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OH AFTER I

/  - V ' -INTRODUOTION ■ . • ;;. : : : "■ ' . i  '

L ettuce -is  the most im portant v eg eta b le  crop" grown in  A rizona, A 

t o t a l  o f  50 ,000. cars o f  v e g e ta b le s  Was shipped out o f  Arizona in  1951, 

and o f  th e se  $0 ,000  c a r s , 25 ,000  were o f  l e t t u c e . There are two seasons  

in  which t h i s  v eg e ta b le  crop i s  grown. ■ F a ll le t t u c e  i s  h arvested  u s u a lly  

about November 15$ rand sp rin g  le t tu c e  i s  h arvested  some tim e  in  March 

or A p r il.

I t  i s  the f a l l  crop o f  le t tu c e  th a t th is  .paper i s  concerned w ith.

The f a l l  crop i s  p lan ted  about .Sep tem b er,!--5 in  .the S a lt  R iver V alley  

when th e  s o i l  and a ir  tem peratures are- s t i l l  h igh . U n sa tis fa c to r y  stands  

o fte n  are obtained  because o f  lo-w germ ination . I t  i s  b e lie v e d  th a t t h i s  

. low germ ination  r e s u lt s  from high  s o i l  tem peratures which p rev a il a t  

germ ination  t im e . ( 5) .  L ettuce seeds w i l l  not germ inate at h igh  tem per­

a tu res  $ and t h i s  i s  one o f  th e  l im it in g  fa c to r s  th a t  determ ines th e  areas 

i n :w hich f a l l  le t tu c e  can be grown s u c c e s s fu l ly .

The h igh ly  sa lin e  s o i l s  present in  some areas o f the S a lt River 

V alley , a lso , have an e f f e c t  on th e  germ ination of seed s. Ayers ( l ) '  

s ta ted  th a t the c r i t ic a l  stage  o f  crop production on sa lin e  s o i l  may 

be germ ination.

In th e ■experiments which are reported in t h i s . t h e s i s , . an attempt .

.was made to  e s ta b lis h  laboratory con d ition s comparable to  the S a lt.R iver  

V alley  at the tim e for  sowing .the f a l l  crop o f le t tu c e .  I . /



: OHAPTER u  : _

REVIEW OP LiTEBATURE''

Even though th e  l i t e r a t u r e  on th e  germ ination o f  le t t u c e  seed  Is  

p l e n t i f u l , th ere  i s  a s o a r e ity  o f  i t  p er ta in in g  to  th e  work done in  t h i s  

t h e s i s .  Many o f  th e  e a r ly  v a r ie t ie s  o f  le t t u c e  had a tehdeney  to  be 

dormant ; and much o f  th e  work was done in  breaking th e  dormancy o f  th e  

se e d . Thompson (8 ) germ inated dormant seed  by soaking th e  seed  in  water  

and exposing  to . d if fu se d  l i g h t .  Borthwick and Bobbins ( j )  d id  i t  by .pre--. . 

c h i l l in g  m oist seed  fo r  f iv e  days at. 4 0 . The seed  used  in  th e  e x p e r i­

ments reported  in  t h i s  paper a fe  th e lg ^ O  crop o f  Great ta k e s  Premier 

and th e  l% 0  crop o f  Im perial 44 v a r i e t ie s  growi in  Central C a lifo r n ia /  

and no dormancy problem was encountered . . ' - ■■

Various m edia,have been used fo r  germ inating seed  in  th e  la b o ra to ry . 

The m ateria l used  must provide adequate a era tio n  and m oisture fo r  th e  

seed . Mackeever ( 6 ) l in e d  th e  bottom o f  covered d ish es  w ith  o n e -h a lf  inch  

Of sphagnum moss and over i t  p laced  a p iece  o f  b lo t t e r  paper cu t to  f i t  . 

t i g h t l y  in s id e  th e  d is h e s . Thompson (8 ) used b lo t te r  paper in  th e  bottom  

o f  p e tr i  d is h e s .  Aid Davis (5 ) found absorbent co tto n  t o  be a b e tte r  

medium than b lo t t e r  paper.

Coffeman (4) found th a t  th e  ran ge/o f'tem p era tu res  Over which le t tu c e  

seed  would germ inate was from 50-40 F, t o  85-90 F. Davis (5 ) found 

minimum tem peratures f o r . l e t t u c e  hypocoty l growth was 54-59 F. and found  

no germ ination  at 86 F« . Borthwick arid Bobbins (5 ) germ inated le t t u c e  

seed  at h igh  tem peratures (86.-l04 F .) by removing the: endOsperm an d ' ..



integum entary membrane to  expose th e  naked membrane. They s ta t e  th a t  

l e t t u c e  seed  f a i l  to  germ inate at h igh  tem peratures because th e  seed  coat 

becomes l e s s  permeable t o  g a ses  at th e h ig h er  tem peratures, and su ggested  

th a t  th ere  may be d e le te r io u s  products o f  iaetabolism  in  th e  endosperm or 

embryo, a r is in g  and p o s s ib ly  accum ulating on ly  at th e  h igher tem p eratu res, 

which in h ib it  the i n i t i a l  germ ination stages-,

S ie g e l (7 ) s ta te d  th a t  in  the f i e l d  o f  tem perature r e la t io n s  o f  p la n ts ,  

th o se  a sp ec ts  d ea lin g  w ith  b r ie f  treatm ent o f  non-dormant seed  w ith  heat  

or co ld  have h ith e r to  been l i t t l e  in v e s t ig a te d .

t  “ ; |^ r s :i; ( l )  has -worked on th e  problem o f  s o i l  s a l i n i t y  and i t s :  e f f e c t  

on th e  germ ination, o f  se e d . i .He s t a t e s  th a t  s o i l  s a l i n i t y  may a f f e c t  

ge rm ination o f  seed  in  two ways % (a) by d ecreasin g  th e  ra te  o f  water en try

in to- th e  seed ; and (b) by f a c i l i t a t i n g  the en try  o f  io n s in  s u f f i c ie n t  

amounts to  be to x ic .-  This r e s u l t s  in  a slow er ra te  o f emergence o f seed  

th a t  do germ inate and a decrease in  th e  percentage o f  germ ination . Ayers 

and Hayward (2 ) s ta t e  th a t  i t  i s  d i f f i c u l t , i f  not im p o ss ib le , t o  ev a lu a te  

adeq u ately  the le v e l  o f  s a l i n i t y  co n d itio n in g  th e  germ ination  o f  seed  

under f i e l d  c o n d it io n s . I t  i s  ev id en t th a t  th ere  i s  no gen era l r e la t io n ­

sh ip  between th e  r e la t iv e  s a l t  to le r a n c e  o f  germ inating seed  and th e  

to le r a n c e  during la t e r  phases o f  growth. *.



OH AFTER I I I

MATERIALS■AND METHODS

I . Temperatures u sed .

The tem peratures used  in  th e se  experim ents and t h e ir  lo c a t io n s  are 

l i s t e d .b e lo w i  - '

35° X  2° F. -  standard, r e fr ig e r a to r  in  room 28 ,

The above rooms are a l l  lo o a ted  in  th e  A gricu lture B uild ing on th e  

U n iv e r s ity  o f  Arizona campus.

I I .  .S a lts  u sed .

S a lt  s o lu t io n s  co n ta in in g  equal amounts by w eight o f  sodium ch lo r id e  

and calcium  ch lo r id e  were u sed . . C oncentrations o f  2000 , 4000 and 6000 

ppm. t o t a l  so lu b le  s a l t s  were prepared by u s in g , r e s p e c t iv e ly ,  100 , 200, 

and 300 mg. each  o f  sodium ch lo r id e  and calcium  ch lo r id e  per 100 m l, 

o f  d i s t i l l e d  w ater.

I I I .  Procedure fo r  g erm in ation . ' . \

■ The le t t u c e  seed  was germ inated in  standard 9 cm. d iam eter p e tr i  

d ish es  co n ta in in g  an absorbent t i s s u e  in  th e  bottom . The absorbent t i s s u e

40° i  2° F. -  standard r e fr ig e r a to r  in  room 28
. ■ ' ' ■ ' 

6 o f i  1° F» -  co ld  sto ra g e  r e fr ig e r a to r  in  room 113 :

7 0 ° ^  1° F. room 14 . .

8 2 ° 2 °  F-. -  th e r m o s ta t ie a l ly -c o n tr o lle d  oyen in  room 28

900 — 0 .3 ° F. -  incubator in  room 215 

106 — 0 .5  F. “ incubator in  room 11

o



u sed  Was Kleenex fo !d ed  fou r tim es' and cut to  f i t  th e  bottom o f  each  

p e tr i  d ish .. ' :, . ■ */ ;. : :;-

A, m oisture souhce was added to . each' d ish , end any ex ce ss  water was : 

drained o u t. The le t t u c e  seed  was th en  sp r in k led  lo o s e ly  on th e  Kleenex 

andl th e  p e tr i  d ish  was covered  and p laced  in  th e  proper tem p eratu re.; 

Covering the d is h e s  kept th e  water con ten t o f  th e  d if f e r e n t  germ ination  

d ish es  reason ab ly  uniform , arid helped  reduce evap oration . T he.seeds were 

germ inated in  the dark. - - . ' :

IV. Minimum, optimum, and maximum tem peratures fo r  germ in ation . -

■ . One hundred le t tu c e  seed  each o f  Great Lakes frem ier and Im perial W  

v a r ie t ie s  was p laced  in  two p e tr i d ish es  on Kleenex th a t  had been sa tu ­

ra ted  w ith  tap  w ater. The d ish es  were covered , and th e  seed  was su b jec ted  

t o  tem peratures 4 0°, 50°? 60° ,  7 0 ° , 82° and 9Q° F. D a ily

o b serv a tio n s were made u n t i l  maximum germ ination  was ob ta in ed . This 

procedure was repeated  f iv e  t im e s , arid each r e p l ic a t io n  was s ta r te d  a t a  

d if f e r e n t  d a te . . ■ "  ' ' ‘

V. Rate o f  germ ination  at d if f e r e n t  tem peratures w ith  th e  .a d d itio n  o f  

sodium ch lo r id e  and calcium  c h lo r id e .

E ight p e tr i  d ish es  con ta in in g  100 seed  each o f th e  two v a r i e t i e s  o f  

le t t u c e  were su p p lied  w ith  tap  w ater, 2000 ppm., 4000 ppm., arid 6000 ppm. 

so lu b le  sodium ch lo r id e  and calcium  c h lo r id e . Tap water was used  as a 

c o n tro l in  a l l  s a l t  s o lu t io n  exp erim en ts, The seed  was th en  su b jec ted  t o  

d if fe r e n t  tem peratures, and d iurnal o b serva tion s were made and recorded . 

T his treatm ent was repeated  f iv e  t im e s . I f  added m oisture was needed, 

d i s t i l l e d  water was added u n til;  th e  Kleenex' was. f u l l y  sa tu ra ted  again .

T his prevented th e  b u ild -u p  o f  s a l t .  Only a t h igh  tem perattires was



m oistu re a problem. i ' . ;

VI.  E ffe c ts  o f  an i n i t i a l  tem perature s h if t e d  to  a low er tem perature.

One hundred seed  each o f  th e : two. v a r ie t ie s  o f  le t tu c e  (Great Lakes.

■ Erem'ier and Im perial 44) were p laced  in  p e tr i  d ish es  on K leenex th a t  had 

been sa tu ra ted  w ith  tap  water., The seed  was then su b jec ted  t o  a temper^- - 

attire o f  106 F. fo r  p eriod s o f  2 and: 4 h ourss a f t e r  which th e  seed  was r 

S h ifte d  to  ovens th a t had tem peratures o f  70° and 82° F. D aily, ob ser­

v a tio n s  were made and th e  r e s u lt s  - were recorded . F ive r e p lic a t io n s , —'ora « 

were made.. : . t  u  ; ’ ' .' »

V IIv E ffe c ts  o f  an I n i t i a l  h igh  tem perature w ith  the a d d itio n  o f  sodium 

ch lo r id e  and calcium , ch lo r id e  s h if t e d  to, a lower tem perature.

Twelve p e tr i  d ish es  were prepared s im ila r  to  the ones p rev io u s ly  

d escr ib ed , excep t th a t m oisture was. su p p lied  to  th e  seed  in  so lu t io n s  

th a t  con ta ined  2000 ppm. s . 40Q0 ppm., .{and 6000 ppm. so lu b le  NaOl and OaOlg* 

Four more d ish es  had, tap  water added t o  them. The seed  was then  exposed  

t o  a tem perature o f  106° F. fo r  2 and 4  h ou rs. They Were th en  tr a n sfe r r e d  

t o  tem peratures o f  70° and 82° F. D a ily  o b serva tion s were made and 

germ ination  percentages o f  th e  seed  were recorded . This treatm en t was . 

rep eated  f iv e  t im es ."  ' / 1 ‘

VIII.. Rate of growth of lettuce seedlIngs for all treatments.

As d a ily  ob serv a tio n s were made in  th e  preceding experim ents, th e  

root and stem growth were measured in  m il lim e te r s .



CHAPTER IT

; PRESENTATION OF RESULTS AND DISCUSSION _ \  .

I .  Minimums maximum, and optimum tem perature fo r  ^egm ination«

Germination t e a t s  were run u sin g  tem peratures .from F« The

r e s u lt s  are shown in  Table I .  S ince no v a r ie ta l  d if fe r e n c e s  were . 

n o t ic e d , th e  f iv e  r e p l ic a t io n s  o f th e  two v a r ie t ie s  were averaged and • 

t h i s  f ig u r e  was used fo r  th e  percentage o f  g e r m in a tio n .. This method was 

: employed throughout th e  problent. :

The minimum tem perature fo r  le t t u c e  seed  Was betw een 55 : and. 40 

F, > and th e  maximum tem perature a t- which th e  Seed germ inated was 82 F,

They f a i l e d  t o  g e m in a te  a t 90? -F« /  , :

From th e  l i t e r a t u r e  i t  was in d ic a te d  th a t  le t tu c e  seed  must have 

co o l tem peratures before i t  w i l l  germinates, and th e  h igh  tem peratures  

w i l l  prevent germ ination . This Was brought out during th e  cou rse o f  th e  

experim ents rep orted  h e r e in . There was a sharp break in  th e  germ ination  

curve (F ig . 1) between 55° and 40 F ,s and a ls o  between 82° and 90°  F,

However, a t th e  low er tem perature, th ere  was a d e la y  in  germ ination  which

was not p resen t a t  th e  h igh er  tem peratures. This w i l l  be d iscu sse d  more 

th orou gh ly  la t e r .

The optimum temperature, o f  around JO F.- was in d ica te d  by th e  .higher  

percentage and ra te  o f germ ination ob ta in ed  whenever a 70° trea tm en t: was 

used  in  th e  experim ent» The germ ination  curve was very  smooth fo r  tem pera­

tu r e s  th a t ranged from 40-82  F. . .



- L ettuce seed  when ^germinated at- 70° or 82° F. and th e  s e e d lin g s
q  - - . --- . ■

p laced  a t  90 P. su rv ived  as long as m oisture was su p p lied  fo r  th e  te n

'd a y  p eriod . ; : ' : : - '  [Y; :.

V I I ,  Rate o f  germ ination  a t  d if fe r e n t  tem p eratu res.

The ra te  "of germ ination  v a r ie s  a t th e  d lf'feren t tem peratures  

(Table I) .- Below 60 F.„ s th ere  was a d e la y  o f  from 4 days (40 Fo) t o  J

days (40° and 50°  p .) I  w h ile  th e  seed  germ inated w ith in  24 hours at -

tem peratures o f  60-82 P.- 'w ■ ■ •:

Prom Figure 2 i t  i s  noted  th a t as th e  tem perature d ecrea sed , the  

d e la y  in  germ inatioh  in cr ea se d . But fo r  a h igh er tem peratures .t h i s  d id  . 

n ot hoid  t r u e „ At 82 P« t h e r e . was no d elay  in  germ ination , but at 90°s . 

o n ly  an 8 in c r e a se , /th ere  was no germ ination  at a l l  . This in d ic a te s  th a t  

’ 82 'F, was c lo s e  to  th e  c r i t i c a l  tem perature fo r  th e  germ ination  o f

le t t u c e  se e d ,.a n d  any le t t u c e  sown when s o i l  tem peratures are in  th e  8 0 ‘s . 

w il l  be. im lik e ly  to  germ inate. : , -- i . h ‘ ■

The h igh er tem peratures d id  not k i l l  th e  seed , as th e y  germ inated  

when put at a low er tem perature. This phase w il l  be d is'cussed ia t e r  

■ in  the; paper. ' ; w, /  : ■ : 0 ; ' ' ; ; '

I I I .  E ffe c ts  o f  th e  a d d itio n  o f  sodium calcium  c h lo r id e  s a l t  s o lu t io n s 

a t  d if f e r e n t  tem p era tu res. , ; ' -

Ho change was made in  th e  ra te  o f  germ ination  o f  l e t t u c e  see d at • '

tem peratures - o f  40®-, 50° and 60 P. w ith  a d d itio n  o f  th e  com bination HaOl 

and OaOl so lu t io n s .-  (Table I I . ) k 91%- germ ination  in  tap  o r - s a l t  - 

- co n cen tra tio n s  o f ‘2000, 4000, and,6000 ppm. s o lu t io n s  was ob tained  at 40° ' 

in  5 days, and a t ' 50° in  5 days. - ‘ ^

For th e 60° tem perature,- 9fi^. germ ination was obtained  th e  f i r s t  day



Table I . The-Rate o f Germination for Lettuce 
. v ■ '> ' Seed at D ifferent Temperatures .

: t o-ys , 4o 50 ;6o 7 ' 7° ' 82 ' 90 4

0 98 99 97 o

; - : o ’ 0 ' 0 - . 97 98 96 •
0

: ■ % ■- 0 :.: : 97 ;.-., 98 ' 99 9 9 .'': , X-

4  ' 0 62 97 9 8 . 99 97

' 0 ’■ 96 . . 97 ' 98 7 . 9 8 97 .

0 . . W ,:;.;; 97 98 9 9 - - . . 97 : v o ; 7 ; :V ' : : :

7 : . o 97 97 98 99 98 - 0 \

o ' . ■ 97 7 - V97 : t ' / 98 99 : :  w  : :

■ ;■9
4 /  0 . 97 ■ ' 97 ' 7 .9 8 98 w 0 . :

' : 10 ; ■ . - o : 97 97 : 98; : 99 97

* Average percent o f  germ ination o f the f iv e  r ep lic a tio n s  using th e  two , 
v a r ie t ie s ,  : ; . . /  , - " -
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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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- V : : v  v : ; :: : : . ; ■
fo r  the control and concentrations o f  2000 and 4000 ppm,' At concentration  

o f 6GQ0 ppm, th ere was a 7 ^ ' germ ination the f i r s t  day and a 97^  germi­

n ation  at the end o f the second day, % •

A 9 ^  germ inatidn vas ob ta ined  a t  th e  end o f  one day fo r  le t t u c e  seed  

;su b jec fed  t o  th e  JO P, tem perature and u sin g  tap  water' and a  2000 ppm. ■ 

s a l t  /c o n c en tr a tio n . For th e  4000 ppm. con cen tra tion  an-";S1^""gefmination 

occurred th e . f i r s t ,  day and t h e . maximum o f  97^ the- second day. With a 6000 

' ppm, so lu t io n  th ere  was a 4 ^  germ ination th e  f i r s t  day and 95% on th e  ' 

second day. /- .

• The s a l t  co n cen tra tio n s  o f  2000s 4000$ -and 6000 ppm. had l i t t l e  

in flu e n c e  on th e  ra te  o f  germ ination  o f  th e  le t t u c e  seed  at th e  lower 

tem peratures. At tem peratures o f  40° and 5 0 ° s th e  ra te  o f  germ ination  was 

n ot reduced or delayed  by th e  a d d itio n  o f  th e  s a l t  co n cen tra tio n s;u sed  

in  th e  experiment-, ’ . ' : / '

Tap w ater, which contained; 1 about 800 ppm. o f  t o t a l  so lu b le  s a l t s ,  

was used fo r  a l l  'c o n tro ls  in  th e  experim ents reported  in  t h i s  paper. A 

s e r ie s  o f t e s t s  were run U sing tap  water and d i s t i l l e d  w ater fo r  a l l  

phases o f  th is •e x p e r im e n t. No d if fe r e n c e s  were observed in  th e  percentage  

o f  germ ination between th e  two tr e a tm e n ts .
’ q , .■ ■ • ' ■ ■ - '■ • . ■ • - - :

Ab th e  60 F. tem perature, th e  r a te  o f  germ ination  was d elayed  one - 

day w ith  th e  6000 ppm. con cen tra tion  from th e  c o n tr o l. The t o t a l  per 

cen t o f  germ ination  was u n a ffe c te d , : • ' - . . •

VJhen th e  tem perature was boosted  to . 70° P . , both  th e  4-Q00 and 6000 

ppm. combinations'; NaOl and OaClg eo n cen tra tio n e  delayed  th e  germ ination  

one day, hut th e  h igh er cpnC entration caused a g r e a te r  d e la y  th e  f i r s t  day.

■ At 82° P . , th e  d eiay in g  a c t io n  o f  th e  4 0 0 0 .and 6000 ppm. s o lu t io n s



fa b le  i r s The S a te s  o f  Germination fo r  Lettuo© Seed a t D ifferen t. Temperatures when
. Sodium, and Calcium Chloride Solu tion s are added

in  ppm.
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was in creased  co n sid era b ly  o^er th e  JO tem perature«, I t  was not u n t i l  ■ 

th e  th ir d  day th a t  maximxam germ ination was; ob ta in ed  fo r  th e  4000 ppm, •

co n cen tra tio n ! and fo r  ^\000 and 6000 ppm. treatm ent th ere  was. a le th a l  .v 

e ffe c t: ,  as w ell as' a d e lay in g  e f f e c t ,  on germ ination . /  : ■ . :

S a lt  co n cen tra tio n s at loi^ tem peratttres had l i t t l e  or no e f f e c t  on 

d ela y in g  and ob ta in in g  maximum germ ination o f  le t tu c e  seed"; feat as th e  

tem perature in cr ea se d , th ere  was a lso  an ih crea sed  d e la y in g .e f f e c t ,  and 

as the tem perature reached th e c r i t i c a l  p o in t , a le th a l  e f fe c t:  was •

a ls o  observed . - - /  v: ;

..IV. E ffe c ts  o f  i n i t i a l  h igh  tem perature w ith  a s h i f t  t o  a low er tem perature. 

c 1 .. The le t tu b e  seed  th a t  was "put in to  th e  106° P, tem perature oven fo r  2 

hours and th en  s h if t e d  t o  70°  had a germ ination  percentage o f  9 f̂o in  one : " 

day and 98^ th e  th ir d  day. (Table I I I . ) . tjhen th e  seed  was exposed fo r  4 

hours at th e  h igh  tem perature and s h if t e d  to  70° F«s a 75% germ ination  1 

Was obtained  th e  f i r s t  day and 92% th e  second day. This was th e  h ig h est  

percentage o f g e m in a t io n  reached. v V . : ■

With th e  seed  exposed .to  the i n i t i a l  h igh  tem perature o f  106 P. 

fo r  2 &nd 4 hours and then  p laced  in  th e  oven at 82 , d if f e r e n t  r e s u lt s  

occurred . Por th e  2-hour period  a t th e  h igh er tem perature, 7 6 % germ ination  . 

was obtained  th e  f i r s t  day and th e  maximum o f  92% was reached on th e  

second day. With th e  i n i t i a l  tem perature, o f  106° P. in crea sed  to  a 4 -  

hour p eriod , a g rea te r  p ro lon gation  in  germ ination occiirredv v vAt th e  end 

o f  one day, on ly  12% o f  th e  seed  had germ inated, but a t the- end o f  2 

d a y s 84% showed hypocotyi; growth. The maximum o f  87% was reached th e  

th ir d  d a y /  ' v :;V ,7  7 ,  . 7 /4 ;  ' :77':’ -i :7 i

When-the le t t u c e  seed  was exposed to  106 P. fo r  2 hours and th en
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Fig* 3* The Rates of Lettuce Seed Germination at Different Temperatures with the Addition 
of Sodium-Calcium Chloride Salt Solutions
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Fig. 4. The Rates of Lettuce Seed Germination 
when Exposed to an Initial High Temperature 

with a Shift to a Lower Temperature

106° for 2 hrs.-- 70° FIOQll

106° for 4 hrs.---82° F
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Table Ilia The Effect of an Initial High Temperature 
with a Shift to a ‘ Lower Temperature . ^

I n i t i a l  h igh  
tem perature ■ '

Length o f  h igh  ; 
temp, treatm ent

S h ifte d
Temperature

Days ^  of- Ger­
m ination

106° F. : - 2 h r .
o

■ 70: F. ' 94 - -.....
. v2: 95

5. ' V: v 98 . ; '
: ;> v v ; ■ ' 9 8 /

, ; 106° F.
' . . O \ ' -

70 F. % 75
: 2 92

5 : ^ 92 -V ;
4. : - 92 :

i o 6° f .  ■ : ■ ' 2 h r . 82° F. ; 1 : : :
2 , : 92

: 5 r 92
4 92

>; v i o 6° F, v :  ; ; :4 ;h r .' ;  ̂ 1 ; 829;.f. ■ ' ^ i : K . ■ 12 ; .
2
5

■ 84
:  87 ; :

4  - ; 87



p laced  at: JO F, fo r  th e  'r e s t , o f .th e  t im e 9 on ly  a s l ig h t  d e la y in g  a c t io n  

. o e c u h r e h u t  when th e  seed-w as l e f t  fo r  4 hours a t  106°  th e r e  wad a

s l ig h t  l e t h a l  ' e f f e c t ,  as well; as a d e lay in g  e f f e c t ,  , .1 .-

■.A pproxim ately-th e  same re s u i t s  occurred when.th e  seed  was exposed
- .o ' . - - ; o- ~ ' .

t o  106 F. fo r  4 hours and- then  p laced  a t a tem perature o f 70 , end .

when th e  seed  was exposed t o  106 F. f o r  2 hours but p laced  at: 82 and'

a llow ed  to  germ inate. .  i  : •' v ' .'

The r e s u lt s  o f  t h i s  experim ent show th at, th e  lo n g er  th e  -exposure

o f  seed s to  a h igh  tem perature, t h e  lo n g e r  th e  tim e ■ requ ired  to  germ inate

when p laced  a t  a lower tem p eratu re. This agreed w ith  the work reported

h y  Borthwick and Robbins (5 ) . ' ' ' ' - • ; '

- V. E ffe c ts  o f i n i t i a l  h igh  tem perature w ith  t h e , a d d itio n -'o f  sodium And 'X

calcium  c h lo r id e  s h if t e d  t o  a low er tem perature.

■ The - percen tages o f  germ ination  and th e  delaying- e f f e c t -  o f  an in i t ia l ' - 

h igh  tem perature combined w ith  s a l t  con cen tra tio n s are ta b u la ted  in  Table IV 

L ettu ce seed  th a t  had a 2-hour exposure to  10'^° F. and was th en  s h if t e d  . 

to  JO had a germ ination  o f  94% ahd 95% at th e  end o f  one and two days, 

r e s p e c t iv e ly ,,  when m oistu re was su p p lled  w ith  ta p  w ater (c o n tr o l)  and 2000 

ppm. s a l t  s o lu t io n ,  and a h igh  o f  98% at th e  end"of 4 d ays. : %

A;4000 ppm, so lu t io n  r e s u lte d  in  an 89% germ ination  the. f i r s t  day 

and o f  94%, which.was th e  maximum, a t th e  end o f  2 days. The 6000 ppm. 

trea tm en t. caused an in crea sed  p ro lon gation , in  germ ination . Only 55% o f  

th e  seeds' germ inated th e  f i r s t  day and 89% th e  second day. The maximum, 

was reached at. the- end o f  5 days when 91% o f  th e  seed  had g e m in a te d .

The le n g th  o f  th e  i n i t i a l  h igh  tem perature (106 F .) p eriod  was 

in crea sed  to ' 4 hours and th e  fo llo w in g  r e s u lt s  occurred in  th e  germ ination  

percentages when th e  .tem perature: was reduced to  70 F. • With ta p  w ater, 75%



Table IV. The E f fe c t s  o f  an In it ia l" H ig h  Temperature- and 
: th e -A d d itio n  o f  Sodium C hloride and C alcium .C hloride  

, S a lt  S o lu tio n s  w ith  a S h if t  t o  a Lower Tejiiperature-

I n i t i a l  :  ̂
high  

temp.

./Length . 
o f  h igh  

tem p. .B a y s

S h if te d  tem peratures _:

.Tap : 7 0 ^  2000*
P . ;.: ■ 

4 o o o . 6000 Tap
.-'827
.2000

P.-
4000; 6000

.1 0 6 °  P. 2 h r . ' 1 95 89 55 76 : 66 • -4' ■' 2

94 95 94 ; 89 92 ; -8 7 - 55 27

5 97 97 . 94 91 ;
M a 8 8 :

52

4 . 98 98 94 ■ 91 95 88 55 ’ ;5 2 '.r

106° P. 4 h r . - l 13 6 9 1 S m 0 . 1 2 "':'9:' 0 0

84 86 " 86 t : ' ^ 7 7 r : i ' 7

- 84 86 8? 45 85 80 5 7 1

# : 7 ; 86 : - 86 ;:;87 : 55 87 80. , . 45 2

5 '8 6 86 87 55 87 80 45 2

*S a lt con cen tra tio n  in  ppm, 

♦^Percent .o f germ in ation .
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Fig. 5• The Rates 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 4 Hours and 
Shifted to Lov/er Temperatures with the 

Addition of Sodiwn-Calcium Chloride Solutions
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o f  th e  seed  germ inated in  one day* 84% th e  second day, and th e  maximum 86%

occurred the: fo u rth  day. For t h e ' 2000 ppm, trea tm en t, 6p% germ ination

was reached th e  f i r s t  day and 86% a t- th e  end o f  th e  second day. This

was the maximum germ ination  p ercen ta g e . The r e s u lt s  o f  th e  -4000 ppm.

so lu t io n  shov/ed on ly  4% and 86% germ ination at th e  end o f  o n e . and 2 days, '

r e s p e o t iv e ly ;  8~f%>f th e  maximum, was reached by th e  th ir d  day. With the

6000 ppm. s a l t  co n cen tra tio n , th ere  was no germ ihation th e  f i r s t  day and

o n ly  515S th e  second day. By th e  th ir d  day 4̂ % had germ inated. , The ,

maximum was 55^ reached th e  fou rth  day. ' •

When s a l t  s o lu t io n s  were added t o  supply  th e  le t tu c e  seed  w ith

m oisture fo r  germ ination , - an in crea sed  s t r e s s  on th e  germ inating seed  f

occurred . The seed  exposed to  106° F. fo r  2 hours and th en  p laced  at

had a 6% decrease in  germ ination  w ith 4000 ppm. so lu t io n  from th e  co n tro l

fo r  th e  f i r s t  day. But w ith  a 6000 ppm. th e r e  was a decrease o f  6£>% in

th e  germ ination  ra te  th e  f i r s t :day. And there, was a v e r y  s l ig h t  le th a l

e f f e c t  at th e  6OOO p p m .-le v e l,
- ■ -   o .

When the f in a l  tem perature was b oosted  t o  82 F. a f t e r  a  2-hour

exposure to  106° ,  th ere  was a le th a l  e f f e c t  encountered at 4000 ppm.

which reduced th e  germ ination  percentage alm ost o n e -h a lf  (from 9 5 - t o  55)"

and a t 6000 ppm.'by o n e -th ir d . The d e la y in g  a c t io n  fo r  a l l  co n cen tra tio n s

in crea sed  over th e  70 F. trea tm en t.

• With a 4-hour exposure o f  th e  seed  to  106 F . , th e r e  was a l e th a l  '

e f f e c t  f o r  a l l  co n cen tra tio n s o f  th e  sodium c a lc iu m -c h lo r id e ;so lu t io n s ,
• ■. ; v  ■ ■ • . 4 ■ -.V ' v-; ■ : 0 . q

even fo r  th e  c o n tr o l , when th e  f in a l  tem perature treatm ent was "JO and 82 . 

But th e  h igher f in a l  tem perature r e s u lte d  in  a low er number o f  seed  

th a t  germ inated, • . ■ ;



VI, Rates o f  growth o f  s e e d lin g s  a t d if f e r e n t  tem peratures and s a l t  

con ce n tr a t io n s . /: %

Root growth .measurements were made as th e  seed  g e m in a te d . As soon  

as th e  r a d ic le  appeared through th e  seed  co a t, measurements: we re s ta r te d ,

: The hypocotyl was d iv id ed  in to  the root p ortio n  and th e  stem p o r tio n .

These measurements are recorded in  Tables V, VI, and V II. "

At the end o f  te n  days th e  root and stem o f  th e  le t t u c e  se e d lin g  

. grown a t 40° F, each had a le n g th  o f  6 mm. But when grown a t 70 and 82 , 

th e  ro o ts  measured between 51 ”55 dura., and th e  stems had a le n g th  o f 55~5^ 

mm. in  8 days. Wen th e  root growth exceeded'^O; mm. in  le n g th , th ey  

became so ta n g le d  in  th e  d ish  and.absorbent t i s s u e  th a t  i t  became, d i f f i c u l t  

t o  remove th e  s e e d lin g s  fo r  measurement w ithout breaking o f f  part o f  

th e  r o o t . ; -id.:

With a d d itio n  o f  s a l t s  and an i n i t i a l  h igh  tem p era tu re 'fo r  2 hours 

at 106° F. feduced t o  a root le n g th  o f  52 mm. and a stem  le n g th  o f

51 ram. were reached by th e  end o f 7 days fo r  th e  c o n tr o lj  fo r  th e  6000 

ppm. treatments; a root le n g th  o f  49 mm. and a stem le n g th  o f  47 mm. were 

measured fo r  th e  same p eriod  o f  t im e .

- The t®*P®rature below 60° F. had a reta rd in g  e f f e c t  on th e  growth 

o f  le t tu c e  seedlings". At very  low tem p eratu res, 40-50 F . , once the  

seed s had. germ inated,, growth alm ost was a t  a s ta n d s t i l l?  but as the

tem perature approached JO F . , the ra te  o f  growth was in crea sed  and very
 ̂ : ' '■ ' /  ■' ■■ f  : ' ■ : ' - 0
f  e W- - E-if fe  renees co we re observed in  th e  growth ra te  o f  th e  s e e d lin g s  at JO

:and •82° F. - .- y .  ̂ ,

The root s e e t io h  o f  th e  hypocotyl grows r a p id ly  at f i r s t a n d  as i t

b eg in s t o  ta p er  o f f  th e  stem growth b eg in s t °  in crea se  and f i n a l l y  equals
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or overtakes th e  root growth by the. end-.of 1G days-, ■ v. : „ .

The sa lt ., s o lu t io n s  and h igh  i n i t i a l  tem peratures d id noh g r e a t ly

a f f e c t  th e  growth o f  th e  le t t u c e  s e e d lin g s j  as lon g  as th e  seed  was ab le
' :v ' ' - . ■ ; ; : ^  %, 

t o  germ inate, growth was made. Only when th e  s a l t  co n een tra tio n  was 6000

ppm. and an i n i t i a l  h igh  tem perature o f ‘106 was m aintained  fo r  4 hours

b efore  reducing i t  to  82 was th ere  an ap p reciab le  red u ction  in  root

and stem growth* ....7 - - ' ■

In a d d itio n  t o  th e  s e e d lin g s  grown at 40 and 9Q P . h a v i n g  th e ir

growth retard ed , m asses o f  root h a ir s  appeared on the r o o ts  (F ig . 9 ) .

Only a few , i f  any, root h a ir s  were p resen t on th e  s e e d lin g s  grown at

th e  h igh er tem peratures. , ;f .



Table W. Rate o f Growth-for Lettuce Seedlings at 
D ifferen t Temperatures *.

I
-■ 

di

1 \

Days
40^ R. 

Root Stem
56°

Root
;F.
Stem

6ov
Root

F.
Stem

. 70 
Root

F.
Stem'

~~~82er
Root

F.
Stem '

i 0 * 0 0 0 1 0 . 5 0 ' 5 0 : ' -

2 0 0 ' 0 0 ; 2 0 :. %. 5 7 12  -

5 CO- : 0 2 - 0 ' : 4 20 20 - : : 21 ' 19  :

4 1 : 0 1 5 :v‘l 6 ;,y5 :7' -51: ' 29 28 25

5 5 1; 5 i ' 9  ’ 8 5 5 : 51 v 50 " 5 i ; i  j  v

6 5 1 5 2. 15 ' 15 ' 58 44" 41 57

7..; 4 5 V 6
. 4 17 15 47 48 42 41 - ■

8 5 V;5 '
8 5 ' 19 20 55 56 51 55

9 6 ' 5 15 9 20 25

10 6 6 i4 12. 25 28 ^

""Length in  mm.
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Table V I. Rate o f  Growth o f  L ettuce S eed lin g s  when Germinating 
. S e e d  was Exposed to  106° F. fo r  2 and 4 Hours and S h ifte d  

t o  70° P. w ith  th e  a d d itio n  o f . Sodiutn-O alciw
p h iorid e  S o lu tio n s  : •

'
Treatment

.o
106 F« fo r  2 h r s . th en  70° P. 106° P. fo r  4 h r s . then  70° P.

Tap 2000* 4000 6006 Tap 2000 4000 6000 - ■

Days R S R: 'S R S : R S R Si ' R S R S

1 1 5 o 4 0 5 o ' 2 0  ; 2 0 1 :0 0 , 5 0 0 0 -

'2 -: 8 2 ■ 7 4 5 7 ,: ;7 ' 7 6 8 6 7 5 6 - 0 .5 5 0

17 1 2 '. 15 14 19 17 22 17 22 17 .25 15 21- 6 14 4

T 27 25 29 50 28 27 56 29 27 25 25 28 52 21 21 12

52-35 50 55 5 2  56 45 54 51 52 55 55 55; 50 54 25

6 44 46 58 58 42 47 48 44 54 58 54 4 i 56 52 57 28

7 52 51 47 5 0 45 48 49 47 57 48 56 47 56 55 58 ,50 '

8 ' 50 50 45 59 58 48  57 5 6 - 45 56 :

9 ' 51 52 45 62 58 51 4m 59 45; 58 '2  : '

10 55 55 46 62 44 55 42 45 47 58

*3a l t  con cen tra tio n  in  p arts per m illionL (ppm .) .

.**Length in  ran. , . *
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Table V II. Rate o f  Growth o f  L ettuce S eed lin g s  when G em in atin g  
' Seed! vtas: Exposed to  106° F« fo r  2 and 4 Hours and 

: , S h if te d  to  82° F. w ith  th e  A ddition o f  Sodium- .
• >' ■ Oalcium Ghloride S o lu tio n s  -

Treatment

106° F. fo r  2 h r s . then 82° F. 106°  F, fo r  4 h r s . then 00 Mo 3̂

Tap 2000" 4000 1 6000 Tap. 2000 4ooo 6000

Days R S R S ■ -VR S ‘ " R S RV. 8 - R S - R S ' R ,S

. 1 ^ * 0 2 0 5 0 1 0 2 0 ■ 0 0 0 0

2 7 6 8 3 15 i l 12 4 . 8 5 7 3. 6 2 2 0

3 19 13 12 11 25 17 24 21 16 1 2 - ... 19 11 19 17 5 2

4 ‘ 28 21 20 18 - 25 25 51 30 21 17 20 14 27 21 " :. 9 6

■ 5 36 2? 31 31 k m m 52 24 29 27 59 30 12 14

6 44 55 41:53 k  54 51 4 l 56 53 30 31 28 39 29 *12 14

7 33 49 50 4 i : 38 51 v 52 41 57 52 ' 54 55 4p 31 13 1 4

8 45 32 '5 7  35 5 6  55 - 42 50 13 14

9 48 41 59 55 59 56 44 52 15 14

10 52 42 4 l  4o 42 37 44 35 15 14

* S a lt co n cen tra tio n  in  ppm.

**Length in  mm, \
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Fig. 7. The Rates of Root Growth for Lettuce 
Seedlings at Different Temperatures
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Fig. 8. The Rates of Stem Growth for Lettuce 
Seedlings at Different Temperatures
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F i g ,  9* Comparative Sizes of Lettuce Seedlings
Grown at

70° F. (left) and JVO S’, (right)

2x
( ac tu a l  s i z e ,

95mm.)

(a c tu a l  s i z e ,  
11mm.)



Table V III. A n alysis o f  I n i t ia l  High Temperature 
and S a lt  O onoentrations Experiment

Souree o f  
V aria tion

T otal ' ; : " t  - % - Less ;
V a r ie t ie s  v- • Than 1

S a lt s  ■ ■ 38 .57

Temperature , , 24.51

V x S : " ::i ;v  : ■ . - ' Less
' ' /'■ •/ :, / -'X Than 1

V x T ■ Less
- . : ' : ' : ' . : : : .'V Than 1

3 x T V : 55.99

Error
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: . CHAPTER ¥  . ' - , -V : ; . . ;

SUMMARY : - ,

1 , Ho d if fe r e n c e s  were observed in  th e  two le t t u c e  v a r i e t ie s  u sed .

2 , The minimum tem perature fo r  le t t u c e  seed  germ ination  was-between ■

5 5 -^0' F«» and th e  maximum tem perature was between 82-90° ’F« •
' r  ̂ ! "  ■■. ■■ ■' ■, ' o ■- .: ... :

. , The optimum tem perature fo r  le t t u c e  i s  near JO F.

4., Low tem p eratu res$ 40-^0 F», d e lay  th e  germ ination o f  le t t u c e ,

but do not reduce t h e . percentage o f  seed s th a t  w i l l  germ inate
■■■ ' x : - o ' ■■ ' • ■ ■■ : : : : ; :

5 , A tem perature o f  82 F. i s  approaching th e  c r i t i c a l  p o in t fo r

th e  germ ination  o f  le t t u c e  se e d s .

6.= S a lt  co n cen tra tio n s used  had l i t t l e  e f f e c t  in  d e la y in g  le t t u c e  

seed  germ ination  at th e  low er tem p era tu res | but a t h igh er tem peratures  

th e  4000 ppm. and 6000 ppm. sodium -ealeium  c h lo r id e  so lu tio n s ' had a  

le th a l  e f f e c t ,  as w ell as a d elay in g  e f f e c t .

7 , The lo n g er  th e  p eriod  th a t l e t t u c e  seed s are exposed t o  an 

i n i t i a l  h igh  tem perature, th e  g r e a te r -th e  p ro lon gation  o f  germ ination  

when th e y  are p laced  a t a low er tem perature th a t  w i l l  perm it germ inationi, 

And th e  c lo s e r  t h i s  f in a l  tem perature i s  t o  th e  c r i t i c a l  tem perature fo r  

l e t t u c e  seed  germ in ation , th e  more le th a l  e f f e c t  i s  in tro d u ced . -

8 . The s a lt ,  co n cen tra tio n s  added t o  an i n i t i a l  h igh  tem perature cause  

a corresponding in crea sed  pro lon gation  and le t h a l  e f f e c t  on germ inating  

le t tu c e '  seed si . ■ >

.9* . Temperatures below  60 F. reduced th e  ra te  o f  growth o f  le t t u c e  

s e e d lin g s .  . ' . -



: : : ' '  ̂ /  •• ; ■ 55
r " ■ . - - ' ' ■■. ■■.  o : ' -b. . . V .

10 . Rate o f  growth fo r  le t t u c e  s e e d lin g s  a t 'JO- and .82V F. c lo s e ly '

; p a r a lle le d  each, other .V ' ■: > : ;"v
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