· 
r- PU1TT{ED (;. RA1-D R1\P IDS J}~n~T ;c ' SEEDS 

~he seeds were punched i n t he ~i dsec t io . wi th a 
:'to i ,_se c t p :i.'".. ~') efore im½i b i tion . t"'lhe r eraa i .i ng t r eat e'-t 
1:ras a s descri bed i r. fi rur e 1 except t :iat the seeds ,.-,ere 
i 11cnoated i .:" . • 4- ni' t p:i bhe r ell i c acid dur i ::.['. the gerninat io ti. 
period r a t h e r than beinr:- irra d i a ted '.-:it .. red lip.h t and 
i ncubat ed i ~ water. · 



100 

60 

20 

0 2 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ / 
\ / 
\ / 

~ 

4 f ~ 

Day s of Da r k St ora.ere 

27 

10 

,. rn n e se eds , ere p 10 ch ed i :-: ~e :ni dsec ·o':. w5.t . a 
'0 i ·<:. sect pi :-1 before i mb i b i.t to :-: . nh e rema i n · .. P- t r ea r.1e~t 

\12. S a s descr i i1ed i ~. fi_rri J.re 1 excen t ,.,,2. t t 1;.e seed s were 
i ,-_cu 7Ja tecl i n 50 mi~ t 1 io lTea du r U ~ t:.., e c-eI'Jnil'.a t io -. period 
r a t h er t }12.:11 ',ein p: i rra dia t ed wi th · red li F1'l t a d i ncubated 
i ~1 wa ter. 
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I t should be noted 

that many of the punched seeds 
germinated during the dark 

stornge periods before the 
experimental treatments could b 

e applied. These germinated 
seeds were removed at the end of each time interval before 
the application of experimental t reatment and subsequent 

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

seeds scored for germination f or the longe r time intervals 

was considerably less than for the short · er ones. Because 

of the smaller numbers involved th , e germinaticn percentages 

obt a ined from the latter portion of the experiment are not 

as reliable as those from the first part . 

The Effects of Red Li 
on the Preven ion o 
Seeds 

Acid and Thiourea 
ormancy n acuum-

Since punching seeds effectively preveT-ted skoto­

dormancy, vacuum-treatment of seeds was tested. I f the 

beneficial effect of punching was the breaking of penetra­

tion barrier to the entrance of t he chemicals (Speer 1973, 

1974), vacuum-treatment should also increase germination. 

At each time interval a 20 lb. vacuum was applied to t he 

seeds for three minutes after the appropria te experimental 

treatments had been administered. 

Vacuum-treatment of seeds irradiated with red light 

( f Produce the same effects as punching. 
i gure 7) did not 

more 
closely resembled that of the 

The germination response 



100 
29 

80 

s:: 
C ..., 60 

+.: 
~ 
~ 

..-:-1 
IZ 
h 
C 
0 
.µ 40 s:: 
~ 
C 
r-, 
~ 
Pi 

20 t Water Control 

I 
;.. ____________ I_ ... __ 

----
1 I I --;--------o;--------,. 
0 2 4 6 8 10 

Days of Dark Storage 

FIGURE 7 . EFFEC '.I: S OF VACUUM- TREATMENT O SKOTODORMANCY 
IN RED LIGHT- IRRADIATED GRAND RAPIDS LETTUCE 
SEEDS 

Treatment wa s as described i n fi gure 1 except 
red light irrad i at ion was followed by 20 lbs . vacuum-
treatmen t for 3 minutes . 



unpnI1ched seeds i rradi a ted \·r i th r ed 
light . 
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Germination 
decrea sed l i nearly f rom 92% on 

day 0 to 7~' on day 1 o. 
The germj_na t ion for days 6 and 8 \'ras 

some\'lhat hi gher for the 
vacuum-trea t ed seeds than for the 

unpunched . The observed 

difference may be a ssocia t ed wi th the smaller number of 

,.1.npunched seeds s cored . 'Phe a - - ver ar;e number of seeds scored 

at each t i me i nt erva l for each experimental t r eatment \'ra s 

750 for va cuum-trea ted seeds a s compar ed t o 250 for t he 

unpunched seeds . 

Eva cuated gi bber ellic acid- t r eated seeds (figur e 8) 

Gave a germi~at ion r espons e ver y s i mil a r to that of t he 

unpu_nched s eeds . The observed va r i at ions \-. er e attributed 

t o the smaller popul a tion of u~punched seeds . 

Eva cuated thiourea- t rea ted seeds ( fi G:Ur e 9) wer e abl e 

t o overcome lancer periods of dar k s torage than t he unpunched 

t hiour ea- t rea t ed s eeds (figure 3) . Genni na tion i ncreased 

sli c:ht l y from 45°b on day O t o 57% on day R . Germination 

\·ras shar pl y depr e ssed on da: 10 . Onl y 1 YS of the seeds 

genninat ed. 

The germinat ion r e sponse f or t he evacuated wate r 

cont rol \•ras a l mos t i den t ical t o the unpunched • 

Vacuwn-trea tmen t d i d not duplica te ef fe cts of 

i t has ve r y little effect 
punching. Except \·ri th t h iour ea , 

most obvious i n t he wa on germinat ion . Thi s was 
ter control 

· nat ed evervv h d seeds 12: ermi i.·rhe re more t han 50?~ of t he pur,c e 2 

evacuated never germinated 
day t ested and the unpunched and 

~ 

hi gher t har,. 8% . 
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'=1h e t rea t me ::-i t ,,,a s as descri "hed i ?l. fi g,. r e 1 
except that the seeds wer e i n cubat ed i ~ . 5 ~ - gibherellic 
ac j_d dur L1r the ,,c::ermina"cion pe r iod r a t her -'cha~ bei~~ i r­
r adia ted wi t h red l i gh t and i ncu½ated i ':. ;_.:ater . A 20 l J . 

7 a cuum uas a pplied fo r 3 mi nut es a t the oer:-in:1. i :lf of the 
r.-erm1· nat · · d o . - ion per10 • 
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~he t re~t me~ t wa s a s de scri bed i ~ fi re 1 exc ent 
tha t the seeds we r e i nc ~J.-'""a ted i n 50 nC thi. ourea dur i. '1 r- , 
t h e '"'"e r mi ·-•,a tion 1J e r iod r 2. t r:.er t haE be L~r.- i rradia ted with 
red l i r:h t a ,1_d i r~c ubat ed i n wat er • ., 20 l b . va cuum was 
applied f o r 3 rni ;;.li.tes at the be gi . n i ne: of t '- e gen:ni:"'ati on. 

pe r j_od . 



and Thiourea Effe ct of Re ro e1.n s es s 
on 
1-n - The onset of skotodormancy in 

roost dramatic between day 4 and day 6 

unpunched seeds was 

33 

. of dark storage. 

These ' t wo t i me i ntervals were selected to determine whether 

proteiri synt he s i s was involved i n • h 1.n i b i t i ng germination. 

unpunched seeds were treated with red 11. ght, gi ·ooerellic 

acid, thiourea or water on day 4 and day 6. 3 H- Leucine 

' allo,·1ed t o i ncu-. 14c d or 1euc1ne- was a ded and the seeds ,,1er e 

0
ate for 12 h ours before extraction . 

Experiments i nvolv i n 3H-leucine showed no sign i f i -

cant i ncorpora tion i n to prote i n . The counts per mi nute f or 

all experimen t a l trea tment s ,-,er e very near background counts , 

I ncorporation i nto pro te i n was dete ctabl e using 

1eucine-14c. Tabl e V illu s t r ates the effe cts of the exper i -

ment al treatmen ts given on day 4 and day 6 of dar k storage 

f d t 1 
. 14c 

on subseq_u en t p ermeability o the s ee s o euc1.ne- • 
Red 

light irradia tion on day 4 and day 6 had l i ttl e effect on 

the permeability to leucine- 14c. This i s consis t ent wi th the 

f~d i ngs of Klein et a l. (1 971). s eeds t r eated wi th gi bber el-- -
lie acid and thiou rea on day 4 contai ned slight l h i gher 

14 ~h i·ourea caused a small reduct ion 

amount s of leucine- C. ·~ 

da
,r 6 '"'nd g1.·ooerellic acid had :10 

in u-ptake of l abel on J o. 

effect on day 6 . 

Cont
a i ned more leu­

The 6 day water control 

cine- 14c than t h e 4 day vrater control. 



TABLE V 

PERHEABI LITY 'ro LEUC IFE 14 
SEE:OS TREATED WI TH mt C OF GRAND RAPIDS 

AND THIOUREA A~~ER- D LIGI6iT, GI BBE.RELLIC _LEAC,TI DTUCE 
-- 1. ~- 4 OR D AYS DARK STORAGE ' 

Treatment 
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:Oays 
nar k Storag-e 

12 Hour Dark 
Solubl e Leucine Pool 
Percent of ta ter Control 

4 

4 

4 

4 

6 

6 

6 

6 

Germinat ion 

H2o 

Red Li gh t 

GA 

Thiourea 

H20 

Red Li Gh t 

GA 

Thiourea 

95 

125 

127 

100** 

89 

90 

8 1 

95,222 cpm of soluble l eucine- 14c per 0. 5 gr am seeds i n 
4 day wa ter control 

13".-, 7 (6 cpm of solubl e leucine- 14c per 0 . 5 gr am seeds in 
6 day water control 

O • 5 gr am of seeds wa s emplo,red for t he i nd icat ed t i me f or 
~-~ch trea tment . Dark s torage was preceded by irradiat ion 
,i th f ar red light for 5 minutes. 
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newley and Bl ack (1972) found th t . a g1bberellic acid 

dl
·d not affect net protein synthesi·s i n dark germinated 

lettuce seeds. Table VI illustrates th at e; i bberellic acid 

~1so does not affect net pro te in synthesis i n seeds stored 

i n extended dar kness . Klein (1971) reported that red light 

di d not affec t the incorporation of leucine-'46 i nto pro t ein 

i ;l. dar k germi:i.1a ted seeds . T2.bl e VI illustr 2.tes that t his 

is also true a fte r extended dark storage . Tr eatment with 

thiourea causes a 50% i ncrease i n the i ncorporation of 

ieucine-14c i n to protein on day 4 and a small de crease on 

day 6. 
The decrea se i n germination be t ,,e er_ the 4th and 6t h 

day of dark storage wa s appa r ent l y not due t o net pro tein 

synt hesis . ~here i s no significant diff er ence between i ;1cor­

poration of leucine- 14c i nto pro tein on day 4 and day 6 of 

dar k stora ge ( Tabl e VI) for any of t h e t rea t ments except 

thiourea . 



TABLE VI 

I NCORPORATION OF LEUC I N, 14 
RAP I DS LETTUCE SEEDSETRE c I NTO PROTEn, JTIT GD H 

GI BBERELLIC ACID O ◄ ATED WITH RED-· LI_G,HTlVi.l'TD 
6 , R THIOUREA AF , 

DAYS DARK STORAGE TER 4 OR 

Trea tment 

Days of 

36 

D2-.r k Storage 12 Hour s 
Dar k Germination % Water Control 

4 H2o 
100* 

4 Red Li ght 105 
4 GA 116 
4 Thi ourea 1 51 
6 H20 1 oo~,·* 
6 Red Li ght 97 
6 GA 106 

6 Th iourea 77 

➔:- 402 cpm of leucine- 14c 4 day \·1ater per mg. pro te i n i n 
control 

*: 539 cpm of leucine- 14c per mg . pro t ein i n 6 day water 
control 

o. 5 gr am of seeds was employed for the i ndi cated t ime for :~ch treatment . Dark storage wa s preceded by irrad i at ion 
' 1 t h f ar red light f or 5 minutes . 



CHAPTER V 

DI SCUSS ION OF RESULTS 

Many workers have noted that Gr and 
Rapids lettuce 

seeds irradiated with f a r red light and 
stored in the dark 

progr ess ively lo s e their responsiveness t o germination 

promoters (Bl a ck and Richardson, 1965, 1967 ; Speer et al. 
-- ' 

1974a ; Vidaver and Hsiao, 1974) • This condit ion is known as 

slcotodonnancy . 

Gi bberellic acid , red light , and t hiourea were able 

to overcome the i nhi bitory effects of skotodormancy after 

as much as 4 days dark storage (figure s 1, 2, and 3). !-Jore 

t han 4 days dark storage caused a r ap i d loss of responsive­

ness to the experimental treatments. mhe Hater control also 

e~~i bited an additional depression i n the already low genni­

nation r a te between the 4th and 6th day of dark storage. 

These depressions i n ge rminat ion ability were i nterpreted 

as the onset of skotodormancy . 

Speer et a l. ( 1974) reported t hat red light given 

in conjunction with e i the r gi bbere l lic acid or th iourea 

dark storage of fully i mbi bed coul d overcome even 10 days 

Grand Rapids l ettuce seeds . 
He suggested that the loss of 

ac1'd and t hiourea given alone 
effectivenes s of gi bberellic 

-37-
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after extended dark storage mi ght be due to a 

change in the 
pe rmeability o:f the seed coats. 

Punching seeds with a #0 insect 
Speer (1973) reported that 

Pin removes penetrat ion 
barriers to the entrance of chemicals. 

He also reported that 

Punching reduced the :fa r red light . h"b• . 
in i ition of germination. 

punching v:as tested as a me an s :f 
- o preventing skotodormancy . 

Punchi~g the seeds grea tly increa sed the 
germi:'.'la tion 

t Punched seeds ;ncubat d · r a e. _,_ e in onl,· dist·11 d s 1 e water ger-
mi n~ted be tter than 50% after every period of dark stora ge 

te sted. Red light, g ibberellic a c·d d t h i , an _iourea i ncrea sed 

t he germination rate o:f punched seeds. The reduction of ger-

mina tion ob served between the 4th and 6th day with i n t a ct 

seeds was prevented by punching . 

The fact that the pun ched water control seeds had 

r,erminated so well indicated t hat the effect of punching 

on skotodormancy was n ot due primarily to the removal of 

pe~etration barriers. 

In an effort to determin e h ow punch ing elicited i ts 

r esponse, va cuum-treatment wa s tested as an -a lternate method 

of overcomin g penetra tion barriers. A t vren t y pound va cuum 

was applied a fter experimen t a l treatment to f acilitate t he 

entrance of chemicals. l· nvolved a decreas­If skotodormancy 
t t shoul d 

b e; permeability of the endosperm, va cuum- t rea men 

Chemica l t reatments after ex­
allow an increased response to 

did not dupli-
t Vacuum-trea tment 
ended dark storage. However, 

( f·gures 7 8 , and 
ca. te t he effects of punching 1 ' 

9). It did 



cause t hi our ea t o be e ffective after 1 39 
onger periods of dark 

storage (figur e 9). The results of th 
e other experimental 

t reatments we r e ver y similar to those obtained 
With intact 

seed s. The most convincing data, th0ugh, was provided bv 
the water controls. Germination of the ., 

punched water controls 
\'fas a t least 650j( h i gher than the wa ter control 

for either 
the i ntact or t h e vacuum-treated seeds a t 

every time i nter-
val tested. 

These r e sults indica te tha t skotodormancy is not the 

r esult of a decrease in endo sperm permeability. The i n­

creased e:ermination brought about by pur1chi ng may have been 

due to t he damage to the mechanical res t ric t ion of the endo­

sperm. Kahn ( 1960a ) report ed t hat remova l of t he endo sperm 

allowed f ull germination even a fter f ar r ed l i ght . Germi na­

t ion could be completely i nh i bited by pl acing the naked 

embr yos i n a mannitol solution with a hi gh osmotic pr essur e . 

He found tha t t h e e;ermina tion r a te coul d be manipulated b. 

changi ng t h e mola rity of t he solution the embr yos were i n­

cubated i n . The osmotic pressure sub s t i tuted for t he 

mechanical restra i n t of t he endosperm. Nabors and Lang 

( 1971 a ) reported t hat t h e force necessar y for t he r ad ic l e 

t o break through t he seed coa ts was equal t o the osmo t ic pres-

sure of 0.1 6 to o.38 M manni t ol. 
Red light could overcome 

the osmotic restra i nt and i nduc e ge rminat ion . 
Scheibe and 

acid could also over­
Lang (1965) r eported tha t gi bberellic 

and Haber ( 1970) 
come t he osmotic restraint. Palvista 



40 reported tha t partia l destructi 
on of the endosperm increased 

Preiss ( 1958) germinat ion. Klein and 

irradiation of the seed 
reported that deuteron 

coat and endos 
perm also promoted · 

dark germination. It is clear th t 
a removing or damaging 

the endosperm can increase the 
seeds' germination ability. 

The increased germination caused by punching 
was probably 

physical restraints to growth rather d to damaging t he ue 

increasing the end , than osperm s permeability to chemicals. 

Experiments involving leucine-14c further demon-

str ated that permeability does not decrea se during skoto­

dorrnancy . The effect of skotodormancy i n unpunched seeds 

1:1as most dr amat ic between the 4th and 6th day of dark 

storae;e . These t wo time i nterval s were se lected for exper­

i ments i nvolving leucine- 14c . After 4 or 6 days of dar k 

storage, s eeds were treated with either red light , gi bberel­

lic acid, thiourea , or ,..,,·a ter and allowed t o i ncubate i n 

l eucine-14c for 12 hours. Table Vindicates t hat the 

l eucine- 14c pools for all experiment a l t r ea tments wer e hi gher 

for day 6 than for day 4. Permeabili t ' was somewhat i n­

creased r a ther than decreased by extended dar k st0rage. 

Net protein synthesi s ( Table VI ) does not appear t o 

be affected by skotodormancy . The slight i ncrease i n 
ds stored 

leucine-14c incorpora ted into protein i n t he see 
. 14c 

f to the h i ghe r 1euc1ne-or 6 days can be a ttributed 
• d"d not ap­

soluble pool. Red ligh t and gibberellic acid i 
h ·s ~his is in agree­

Preciabl y a l te r net protein synt esi • ·-
d Bl ack (1972). 

and Be,vley an ment Wi th Klein et a l. (1971) --



Thiourea caused an i ncrease in . -· protein 

4 and a small decrease on day 6• 

41 
synthesis on day 

Even though extended dark storage d 
. oes not appear 

t o l·nvolve a change in net prot • 
e1.n synthes1.· s , it may in-

volve synthesis of specific enzymes 
Which this procedure 

iS not sensitive enough to detect. 
Changes i n the activity 

of several enzymes have been reported t o occur 
during dark 

b
rre rminat ion al though no change in net 

protein synthesis was 
discernible (Eldan and Mayer 1972 • Amen 1968 . , , , ; Pol Jakoff-

He.,yber, 1958 ; Poljakoff-Mayber, 1953). Nabors et al. (
1974

) 

demonstr a t ed t hat r ed light-promoted germinat ion i nvolved 

chemical activity . Combining the mechanical restric tion of 

the endosperm with the osmot ic force of o. 5 M manni tol 

solution allowed the effects of red light to build up. The 

re sult was exten sive degradation of protein i n the cortical 

cells of the radicle. Park and Chen ( 197 4) reported that 

di ~estion of the embryo and transfer of nutrients from the 

endosperm to the embr yo occurred durinG genninat ion , Al­

though net protein synthesis does not appear to be altered 

before t . i·t i·s apparent that enzymat ic visible germina ion , 

act ivit y is a ssociated with germinat ion ability· 

( 1965 and 1968) suggested that i n­Shai n and T-~aye r 

not be the resul t of~~ creased enzyme a ctivity may 
d need onl y 

synthesis. The enzymes may be pre-exiS t i ng an 

be activa ted to i nduce germination or dormancy. 
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~'hat skotodormancy did not appreciably alter net 

s vnt11 esis does not r ule out the possibility that 
pro te i n • 

d 
r,nan cy is u nder enzymatic control. Polyacrylamide 

skoto o 

1 
trophoretic separation of lettuce seed proteins 

g:el e ec 

t 
d a fter diff eren t lengths of dark s torage could 

eJCtrac e 
h"' bl v revea l more t h e rela tion sh ip of en z.,rmes to germi-

pro __ o- ,, 

ability . nation 



CHAP11ER VI 

S Ul'IT-'IARY 

~h e obj ective of t h is t d 
s u y \·ra s t o determine the 

f ollovri ng : (1) if red li ght , g i hberel11·c 
a cid, t hiourea 

' or 0 1nch i nz cou ld overcome t he effect s of 
sko -:_;odormancy i n 

r. r and Rapids va riety lettuce seeds, ( 2) if skotodorma:'.1.c., 

i :ivolve s a decrea se i n t h e permeab i_ li t.v of t h 
.1 e endosperm, 

and ( 3) if skotodormanc y or a ny of t he experiment a l t rea t-

rne~t s i nvolved a change i n net protein s: n t hesis. 

Red lic;ht , e i boerellic a cid, and thiourea overce..me · 

skotodorma n c y a fter a s mn ch a s 1~ day s of da rk stora ge. 

Af t er 6 or more d a y s of da r k stora ge t h e se t rea tment s r aptd l · 

lo s t t heir effec t . Punch i :'."te effecti vel v overcame skot odor­

ma;1.cy a f t ex- every len r:; t h of da rk s t ora ge t es t ed . Red li .:.h , 

~i bberellic a cid , and t h iourea ea ch i ncrea sed t he level of 

::i:e rmina t j_o:;:: wh en applied to punched s eeds. 

Th e on s e t of skotodormancy is not accompanied J a 

. 1 . t \Tacuum i nfil t r at i on of dccre2.se i ~ endosperm permea b i 1 Y • 

t ~t ad no effec t o~ t he seed s 1,-;i t h t h e experiment a l t rea me .. s ·· 
. 14c i ndica ted 

~ermi ~at iorc . Experimen ts i nvolving leucine-

a c tua11,Jr i ncrea sed durir..e; 
t hat endosperm permeab ility 

sko t odormanc y . 

-43-



skotodormanc y was not found to be rel2.ted to net 

. .,,, s ynthesis . Red light and gioberellic acid also 
protei--

effect on net protein synthesis. 
11a.d no 

Thiourea increased 

• y, s-rnthesis 
protei-• J 

on daY 6 . 

on day 4 and caused a small decrease 
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