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CHAPTER I
INTRODUGT ION

Lettuce is thé most impértéﬁﬁ vegetablé-c;op}grOWﬁ in Axizqng;i‘A_
‘total‘of 50, OOO'cafs of #egetableé was shiﬁpéd out of Arizong in'lgﬁi%.
rapd of these 50 OOO cars, 25 OOO were of letuuée¢ 'There ére tﬁo séésohs _:
'1ﬂ which this vegetabTG crop is grown, Fall lettuce is haTVosted usually
‘aboat November 15, and sprlng 1ettuce is ﬂarVGSped some ulme in Maroh
or April. » | - - |
| It is the fall crop of leitgcel£ﬁatfihis;pgpér!ié céncérné&;with.
Thekfall cfop is plahted aboutTSeptembernle5'in_the,@altbﬁiQGr Vaiiey
when thé gsoil and air-temperafuféé‘afe still ﬁigh. ‘Unséfisféctbry-sﬁands
often are obtained because of low germinaiion.rllt is believed that this
- '1ow gé?minatidn fesults from.high'soii temperstures wﬁich prevai1 é£
‘géfminaiion time (3). Lettﬁée.seedsbwill not‘germiﬁafe at high temper%‘
atures, andktﬁis is one of the iimitingvfaetOrs that determines the sreas
Vin:whiéhAfall lettuce can be groﬁn successfﬁlly° o

The highly'éaline soils pfesen£ iﬁ some areas of the Salt Rivér’
"Valley,~also, have an effect on %ne germlnatlon of'séeds. Ayerén(i}‘
-stated that the crltlcél stage of crop productlon on sallae soil may
be germ1nat1§n¢ |

In the-experiﬁents which are reportea in this,thesis; an.étteﬁnt '
-was made to esnabllsh 1aboraiory condltlons comparable to the Salﬁ Rlver

Valley at the tlme for sow1ng the fall crop of 1ettuce.



| CHAPTER II.
«.. . .  REVIEW OF Li:TERATURE"

Even though the 11terature on tﬁe germlnaélon.ox leftuce seéd 137-".f a
plentlful there is a scarclty of 1t perﬁainlng to the work done in thls
‘ thes1s : Many of the early varletles of 1ettuce had & tendency to be s
dorman‘t9 and much ox ‘the work was done in bfeaking the dormancy of the,
seed.. Thompson (8) germlnated dormant seed by soaklng the seed in Water
3;dhdiexposlng to diffused llght Borohw1ck and Robblns (5) dld 1t by pre».l
chllllng moist seed for flve dsys ab. 4 C. The seed used in the exper1~
E ments feported in thls paper are the i950 erop of Greai Lakes ETemler -
and the 1950 crop of Impeflal Ly varletles grown in Cenﬁral Ga71forn1a9'
“and no dormancy problem was encountered \ o

Varlous medla have been used for germlnatiﬁg seed in thé iabora.‘i;,oryv
The materlal used must provide adequate aeratlon and m01sture fOT uhe
seed Maﬂkeever (6) 11ned the bottom of covefed dishes with onewhalf 1nch
of sphagnum ‘moss and over it placed a plece of blotter ﬁaper cut ﬁo 1it
tightly 1n31de the dlsheso Thompson (8) used blotter papef in the boﬁtom
of petri disheso And DaV1s (5) found absofbent cotton to be & becter
’medium than blotter paper° '

Goffeman (4) found ﬁhat the rangé of temperauures over whlch 1ettuce
seed would" germlnaie wes from 50—40 1"° to 85=9O F, Dav1s (5) found
_ylmlnlmum temperatures Ior 1ecﬁuce hypocoﬁyl growth was 54,59 F. and found

no germlnatlon at 86 F.ﬁ Bofﬁhw1ck and Robbmns (5) germinated lettuce

:useed at hlgh temperaiures (86~104 F ) by removzng the endosperm and



ihtégumehtary membraﬁe %;véxpase the naked;membrane,’ They étafeltﬁat
leitﬁce-éeed fail to germinaﬁeAat high tgmpératureé because thé?seéd coat
beéomss less permesble io gases at the higﬁer féméeratures,.aﬁd:suggeétéd
—fhéi<there may be deleferious prodﬁcts of ﬁéiﬁbblism in the enéospefm or:
embryo, arlslng and poss1b1y accumulaﬁlng only at ﬁhe hlgher temperaﬁures,
whlch 1nh1b1t the 1n1t1a1 germlnatlon tages, |

Siegel (7) stated ‘l?hau in the field of températur'e reia-tidn__s of élam‘,s,-
those aspects dealing with brief treaiﬁenﬁ‘of non—dormént seeafﬁith heat
or cold have hltherto been 11ttle 1nvest1gatea°«

Ayers 1) hes worked on the problem of 8011 sallnlty and 103 effect
on the germinatippiof gged?fiﬁe states'thai soil salinity may affectv
gefmiﬁation'of's;éd ipiﬁwo‘QaYSs (a) by decrea81ng the rate OL water entry
i;lnto the seed, and (b) by Laclllﬁatlng uhe entry of ions in sufficient
amounts o be toxic. This results in a slower rate of emergencs of seed
that do germlnate and a decrease in the percentage of germ1naii§n, AYers
and dayWard (2) state that it is dlfflcult, if not 1mpos31ble, to evaluate
adequauely the level of salinilty condltlonlng the germination of geed
‘under field conditionss It is evident that there is no genefal felati§n»

ship between the relative salt toleranec Of germlnaclng seed ard thc

v,tole:ance during later phaSES of growﬁh.



CHAPTER III .

. MATERTALS - AND METHODS

I. Temperatures used.
The températurés used in these experiments and their loéations are

‘listed below:

%30 % 22 p, - standard_refrigeraidf in room 28 v
400’*f2° P, --standard refrigerator in raom 28
'60°1f 1°;Fe ‘cold storage refrigerator in room 1135 -

Ly

‘700“* 1°'F° - room 14

‘ 82""5” 2°

St

£hermostaﬁically{‘ ; ".led oven iﬁ room 28
- 90°+ 0.5° F. - incubstor in réom 215' ' '
106° T 0.5% F. - inquﬁatof iﬁ rcci 11
The abofe rooms are all located in‘thélﬁgriculturé Building on the
University of Arizona campusf
II. Salts used.
_Salt solations cqntainihg eqﬁai amounfs by wéight‘of sodium chloride
. and»daicium chloride were uéed Coneentfétions bf 2005 400@ and 6000
rpm, betal soluble salts were prepared by u51ng, respectlvely, 100, 200
and 300 wg. each of,sodlum chloride and’ calclum chloride per IOO mi,

V 'of dlstllled-waterc

-~

III. Procedure for germinaﬁioh
* The lettuce seed was germinaued in standard 9 cm. dismeter. petr1

' dishes contalnlng an absor rhent tlssue in the bo‘t.’t,omq The absorbent t;ssue.



. used wae Kleehex foldyd four tlmes.end cut to flu the bottom of eaeh
~'vpetr1 dish. - | o

‘; A,moisture soﬁrce was'aaded to.each‘dieh,:and‘gny excees Waﬁer waéi
\d?eineé‘euiﬁr,Thevletfaee éeed Wae_theh sprinkied loosely pn-the Kleenex
rﬂandi ihe petri dieh was covered.ahd:plaeed in;the pfeper iemperatﬁ%e;;
Covering the dishes kept the water content of -*gh‘e 'differént' gerinina‘tion
,disﬁes reasohabi& uﬁiform, and ﬁeiped‘redgée'evgpeﬁatioﬁ; ;Theiseeas ﬁeré‘;,
.ge}ﬁinated‘in.ghe éa?ko V | 1

IV. “Minimuw, optimum, and maximum temperatures for germination. -

-~ One hﬁndred>lettueerseed esch of Gfeat‘LakeSFFTemier and»imperial-éﬁ B
'.‘varieties:ﬁee plecedeiﬁ Lo petrivdishee Qh Kleenex ihat’hedvﬁeen.eeii—r~
rated w1th tap water, “The»dishes“ﬁeréxcovered, and the see&iwas.eabiecﬁed 
to tempera"cm'es of. 55 .- , 5o° 60° ) 70 , 82° end 90° m ’Daili‘y_r‘
‘observatloﬂs were made untll max1mum germlnation was ob alned 7Thise
‘::proceeureewas repeated five %1mes;“and each repl;catlon was starﬁed‘atja'

different date,

V. Rate of germination et different temperatures with the sddition of

‘ sodiumrchloride and calcium ehloride.‘

V Eight petri dishee:coniainingleO seed’each of ‘the tﬁo:#arietiee of-
lettuce were supplled w1th tap water, 2000 ppm., &OOO ppu. and 6000 ppme
soluble ‘sodium chlorlde and ca161um chloride. Tap water was used as a
‘control in all salt solutlon experlmentsa The seed wae»theg subjected te“
dlfierent temperatures, and dlurnal observatlons weve made and recordedo
: Thls treatment-was repeated five tlmes, IF added molsture was needed,
.-dlellled ‘water wes added untll uhe Kleeaex was. fully saturated again. .

~Thz.s.-prevented the:bu;lddup of saltgb Only»at high Lemperatures was



moiSture ‘& problem.

"Y1, Effects of an 1n1t;al hlgh temneracure shlfted to‘a loﬁer ﬁemperature:
y~ One hundred seed each of the two varleﬁles of 1ettuce (Great Lakes ‘
: Premler and Imperlal 44Y were placed in. peﬁrl dishes on: K_eenex that had
beenrsaﬁurated w1th cap water. The seed wes then sub;ected to a temper—’_
ature of 106 F. for periods of 2 and L houre3 after whlch the seed wae )
shlfted to ovens that had temperatures of 70° and 82 Fo,<Da11y_ebserf
Vaﬁlons were made and the results were reeerded. Flve re?lieetionse“cf@

were made,.

 VII. Effecis f’ an initial hlgh temperatufe wrbh ‘bhe addltlon of sodz_um

ehloridefand calqumtchﬁo?Lde shifted ES;E 1ower tempera@ure,

Twelve petri diehee we;eAprepafe& similar‘te tﬁe onesipre#ieusly o
descrlbed, except that/m01¢ture was‘supplled to the seed in solvtlons
 4hat contalned 2000 ppm., AOOO ppm.9 and 6000 ppmg soluble NaOl and CaCl,
Four more dlshes had tap weter added to 'them° The seed was thenvexposed
to a temperaﬁure-of 106? F. for 2 and X hours. Tﬁey Were‘ﬁhen transferéeéi‘
‘,A'to'temperatures‘of 7o°‘and782° FLV:Daily observations wefe‘madevandil |
germlnatlon percentages of the seed ‘were recorded. This %reaﬁment:ﬁae‘;

repeated flve tlmea.”

VITI, Rate of growth gi'lettuce geedlings for all treatments.
~As daily observatiens were made in the precedingjexperimenﬁs,'the, ’

. root and stem growth were meas@red in millimeters.



CHAPTER IV
PRESENTATION OF RESULTS AND DISCUSSION

. I. Minimum, meximum, and optimum temperature for germinsbtion.

Germinatioﬁ tests were fuﬁ uéing>£empefatures,from‘53=90°“F;' The‘
results are shown in Teble i°(~SinCe no varictal differences wers
,ﬁoticed,'ﬁhe‘five replicaﬁions of the twowvarieﬁieé-weré,ayerégééfand‘
lthis'figure wés used-for thefpe?éeﬁtggefof germinéﬁioh; 'This‘m¢££Qd;ﬁaé
v 1employed throughout the problem, ‘ -
| The mlnlmum temperature for lettuce seed wag beuween 53 and 4@0 _j:
fe, and fhe max1mum<temperaiure aﬁ‘wnlch the - seed germlnated wasg 82 F
Thex falleddﬁo germ1na$§~at 90 F,
ﬁfqﬁ tﬁé‘}iféféture 1t was 1ndlca£ed that lettuce seed must have
‘coél éempefatﬁres before it w1ll germlnateg‘and the hlgh temperaﬁures
Cwill prevenﬁ germinaiién@ This wés ﬁrought 0ut dﬁring the'coursé of the .
experimentébrepbrtediheréih. There was a sharp break in the germlnatlon
eurve (Flgu 1) b;ﬁween 55 and 10° 7., and ‘also beuween 82 and 90° F,
However, at the 1ower ‘temperarture9 there was a delay in germlhailon which
wag not pvesent at uhe hlgher ﬁemperatufesa This wmll be dlscussea nore
bhoroughly later. |
The optimum'tempe?ature of sround 70° F. was indicated bj'ﬁhe,higheé.
perqentagg aﬁd>rate~of germinaiidh obtained whenever a 70° treammeﬁt‘was

. used in the experimehta The germznatlon curve was very smooth fbr Lempera~

tures that renged Irom 40»82 F.



,Leﬁﬁuce seéd,when'gérﬁinafed‘at—?Og—ér 82° Fovand the seédiingg;' 5f:; :
placed at 90 F. survived a8 1ong as m01sture was upplied*fqr ihé {énéil":

" day perlod

 ’11, Rate of germlnatloh at dif ;reﬁtfﬁéﬁéeraiufes.';'
The Iate of germinatlon Varles at che dlfferenﬁ tempﬂraiurésL _
~ (Table I) Below CO F,, there was a delay of from 4 days (&O Fo) te’ 3 i ;.
“days (40 and 50 F. )3 whlle the seed germlnated w1th1n ol hours at :
E uemperaturev of 60&82 Fg -
| From Flgure 2 it is noted>chau as ihe temperamufe dscreased. the
'déiéy_ln germ;nailon 1nc§eased° But for a hlgne% tﬁmpe;aﬁure, this dl& '[ 
f not’holdrtrﬁeo' L 82° F. there wes no delay in germ1nailon, buu at 90 'y
only an 8° iﬁcrease, tﬁere Was no germlnatlon at’ all Thls 1ndlca£es ihaﬁ.
'f‘82 P. was close to the. critlcal temperaoure Eor the germlnatwon of
“1etﬁuce seed, and any 1ettuce -sown - when soil iempe auufes are‘ln ﬁhe 80‘3 '
w111 be unllkely to germlnateu | N
- The higher temberatures dld not kill the seed &8 Lhey germlnaued

rwhen_put ap a lower temperature.';Th;s phasevw111 be dichSSed 1a$er
~in theApaper. | |

III. 'Effécts of ‘the addiﬁion,ggﬁsodium caléiumichloride galt sglutibhs

:Egadifferénﬁ tgmperaturéé.

o cam@ge"m ﬁaade in the rate of g;éfmihatibr'xv of lyettuce seed':vat I
‘temperatures of AOQ 50 and 60 F. w1th addltwon of the comblnaulon NaCl
and CaGl 7 atlons. (T&ble II ) A 977 germlnatlon in tap or-salt -
"concentrailons of 2000 4000 and 6000 ppm. 'solutlons was qbtained at‘éO°'  ‘
."1n 5 days, and at 50 1n 3 dayso-." I | o

For the 60 uemperature, 98% germlnatlon was obtamned the f _irst déy»



. Tébi-e I. The: Ra*te of‘ Germlnatlon for. Le‘t.tuce :
' 'Seed gt Different Temperaﬁures 5

Days 33 40 | 50 60 70 ’ _‘827 90

o

1 of o o o8 w o o
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IESNE S T 2 SRR

BRGNS
o
o
o

(97N
(@]
\O
~J

-

o
O
~

8 0 o 9T 9 99 9 o
o o, 97 ot 98 98 97 o

’ "Avefage percen‘b of germlnatlon of the five repllcatlcns using the ‘two s

©ovar 1e'tles



10

Fig. 1. The Germination Curve for Lettuce Seed
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Fig. 2. The Rates of Lettuce Seed Germination
at Different Temperatures
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'12t %: .

. for the:cbntrdl and concenﬁrationé of-ZOOO'and 4000 ppm UM cbncénﬁfaﬁibﬁ"i;;-é

of 6000 ppm. there was e 787’germ1natlon ﬁhe flrst day and a 97% germln—v
natlon ai the end of the second dayﬁ V '

A 93% germlnatlén was obtalned at the end: of one- ﬁay for leﬁtuee'sead”‘.;
:subJecced to’ the 70 F‘° temperature and u51ng tap. water and a 2000wnpm,>
sal‘tnconcen‘tra‘blon° For the 4000 ppm. concenbratlon an 81% germinatimn
occurred the flrst day and the maxlmum of 9?7 the second day, - With a 6000
‘;$ppm, solutlon there was -a 45% germlnatlon the Pirst. day and 95¢ on the'
Lseeond day. | | :, ' ’ _ . | |

- The salt concentrailons of 20009 AOOO and 6000 ppm, had 1itﬁ18
'1nf1uence on the rate of germlnatlon of ﬁhe 1ettuce seed at the 1ower 4
temperaﬁures,! Atrtemperatures of 1o° and 50 s %he Tate of.verminaildn wés?‘
‘not reduced or delayed by the addltlon of the salt concen%féiloﬂs used |
fln uhﬁ experlmento- 7 | A

Tap water, whlch contalned about 800 ppm of ﬁo%al soluble salts,
© was used*for all controls in the,experlments_reporued in thls»pape?. A'J'
*séries of‘feéfs'wef; fuﬁfusing tapIWater éﬁdkdistilledlwaﬁéf for a11 ‘

Dhases of ihls experlmento No dlfferences were observed in the percentage =

- of germlnatlon between the two ﬁreatmentssv

» ﬁi the 60 Fo oemperaiure, the rate of germlnatlon was delay?d one -
:day w1th the 6000 ppm.. concentratlon Prom the control The uotgl per
cent of germinatlon wes unaffecued . o

When the temveraiure was boosted to 70 F,, both the 4000 and 6000f

"ppm. comblnatlons WaCl and CaCl concentratlons delayed the germlnablon

.;-one dayy but the hlgner cOncentratlon caused a.greater delay the flrst day: “'

Ai 82 F», the delaylng actlon of the AOOO and 6000 ppm, solutlons'b
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lThe gatas of Germ;natlon for Let%uce Seed a% Different Temperatures when
L sodium and Caleium Chloride solutions are added
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was 1ncreased con51der§b1y over the 70 tcmpera‘oureo It Was noﬁ until |
 j the thlrd day that maximum germlnatlcn Was: obtalned fo; the 4000 ppmo-;

concentra_‘tlony an& for 4000 and 6000 ppm treaiment Lhere wds a 1ethal
v;effec%, 88 well as a delaylng effect, on germlnatlon.v.: 
R Salt concentratlons at 1ow temperatufes had llttlé or ﬁo-efféct on
-delaylng and obtalnlng maxzmuﬁ germlnaulonbof lettuce aeed° buu as the |

,temperature 1ncreased there was also en 1nereased delaylng exfectyrandA

'i‘_,as the temperature reached the crltlcal p01nt, & 1etha1 effect was

also observed'

AV, Effects of 1n1t1al hlgh temperature w1th a shift 1o a 1ower ﬁemperaturee

The lettuce seed.that was - puﬁ 1nto the 1060 P, temperauure-oven for 2 '
' houfs and then shlfted 4o 70° had a germlnatlon percentage of 94% 1n one
-day and 987 the thlrd daya. (Table III ) When the seed was exooseu for 4

' hours at the hlgh temperature and shlfted to 70 Fag a 7j7 germlnatlon
T wag obtalned the flrst day and 92% the second day.v This was the highest-

percentage of germxnatlon reached. o

With the seed exposed to the 1n1t1al hlgh temperaiufe oz 106 F.

>for 2 and 4 hours and then placed in the oven at 82 s dlfferent results

'occurred “For' the 2—hour perlod ab’ nhe hlvher temperatur89 76% germlnailon

was obtalned the flrst day and the max1mum of 92% -was reaghed;on the ;

‘second day° With ihe inltial temperabure.of 106 F. iﬁcreased ﬁo'a L _

- hour perlod a greaier prolongatlon in germlnailon occurred At the end

of one’ dayg only 127 of the seed had germinayed but at the end of 2

days, 8@7 showed hypacotyl growth The wmaximum of 87% was reached the o

T thlrd dayo

When the 1ettuce seed was exposea to 106 F. for 2 hovrs and then .
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The Rates of Lettuce Seed Germination

at Different Temperatures with the Addition
of Sodium=Calcium Chloride Salt Solutions

Fig. 3.
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Fig. L. The Rates of Lettuce Seed Germination
when Exposed to an Initlel High Temperature
with a Shift to a Lower Temperature

100y 106° for 2 hrs,---70° F,

— -
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/ 106° for L hrg.---820 F,

% of Germination
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o Table»IlI. The EffeCu of an Initiel High- Temperature_
: with & Shlft %0 a Lower Temperature

Initial high  Length of high  Shifted Days % of Ger-
tempersture - . temp. treatment Tempersture = = ‘ mina"bioﬁ_

oh

95"
98
98"

73
92
oo
92

76
- 92~
92 -
92
12
8k

81
87

106° F. . 2wr.  70° .

e

106° F. "_é we. 700w,

=0

'106 F.. . 2hr. . - 82% .

SN

LA . COR
106° F. . hwe. 82 F.

PN -




| | - . R | ‘llaf"” .
;placed at 70 . for the rest of ﬁhe t1m69 only a sllght deiaylng actlon’};‘
‘foccurredg but when the seed - was left. for 4 hours au lOo F,;'thgrg was gl‘
‘ sl;gh 1etha1 effect, as well as a delaylng effecta .

Approx1mately'the same results occurred when ths seed was, exnoséd ;7
to 106 F. for 1+ hours and then placed a‘t a temperature of 70 ,7 and
":when the seed ves exposed to 106 F° for 2 hours bua piaced at. 82 and
v'ial owed to germlnateof 3 ' | |
The regults of thls eipeflment show that uh; 1onger the expﬁsvre'
;OL seedé to a hlgh.%emperature, the loqger the tlme ?uqulaeﬂ to germlnate
when placed at lower bemperaﬁure._ Thls agreed w1th uhe wufk ?eported

by Borthw1ek and Rooblns (5}

"V'_e Effects of 1n1tlal hlgh temperature w1th the addltlon of sodlum and

- ealcoium uhlorlde shl‘ted to a lower temnerauure,
) | The percentages of germlnatlon and tﬁe delaylng efzec{ of aﬁ 1n;t1a1
,hlgh oemperature comblned wrth salt coacentra+1ons are tabulated in Table iv. ;
-Letﬁuce_seed thgt “had a Zéhour:exposure tp 106 F. and wes then shifted |
‘to 7o°> had a gefminatibn of '9‘11-% and 95% a£ the end of ons 'and 4two aays,- |
respectlvely, when moisbu?e was supplled thn tap wate (conﬁ?ol) and 2600
“ppm. salt solutlon, and 8 hlgh of 98% at ﬁhe end” of 4 dags,'b
A,4000 ppm° solutlon resulted in an 897 germlna01on the flvst day
3 aﬁdrof 94%, Wthh was the max1mum, at ﬁne end of 2 days.» The 6000 ppm.
‘ ﬁreatment caused an’ 1ncreased prolongaulon in germlnatlone» Only 25% of
vthe seeds germlnated the flrst day and 897 the second day. The méximum
’was reached at the end of 3 days when 91m bf the seed had germlnéted

The 1ength of the 1n1t1a1 hlgh temperature (106 ) perlod was
-‘.flncreased o 4 hours and tbe follow1ng results occurred in the vermlnation af

.percentages when the temperature was reduced to ?O F°'~W1th tan waﬁery 75% , "



"\ Table IV. The Effects of en Initial High Tempersturs and
" the -Addition of Sodium Chloride and Calcium Chloride =
Salt Solutions with a Shift to a Lower Temperaturs

 Shifted temperatures

‘Tnitial . Length - - s .
" migh - of high = TSR, 82" F.

' teup. “temp. . Deys Tap 2000% 4000 6ooo Tap gooo booo 6000

106 P, 2hr. | 1 oK™ 95‘x <89. % 76 f,66 - s 2~;

PO

R 2 ok B o 89 92 & . 55 o1

‘ 106° P b hr. o 1 7% 69   :«& 0 i‘ig'tf‘g » Oi.‘ o

LIS BN SERANY

‘ 86 f86A - 87 55 87 éo »45':" 2

o7 o1 ok o1 93 8. % 32
98 98 9k 91 95 8 % s

8k 86 8 B & 80 56 1
7,86 .861_'j§7 ) 5% v87,‘_8o ) : 2

*Salt concentration in ppm.

" **Percent of germination.



Fig. 5. The Rategs of Lettuce Seed Germination
when Exposed to 106° F. for 2 Hours and Shifted
to Lower Temperatures with the Addition of
Sodium-Calcium Chloride Solutions
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Fig. 6. The Rates of Lettuce Seed Germination
when Exposed to 106° F, for L Fours and
Shifted to Lower Temperatures with the

Addition of Sodium~Calcium Chloride Solutions
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‘>of the seed germlnaﬁed in one day, 84% the second day9 and hhe maxivum 867
:occurred the. 1ourth dey. For the’ 2000 ppm° treatmenﬁ 697 germlnatlon
‘was reached the first day and 86% at.the end of the second dayg Th;s; 
 was the max1mum-germ1naulon pefcentage. The results of the 4000 ppm.
:vsolutlon ohowed only LA and 86% germlnatlon at’ the end of one.and. 2 days,.’ -
respectlvely; 87%,‘the‘maximum, was reached by the third day° Wiﬁh the,
6000 pﬁm salt concentration, there wag no germlnatlon ‘the flrsb day and
only 51% the second day. By the third dav L15% had germlnauod . The
maxiimum was 95% reached the fourth day, |

' When salt solutlons were added to supp?y'the lettuée seed with
">m01sture Por germlnatlon, sn. 1ncreased stress on the germlnatlng seed
océurred The seed exposed to 106° F, for 2 hours and then placed aﬁ 700
~had a 6% decrease in gernination . w1th #OOO ppm. solutlon from the control
“’for the first days But with a 6000 ppme there was & aecrease of 60% 1n ‘
t;he 'gefminatioh rate ft,he first: ééy. ind ’che:‘c"fe_- wes 8 very élighﬁ\ lethal
léffect-at the'6000 ppm.-level, i
| | When Lhe final temperaturevwas boosted)to 82° F. after a E-hour:
) exposuve to 106° s there was a lethal effect éncounuered ab 4000 ppm
whlch rgduced the germlnatlon perqentage almost one»half (from 95;%0 55)
and at 6000 ppmq’by'oneethird, The deiayang'actioh for allGGOﬁcéntréfions;.
rvincreaééd over the 700 Fo freaﬁmenfe_ | » |

- With a h;hqur‘exposureléf the.séeé ﬁétloéqugg thére.was arleihalﬂ
efféct fér all conﬁéntrations“of fhe‘SOdium caléium—ébloride s§lutiéns;
‘even for the control, when the flnal ﬁemperature treaumeﬁu was 70 and 82 K
But the higher Llnal temberature resulted in a lower numbor of seed

ﬁhat germlnated,
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- VI.  Rates of growth of seedlings at differént temperatures snd salt

concentretions.

Root grthh meas§rements7were made aé the séed germinéiéd” As soon

'*{ as the radicle appeared through the seed eoat, measufemencs were started.

'The hypocotyl was lelded into the root nortlon and the stem porilon,:
1_;These measurements are recordad in Tables V, VI, and VII
&t the end of ten days the root and stem of the lettuce sﬂedllng

:.grown at 40° F. each had =z length of 6 . But when grewn at 70 “and 82o
>"the roots: measured between 51-5% mm,, and the stems had a 1ength,oL 55~56
_7-"mm° in 8 days. Whenfmhe ‘root growth~exceeded'50,mm.f1n 1ength, they

' became 80 tangled in the dish end. absorbent ilssue that it became difficult
.to remove the seedllngs 1of measurvmeéé w1th§ut breaklng off Da?tﬂof '

the root | ;7

With addltlon of salts and an lnltlal hlgb.temperatu~elf§r72vﬁours
. at 106° F°>reduceQ}uo YQ‘,,a root length,of 52 mm, and a stem 1ength of
f7511mm;‘were‘reached_b& the end of 7 days for the control; for the 6000
b@m, treatment; a 306% 1e£gth of h9»mmw-énd a stém length ofi#?vﬁm; wéré
measured,for the same perloa of time. ‘

The %emperaﬁure below 60 Fo had a retardlng effect on the growth :
; §£ lettuce aegdllngss Ai very lqw %emperatures, 40—50 F., once the
seeds had.germinafed;.growth-almost was ai'a'standstillg but as the
ﬁemperature apbrdacheaFTOp F., the raté>of é?oWﬁh was’indreased and:very
_few dlfferences ,bwere obéerved in* the growth rate of ‘the seedllngs at - (O
;”{and 82 F. - | |
- The root sectlon of the hypocotyl géows rap1q1y ab flrst, and as 1t‘

.1beg1ns to taper off. the stem growth beglns to increase and flnally'squals



. . o . _ 2k
oy oveftékés:thé:}ooﬁ growth by the énﬁgef.IG{dQYSS». -.-vf»{
.The'séltfébluﬁions and high initiél ﬁempefafureé éid.ho% éféaﬂiy
" affect the growth of the lettuce seedlings§ as long as the sesd was able
to‘ germina’c.e, gfowﬁh" wes made, Only when the -salt concen‘tra‘i..lcn was 6000
ppm. and an 1n1ﬁ1a1 hlgh temperature of 106 was maintained for L hours
_‘befOfe veduclng it to 82 was thewe an appreelable reductlon 1n fooﬁ '
and shem growth _ |
In addmiion to the seedllngs grown ai 40° and 50 Fa, hav1nglthelr
growth retarded, masses of root halrs. appeared on the roots (Flga 9)
Only a few, if sny, root heirs were present on the seedlings. grown at

the higher temperatures,



Téble V. Rate of Growth. for Leiﬁuce Seedllngs at
: " Different Temperatures

Temperatuge K

o 7., 50° . &°F. . jo F. 82 F.
Days Root Stem - Root Stem»’,Roo% Stem  Root Stem - Root Stem

1 e* 0 o o 1 o 5 0 5 0
2 0 o0 o o0 2 0 7.5 7 12
3 0 0 s o 4 i}f:',éo’ 207 2 19 .

. 4 1 o ' 3 ':1‘ '1 6 3 "51 ) 29'-' f?é. 25
5 3 1 3 1 9 8 % 5 30 u

6 3 1 5 8 13715 38 M om os7
7. k3 6 & 17 15 oW e
8 5 5 8 5 19 2 % 56 51 .5
9. & 5 15 9 20 25 |

'10. 6 6 14 12 25 28 :

$Lengﬁh in mm.



Table VI. Rate of Growth of Lettuce Seedllngs whenGermlnatln°~
- Beed was Exposed to 106° F. for 2 and 4 Hours snd Shifted
. te 70 F. with the Aﬁdlthn of Sod1um—0a1c1um
: Ohlorlde Solutlons ‘

v . Treaﬁmenﬁ~

106 F. for 2 hrs. then 70° F: 106" ‘F. for 4 hrs. then 70° F._

Tap  2000% 4000 6000 Tap 2000 4000 6000 -

Deys R & R S RS RS RS RS RS RS
: e s ST o f R
11 %0 Ao 30.. 20 .20 1.005 0 0 0

282 T4 77 76 86 75605 50
3 17-122;15 14 i9,17 ,22Vrz;‘ :2217 :2515,2L. 6  ;a,f#_f'
"AA 2%525 f29 30 _28_27 3620 2725 25 28 521‘21. :'gliiéfvf
5 2% 0% 3236 Mk 332 3335 0 ko
6 '44-46 38 58"'42~47' ug bl 34 38 ~54'Ai 36 32 ) 57 285f
7 5250 Mo A bl sl 36 3 8w
8 050 k3 59 58 8 5756 3536 .
B s e s o b
l10 - |  3_ : 55:55‘ 46 62 44»55n4é:'4§ i7 %6

vSalt eoncentratlon 1n parts per: mllllon fppm ).

5**Length 1n m,



Table VII.

Rate of Growth of Leotuce Seedllngs when' Germlnatlng
Seed: was: Fxposeg to 106° F. for 2 and 4 Hours end
Shlfted to 827 W, w1th the Addition of Sodlum— o

~ Caleium Ghlorlde Solutlons .

27

Treatment
106° F. for 2 hrs. then 82° F 106° F. £or 4 hre. then 82° ¥,
Tap  2000¢ 4000 6000 _Tap 2000 vAOQOT.f‘Iéboo
\bays R g VR> Sj R 8 - Rs RS RS RS. RS
1 30 20 50 30 10 2 o .00 .0 fé
2 7 6 8 ,5 13 11 12 4 85 :7’"5; 6 2 vfl:g.'of
' 5 1915 1211 2517 ' 'éh721.  1612, 19 11 719 17 E 5 2 |
l"é 2821 2018 2505 330 217 201k 27 21 “ f‘9 6
5 36 27 3131 2839 3735 §2 ?4, 29 27 39 0 1214
6 b 55}' M3 3k L 36 5330 3128 59_29f~"i2 14
T »55,49 : .50'411 38 51 ?\152.41'~ 37 32 34 33 ,éo 51". 13 14
S-SR R | b3 32 | 37 33 6% k230 13 14
) 18 I 39 35 59 36 Ahz2 1514
10 52 42 Lo Eo3r W33 15 1h

"*Salt concéntfatidn;in ppm.

FRTength in mm.

P



Length in millimeters

Fig. 7. The Rates of Root Growth for lLettuce
Seedlings at Different Temperatures
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Length in millineters
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Fig. 8. The Rates of Stem Growth for Lettuce
Seedlings at Different Temperatures
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Fig. 9. Comparative Sizes of Lettuce Seedlings
Grovm at o
70° F, (left) and 40° F., (right)

2x
(actual size,

9Summ. )

6x
(actual pi-e,
1lmm.)
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 Table VIII. Aialysis of Initial High Temperature _

and 8alt Concentrations Experiment

Source of -y
Variation :
Total | : Less
Varieties . - Then 1
' Salts 38,37
Temperature. ’2&,51
VxS ‘ Less
' ' Then 1
V¥xT Less
) Than 1
B xT 53,99
" Error o )

31,
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e . CHAPTER V
SUMMARY

1. NO‘differences were 6bserved in the two lettuce vérieties used.

2, The minimum bemperaiure for 1ettuce seed gﬂrmlnatlon was between -

| 53—400 F“,s and the maximum temperature was between 82-90° Fa ;

. 507 The optimum temperature for letiucs is near 70 F,

4, Low temperaﬁures,vho—éoq'Fc, delay the germination of lettuce,

- but’ do not reduce the percentage of seeds that will'germinate;

5. A temperature of 82 F. is approachlng the critical p01nt for
the germination of 1ettuce seeds.

- 6. »Salt,conbantratiqns used had little effect in ‘delaying lettuce

_\seed_germinaﬁicn et the lower temperatures; but at higher %empefatures"

“the 1000 ppm. and 6000 ppm. sodium-calcium chloride solubions had a

léﬁhal'éffect;'as well as a delaying effect.

| ..7@ The 1ongerrthe period théﬁ lettuce éeedé:are expoééd to aﬁ
initial high £empérature,,£heAgreatér,the proiongaﬁidn of»germinatibn.
when %hey’are plécgd at a«lowar‘ﬁempératﬁfé thaﬁ will pefmitvgerminatiohs

ind the closger this final temperature is to the eritical temperatufe-fbf':,

‘lettuce seedvgerﬁinaiiong the more lethal effecﬁ is introduced.

- 8, The salt concentra'tlons added ‘to an initiel hlgh tempera‘ture cause :

a correspondlng increased prolongamlon and 1etha1 ePfect on germlnatlng

1ettuce»seedsa

9. Temperatures below 60° F. réducéd-thé rate of growth of lettuce

saedlings.:



- , '55:
10 Rate of growth for 1ettuce seeQ11ngs at 70 and 82 R cTOSely

paralleled each othero.
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