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Abstract

The relationship between the upper temperature cut-off point
for germination in thf? light (UT(‘.P]') and the induction of secondary
dormancy in lettuce (liacguqa sativa L.) was investigated.

Secondarv dormancvy was induced in cv. Grand Rapids bv pro-
l()nged_dark incubations at temperatures ranging from 15-35C. Secon-

'
darv dormancy was also induced in seeds incubated in the dark at 24C
in PEG 6000. The lenyth of the dark incubation required to induce a
secondary dormancy increased as the incubation temperature was lowered.

The induction of secondarv dormancy was related to a decline
in the I'T(‘,}'L. Brief (i.e. 1('5;.: than 24 hours) high temperature incu-
bations reduced the UT(‘,F‘l but did not atfect germination at low tem-
peratures (ca 15-20C). Prolenged incubations eventuallwy suppressed
germination at all temperatures making the seeds secondarilv dormant .
Prolonged high temperature incubations did not induce & secondary
dormancy in cvs. New York or Great Lakes. These treatments reduced
the I"I‘CE’I of cv. New York but had little or no effect on the I'T(?}"I‘ of
cv. Great Lakes. Prolonged high temperature incubations reduced the
subseqm.*nt rate ot germination in all three cultivars.

Brief (i.e¢. less than 24 hours) high temperature incubat ions
also reduced the dark germination of cv. Grand Rapids at all tempera-
tures., In cv. Great Lakes four dave of high temperature incubation

reduced the rate of dark germination but did not affect the percentage

germination,

Secondarilv dormant sceds were unable to perminate in responys

to R, GA, or KIN. A combination of R+KIN restored a high level of

3

+
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-~
germination in secondarilv dormant seeds a4t certain temperature:s.,

R+(If‘\.3 was much less effective.

Transferring heat treated seeds to fresh germination medium
promoted germination, suggesting the presence of an inhibitor in the
srerminat i‘n medium of heat treated seceds. However, the soermination of

fresh seeds was not inhibited bv the germination medium of heat treated

.\('(’d S
,

The induction of secondarv dormancey in cv. Grand hapids was
I

related to the phvtochrome status of the seed.  Maintaining Ptr oin the

seed by repeated exposures to B during high temperature incubat ione
prevented the induction ot secondary dormancy but did not prevent o

decline in the UTCP . A single exposure to F at the hegsinning ot thi
1

¢

incubation period slowed but did not prevent the induction of <ocendars

dormancy. Incubat ing ceeds in CA L mimicked the nrotective et fect o
4

.
repeated exposures to R,
4
High temperatures appeared to impose twe hlocks on the goerring
tion of cv. Grand Rapides. ‘Hi;',h t(-m;\;-r.’ilux‘(-s‘ prevented escape o rom
photoreversibilityv, and also prevented radicle emergence even atter
escape had occurred.,

Fvidence from the present studies suppests that there are

qualitative difterences between the germination mechanisms of the light
s

sensitive cultivar Grand Rapide and the gipght insensitive cultivar reat

Lakes; and that the indaction of secondary dormancy in cv. Grand Kapids

is related to an etfect on the phvtochrome svestem.

v
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1.0 Introduct fon
1.1 Ceneral .

Seed permination in many species s stronpglyv temperature
dependent | In dettuce (lactuca sativa L), high toemperaturas tnhigt
germination and reduce needling emergence tn the tield (Grav, 1975).
Thus, understanding the processes that govern these temperatute

'
dtependent dormaney phenomena 1s of practical as well g theovetical

-
te, est. The present study wae undertaken to clarit, the roles
that temperdture and Tight plav 1n the amposition and release ot »
cevondary dormancy in lettuce.

.
In a4 strict o rantcal ~ense, the term seed refers to the matured

avirle of an angiosperm. However, the structure often termed 4 seed

in the literature 1s actually a ved enclosed with lavers of the truit

coar. T French the terms "diaspore” (dispersal unit) or “cemence”
(sermination unit) adeguatelv describe this stractuare. ot rtunately
these terms lack a convenient Fnglish counterpart. theretore, in thig

thesis the term seed will be used to describe the dispersal unit ot the
fertiliced ovale, repardless of it true botanical classification.
o

The lettuce "seed” is actually an achene, or an :ndehiscent
drv onerseeded fruit. The embrvo of the seed consists of an axis and
two well-developed cotvliedons. The embrve is enclosed by the erndo
sperm, a sac-like organ -3 cells thick. Surrcunding the endosperm

*

are the remains of a seed coat (testa or 1ntegument) fused to the
fruit coat or pericarp. In cv. Grand Rapids the fruit (vat is heavilvy

rigmented and appears black. In ¢cvs. New York and Great lLakes the

truit coat is white.

\



The term dormancy dmrlies g state of suspended prowti o Suamer-

ous detinitions of dormancy have been proposed (FKoller et oal,

Pollack and Toole, 19615 Vegis, 14964 Villiers., 19720, Villiers'

(1977 definition has yained wide o ceptance and will he uaed tor tha
-

thes o, To auote direct v

. .o o dormaney will be recavrved to descoribe the state oo

darrested de

74~:»m«-n! whereby the orean or organise, b

virtue of o ctructure or chemical composition,

Possess one or more mechaniems preventing its o owe ey
mination, while the term guiescence will bhe used to deo
(ribe a state of grrected developrent maintained o
by untaverable envirenmental conditione such HARICI -
duate water cupplu.

*

o o ountaverat e encironnmentalocond it rons Coarmonty st ted tne Taene
Tack o oxvyer anc abnermal e Poist o Tow tent e ratare T nounld by

vovlnt e out o that o o Ty context corlae detainition, et ! et oo

Poalered to e g environment g caditrorn THOT et ere o e it Lot
eIl it beeo s e ot uncud tal e Tiernir conditaons e T Lo et
Lrmant

Tt t o thit s e e o sy e a0 e cn it ron ot

e t [ o extremels diver Ve T dat tes M Fan e T Tt

o : YRR RS S TR docori e e e [N S Thopt T ety

1ot T S SR O N N ST N te Vo, R N RS S N

AP R S S N T S T T
[ R A L R T 3 LY IERT SURIRE SEUIPRTNE UTIHEINS SIS LSS SR NTES S KN

PR A A Lo et T Gt v ‘ ol g dr oyt o 1 [T R
Potweenr dormarnoy ampocsed ol b b the weed COve T I Gex aenous. o
et and dortoan meese s ey an o anternal o condrtaon Cothe et rve
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oo an Inact iwe form (Quail, 1976), Some evidence sugpests that there
Are two pools of phvtochrome present in germinat ing seeds, a small
active or seed-phvtochrome pool that does not undergo "dest ruction',
and a bulk inactive or seedling-phvtochrome pool that does (Kendrick
otoal. o 19690 Pr oiq normallv thoupht to be the stable forn of phwt -
v
chrome, however, in SJome seeds Pr Prnduévd byvitar red irradiation i
capable ot o rapid conversion back o Pfr in darkness (Boisard et oal.,
1968, Kendrick et al., 1969). This inverse dark reversion is thoupht
. .

te explain the need for repeated exposures ot tar red light to prevent
the permination ot dark ;'urmin;it ing seeds cuch as et tuce o, Mav
neen.

Phvtochrome Bao heen linked Lo twe ratinet tvpes of phoge-
Leponses., These are the induct lon~reversion response oand the high

Srradiance response (HIlk) (Caail, 19,60,

ATl vositively photobhlaat jo seodoexbibit the induct jon-

Tevere ion Tespense (Tavlarsen and Hendricke, 1477 . That 1o the 3o
minat 1of Tesponse can be saturated by g hrie: Pulse of Jow interaite
redy and can be reversed by g short exposure to far yed Tight Redlow

Paturation, the Taw of reciprocity hold. oo the magnitude ot the

Fermination response is caqual te the intensity multiplicd by the dura-

tion ot the lTivht dose.  Thue the induction-reversion response is

enersyy depernoo- fhee the photostationary state hae been establiched,
L

the goermination response becomes independent ot trradiance, Howeven

SOme Species are known to require rebedated exposures to red lTight to
permit tull permination (Toole, 1973, In these cases repeated red
irradiations are thought to maintain act ive Pfr ayainst 4 rapid dark

reversion ot Ptr ot pr (Taviorson and Hendricks, 19/7).



In contrast to the induction-reversion response, the HIR svstem
exhibits irradiance dependence even after a photostationary state has
been vstnhl.ished (()uail.. 1976) . .ln ;addition’thv photoresponse is re-
lated to the time period over which the itradiation occurs (Smith,
1975). he HIR is thoupht to be responsible for the inhibition of per -

mination in neyativelv photoblastic seeds by repeated or long exposures

to white or far red light (Taviorson and Hendricks, 1977). The HIR has

4lse been shown to he operating in both positively photoblastic (e.p.

» .

lettuce cv. Grand Rapids) and non-photoblastic (e¢.p. lettuce c.v. Mav
Saeen) sl and can override the promotive effects of the induction-

reversion response (Boisard et Aal., 1968; Nephi et al., 1968) . he

Folue and tar red wavelengths have been found to be mest o anhibitory,

however, Piue i< moch teas cflective than far red (Hartmann, 19660,

Fhvtochtons 1o helieved to be o anvolved din the response to tar red light

At anet o1 photoreceptor oy b fnvelved dn the 1o nonse to bl

The photosensitivity of most positively photoblastic ceeos
Jerends on the lenpth o of imbitidition piven betore enpesure e nie it

Vight treatment (Smitt, T/, Ihe vencral-pattern oboerved is oa sharp

rise in photosensitivity ac imbibition Levins, tellowed by o peak and

¢

an eventudl decline in photosensitivity, I+ dark imbibition is ex-

tremels proteneed, photosensitivity may be completely lost. The reda-

tionship between the lTeneth ¢f jmbitaition and photosensitivioy variles

preatle botween species, varieties and ditterent lots of the same

-

variety (see Smith, 1975). [t i+ thought that the eventual decrease

in photosensitivity ic related te the anduction of a cecondary dormancy

(Kar..cen, 1967).



A omentionad previously, Pir is the active torm of phvtochrome.
The interaction of Pfr with some unknown component (X)) ultimately brings
about germination (Smith, 1975). - Pfr must be present in the sced for
A certain length of time to promote permination.  Thus, it tar red
Light follows immediately atter red drradiation, the promotive of foect
ot red Yight i« ](w;t:‘ However, if time is allowed to elapse hetween
the red and far red treatments, far red Tight eventual v becomes un-
able to reverse the effects of red irradiation. The time required for
this eccape from far red reversibility difters amony speciec and
vartetios., In JTettuce cv. Crand Rapids, a 507 lose ot photorevercibility

14

occurs in about 9 h()u.rs (Borthwick ot al., 195%). A ruch more rnap.id
cffect ot phvtochreme hao been demonstrated usine cubthrec hold JTevel.
of pibbereltié acid and red Tieht to stimulate the cormination o Cv.
Crand Kapide (Rewlev ot al., 19a/ . Under thieae conditione, cocane
tror tar red reversibilite was found to o cur witnin tive riinutes.
fhe mechanism o ob Prrogction i onot vt und. T toend, Crves v o -
thesis i« that phvtochrome acte through the activat ior or TePres e lon
O shecitic o yenes (Mohr, 1966) . However . rapid phvtochrome et ot
such ao the one ment ioned trevicus Iy ae o well as others (Haupt, a7
Suryest o that yene .'1(ti\;;it Ton cannet be the primary <ite of Pty action.
Criere widelt Gecepted hvpothesio o that Por acts on membrane berme-
abibite, It haoe been jroposed that phvtochrome action i< akin to .o
specitic permease for an important metabolite and that this action |
driven directly by the Photoconveraions of phyvtochrop o (Sroith, 1970,

The eftect of Prroon an individual ceeod io thought to he o

threshold (all or none) responve (Mohr, 19/7°Y). [t v veneralls aooumed

\

that yermination i« determined by the nunber of Pfr molecules Present



in.th(- seed (Toole, 1973),

with the total
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requrir ing

levels

conditions

d Shropahiire,

pool

Thus the
and

in

the minitmum Pir level
Mancinel 14,
dark

cotablished

dark

have
during maturation on

Tl

poermination response willl vary

the depree of photoconvergion.

their to a ramber

response ylven

It has also been csurpested that an

)

reanired for

1964,

serminat ing sceds {eoe. Tet tace

(Rodesard et al., 196&).

perminat ing seeds contain high lTevels

seeda (Smith, 1975) .

been <hown 1o be influcenced b

the mother vlant

-
. SDeeds of

Arabidopoic thaliana

matured under Tights rick in red <howed hicher dark cersination lovelie
than seede matured under liehto rich in far red. in addition, dark
cermnation Tevels ot many oo oo ancbuding et tu e a1 e Dncre aoed
by o period of drv ctorasc. has been found that drv ctorasve in the
Tipht increases dark pormingtion levels of loettuce v, Srand Ravids
mere racidly o than dry o storage in the dark (Pvanari Lond Nourmann, 195
.3 Tenperature and Sced e -

For all cuicscent seeds, o oxiate o AN O temperaliant e
over which permination can oo ur. T ranue ob temperaturese i vwn
allv descrited in terms of the cardinal temperatures, that Qs the
minimun, maxinum and optimal temperatures {or verminat ion. The ot
mal temperatcre s usually defined as the temperdature at which the
L 4
hiphest eentdaye vernmination is obtained in the chorteot time (Maver

and Poliabote

Mavber,



Goermination has been reported to ocour at temperatuaress

as ABC (Knapp, 1967), however in most species the maximom is oo
Ll

cerably lJower than this. In lettuce the maximum temperature for

mination tvpically talls in the ranye ot 30 3500 The minimum t

ture tor yermination i< thoupht to bhe well above 00 tor most ts

. AY
specices (Revdecker, 197770 however perrination at 0C b heen o

Iin species such as lettuce (Nicholo and He vdecker, THARE ) e

RN
yermination occurs very cjowlv gt low temperatures, the maniruar ten
perature tor permination is usually poorly det ined.
The reloationship ot the rate ot porination te temporature s
linear (Hegarty, 1974 or nearly oo CMhompaon and bos, 197600 over o
wide range ot termporatures, Powever, the relation o b e gt o et
Tinagtion to tempoetrature o ot oo e RS KU T N S R AR SRR
rate with temperature megns that the oot irmal tosoa g are o vert on
tion talls at the “leheat terverature that e ioe 00 (IR DPYE B I
Veaoiny thermorradrent by that allow vers ot et e by
rade alonye o temperature eradient of  ca 400 0 R vno st Wt ea T
Pave araaased considerat e data on the relationsy g bt ueot. ot b Tt
ol permination (Thompaony 19700 bovnoids o Troe g 1 NIV I
Cnolds, 1O 350, In mest “hec les the naXximur tempetalinre Tor pe '™ it
tiron was found to u(‘M A rTeratively Tow terperature (oa S00 ) 0 ot e
. - [
lower than the thermal deatd point cor that ohocier (Tt 1y
A temperdtures rose ahove the optimur,, \'QI"“XY.\.it tonowa Cound to o
¢t line verv abruptiv. I 1ettuce, cermination teld troar oo 100 1o
almost vero with arn increase of only Door 20 creanc e b T ey

19,19,

as hagt

s id -

ger

empe I a

mperate

ot ed



I'he precise positiaon ot thrs decline on o temperatuarl e s
can be detaoed by determining the temperature ot which yorminat von b
been reduced to some arbitr ary lTevel, typroally hin (Ihompson, 1970,

Thi parareter, bnown o the uppe 1 temperature cut ottt wgne (1 [0

(Revnobdo aod Thompaon, 10710 ce i ling temperatute (hovde, ver g

Toshua e 1977 0 or apper terveratare Tamat Chadd et and T o
Braae b hiown Lo b e rodas torr o e Lot o e e oo, o1,
the UTCP vartes amony, <nec tes Cliiorr ooy, 19 700wt s [RETERRE TN IS F
P73y, and cven among it e et Tote b thhe e i ety (Seothy, Tad
oot e EPENEE  STR I S S TS ST R N AR Lo A L B SR SRS P
bt lon byt raeture
. S N A R I ot [EEAR N R IYE I E RN S S A

HESR ot ot e et . L IR T IR R S S 1o . !
L N Z SR IR RS IEE IR . U R C IR

3
et o P"':v‘tx:'- e ' ' ' ool d vt
oaprde, o Pt gt STt [T SR
Baovtr e Dionr and o e b RO e : X i C
it il ot tertie s e i dar el ' R T S : . coer
foeep e trer A tl oot e et ! R I I .t ' . ‘ . I
theromrny 18 st o (Vidave gt b e, u PR ; e | T ‘
RERIVCIES SR ! CTst 1t (a0 T IOyt hee Copeed ¢ T e F e ! t it
CrTana v [0 SR ST G S A M Y R S TSP S O .
e O P Telimed prhotod oo TR At |SERULE SNSRI AN S A SRR
dary perminatyon Jevels ora oo that tull cerranat v 1Tt '
obtarned cocen i a0 Lavtor o verne i [ SRR S S PR N rant o oear b i

Precicae roelat lonchlp betwee s Gark o Tr e 30 Jee Tt et e it it
Caries wredat iy odamongy ditterent Lt ot " Crand Ratade o Sere
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Pettuce coltaivars wach as Great Takes have been called Tipht
thaensytive because they oxhiibit tall permination in the dark at
coa L0050 (Toole, La 73y, Nevertheless, at hipher temperatures (ca
St red Tapht docs promote y ermination above the level of dark
controls chakebho and Matsabtoara, Tu/leg Theretore, 1t has been caayy e tad
that the dattorence between Tivht censitive Grand Kapida and other oo
Alled Taeht anensitive cultivars 1o quantaitative, dejs odingy on ten
peratute, rather than qualitatave (tvanary, 1961,

"4'"!1(‘]&& has shown that the complex verminat ion behavior ot

Chanves g0 the UTCPh, Short 1

—~

rrtradiations tatae the VTP on both Tichr cornartive (Kewenelda, 1973

1

and o c T ed e e e bt rrar e (Revnotds and Thormpson, o4

the promotive o andnhitory ettects ot other chemical or pipeead

(SR I T SR oo s e r e bt edt e ittt e e (ke vnoadbe and

[ N e . ey a2y Ta T and b IV IS Pivve
Poosturatend thr rhe il ot ettt c et It i Lt e te
Torse the Do wi b Le dnhe B tor s af permanat o e o the

IR T R | T PR ViAo Deen deroratrated Tor Ui yel -
il t 1o Trdvy  ne e et o | oad AT Dk et o (IR Y
cibhberel oo a0 id (‘nf\‘) (ke vre P o gnd Thompaon, Ta 1 G 4y, I reas oy
concentrations ot theae ey ot recsndlators o ansed tropreacively larver
Chitte o e e, Camtlarive ot st it on o carmiination 5 (N

tronas ot Hiv! came e precsure wae s lao related to oo o decline 1n ot

e siprres o o perminatlon tn o dlettuce was found Lo oo onr
IN twe divtinet wave, Pty enme, SorH anhibated yeormaination at o oall

termperdature: but o did not o atiect the position ot the 'Tor (Revnpoe ! i

.



-

1‘)/')'1). This wars descr ibed as o ”[le"' el tect of ;‘” CXU e, I'n
contrast, the inhibatory etfect of Jow concentrations ol ABA was cauaed

bv a decline in the UTCP  that permitted tull germination to vecur at

Tower temperature. (Kevnolds and Thompuon, 19789, This cftect was
termed true "inhibhition', The suppression of permination by ABA a0
vaolved both ettect.. ABA wao Minhibitory” gt Low concentrat ione bt

became "toxie' at high concentration.,

Interact ions of Light o Temperature and Applied Growth Kevolatores

Namerous workers have S tudicd the ctteces ot applicd vrowrh

revualators on the erminatiion o Tett g, The tollowins dy wcunaon g

not meant to he aocurvey ot o thie o vaat Titerature bt el amrea
-

et othe hormonal ot tects that pertain dir e tor thre thee e, A riar e

cemplete survey of this area can be tomid anYaederal reooen: ey e
tlone . and Stoddart, 1a; . Ketrine, 19, vk, L9770 walton, 1o,
It has previously been noted that SHOTL eXposures to roed g

ratvse the UTCP in lettuce. For desceriptive purpocses it o convenient

to deseribe lettuce a- having two upper temperature cut-o!t point., one

tor yermination in the dark (I'T(‘I’I\) Aand one tor o permination in i,

liyht (['I('I‘r ).

In the absence of Tight the cermination of photodormant ot tace

”-
seeds can be stimulated b application o w.A¥ or ofher vibhberelling
(Kahn et 1., 19977 Tkuma and Thimann, 19673, The eftectivencas o

different gibhberellins varies great v, A mixXxture ot GAA and GA L 14

A

reported to bhe 100 times more act jve than (;1\,; (Tkuma and Thimann, 196 3.

Subthreshold Jevels of x’l/\} and light are renorted to be highly svner

ristic rather than additive in eftect (Bewlev et al., 1907, 1968,



CA L plus saturat iny dosen of 1ed Fipght has Tittle oo no etfect on the

}

verminat ton of thetmoinhibyired secds (Dunlap and Morgan, 1977 Kevs,

ctoal., 1975, RKevnolds, 1971) . Thus (2A§ t able to tncrease thee

lT'l'('I‘l‘ but has l1{ttle ettect on the ll'l‘(')’l. It has also been tound that

GA o (I/\,., can promote datk germination uap to but *lwl styniticant Iy
at -

4

bevaond the l'l(l'l (H('Vllﬁld‘-, 1971)

=vtokining such 4% kKinetin are also able to promote dark g

4

minatyon 1n photodormant lettuce, but the pPromotion s moach lesa than

H(t obtained with (;/\; (Lett 19ty Revnolds,, 1973, The ettect ot

Finetin on dark permination 1w Strongl. svneryistic with traces of

Light (Miller, 1998; Revnoldae, 19,0 oy (IA* Clkuma and Thimann, 1964

Revnolds, 19748y, I'nl ke l-/'\‘, Finetin 14 abhle to promote the yermin

o

tion ot Seeds hield at thermornhabato sy temporatures (Haber and lolhert,

Tasus Smath, 19nK, Rewnolds o Tal gy T et occurs an the dark
Aand ge svnergrat 1o with Jivht o AL Gt nd Tl her s 19n9 s b
5 SRR L R Kevnoldo (19730 taand g a4 . omb Yot bon o red Taehit
plus kinetin raraed the "I('P: te the thermal doath Doint rtor lettace
tea 0 (Revnolds, Yu, 50 The most drarmatic o fvect ot cvtokinin..
thedir ability to reverse the elhtecto o antaigtors suct e Abscer e
acad CAstanall oer gl Lo o Khan, Ty AbGcisice acid reduces e
-

mination 1n both the light and the Jdark (Kevnolda, 14974, Kinet in
able to reverse both et tects (Revnolda, 144, In contraat, tv-\( is N

ettective or only slight lv ettective 1n cVercominge the eftect of AR

———
~

(Khan and wWaters, l1unu: RKevnieldoe, 1973,
Revnolds (1473) has demonstrated that low concentrations o
ABA, KIN o1 <./\’ mav have neo etfect on gerorinatiog or considerable o

depending entirelv on the temperature at which the test was done an

A

d

Pe t



trve Pl Tarindat ten conditirons uned. Wltl Tale eXNcooeptlons moest previon:s
verminiation tests have heen conducted gt oonly o one or oa tew arbitrarils
chosen temperatures. Kevnolds= (Revnoldse and Thompson, 169710 10738
ot

w’.ﬁ‘h'”wld‘. 14,7 40 has suyge=tec that thrs o led o dncomaistenc e 1w

The Taterature revarding the Toported ot tect crenes oo 0D war e oWt

Tttt
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oottt wav are transterred back toowater, the liyht requitement 1
abol tehed. Theretore this et tect mav be considered to be an t'nIL'{"(.tnf
dormancy . However, in one rvpnrt’ (FKahn, 19600 a photodormancy wae
Induced 1 needs 0! cve crand Kapide by holding them in comotica at
0 o GV T e Laod, Whes thene caeeds were Subscquently troane
Perted teowater darr o verataation levele were redin ed, Aocamiiar e e
TR SR SR Ceeto rerortec tor o the liyht o inen it ive cultovar Moo
[ N S T R
Ceveral reportes o Showen th ot in choat . a0 \ HEEY S
T : V LY G Y . I e et cerr oot ooy ) cro bt
R S (. h Y i IR MR Pyt e ¢ P st Tt : h
Pt el ed o . [0 SR A IR T RN [ h
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I

Vidaver and Hsiao (1975%) tound that exposing seeds to red
light prior to 30C incubation had ittle eftect on the induction of
secondary dormancv. Thev concluded that the induction ot secondary
dormancy is independent of the phvtochrome status of the Ht':'(l and
cccurs whenever yerminat ion i suppresced for g sufticient Iy Tong

d.

Vidave:r and Hoiao (1974) also tound that after two dave o
Gary storaye gt iy . rj,’\% became unahble (o promote darr yerminat ion.
However, rod Tioht remained ot fective In Dromot ing yerminat ion 1og
several dave Toper. Initially red Yight and A had been egual 1y
CHlective o romotinge vorminat ion o Untreated seeda gt 200, Ao the
Tncut atron gt e INcr cased, otd ypeed lieht and A heec cpme
et et v, Bowever o red Tivht pluos ‘v."al, Promoted tull gormingt ion
cven an ceeds pncursated tor 10 dave . They conn iuded that ccondar e
AorTanoy tesulted tron o b lockare of g non Pipt o wencitive pathwasy

i that wae anitially ctamulated be o4 ) WIth 4 concomnitant  leee

)
9

Soendopencns cibherellin o activigy vinnired tor g Tivht o Genaitoive

Frodonecd tncuhat ione ander nen germinat ine condit ions have
i

dalse heen condicted on lettuce cultiviara other than srand Rapids.,

She anduction or 0 econdary dormancy that prevents sermindation in

Derdlronse o b i Has noet been reported in these cultivar

. .

LI
Coran, YT e g and Morean, C“/:,'; Hevdeower and ooy, TO76, 1w
Srathoet o alloy 190D Takeba and Matsubara, 1u/6), However, porolongyed

dlymotemperature incubdations have been chown teo reduce the rate of por-

Tanation (roe o the time requited for firat radid Lo emeryence 10many
ot these vnltovar o, as well ase in cve nrand Rapids (G ita oand Nabor
TG 6 rav, 1T, Hevdedker and dochiua, 19760 14,0y



1.6 Obhjecrtives

The importance of temperature in

of

lettuce has heen well established. The

and the eftects of permination modifving fact

In terms ot Shitte in the VTCE, However, the

temperature and the yoroination of secondaril
. 1 M RPN N i 1 N T Rt e N

wel b unders tood. n Poprevious anvest aigatd
Mancs, yermination was monitored at onlv one

in thic investigation,experiments were conducted over g wide range of
temscratures to determine the relationship boetween the L"l'('!‘I and the
Co o tion of cecondary dormancey in lettuce cov. ocrand Raride. The
Gttt o of terrerature and Yaivht o oon the indootion o cecondary doerraney
W'l A‘W'\(\ + AT xf"f'\i.

Froevious reports have indicated tihat secondary dormancy occurs
v, Crand Rapide but net o in o other lettuce ol T ! Flment s
Wele o ot ted te test thire obervation and te invest byt '
Jrtroren e clweelr the yervination behbiavior of o S pide and
e L reat Takres or New York.

T Imelilcations of the re-nlte o these extoriments are
dieo ed oin terms ot dormancey rechaniame in let tuce

regulat ing

induction

the perminat ion

of photodormancy,

ors have been explained

relationship between

¢
viodormant o cceds e Tenw

o obt cecorndarsy dor -

toerperatur e, Theretore,




J.00 Materi als and Methods

20 Seeds

Lettuce seeds (Layﬁrn(‘n sativa 1..) of the varieties Grand

1

Rapids (1), New York, and Great liakes were obtained from the Robert son

Seed Co., Fdmonton, Alberta. An addit ftonal ot of cv. Grand Kapids

N\L)\k‘;

Oregon.,

S obtained from the Carolina Riolepical Sapply Co., Gladstone,

All seeds were examined befor.e nsesand damaved, abnormally
small or ott-colonr seeds were romoved. Thi Practice allowed 1007
rermination levels to he routinelw uht.zi‘nwd, and also helbed reduce
tungal and bhacterial infect ion during prolonyed imuh.ytinn ot the
“ecdso At ter prolonred incubat ione (el 4 dave or more) tungal or
Pacterial intedtion was usuallvy apparent on one or two tsolated seods
Der o petriodisi, Infected wvedy were not inciaded in cerminat iorn
count s,

To tacilitate the handline o Large number s o1 geed samplees,
Tots o approximately 100 coede were meacured out b voliume and die -
vensed anto individual viale. Throurhout thic thegio the term
hamides” He ueed to refor to seed lot ot approximately 100 seeds.,
Al seeds were stored in the dark over o dessicoant at approximatelwy

-
30
Chiemicals
Avueous solutions of gibbherellre acid (100 ue/mly, kKinet in

(1O ue/mly and polvethvlene piven 6000 (207 WIAV)Y were nrepared using

1

vlass dictilied water., Gibberellic acid (907 A activity and Finetin

3

were trom the Sigma Chemical Co. Palvethvlene glveol 6000 (PEG 6000

was from Fisher Scientific (.o,



3

.(1.1

2.2 1;1;:hr Sources

All manipulations of the seeds were conducted in a darkroom
under a green photomorphogenically inactive safelight, consisting of
two 15 watt coolwhite fluorescent tubes wrapped in a triple laver of
No. 39 primarv green Cinemoid (Rank Strand Electrics I%.. London,
Fngland). Red irradiation (7.5 x ]018 ()'miz-svv*_l) wis provided bv
filtering the light from four 15 watt cool white fluorescent tubes
through a double laver of No. 14 rubv Cinemoid. Far red light
1018 Q-mwz"se(‘vl) was obtained by filtering the light of four
75 watt incandescent bulbs thruﬁ;:h 10 ¢m water and one laver cach of
No. 5 orange and No. 20 deep blue (Tir‘u'mnid. The spectral energy dis-
tribution of the red and tar red light sources (Fig. 7)) was measured
with a OQuantaspectrometer model, QSM=2500 (Techt um Incvtrument, Sweden).
Unless otherwise specified, all light treatments were of five minut e«
duration. Imbibition and prolonged incubations ot seeds were normalle
done in complete darkness. However, in certain experiments (which are
so noted), seeds were repeatedly exposed to R (1.¢. 5 min. R everv 30

min.) or were exposed to continuous cool white fluoresceent light .

2.3 Temperatures

High temperatures (32 or 35C) were provided by a wilk-in
chamber titted with a dim green safelight. For high temperature in-
cubation seed samples weré dispensed into petri dishes that had been
equilibrated at the chamber temperature. Seven smaller reach-in
growth cabinets provided temperatures ot 15, 20, 0, 24, 06, 26,

and 30C.



Spectral

tar red

eneryvy distributiyon

Tight

SOUrces.,

tiie

Percd

and



x 10

T

'
|

-

a0

o

-

WAVE Lt NGTH -

)



Pemberatures were usually ot anstores tnrouchont tihie Tnter 1
Gl v prowtns cabirnet fo corr et toyg g toerperatuare variat e
dleas o known, stable temperature were determined wathin cach prowtd
catinet ooand cod canmplen were placed only within theone area o
poed terperature ditt erences were desoarmined e ol lows Slopgeted
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Fig . 3 Tranwier dishes used for PEG 6000 to wiater tranater«.,



ed

[
Q

¢
O
p
O
@] (.
w
o
@]
{
.. O
)] -
(@ t

=

petri dshiids e, [

Y



U

~ o
w

.

[
TR

[N

.
-
e

e

1
. .
.ot
'
wr
'

.

-

N
[
RSN

vl
.
o
Tl
.«
MR






RGN

AL
\]

S

4
Il

N

4



Tat

The

Te

1t buence

virieties of

AN
s
NI
I

‘V‘v\
e
ey
b

EER SN

. RN

. S

I T
ro-

¢

A

+

light

leettuce .

and

tolmpel ature

("‘
S
»

-
s
IR +
[ QI T
! Lot

[

t

Voo poerttmiinat
PR ;
Tt o
- .
Ty -
[ ’
s .
,
T
!
)
i M MR i
REEETE T U A BRI
Poedn ot

1an

ot

e

Severad

[N

etbunre

I



s

yermindgtion in o response to ko fhuas st 300, R promnoted yoerminat ion even
in the so-called light in.s('nuitivt' cultivar Great Lakes, Similar

A R .
results have been obtained by other workereo (Takeba and Matsubara,

]“ /7t|) .

Dark o vermanation levels differed conciderab]es between the

twe ot ot ev vrand hapido, Peedo o ev trand Basidda (1) dhowed
.
o nteh Tevel o dure coarmingtion at uyot 00, N

tract, seeda ot oo Grand Kapida (TT1 pors inat od

fn the dark,

o [ REFR G S N TRV AN WS S S S SRR IC H Y Canoale Fia
e T he s A F O AT S O S T SR IS PR PR S SR SO TR SR RN R AR SR .
NS N e twern v and " o bl ceed ' tew Yor e,
eat e PR rand g de CTY e T ?‘v‘ could i by oyl
ool et oW Vel o the rtuat aeon 1o 1o clear . CHC GG Oty
Cran o ide o Purthe e Do et howed that i e e Dot
-

T A A T A TR S RS N R R TR [N LN vy e Vet Towe s A Taaluare s
L D I R T S I T UL e Nt cwasne he g T te wor -
ot (T". Erddaneton and Thaoem 20 sy aed n T o .

Dot oot et te e ot I ey ,
| o L E A O T A S LIRS S R L R St .

. oo 1y v Tore oty v . A
et ot Cra e e uhat Tons ive baeen Wt e Tedie e G e

serranation Tevels (o ita And Nabere, 1GR) and dnduco g o secondar:

dorranoy Burdero, 1972000 Vidaver o and Pelac, 19700 Sheer and Tungaer
POTH i seeds ot oy, Grand Rapido. However, in o theao reports feer
- -

mination was determined ot only one temverature, usualle 200,



35
!
Theretore an experiment was conducted to determine the effects of hiph
temperature incubations on the germination of c¢v. Grand Rapids (1)
over a wide range of temperatures.

Short 35C incubations (e.x. 12 hours or less) reduced dare
vermination at 20, 24 and JAC hat not oat 150 (Fig. SA). Longor in
cubiations evepgually reduced dark yermination to o low level ar all
termperiature: . Cermination at 24 and 260 in recponse to Howas agsoe
reduced by hiph temperature incubat ion. However, verrmination at 15
and 00 was almost unattected (Figo H5Bo.

Theve resualts 1ndicate that In cv. Grand karide both thie

el and the UTCPR decline JdJuriny dncubation att therntanyhitbgtors term-

.
i

cordtures. Hevdecorer and dochan (19760 1977) have previousis conown

ot o dn oove. freat Lave s and Colbdiam ireen, the amposition of photo-

dorraney was o related oooa e Taine In the UTCR However, an thelr

i
Seede yermination an the TTehit o wase not o atfected by ohigh femperature

incubation. Arecent report (Brddingeton and Thomas o 19720t chown
that higl temperature incubations reduce the pormination ot celers at
SJ o thiroughs oo et rect o on the UTOP ~

Some repoBkts (Careita o and Nabora, Tse s Vidaver amd CHe Tac

B

o0 have andicated that short high temperature tncubataibne el o
e than U houre s bave Tittle o onie ettect o on o subocequent o percanat o
Pt Db Tt ayrarent froer o tihie reanlte precsented o ano b

that bhriet aopyh temperatore tre crment o me have g oconrderat Teoetieg
o oyermination, but that thio effect may not b apparent at o low tern-

terdture:s o ST hus, alfter bigh temperature incubatiopns it o amportant

sination over o owide range ot temperature:s.,




Bich tempe ratore dncubations on thie

corminat ion of dary oor b treated oo

Loaoids (1) were drcubated in the dard

Pl g trans terred to t b tnd it

corte b o d [ W wrTe by radioats
Ce b ten . ot ot e et :
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3. Frtects of higaht

peratur. Iheubation an the Vel o L

Creat Lakeo, New York o oand Srand ravaide 08

The tesults in Fig. SB o indicated that hivh temperature anou

bt 1ons. teduaced the U3 | ot cv. terand kapide O Howe ver o veds
TSR LTS SYUUE R ST S A TR R b wole ot coenndirr ! o oant | o co
St o i tre laonto countd o aralho b o neboar b o [
Tt AN X dment w Toe et T S UL A A R C ot
Bat ton e T U ST S RO RSV SR S oo
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LT 1 bl [B LN ) PRI AR TS 5 S A L T AN Fo “
it it e tend et Tergture e uhation . tr ot

ew Tt voant B we o cderabhle RN i
P SN S S S S S A A ot Coinen o ata
, : oeow T i CiTiel ' AR B SCRIPEAN , Pt ‘
ot b [ S e craalure Wl Crrete T il IR Yo 1.t
[ ST AR S B SIS A IS e T - (‘ roant o L
(I NS [ [T CoqT e claatteeriin ot T e et Tyt f
(e, P L e L an et . E P el oy Ll ot L
e raatiir e R liedt e epo T e t Yowers o ubiabole ot Tt e rtoanat
Theoo reoulto Indrcate that ander the ter condirron ety
v Grand kRapids became secondar Pl Jdormant. T GOt IrTL T e oo
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Yo Frtedt ot 320 incubation on dark permanation ot v Great Taken.

The previous experiment showed thoao tolonyed ine n}m?u»nn at
10C had ne etfect on the permination ot cv. Great lLakeo in the lTight
However

L1t has been shown that hiyh temperature incubations redace

-
the dark yermaination of this cultaivar at JUo Cew . Toale, 1uhas Tae ]y,

Codetermaine T ot ted e o bLayh temperatare sneunbation oo
ottt len an the pleaent Tot ol ow, Peat ooee s T N O |
Poated at 400 tor w o Jdave and then trans terrend o Uhe crminat 1o
Coant Werlo Madte Wl T Bioay Later .

seh vede vermanated Loy e b ' T et
B TR TE B T I PR SR B N SR T TS LIRSS RS TS (NS TR S R RIS el

Pt 1o [ S AT VU L A A S Ty it e e gt
o oo urred Catootre gt e v R TR B 1 I ¢ b e
At ter ' oeut at St b e Tmanat lon wae ot ained oover 1 et
tre atedd vl rooere oo o 0 i R S ¢ .t.".“r.murr Ut b
e b aved Saartoo dar e Ut rat ton sut o di ot § e AMN] T T
e certtanation b taantiesd gt Unl

Coosermanaty on o ant P (R e T o LS . .
w.o v o et Perts oot e e o NERTAE N 1t " ’ 1 ! ) T ol
Core ot ation baad rndhe ed [ETIE SRS I S ot e et . 4
. \ AR RS R AUEE SENUE SLIRES SN SN R STI S ST ST : . : N T EY
M 1ot . Pt clae ot LENPROEN )Vt e r P
’ Tl T e Ddlunte SRS A ! e T Tt ! e e PR O
-
!.
Il
$Lr Pooove e ot diare ottt 1o D PO S T UL ST TS A TR

Conondary derrancs can ales be o anduced o seedo of cve drand



Kapids by prolonged dark inconbations at 200 (Speer ot i, 1974
Vidaver and Hsiao, 1974, Vidaver (19/7) (ompared the rate ot dormancy
1nduction 1n seeds ancobated at 200 (Speer et ado, 19740 and at 30(
(Vaidaver and Hoiao, 1979 and concluded that wecondary dormanoy was

tnduced more raradby o cede ancathated it A0 Howe ver o g tean gy

-

tul compartson of these daty o ditticult vcane drt terent oxper

mental o conditione wers et L the tw ettt

oo obtain suct g comrar o, code ot oD crandd et ol
were ancubated gt 200 TG0 and e to compare thie rate ot dormian
o tien gt horgh oand bow o remperatare s (Fare o T DAT R e rTiinat 1or g
these Lerr eTaliles was than v thone TR O

L]

Loar Jacae ot 100 at 30 Tt Ly e - ot cerTtiiniag

tiron of v, rang hari At all temperatares . ST JE SPE S TCIVRE SO
i

Sodave gt Y wer e requstred to produce the o sdarme et tect oo oo, rand

SNy T aney wd s diso pndoced In o seede s gt eed gt !
or Ll The rate o doermancs indoction was ol o related et
temperatnre of the 1ark inoogbhation. Twelve nour- o oato b reulted o
an ‘I(}': Coarroximate Lo 00 Twor diaave e . roo. e oar U7
At T reculred to o rroduce the same et teo

Do natrern of dermancey anductaion o wa ol e lar o aroal
trites 0ol dtlen temibner atures o ®le oyl T L e wd oy res ed
RSN n o the v oanite o the UNTCE 0 however Do, 0 incubations even

tual v o suppressed Looroination 4t all temberdature .,
These results support the sugyestaon (Uidaver o and Heiaco, 19750
L]

tnat secondary dormancy occurs 1n lettuce whenever seeds are held

under non-germinating conditions for a sufficirent length ot time.
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Fipg . 9 Dark germination ot cv. Grand kKapids (11) in response:

. .

Seedo mere imbibed in the dark at the indicated temperat ures
Ve

Py
i’y/distillvd water (@) or 100 ug,/ml GA (o). Fach point

)

rejpresents the mean of 4 carmples.,
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Compared to the water controtles, 100 up ml (,,/\{ promoted dard
perminat ion at :ll‘}!vmpvrnturm. up to and including S80 (Fig. 9y,
The resulTing UTCP was approximiatelv 26¢€, In combarison, the UTCR

. v,
ot ceeds exposed to Rowas approximately 290 (Fiv. 7, 0d).  Theretor:
thie level ot l.’/\,{ was shightly Jeas eftective than K oin promot in:

yerminagt fon.,

The water controle edf®Nbited o Tow Tevel ol dark yserrmination

at all temperatures except 00, Similar resulte were obtained when
the experiment was repeated. in host lettuce weed ot dars seer-

mination Tevelo pararre o irel Pnci v e @0 ter ettt i e 4o G .
oo lmrtn, P9y

B ermindation ot secondar iy o dormant Seeds i Te taorae t. RNy

meveral o reporte (Speer et gl 1900 Y s and Tunner T8

Vrdaver oand Hodao, TS0 save s o 0 g, Keo A and e RN FE
5
,
able to jromote the perminat ton ot secondoariley dormant  seeds . How -
eVver, in oall oy revious experiments, dormingt ion wis. Denttored ondtoo gt
-
RESIG Theretore, the " ollowing experirent s werle «‘wl:\&n ted te nvest |

yate the olbtects ot Lv:\% and FIN over g o wider ranve o (wr'lpvr;itn((::;.
The resulte chown tn Fig., 10 indicate that B4EiN wao hxﬂ‘xl'.‘
elrective dn opromoting yerminat ion at o tember dture s U teo and 1ne Tud inge
A ReGA D promoted vermination somewhat at D oand 200 hut wae ol
Jess ettective than RAFIN. While both R+0A  and 2V 1% were somewhat
cffective in promoting germination, nelther treatoment couid restore

poerminiation to the level obtained with fresh ‘&da (coy o Fipyo 70 Ody,

Similar results were obtained with seeds of ov. Grand Rapids (1.
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Fhe transter ot secondarily dormant seeds to Treah da e o
wiater also had g shight jromotive ettect on o germinat on,
to seeds Tett dn therr oripinal petri diches (elvl Compare
Hot and Fig. TA, 4do . Phive trancder ™ et b e will he e

novteater detaitl in oo later e t 1o,
Specr oand Tupper (1970 couand that VeR DN war o twac e e
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o Phe premetive etteor of b o ab o gquent L erminat 1on
T Can b ot EERITER ;'a‘rnuu.n Lo ot 0 s s aalb by b et o e
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Fre . 15 Prtect o (u’\ﬂ on the nduct ton ot Gecondars

dormancy Iin lettuce.

ceede ot evs trand Rapids (I1) were ncubated tor o dove e

30C cithner 1n lOgur/ml A, (&) or under Kepeated Foconditione

5
(K Acentrol treatment (@) comsicted ot darr snoubat iorn oo
ii:f . Followine 3200 invubation all camples were expoaed to b
and transterred to tresh solutions of 1000 up /ol ‘:\\‘. [ETE ¢
mination cwase deternined ot o the indicated temperature: . Lacth

point reprenents the mean o! 3 cample:,.
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to wiater controls). In addition, simplv transterring the GA incu-
Al

L]
bated seceds to distilled water at the end ot the incubation period,

fOre

would not account for the (;Ai taken up within the seed. There

to prevent differences in GA levels amony tredtments, all camples
j A

were transterred to solutions ot GA D gt the end of the 320 aneub:s

tiron.

Tre results indicate that tl.“\{ 1 s vl tes tive as b 1t

venting the induction ot secondary dorasaney.
N

i1 becar e dron P oreversibility o oat i

The data or Fieo 17 chiowed that 10 Prr owas maintained o U
ol durine g bhorvh temtorature Incuratien, tec o anduction of ec ot
dorraney wa brevented, Pre te b owiny eXpen Tt W ondu Tt
deterine 18 the ¢sCape Teactlon of Tae Dh i tog Tl e e 1 o et
duriny this period.
N Seeds were Incuhated tor o0 D000 GG dave it 00 mden
Repeated B oconditions. At the end of the Hiegh temberature in o it 1o

the ceds were exposed to Fhoand transterred to o verminat ion temper.o

tar e, 't owae tound that vere yvermination occurred at o oall temperas

tur e el o300, tecardlecs o othe Temeth oo the 300 anontat oo,

s

. - . :
[herterore, even after o dave o incubat ton, the protected el

Peuited the presence ot Prroagt low terperdtures in ordor te yers ineat.

P80 means that the e Teact 1o aof the vt oo o < ter g gt
procecded to completion during the  320¢ noub at ion., G -
Bk e

While these data b Prttls livnt o the nature of tae Uoro

tective eftect ot Prro o they do o sureest that the inbithition of persing

ti1on at hiyh temperatures is ated to a b A thoe phvtoo hrome
i i [ | i

mediated germination pathwav, -
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The literature concernigg the eltects of thermoinhibitory
temperatures on the phyvtochrome svstem is cquivocal. Scheibe and Lang

(1969) found that in cv. Grand Rapids Ptr cannot tunction at temperas
\"\

tures Wtr 32C. Ikuma and Thimann (1964) concluded that the inhibi-
b %

tory eftects of high temperature on ov. Grand Hapids arose from o
poeneral inhibition ot the post induoctive phase (Loe. encdpe Teact tons)
ot yermination. Hoth rteports suveeast that the inhibitory ettects o
high temperature are related to o0 ettect on the phvtochrome avater
Ttoelf,

I contract, Tarkeba and Mataubhara (1600 Found that dn v,
New YTork, the escape reaction:s o! the ohvtochrore svstem did pros coed
At thermoinhibitory temperatuares., Sinee encdle ocenrred, but voermina
tion did not, they concluded that thermorniiihition was not the result
ot g o direct ettect on the Shyvtochrome ooster,, but must result
Some other Plock. Negm oot oalo (Y73 showed that in oov. oreat Lares
phytochromne was tunctional at 35C and that the escdape reas Uions ol
the phvtodhrome svatem procecded at this temperature.  They coneluded

tha: the inhibition of germination ot bigd temperature resulted trom

Pl = () other than o direct foactivation ¢r the phyvtochrome svaten.

Y.t Fovare trom the inhititors ot tecte of PR oor high temperature
e oreulte et the prevy oore Ny e irent chiowen that oan soeed
ot oL Grand Kapids (I, thermoinhihitory tenperature:s blocked the

¢ ape reaction ot the phvtochroene svster. 14 this was the onlv hlocr

-~

te perminction at higabem;wr;nurvs. then one might expect that seeds

that had escaped the 1nhibitory eftects or FF o would also have escap

-
the inhibitory ot fects ®f high temperature.



Fie. 14 Eacape trom the inhibitory ettects of Fh o or tigh

mperatures.,

Sceds orocve trard Rapide 200 were imbibed one Ghoaroat U0
crposed to o byoand incubated Iwr.varviny pertode ot C00
Following tnoubation at 00 the sceds were olaced immediately
at 300 (a) o were exposed to FROoand piacedl o at 40 0 (m oor

D0 (@) Cerminagtion wits determined UV hours later., P,
polnt represents the mean of 5 - amnlea,
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feotest this hivbothen e,

tor varving perlods at 00

e rearlts shown in Fip.

phiotorcversibhility had oo

ceds wel e

exposed to koand

betore FR otreatment gt transtern G

trom the an'Tibhitory ot teot:

wilthoan thiis oriod, g
SO0 dn thae ceed Tot Vi
Dot pievent tarthor prowth

Thene 1teanlte aey

[ Lt twe o ke o
T, Pt !l:~tl inility, w
e | RO Tt el teo !
I 1 IR ' oy Y D
»
1 bt e eIt ive cul
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Tl tem e atire s ot e T
e m ot Tarank Yoo o
pence (heyars 1u/ s

ATthoupts osmot
tormity of yerminatiron on

vence at hiyh temperatures

14 1ndicate that almost a complete Tosa oo
urred after 9 houre o oat o U0 However o e oy

Gt byl temperature baad et oo et
Te ety ence oo utted witnrn Py boa i
canyovarvdb by perrorn et et e :
Gt the rtadao T
ettt R T T [ RN Byt e [
Cerminat o Tt oo e i event . .
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At expoetament was o conducted te Jetermine 1t o this reduced emer

pence an related to o a decline anthe T b In o prelizangry expernld

ment it owas found that U257 W/V PEo 60060 did not permit radicle emer

e 1 oseeds ancubated onder s coold white !flucrescent Tasyht tor ar b
T,
Ciete s coraandt by Ul e e Yo s ted , -~
t £ tor boar davess e tore tran ter b ATV S R R YRR
nlt Chewt o Faes b rmdicate Tt et e b TR s el R SRR
[EFETSETENE SN EIOR TN SACI S dare oot o treatment o roar 1l L e . U
et [E RN L., Tt el o Wl el ontenst ottt :
Crtect the anduact o o ! o dorriea [T B S K T
oottt o rcnoubhataion o Ul T P S S RS A AU SR SN SRS & RN oo
it Fovr o R R NS TH YR [ EREEEE
i
e g be trealie ' we Lo iy [N Tl ¥ reve it oo f
-
Co b ine an e o . il traeatrent owa T R ALETEN SR T

. ‘e
e cnpaest o that lomier dinoulat et would cvenrtaal ey impoce e o

Coreianes ever an Tnitial b o treated e A P A L 2R R L O Y EACR EREPR
e ot o oot requirement oo IERE Y LTI L e Toy e ton rooant
code o . rand Fasnde e celt oot at o ot L n
iy b Lo e T TR . st ot NP

Cirerent (loe.eoan induced EE T PR LY S ou e i et e el
s e Rapards and Meo e Sl mee o dnoutat o dn i

(I FEETE SFEATFRRRT SR BRI Pooarraniiatn, Gl reeveent Uhie '
ottt rhotodormane L. eitRier Tenort ment Loniee o T oot e
it 1o I Tenponse tooo= gt ter o Tonved gt o



4
Paoe. Lo Prrert ot enmetioun cnthe anductae coond e
formancy at Jal an lettuce .
veddes oo rand Raprde (VT wer e ancnbated tor o a ae
SO, a0 WV PFC 60000 under varvany Tievht conditron:
1., hepeated 2 (O); Initial = (L) rare (@, Vdark on
trol (@) was 1nhounbhated an o water. Following inenabat ron ot

Jaco o all treatments were transterred to opetriodasires con
tainine Jd1stilled water, exposed to ko oand placed at the

indicated temeratures., Fack point represents the mean of

Samt L e
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3.1 Fitteot o ced SUranater on the cermination ol heat treated

v

lettuce seeds,

[t was obeerved dariny the cource of these invetiyations that

tranntoeroing Z‘-(und.n ilv dormant veeds to tresh petpa Jd hes contatn

Ity drat il led wate: Caused g s lTayht o prometion ob rerminat pon. IRTREE
T el et etteot” wa turther anvestiyated by oancubatare o ceeda ot oo
corand Ragpords oloat 4 o var iy e taeds and troansterrainge the seods
too 20 or et vy Te.
4

Geed tronrt et T oted et naty o oat Jhe 0 et noubeatend
Yoy e te e v L W v, e Ittt e eltect o wvern
St oag o Jfr . tor ceeds rncubhated deneer tian three dave . nocontrant

b tranater wie beoghle o erredtive an o rromoting yermination at SO

cven an seeds hat o nad been ancud ated o oedyhit o dave at 350, Mese

results wnpvest that the transter ettt tronely temperature depen
dent.
[
R Fite ot 9 ceed tran cterss nothe b ot cecondart vy dormant
»
lettuce weeds.

e et fect ot seedd trateater wa Avestivated over a o owide
rany,e of tempbe ratures (Mg T e e r o secds e uhated tor o sax
Cave gt ant romoted cermination At gLl temberatures oy to D20 buat
Bad 1.t tle eftect oon eerminationr ot ol temperat ste . A sharplv
detined [ ol wae re-established gt arproxamatels Od Thic< compiares

.
teoa TTer ot appn Ximately $10 1n fresth o untreated seeds (Fag. b,



Fig. 1t Ptrect of seed transfer on the germination

‘heat ‘Im‘{i[('d lettuce seeds.

.
¢

Seeda ot ov. rand Rapids (1) were incubated gt dht ton

varving periods before Foirradiiation. The seeds were then
transferred to eithier fresh petri diches containing distl!
water () or were lett on their originagl dishes (@), Cer-
rnation was cetercined atter 72 hours at 20 or 76C bact.

POINT Tepresents the medn of o camples.

[
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Fig.o 17 Effect ot seed transfer on the I"I‘(f}‘] ot the
secondarily dormant lettuce seeds.

The procedure used was the same as in Figo 16, Secds o

Ve Grand Rapide (1) were made scecondari] v formant b o+

davs incubation at 315, Transterred (J); Not Lransterred

(®) .  Fach point represents the mean -+t 4 samples, .
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118 Fiicet of seed transfer and movement of seeds on the germinat ion
ot secondarilv dormant lettuce seeds.

It is well known that damaging, removing or otherwise dis-
turbiny the seced covers can promote the germination of photodormant
or thermoinhibited lettuce seeds (Borthwick and Robbins, 1928: PFvanari
and Neunan, 1953 toard apd Haber, 1966: Tkuma and Thimanng 19673) .
AN eXperiment wos d()-nu to determine whether the transter” effect was
4 reosult of a mechanical stimulation or removal ot the seeds from the
presence of an inhibitor io the mediunm.

The results in Table 2 clearly indicate that the tran-ter

ftecth cannot be totally explained In terms ol oa mechanical ettect.

. ‘

The data sugeest Lhé presence of an inbiibitor an the germination medin
- 3‘/{ ¢

of secondarily dormant}“‘vd.\.

a
-

.19 Frrect of "old" petri dishes op the geormination of tresh seeds.

>

'y
In this experiment fresh or untreated seeds welbe usedggo test®

tor the presence of an inhibitor in the germination fdin of secondar-

.

183

ilv dormant sceds (Mold” petri dishes).  The vermination tests were
(‘()ndugrvd At temperatures close to the UTCP on the assumption that

1 L)
seeds would be most sensitive to Tinhibitors” (Revnolds, 1975b) at
these temperatures. -

The results summarized in Table 3 do not indicate the presence
o1 an inhibitor in the germination meda. A varietyv of similar experi- ) .
ments conducted with fresh lettuce seeds also failed to provide any
»

evidence for an inhibitor in the germination water of secondarily dor- -

mant secds. Thegge results could be explained by assuming that high

temperature incubations sensitdzed seeds to some factor that was not



Table 2
Effect of seed transfer and movement of seeds on the germination

secondatily dormant lettuce seeds.

TREATMENT PERCENT CFRMINATION
Unmoved control

Removed and returned to original
petri di%}wr\

51~>\"w1thix&°pvtri dishpgs

Transferred to new

pe

Seeds o cv. Grand Rapids (1) were made secondarilv dormant by o

48 hour incubation at 35C. Atter manipulations of the seeds were

-

77

“of

complete, the seeds were exposed thd transferred to 24C. ‘Frach

value represents the mean of 10 sam&les.



Table 3

Effect ot "0ld" petri dishes on the germination of tresh seeds.

PERCENT

Temperature () . ’ H,0
30 Gl
AR ay- s
Y6 Y
[ Gy

"01d" petri dishes were prepated e

petri dis tor 96 hours at 350, Freash
i

~

P RMI

(MY

Incuabhat ing

e

at 24C betore K oarradiation. cerpination

hours arghe indicated temperatures.

mean of 4 samples.

19

1o h

NATION

"o1d" Dishes

5704

O G on

Jeowere ibed one hour

wis  de

value

)

termined atrer 24

represents

-

the \

\
.

8
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a
normally inhibitorv. However, {t seems cqually likelv that some tac-
tor in the fresh petri plates could have promoted the permination ot
secondarily dormant seeds.  This would explatn why no inhibition oc-
\-- .
curred when ttesh seeds were imbibed on "ol1d" petri dishes. This
latter possibility was not investigated.
Several previous studies have indicated that an inbibitor may

4

feach out ot photodormant or non dormant lettuce seeds into the per-

minat ion media (Schuck, 1935; Sharoles, 1978; Stout, 1941, It ha-w
-ty

bedn shown that the repeated permination of seeds in the same germin
ation media troyvressively reduces the germination of cv. crand Kavid
(S ack, 19350 wWater extracts ot cv. Grand Rapids but not ot cv. New

“ork have heen shown to 1n‘bit the permination ot lettuce (Stouat,
1941 ). [t has recently been supgested that non dormant lettuce seed:

xcrete on inhibito:r into the seed micro-envirenment (Stharples, 19784,

It i~ taoirht that at low moisture potentials the anhibitor is unable

too dittuse awav rapidly, an’ rherctore 1t oattects germination. I'n
Cledasing moisture potentila nplacing activated carbon in the
cermination media was found lrease serminat ion. Concentrated

Xtracts of absorhed substance- eluted trom the actaivated carbon werte

chown to intibit germination. However, o recent report (Pecket and
-~
Al-tharchatehi, 1978) which invelved seed transter exper iments similoar
to thewe presented here, stated that there was no evidence for the
.

involvement ot a leachable endogenous inhibitor in the yermination ot
photodormant seedso.

Inhibitory substances leached into the germination media have

also been linked to the induction of secondarv dormancv (Speer and

Tupper, 1975). It was found that partially purified and concentrated



extracts of the "permination water' of secondarily dormant ceeds con

80

tained inhibitorv substances, one ot which was probablv ABA. However

it was not demonstrated that the germination water taken directly tr

petri dishes (i.e. not concentrated) had anv vtf(;(‘t on yermination.
e

The present data do not permit anv tirm conclusion on the

nature of the transter eftect desceribed here. However, the data do

L4
poing out an important promotive ettect on perminatiron that must be

taken isita account during experiments with cecondarily dormant seed:

RS

om
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4.0 General Dhiscussion .
The present investigation has centereo 0 the role that tem
.
perature plave in the induction and releace of oo ondar s dormancy
in lettuce. he pecnlte presented here demionstrate that the ynda
!5 ' . . 1 l 1
tion o!f secondary dormancy an o cve orand Raride 1o o related o0 0 ded Dine
in t?n-lWlW% .
Some, of the tindings of the present work are consiotent wit!
the dnvolverient ot two Jiatinet proces se 1 the Uy e s o ot
mination by prolenved tnouhations ander e coarranatins L ond it o
1 In o vo crand Hapids chort incubation. nnder noneyerninat in
s
condttions reduced yermaination onlby o an the Viooanite oo tee 10l
. . L \ . . 1 .
(1., thevy bad an inhibitory ettt oot ). However, lon moeubAat pon,
recduced germination at ol temperatures (e toe oy had oo Mtox i
cttect),
"
¥ . - . . N
D) Incunbation o seeds ot cve trand varids (T1) in MA{ cround et iS

kepeated Roconditions prevented the induction o wecondary dorman o,
but did not s revent o decline an e UTCE
L] Incubation o weeds o ove New York oato 300 reduaced thent

YWVFI, hut did not induce a secondary dormancs

These observations mav suggest that SCePATdte processes con-

n

trol the innibitor and toxic staves ol dormancy rndaction. Howey T
the present Jata do not rule out rie poscibilite that these toxic ant
inhibitory stages dre the result of the same 1 similar processes,
carried to ditterent deprees of completion,

The nature of the processes that lead to secondarvy dormane v

are largelv unknown. Vidaver and Hsiao (19/95%) found that the 1nduction



.
ol v condar s dornoonn IR tand Hapide requirod osvven, and oo ogrr e
LY
whetever vormination was coapprecasd tor oa sutt g 1ent Fength ot e
. B -
Fhe present results showed that the tate of dormane v andost 1on wa
temperature dependent towever . dormancy wae andue cd even oan eed
Pt it d it e batave s Tow 1 [ I BT
P L ot T U R tularted thar e o aon
voondo dertniann ' . Corant s ad Pe bt T s Lo -
‘ T T T O A T N T e R SR G S Lo
3
b el oot t Peoairad o bt crovte [ IR T
- -
Shycote Wt ! «@vn I B ol and oy ‘ w b
Crbect e ool iny Ul Pt ! ' RS TS TR o oo
e et ot [ ¢l Croene Tty g . S NR 55 E ENEHECEENE
trt e ’ Cr Jooee conta i, o t it Lo W
A
\
e Porranl e ryiny the wadtel conte te  tre r ! e 1]
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dormant  ecd soemn Jouhttal o ore by However, 1t 1o anterestan to
Hhote that the antnnbhitory and toxie stapes ot cecondary dormancy an
duction can he duplicated with varving concentrations ot ABA (Revnolde,
1975 . SNeverthelon ., the validity of the inhibhitor theory ol Secon
dars Jdorraane o cannoet e yideed untrl endoyenous ABA levels are examined
Jur iy the it Covecondars dormanoy. Geveral teports tBerrie

i Roteer toon, bw/de s bBroun drd Flan., 19 ar Robertoeon and hetrae, taih

vave chiown Dot thie bbb tion o permihation he byt tempelatures

Cannet e tesated toochanees i total ABA or te chanves an the Pevel:
k‘
S b o T aandT AR oowever . ne o attempt b been Coade oo st
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cndicaty that o coontaining Frooan thie ceed duriny prolonsed ancubanon
DI event e anduction of o secondaryodermaney. Thire susypests that thy
Lnanction e sesondary doridiie v tnvelves an et tectoon the pPONVTOCT O
ootenm ttselt. et data alae cupports thire cor luasion. I lettuc
CvL eran o Rapid (T and Thimann, 19A4) rumex crispus 1o (Duke ot
v, Ta L D iarson and Hendrick:, TUr 3 or (“[Y“Y'-“i‘”\iilﬂ" ‘171})[1"3 T
(Kar: - on, 14700 prolonped dark incubat ions cause a decrease 1n photo
censitivity. rventually all three species hecome totally unrespon-
. i ) )
Gcive to Boon wecondarily dormant . . Q.u

The anduction of cecondary dormancy in K. crispus did nogk

aftect phytodhrone transformations, or appear to involve a decreéase in

.
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total phvtochrome.  The present results (329 and other work (bpeer
ctoal., 1974; Speetr and Topper, 1975 andicate thae Ptr 1o present

in secondarily dormant seeds exposed to Ko However, Ptr cannot tunc
tion to promote gpermination unless a yrowth reypulator sach as KIN

supplied.

[ )

lavliorson and Hendracks (1973) attributed the secondary d

3
e
mancy of Koo ispus to order igdisorder chanyes 10 cooperdtive ~oFuc-

tures or to phase transitions. Tt was suvpested that seC(wn«L‘Nar

maney could bhe the result of chanyes in the orvantzat ion ot membrane

component o, nroteln contaiyuration or lipid chace transitiont.. IRTRRA
.

ctoal. (1977 condluded that the decline 1o photonensitivit . ami even

tual imposition of wecondary dormancy in M. ocrispus was e lated

de¢ rg'a:m{ level- o X", the component with which Prr oanteracto. bt

wae supyested that the X tacter 1w g membrane with varving aftinitsy

tor Ptr. Rarssen (1970) andicated that the nduction ot secondars

dormavey in C. o album 1s related to the phvtochrome process which 1«
o

reversed by hrief tar red irradiations.

The ability of Ptr or ‘;{A\-{ to prevent the anduction o! secondars

’

dormancy has not been previously reported.  The mechaniysm ot this

"nrotective etfect cannot be determined trom the data presented here.
|
However, it the dormancy mechanism ot lettuce 1o similar to thart ot

K. crispus, then 1t seers reasconable rto suypest that Pir or A, act

Lyopreventing the loss or daisorganization of the tactor.

It is alsco tempting to flink the 1nduction ot secondarv dor-

mancy in cv. Grand Rapid:; te the fact that escape from FR reversibil:tv
1
does not occur at high temperatures 1n this (ualtivar (Scheibe and Lang,
- ’
1969). In contrast, escape from FR reversibility does occur at high



temperatures 1n (v, Gréat l.-ﬂ\l".“ (Beyrm etoalo, 1978, However, the
, .
.present results indicate that hipgh temperature tncubations do not an
K
duce cecondary dormancy in thl.sl;\ﬂtlv;n. We inittally thought that
.
repeated exposures to K, or incubation in 'LA‘ might prevent the induad
tion ot secondary dormancy in v, Grand Rapide by permdt tainy eacape
to ocour. However, o subsequent caperiment showed thatf the protes
tive ettect of Prtr o oor 'vz‘\‘ did not depend onocomplet o vt the phvto
chrgme escape reac tion,

The possibility that the escape reaction of the phvtoohrome

wvstem procecds at o high témperatures an livht .nsensitive cualtivars

Such as vy Great Takes, but not an o ov. crand Kaptds bas important
implications. Short hipgh temperature 1tncubations can reduce dark ver
mination levels in cv. Grand kaprde. SIMC e exosure o R ocan restore

permindtion, this induced photodormancy has been attributed to the ther-
mal reversion ot Ptr to Pr tuttermann et al., 1972 Scheibe and lang,
TU65) . It has also been found that hiyh temperdature 1ncubations can oan
duce photodormancy 1n cv. oreat lLakes (Borthwick et al.., 1952; 1954,
Toole, 1959 1961) . Bawever, it escape trom FR reversibility occurs at
hivh temperatures 1n cv. Great lLakes, then the induction of photodormancy
1 this cultivar must involve the logas of the products ot the phvtochrome
sustem, as well as Pfr. Thus the induction ot photodormancy in cvs.
Great lakes and crand Rapids mav not involve tdentical processes.

There 15 some evidente to suppert thio hvpothests. In light

Y

insensitive cultivars such as Great lakes or (ohham Green, the induc -
tion of photodormancv involves a decline in the UTCP _ (Hevdecker and
Joshua, 1976; 19/7). However, even after verv prolonged high temperature

incubations, tull germination in the dark can still be obtained at

low temperatures (i.e. 15C). In contrast, high temperature incubations
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rapidly reduced the dark germination of cv. Crand Rapids at all tem-
peratures (3-3). These results suggest that the induction of photo-
dormancy in cv. Grand Rapids is analagous to the induction of secon-
dary dormancv. That is; germination is suppressed at 511 temperatures.

In contrast, the induction of photodormancy in light insensitive

)
cultivars, seems to invoive only a decline in the UTCPD.
. - - ' ‘ -
High temperatures (i.e. above the UTCPI) Prevent the germina-
tion of bofh light sensitive and light insensitive cultivars. Based
»

on results obtained with seeds of ¢v. New York, Takeba and Matsubara
(1976) have sugpested that the germination of lettuce is controlled

by a thermolabile factor. The thermolabile factor is thought to be
deactivated at high temperatures, but Qén be reactivated at low tem-
peratures. A stationarv critical tempeérature for activation-deacti-
vation was implied. However, it was assumed that Aactivation was not
identical to germination because fresh seeds could germinate at 25C
but reactivation of heat treated se¢d9 could not ocru? ¥ this temper —
ature.

These” conclusions were based on the well known fact that im-
bibing seeds under conditions suitable for germination will eventuallw
permit them to germinate even after transfer to‘thermoinhjhitorv t em-
peratures (Berrie, 1966; Gray, 1977). Takeba and Matsubara found that
if seeds were first incubated at high temperatures (e.g. 30C), the
subsequent period at low temperatures needed to permit germination at
30C was incgeased (i.e. compared to seeds not receiving a 30C pre-

.
‘treatment). Progressively longer periods at high temperatures (i.e.
deactivation) increased the length af low temperature incubation

needed for reactivation. \\

N

/
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In assessment of their work, several points suggest that the

thermolabile factor does not control absolute germination levels.

Instead, activation or deactivation of the thermolabile factor appears

to be the result of bibing seeds under germinating or non-germina-
ting conditions. However, the thermolabile factor mav be involved in
controlling thg rate of germination. v

The ability of a particuiar temperature to permit reactivation
was defermined by incubating'heat Lreéted seeds at various temperatures
(e.g. 15 or 25C) and then determining the germination that could be Lo
obtained at 30C. However, it is reasonable to assume that reactivation
can only occur at a temperature that permits germinétion (i.e. if a
seed cannot germinate at 25C, then incubating it at 25C will never
enable it to germinate at 30C). Thus the critical temporaturo'for'
activation-deactivation must be the UTCP.

Data presented here (3-4) showed that prolonged high tempera-
ture incubations of cv. New York reduced its UTCPL. This would ex-
plain whv Takeba and Matsub;ra found that germination of fresh seeds
could occur at 25C, but reactivation of heat treatéd-seeds could not.

Prolonged high temperature incubations élso reduce the rate
of lettuce seed germination at lower temperatures (Carpita and Nabors,

\'.
1976; Gray, 1977). This suggests that the deactivation of some thermo-
labile factor affects the rate of germination.

The meéhanism that prevents germination at temperatures above
the UTCP‘}s,somewhat controversial. Because escape from FR reversi-

bility occurs at high temperature in cv. Great lLakes, Negm et al.

(1973) concluded that thermoinhibition cannot be the result of a direct

effect on the phvtochrome system, but must result from some other block.

>
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A siﬁilar conclusion was reached for seeds of év. New York (Takega

and Matsubara, 1976). In contrast results\obtahuuyhere with cv.
Grand Rapids suggest that escape from FR reversibility does not occur
at high temperatures. Therefore,.at least one iffect of high tempera-
tures is to block the phvtochrome mediated ‘germination pathway. This
conclusion is supported by the results of Scheibe and Lang (1969)

and Tkuma and T%imann (1964). At the present moment there is no ob-
vious explanation for these conflicting viowppints.

The naturé of the biochemical mechanism that under]ies‘ghe
UTCP is unknown. Because a very large change in germination levels
can occur with a temperature shift of onlv 1 or 2°C, ﬁeynolds (1973)
hds suggested that some tvpe of trigggr mechanism mayv be involved,
as opposed to changes in the reaction rates of some critical érocess
(Berrie, 1966). The ordere,disorder transitions proposed by Taylorsen
aqd Hendricks (1973)_are ideal candidates for this trigger méchanism.
Order disorder transitions in cooperative states are said to have a
high‘tcmporature dependence over some small temperature interval -
(Tavliorson and Hendricks, 1973). Thus, the inhibition of germination
at temperatures above the UTCP would result from disorder in some
component critical to germination, possiblv\the X factor.

This hypothesis implies that the mechanism preventing the ger-
mination of’ thermoinhibited seeds is similar to that pre&enting the
germination of secondarilv dormant seeds. There is some evidence to ‘.’
support this view. For example, R alone was unable to promote the
germination of secondarily dormant or thermoinhibited seeds (Sﬁeer et

al., 1974; Vidaver and Hsiao, 1974). However, R+KIN or R+C5H, pro-

moted the germination*of both thermoinhibited and secondarily dormant
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seeds (Burdett, 1972b; Keys et.al., 1975; Négm'et'al., 1973; Sharples,
1973; Speer et al., 1974; Speer and Tupper, 1975).»_ In addttion,
results presented in this thesis indicate that the inductioh of secon-
dary dormancy is related to a decline in the UTCPL. In otﬂér words,
prolonged incubations under non-germinating conditions lower the
critical temperature of the trigger mechanism (UTCPL), until eventu-
ally the seeds bécome thermoinhigited at all temperatures (i.e. secon-

darilyv dormant).

v

Revnolds and Thompson (1973) have shown that the position of
the UTCIE on a temperature scale can be affected by the application
of growth regulators such as GA3, KIN or ABA. It seems reasonable

to assume that a eds complement of endogenous growth regulators will,

by actin the trigger mechanism, also establish an UTCPL above

which gernination will not occur. Therefore it is not necessary to

postulate changes in endogenous hormone levels ( eg ABA) to account

~for the onset of thermoinhibition. However, during pro]onged incu-

batipns under non-germinating conditions, a shift in the UTCPL does
6ccur. To account for this decline in UTCPL one could ﬁostulate vari-
ous hormonal changes such as an inérease in inhibittors or a decrease
in cytokinins. However, as was mentioned previéusly, no attempt has
been made to investigate changes in endoéenous hormone levels that

occur during .the induction of secondary dormancy.
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