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ABSTRACT 

Thr e e  l e a f  l e t tuce ( Lac tuca s a t iva L . ) cul t ivar s , Tha i , 

Gr and Rap id s  and S lobo l t  were gr own in a con tr o l led  environment 

a t  e i ther 2 5 / l 5 ° C  or 3 0 / 2 0 ° C  day/n igh t temper atur e s  and at  1 0 , 12  

or 14 hour s  daylength . Leaf  fr e sh we ight , dr y we igh t , l e a f  ar ea 

and lea f number a l l  increased  wi th increas ing temper a ture and 

ph ot oper iod . S lobo l t  p roduced a h igher vege t a t ive y i e l d  than 

Thai  and Gr and Rap i d s . Long day s and h igh t emper a tur e s  ha s t ened 

s t em e l onga t ion . F l ower ing in Tha i and Gra nd Rap id s  was mainly  

inf luenc ed by  high t emper a ture wher e a s  S l obo l t  r eq u i r e d  both  high 

t emper a tur e s  and l on g  day s . S lobo l t  howeve r ,  was con s iderab ly 

de layed in bo l t ing and f lowe r ing compar e d  wi th the other two 

c u l t ivar s. 

Le t tuce p lant s  showed two d e f in i t e  f lower ing peaks ov e r  a 50  

- day f l ower ing per iod . S lobo l t  pr oduced only  one peak a t  2 5 / l 5 ° C  

due t o  i t s s l ow bo l t ing charac ter . 

S e ed deve lopment s tud i e s  were carr i ed out on p l an t s  grown 

in both the 25 / l 5 ° C  and 3 0 / 2 0 ° C  t emper a ture reg ime s and a t  1 2  

hour s  day length . The h igher temper a ture r e g ime has tened seed  

ma tur i ty , germ ina t ion and sha t t er ing . Le t tuce s e ed reached 

ph ysi o log i c a l  matu r i t y  1 1  days af t e r  anthe s i s  at 30/ 20·c and 1 3  

day s  a ft er an the s i s  a t  2 5 / l 5 ° C , when the s eed head had j u s t  begun 

to turn brown - gr een . Germinat ion capac i ty a l s o  reached i t s  

maximum a t  this  s t age. Shat t er ing however , occurr e d  about two 

days a fter s eed matur i ty at 20% mo i s tur e  content  at 3 0 / 2 0 ° C  and 4 

- 5 days l a t er a t  2 5 / l 5 °C; 

The three l e t tuce  cu l t ivar s used in t h i s  s tudy produced s e e d  

succe s s fu l ly in a l l  tr e a tmen t s . Opt imum t ime o f  harve s t  was 

f ound to occur when the maj or i ty of seed heads had tur ned 

sl igh t ly br own in col our and wa s a l so  r educed by h i gher 



temperatur e s  

f lowering . 

iv 

and l onger day lengths due to ear l ier  bo l t ing and 

Highe s t  s e ed yie l d  was obta ined unde r  long day s ( 14 

hours ) .  

S l obo l t . 

Grand Rap ids  produced higher  seed  yi e l d s  than Tha i  and 

High seed  yie l d  was related  to increased  branch and f l ower 

number s , percent age o f  s e e d  s e t  or  seed  numbers per head and t ime 

of harve s t . Good seed  s e t  wa s obt a ined on ly und er  l onger 

daylengths a t  high t empe rature wh i l e at  2 5 / l 5 °C, daylength wa s 

re�ative ly un impo r t ant. Fina l seed  germina tion wa s una f fe c t ed 

by tempe rature or day l ength . Prac t ic a l  app l icat ion o f  the 

r e su l t s  wh ich are re l evant to  Tha i land cond i t ions are d i scus s ed . 
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INTRODUCT I ON 

Lea f l e t tuce i s  the mos t  popu lar s a lad c rop in Tha i l and . I t  

i s  gr own commerc ia l ly throughout the year and is produced for 

bo t h  the loca l marke t and for home u s e  in a reas throughout the 

coun t ry . I t s  produc t ion and consumpt ion have risen marked ly over 

recent years in l ine with popu lat ion increa s e s . 

Leaf  l e t tuce i s  e arly  maturing and easy to grow . I t  

deve lops b e s t  dur ing the cool months when the r a infa l l  i s  

moderate . The cool  months are a lways a s s o c iated with the "dry 

sea s on" in Tha i land , mak ing them a l s o  suitab le for seed  

produ c t ion .  However ,  pr o f i t  is a maj or concern t o  Tha i  farmer s ,  

who pre fer to  concen tr ate  on growing l e t tuce for marke t 

consump t ion with  i t s  as soc iated quick f inancial  re turn , rather 

t han for s eed . Mos t  o f  the l e t tuce s eed s own in Tha i land i s  

impor ted , a l though s ome sma l l  quan t i t ie s  o f  seed are produced in 

the coun try . 

S ince leaf  l e t tuce i s  not adapted to  l ong d i s t ance shipmen t  

o r  t rans por t ,  those  areas a t  great d i s tance from the marke t are  

po s s ib ly b e tte r  s ui t ed to  s eed produc t ion r ather than a t t empt ing 

t o  supply the fresh marke t . Some s eed growe rs have t r i e d  to  

produce l e t tuce s eed but have genera l ly been dis couraged by  l ow 

s eed yields  and qua l ity . I t  is  l ike ly tha t this d i s appoint ing 

re t urn from s e e d  produc t ion in leaf  l e t tuce has occurred through 

l ack o f  informat ion about the des irab l e  agronomic cond i t ions and 

requiremen t s  for maximi s ing seed y i e ld . I f  seed growe r s  cou l d  

overcome the s e  d i f f icu l t ie s , le t tuce s eed produc t i on in Tha i l and 

might be more s o c ia l ly acceptab le and f inanc ia l ly succe s s fu l . 

A numbe r  o f  inve s t iga tors  have s tud i e d  let tuce produc t ion 

from the vi ew point of enhanc ing seed  s talk forma t ion and 

fl owe r ing or devis ing me thods of t reat ing l e t tuce p l ant s  to make 
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them f lower . Al though early obs ervat ions sugge s ted a 

phot operiodic e f fec t in l e t tuce ( Garner and A l l ard , 1 9 20 ; 

T incker , 1 9 3 3 ) , i t  has been subs e quen t ly shown that t he 

pho t oper iod r e s pons e i s  cond i t ioned by t emperature ( Robert and 

S truckmeye r ,  1 9 38 ) . Higher t emperatures acce lerate bo l t ing and 

f lowering wh i le long days promote  and short  days d e l ay 

reprodu c t ive deve lopment ( Thompson and Kno t t ,  1 9 3 3 ; Kr i ck l , 1 9 5 4 ; 

Rappaport  and Wi t twe r ,  1 9 5 6 , a , b ;  Ra l e i gh , 1 95 9 ; I t o  e t  a l . ,  1 9 6 3 ; 

Cy tovic , 19 6 7 a ; Hiraoka , 1 9 6 7 , 1969 ) . 

Jones ( 1 9 2 7 ) and S o f fer and Smi t h  ( 19 74a ) repor ted  that  

l e t tuce showed a de fin i t e  peak f l ower ing and sugge s ted that 

e i ther temperature or l ight in t ens i ty might influence the 

f l ower ing pa t t ern . Be s t  s eed s e t  has been obs erved a t  nigh t  

t empe ratures be tween 1 7  - 2 3 ° C  under  shor t days a f ter  indu c t ion 

und er long days ( Ko l ler , 1 9 62 ) , a l though seed mat u r i t y  is 

has t ened by hi gh temperatures ( Jone s , 1 9 2 7 ; Globerson , 1 9 8 1 ) .  

D i f f icu l t ies in the germinat ion o f  l e t tuce seeds have a l s o  been 

r e por ted by Bor thwick and Robb ins ( 1 9 28 )  and by Harring ton and 

Thompson ( 1 9 5 2 ) but can be overcome by us ing only fu l ly mature 

seed  ( Thompson , 1 9 36 ) ,  s ince maximum seed  germina t ion capac i ty is  

norma l ly reached one or  two days be fore s eed maturat ion 

( G l oberson , 1 9 8 1 ) .  

Al though t he s e  fac t ors  undoubt e d l y  af fect s eed y i e l d  and 

qua l i ty , the t ime o f  harve s t  can a l s o  be impor tant . Seeds  

pr oduced from ear ly- formed f lower s  are heav ier than thos e 

produced later  in the sea son ( So f fer and Smi th , 1 9 74a ) . By 

d e l ay ing harve s t  much o f  the seed y i e ld can be los t because of 

sha t tering ( Hawthorn and Pol lard , 1 9  54 ) . Larger s eeds  a l s o  

emerge fas te r  and produce more vigorous s eed lings ( Smith  e t  a l . , 

1 9 7 3b ) . 

Under commer c i a l  harv e s t ing cond i t ions , the en t ire crop i s  

hand led at t h e  one t ime . As a resu l t , plants have a seed  

popu l a t ion that  has  been exposed to  d i f ferent we ather cond i t ions 
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for varying period s  o f  t ime and a l s o  bear seeds wh ich are a t  

d i f ferent s tages  of  seed ma tur i ty . Th is  can resu l t  in 

s ign i f icant d i f ference s in seed qua l ity . 

L i t t l e  work has been car r i ed o u t  o n  t he e f fec t o f  

environment o n  l e t tuce s eed produc t ion , par t icu larly  with l e a f  

l e t tuce . However , the env ironment inc lud e s  s o  many interr e l ated  

fac tors that it  i s  o f ten d i f f i c u l t  t o  d e t e rmine the  maj or factor  

or fac tors a f fe c t ing p l ant growth and d eve l opment . Th i s  sugg e s t s  

that  in a t temp t ing to  separate and ana lyse  these  env ironment a l  

fac tors e f fec t ive l y , i t  i s  o f ten nece s s ary t o  conduc t  exper imen t s  

under cont rol led environment cond i t ions . 

The ob j e c t ives of  this  s tudy were t o  determine how var i a t i on 

in temperature and photope r i od a f f e c t e d  ve ge t a t ive growt h , 

f l owe ring and f l owe r ing pa t t ern , seed  deve lopment , seed  yie ld  and 

seed  qua l i ty in leaf  l e t tuce c u l t ivar s . The a l terna t ing 

t emperatures and r anges of  day l ength used  were chosen to s imu l a t e  

a s  c losely  a s  p o s s i ble  the type s o f  env i ronmen tal range l ikely  t o  

be exper ienced i n  Tha i l and . At temp t s  were a l s o  made t o  d e t e rmine 

the opt imum t ime of  harve s t  to ensure high s eed yie ld  and 

qua l i t y .  The c ul t ivars u s e d  i n  this  e xper iment were chosen 

because o f  the i r  s imi lar i t y  t o  local l e t tuce cul t ivars  used in 

Tha i land . Three c u l t ivars ( Tha i , Grand Rap ids and S l obo l t ) wer e  

cho sen for fur ther s tudy fol lowing ini t ia l  screening t r i a l s  o n  a 

number o f  d i f ferent leaf  l e t tuce cu l t ivar s . 
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REV I EW OF L I TERATURE 
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The amount o f  work on l e t tuce ci ted in the li tera ture i s  

large . The ma j ori ty o f  thi s  work , however , has 

c oncentrated on the reacti on of l e t tuce p l ant s  to  envi ronmen t a l  

f a c tors - parti cu la r ly t o  day l ength and t o  temperature . Much o f  

thi s  work h a s  cri ti c a l l y  examined the reacti on of  le t tuce t o  

the se vari a b l e s  during vege t a tive growth and thei r  e f fect  o n  the 

d e te rmining the ons et  of f loral  ini ti a ti on . 

Comparatively  li t t le work has been pub li shed whi ch h a s  

c ri ti c a l ly eva luated t h e  inf luence o f  environmen t o n  s e e d  

d eve lopment or e f fects  o f  envi ronment a l  condi tions o n  s eed yi e l d , 

yi e l d compone n t s  and s eed qua li t y .  

A knowledge of  the condi ti ons whi ch predetermine f l oweri ng 

and s eed formation i s  u s e fu l  in the succe s s fu l  producti on o f  

l e t tuce s eed . Bolting o r  premature seeding i n  l e t tuce i s  a 

common source o f  los s since i t  d e s t roys market acceptabi li ty and 

there fore the va lue of the vegetative p l ant . Never the l e s s  thi s  

charac teri s ti c  i s  a na tura l  one whi ch i s  e s s enti a l  for the 

production of s eed . 

Le ttuce growing demands c lo s e  a t t en tion to de t ai l  as  regards 

cul tural me t hod s , whi l e  c limati c condi ti ons a l so p l ay a very 

important part . The cul ture of  l e t tuce for marke t u s e  does  not  

invo lve the  producti on of  the inf lore scence and s eed . Seed  

growers , by contra s t , have t o  carry thei r  crops through a further 

s t age of  growth in order to  obtain a s a leab le produ c t  ( Hawthorn 

and P o l lard , 1 9 54 ) . 

. I 
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1. General De s c r ip t ion of Le t tuce ( Lactuca sativa L . ) 

Le t tuce has been in cu l t iva t i on for at  least 2 5 00 years . 

I t s  or igin i s  b e l ieved to  be in inner As ia  Minor , I ran and 

Turkis tan ( Durs t ,  1 9 1 5 ; Hedrick , 1 9 1 9 ) . I t  is an annu a l  wh ich 

b e longs t o  t he s unflower fam i ly or Compo s i tae fami ly (McCo l lum , 

1 980 ) and i s  one of  about 300 spec i e s  ( Ko s t e r , 1 9 7 6 ) in the genus 

Lac tuca (mi lk- forming ) .  

There are s ix morpho logical  type s of  lettuce ; c r i s phead , 

but terhead , cos , lea f ,  s tem and lat in ( Thompson , 1 944 ; Rodenburg , 

1 9 60 ) . The l e a f  or bunch ing cu l t ivars ( Lactuca sat iva var . 

c r i s pa )  are grown pr inc ipa l ly in the t ropics . 

heads but d eve lop a more open type o f  g rowth . 

They do not  form 

They are e a r l y  

producers , and are easy to grow under ad ve r s e  c ond i t i ons 

e s pec i a l l y  in summer ( He rklot s , 1 9 7 2 ; Ryder , 1 9 79 ) . Be t te r  known 

cu l t ivars in this  group inc lude B lack Seeded S impson , Grand 

Rap id s , Pr i ze Head , Domineer , Ruby , Sa lad Bowl and S lobo l t  

( Shoemake r , 1 9 5 3 ; Herklot s , 19 7 2 ;  McCo l l um , 1980 ) . 

Le t tuce  requires  a long warm growing season and a l ow 

rainfa l l  a t  harve s t  t ime . Mo s t  cu l t ivars grow b e s t  a t  mean 

maximum day t emperatures of  about 2 2 ° C , but coo l n i gh t s  are 

e s s en t i a l  ( Wh i taker et a l . ,  1 9 74 ) . The leaf  let tuce , howeve r ,  

gr ows more succe s s fu l l y  a l l  year round and is  not heat s ens i t ive 

( Herkl ot s ,  19 7 2 ;  Ryder , 1 9 7 9 ). 

Cu l t iva ted l e t tuce ( Lactuca s a t iva L . ) is a quan t i ta t ive 

long - day p l an t  at  h i gh temperature and is  day neu t ra l at l ow 

temperatures ( V ince- Prue , 1 9 7 5 ) . Seed - s ta lk deve lopment i s  

influenced pr ima r i ly by h igh t emperature ( 2 1 - 2 6 °  C )  and 

photope r iod i s  l e s s  e f fec t ive in a f fec t ing s eed forma t ion 

( Thompson and Knot t ,  1 9 3 3 ) .  Long days ( 1 6 h )  promo t e  s ee d- s ta lk 

deve lopment wh i le short days ( 9  h ) de l ay i t  in Gr eat  Lake s head 

let tuce ( Rappaport and Wit twer , 1 9 5 6 a) .  
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The inflore scence i s  a pan i c l e  cons i s t ing of a c lus ter  o f  

head s , 

wh ich 

l a teral  

each con ta ining from 15  to 25  or more f lore t s . The head 

termina t e s  the inf lorescence is the o l d e s t . Secondary or 

head s ar i s e  l a t e r  in the ax i l s  of the leav e s  ( Hawthorn 

and Pol lard , 1 9 5 4 ) . The latera l branches also  have t e rmina l 

f l owers which are the f i r s t  to open on their re spec t ive branche s .  

P o s i t ion on the in f lores cence i s  genera l ly not re l a t e d  t o  

f l owe r ing t ime ( Soffe r  and Smi th , 1 9 7 4a ) . 

The f l owe r s  are per fec t and the yel l ow cor o l la i s  symp e t a lous 

and f ive lobed . There are five s t amens , each at tached s epara t e ly 

a t  the ba s e  o f  the coro l la tube . The anthers are un i t e d  t o  form 

a sheath . The ovary i s  one - cel led , i n ferior , and con t a ins two 

c a rpe l s . The s tyle  is h i- lobed . The fru i t  is a one - s eeded  

achene with a tuft  o f  hairs at tached ( Jone s , 1927 ) .  The s e e d  i s  

a s p ind le form wi th a number o f  long i tud ina l r ibs o n  the s u r f ace 

( I s e ly , 194 7 ) . 

Cu l t ivate d  let tuce is a lmo s t  ent irely  se l f - po l l in a te d  but 

1 - 6 percent cros s po l l ina t i on by insec t s  has been reported 

( Thompson , 1 9 34 ) . The f lower s  are genera l ly open for on l y  1 - 2  h 

each day . However ,  on br ight days they may only be  open for ha l f  

an hour whereas  on coo l c loudy morning they may remain open for 

s evera l hours ( Jone s , 1 9 27 ) . 

F l ower ing cont inues  on a s ingle  plant over a fa i r l y  l ong 

period and s hows d e finite  peaks . Over 9 0% of the s eed  y ie l d  

comes from f l owers wh ich open dur ing t h e  f i r s t  35  days ( d )  S o f fer 

and Smi th , 1 9 7 4a ) . Seeds are r ipe within 12- 1 3  and 1 7  d a f ter  

anthe s i s  from pla n ts  harve s t ed a t  2 0 ° C and 2 5 ° C , respe c t ive ly 

( Jone s , 1 9 2 7 ; Globers on , 1 9 8 1 ) . Be s t  s eed set  has been reported 

a t  night  temperatures be tween 1 7  and 23°C  under short  day ( 8  h )  

cond i t i ons ( Ko l le r , 1 9 62 ) . The number o f  normal ly d eve l oped 

achene s averaged 1 6 . 2  seeds /head ( Jone s , 1 9 2 7 ) .  

In genera l ,  t h e  leaf  type s o f  l e t tuce produce mu ch more  s eed  

than do the  head ing type s . Re spec t ive average s eed  yields  of  500  
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kg/ha and 100  kg/ha have been repo r t ed (Hawthorn and Po l lard , 

19  5 4 )  . 

Germina ti on o f  l e t tuce seed  i s  inhibi ted by high 

temperature s .  The optimum for germinati on i s  a cons tant 

temperature of about 24° C .  Above 26°C germinati on i s  

increa singly inhibi ted ( Bor thwick and Robbins , 1928 ) .  

2. Temperature and Pho toperi od E f fec t s  on 

Deve l opment 

Growth and 

Si nce the cultivati on of l e t tuce  under  glass  is of great 

impor tance during the winter  peri od , many experimen t s  have been 

carried out wi th the purpo s e  o f  obtaining optima l growth under 

variable condi ti ons of t emperature , photoperi od and li ght 

intens i ty . M a j or emphasi s in thi s  research has been p l aced on 

b u t t e rhead l e t tuce . 

Brouwe r and Huyskes ( 1968 ) s tudi ed the behavi our o f  p lant s  

o f  the c u l tivar Rapide and the hybri d  Rapide x Hamadan , grown in 

contro l led c limate rooms , a t  a t emperature o f  2 0 ° C  and under  two 

daylengths ( 8  or 1 6  h )  each combi ned wi th three li gh t i n t ensi ty 

leve l s , and under a 1 2  h daylength wi th one li gh t i n t ensi ty .  

Both c u l tivars responded to  increasing li gh t intensi ty more 

e f fective l y  when grown under  long day condi ti ons than short days . 

Growth r a t e s  increa s ed wi th increasing li gh t intensi ti e s  in a l l  

cases . Bensink ( 1 9 5 8 , 1 9 6 1 , 1 9 7 1 )  exp lored the i n f l uence o f  

temperature , dayleng th , li ght intensi ty and other fac tors  o n  the 

growth of but t erhead cu l tivars Meikoningen and Rapide in growth 

rooms . Le af  produc ti on wa s approxima tely cons t ant , the rate  o f  

produc tion increased wi th increasing li gh t intensi ty a t  a 

cons tant t emperature and wi th increasing temperature at  a 

cons tant li ght intensi ty .  Leaf wi d th and length both r e s ponded 

posi t ive l y  t o  increasing daylength and li gh t intensi t y  but leaf  

length was more responsive than leaf  wid th to  change s  under  low 

li ght leve l s  or under shor t days . Subsequent deve lopment und er 
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h igh l ight inten s i t y  o r  under long day cond i t ions , resu l t ed in 

the le ave s becoming succe s s ive ly broade r .  Low l i ght  int ens i ty 

and short days tended to  ma intain the produ c t i on o f  r e l at ive l y  

long narrow leave s . The e f fect  o f  t emperature was a ls o  dependent 

upon l igh t intens i ty . At h igh l ight leve l s , there was a pos i t ive 

e f fect  on l e a f  wid th with inceas ing t empera ture and negat ive 

e f fect at  l ow l ight intens i ty . Likewise , Bierhu i zen e t  a l . 

( 1 9 7 3 )  demons trated that a rapid l inear r i s e  in fresh we i ght 

oc curred w i th an increase in rad iat ion and h igh temperature . T ime 

to fu l l  p l ant deve lopment which make s i t  s u i tab l e  for harve s t  

a l so depended o n  sub s equent t o t a l  rad iat ion . In contr a s t  l e a f  

numbers and leaf  a r e a  of  head l e t tuce cv . Blond ie were not 

d i f ferent b e tween tha t at 2 5 / l 7 ° C  and 2 1 / l 3 ° C i f  rad iant energy 

was ma inta ined at a low leve l of 1 2 . 8  W/m2 ( Verkerk and S p i t ters , 

1 9 7 3 ) . 

Sca i fe ( 19 7 3 )  a l s o  showed that the r e l a t ive growth rate  o f  

Cobham Green was not af fected s i gni f ican t l y  by temperature over 

the range 10 to  l 4 ° C . Soffe  et a l . (1 9 7 7 )  found that dry w e i ght  

and · leaf  ar e a  o f  l e t tuce cv . K loek wa s increas ed by ex tend ing 

the day length from 12 h ( 1 1 5  W/m2 ) to 16 h with 4 h of low 

intens i ty ( 3  W/m2 ) when grown a t  l 5 ° C .  

Cracker and S e ibe r t  ( 1 9 8 3 ) reported that the vege t a t ive dry 

we ight and leaf number of  Grand Rapids lettuce was prima r i ly 

inf luenced by the length o f  pho toper iod , w i th mo s t  growth 

occurr ing under long photoper iods . By 59 d after  s owing , p lant s  

gr own at  the h ighe s t  irrad iance leve l ( 1 1 3  W/m2 ) w i th 24 

�u...�W-M-'i-Ct� -h� � d,-....y ��� 
hours pho toperiodA The highe s t  t o t a l  l e a f  area wa s Iormed under  

the lowe s t  irrad iance leve l ( 14 . 1  W/m2 ) .  

3, Tempe rature and Pho t oper iod E f f e c t s  on F lower ing 

F lower ing in many p l ants  i s  not determined s o l e l y  by 

gene t i c  cons t i tu t ion , but i s  cont r o l l e d  by environmen ta l fac tors 

wh ich interact with gene t ic cons t itution in a s pec i f ic manner 

( Zeevaar t ,  1 9 6 3 ) . The two main c l ima t i c  fac tors wh ich cont rol  



9 

f l owe r ing in l e t tuce are temperature and photoperiod ( Garner and 

Al lard, 1 9 2 0 ; Robert and S t ruckmeyer ,  1 9 3 8 ) . 

Day length is  o f  pr imary impo r t ance in the growth and 

deve lopment o f  many plan t s ,  part icularly with respect  to  

f lower ing ( Garner and A l l ard , 1 9 20 ) . 

Tincker ( 1 9 3 3 )  observed that Early Par i s  and S t ans tead Park 

l e t tuce p l an t s  responded to inc reased  pho toperiods by a more 

rapid deve lopment of flower s t a lks , and responded to  a decrease  

in daylength by inc reased vege tat ive deve l opment . Rudo r f  and 

S t e l zner ( 19 34 )  grew s ix variet ie s  o f  let tuce , and expo s e d  them 

to d i f ferent periods of day lengths , 1 6 . 5 ,  12 and 8 h .  The s ummer 

c u l t ivars d id not r e spond , but the other cult ivars  showed a 

dimini shed tendency t o  shoot t o  s eed with short day length . 

and Knot t  Thompson 

dur ing the 

( 1 93 3 )  repo r t ed that high temperature 

of  growth was re spons ible  for the 

later . They a lso sugge s ted that 

early s t age s 

o f  se ed - s ta lks 

( 2 1 - 2 6 ° C )  wa s 

produc t ion 

temperature an important fac tor invo lved in  

premature s ee d ing in head let tuce cu l t ivar Wh ite Bos ton, In t h i s  

c u l t ivar , p l ant s  went to  s ee d  unde r  h igh temperature even under  

re lat ive l y  shor t  day s ( 10 to 1 2  h ) . Seed - s talks  e l ongated  more 

rapid ly in p lan t s  that had been grown cont inuou s ly at 2 1 - 2 6 ° C  

t emperature and long days ( 1 5 h ) . 

Likewi s e ,  

long 

Rappapor t  and Wit twer ( 19 5 6 b )  showed that Bibb , 

pho tope riod s  ( 16 h )  and warm nigh t s  ( 2 1 ° C) for required  

s eed - s ta lk deve lopment . Grand Rap id s  f lowered on e i ther warm 

nigh t s  or in long pho toper iods ,  wh ile  the Tendergreen c u l t ivar 

f l owered pr imarily  in long pho tope r iod s . 

Ra l e i gh ( 1 9 5 9 ) a l s o  found that seed - s t a lk e l onga t ion was 

enhanced by highe r  temperatures in head l e t tuce . The seed - s ta lk 

was sign ificantly longer at 2 6/2 1 oC than at 2 6 / 1 5oC; at 2 1 /2 1oC 

than 2 6 / 1 5°C and 2 1 / 1 5°C than at 2 6/ 1 0°C, 
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Sub s e quen t ly I to e t  a l . ( 1 9 6 3 )  sugges ted that high 

temperatur e s  above 20°C  are e f fec t ive for f l ower induc t i on . At 

3 0 ° C, l e t tuce p l an t s  need fewe r days o f  exposure for f l ower 

indu ct ion than at  2 3 ° C . At l 7 ° C  both s t ern elonga t ion and f lower 

induc t i on are de layed . Long days ( 1 6 h )  with h igh tempe ratures 

le d to f l owe r indu c t ion but pho t oper iods le s s  than 8 h to gether 

with h igh temper a tures result  in  the  fai lure of  f lower 

induct ion . Fu l l  sun l i ght , long days , and abundan t n i t rogen 

supply has ten p l ant growth , being fo l l owed by ear l ier f l ower 

induc t ion . Shad ing , short days , poor nitrogen supply and 

d e fo l i a t i on a l l  retard both pl ant growth and flower induct ion . 

Cytovic ( 19 6 7 a )  s tud ied f ive l e t tuce cult ivars  grown a t  8 ,  

1 0 ,  1 2  or 24 h day length . The leafy cu l t ivars Mos kovski j ,  

Parnikovyi and Boul and the head l e t tuce B ibb reac ted s t rong ly to  

reduced dayl ength . In par t icu lar , 8 t o  1 2  h daylength a l s o  

reduced the numbe r  o f  plants a f fec ted b y  bac t e r i a l  d i s ea s e s . 

Hiraoka ( 1 9 6 7a , 1 9 6 7 b )  showed that h igh t emperature ( 25 ° C )  and 

long days ( 1 6 h )  accelerated b o l t ing , budd ing and f l ower ing 

whe reas short days (8 h)  at lower t emperature encouraged head ing 

and de layed bolt ing . The Premier Great Lake s and Great Lake s 3 6 6  

cu l t ivars we re apparent ly l e s s  s ens i t ive to  photoperiod than wa s 

the Edogowa s t rain o f  the cv . Wayahead but the number  o f  branche s 

wa s higher at  h igh temperature s  and an 8 h day l eng th . Hiraoka 

( 1 969 ) a l s o  confirmed tha t the h igher the t emperature , the longer 

wa s the s eed - s t a lk and the e a r l ier was f l ower bud d i f feren t iat ion . 

Seve r a l  s tud i e s  have ind icated that c u l t ivated l e t tuce c an 

be induced to  b o l t  by t reatment w i th c e r t a in gr owth r e gu lators  

( Frank l in , 1948 ; C l ark and Wi t twe r ,  1949 ; Wi t twer and Bukovac , 

1 9 5 7 ; Thoma s , 1 9 6 8 ; Nor thrn ann , 1 9 7 3 ; Gut terrnan e t  a l . ,  1 9 7 5 ) .  

G ibbere l l i c  acid ( GAJ )  i s  mos t  e f fe c t ive in promo t ing f l ower ing 

and s eed y i e l d  ( Harr ington , 1 9 6 0 ; H i l lrnan ,  196 2 ; HiraGka , 1 9 6 7 a ; 

Cytovic , 1 9 6 7 b ; G loberson and Ventur a ,  197 3 ) . Bukovac and 

Wit twer ( 1 9 5 8 )  found that GA3 promo ted f l ower ing in Great Lake s , 

head l e t tuce and the e f fects  were add i t ive to  tho se  o f  long days 
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(18 h),  high temperature (19-2l.C )  and seed verna l izat ion. 

Gibberell in treated plant s formed no vegetat ive heads and 

produced e l ongated s tems prior to the appearance of vis ible 

flower pr imordia . Furthermore, Cytovic (1967b ) reported that 

double s ta lk format ion was found in 60% of the GA3 treated p lant s  

of Premier Great Lake s and that, following treatment, p lant s  

immed iate ly bolted, produc ing flower s  and seeds . GA3 s prayed at 

the rate of 3 to 10 �1/1 on le t tuce plants at  the 4 and 8 leaf 

s tages of growth s ignifican t ly increased seed yield in Great 

Lakes head lettuce . Harr ington (1960) also  reported that the 

seed crop matured about two weeks earl ier, with extreme ly uniform 

maturity among treated plants. Simi larly, G loberson and Ventura 

(1973 ) applied 5 �1/1 of GA3 at the 2, 4 and 6 leaf s t ages to 

butterhead No . 615 and crisphead No. 923 (bo th bol t ing resis tant 

cult ivars ) in a c ommerc ial field . The GA3 treated p l ants 

flowered earlier and were more uniform than the contro l s . 

yield was als o higher in treated plo t s, with maximum yields 

564 kg/ha in No . 615 and 260 kg/ha in No . 923 . 

Seed 

of 

4. Temperature and Photoperiod Interact ions with Vernal izat ion on 

Flower ing 

Mil thorpe and Horowitz (1943 ) inve st igated the effect  of a 

low temperature treatment at  5 ° C  for 10 to 20 d dur ing the period 

of germinat ion and early growth. They found that such conditions 

s t imulated s eed-s talk development in le ttuce provided that they 

were fol lowed by high temperature s and a long photoperiod . This 

effec t has been s imilarly demons trated in White Bos t on, head 

lettuce (Knot t  et� . ,  1937) and in Imperial (Gray, 1942 ) .  Andrew 

(1953 )  a l s o  reported a cons i s tent promot ion of s eed-s talk 

development and flowering in le t tuce 456 and Great Lakes when 

p lants  were grown under long day and at a temperature of 15° C  

fol lowing seed vernal izat ion. 

With Great Lakes cul t ivar, Rappaport and Wittwer 

found c ons iderab le interact ion be tween vernalizat ion 

photoper iod and temperature dur ing subsequent growth. 

(196Sa ) 

and the 

In 16 h 
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days , and at a minimum glas shouse temperature o f  

verna li z a tion caused a r educ ti on o f  28 d in  the time from s owing 

to anthe si s . In 1 6  h days and a t  l 6 °C , the reduc ti on was 22  d 

and in 9 h days a t  2 1 ° C ,  i t  was 7 d .  In 9 h days at  l 6 ° C ,  

ve rna li z a tion cau s ed no signi fic ant reduc tion i n  time to  

anthe si s . C lear ly , flowering was has t ened by  verna li za ti on ,  but  

its  expr e s si on cou l d  be subs equen t ly reduced by  short  days  and 

prevented by low tempe rature . 

Prince ( 1 980 ) c onc luded that ve rna li z a tion of seeds  in  mo s t  

L ac tuca s a tiva L .  cu l tivars  provi d ed a means of  ha s t ening s eed 

produ c ti on , as  long as  other c ondi ti ons , particu larly  d ay length 

and tempera ture , were sui table  for f l owe ring . The grea t e s t  

re spons e was found among the c ri s phead le t tuce cu l tivars but  the 

vari e t i e s  which showed li t t l e re s pons e to verna li zation t ended to 

have an extreme r e quiremen t for l ong days in order to  f lower . 

Vernali z ati on did no t has ten b o l ting in  S lobo l t  and C o s  3 2 8 8  

c u l tivar s  ( Thompson and Kosar , 1 9 48 ) .  

5 .  Seed Quali ty and Germina ti on 

Ge rmination , puri ty and hea l th are the three main c ri t e ri a  

of s eed qua li ty whi ch. are we l l  e s tab li shed b y  the Internati onal  

Seed Te s ting As s o ci a tion ( IS TA . , 1 9 7 6 ) . Seed qua li ty can be 

a f fe c t ed by a number of  di s tinc t ,  but o ft en intera c ting fac tors  

inc luding geneti c  fac tors ( s pe ci e s  and vari e t a l ) ,  physi o logi c a l  

fac t or s  ( premature harv e s t of  t h e  seed s ) and patho logi c a l  fac tors  

( s e e d - borne di s ea s e s  and mechani c a l  damage ) ( Heydecker ,  1 9 69 ) .  

L e t tuce s eed quali ty was exp lored by Scai fe and Jone s ( 19 7 0 ) 

who s howed that under uni form condi ti ons , and in the abs ence of  

interp l an t  compe ti tion ,  the  fresh  weight of l e t tuce c u l tivar 

Borough Wonde r  at harves t  was di rec t ly and linearly  r e l a ted to 

the wei gh t  of the seed s . 

Smi th � a l . ( 19 7 3 a )  deve loped a s l ant t e s t  for s ee d  vi gour , 

in whi ch s eeds  we re germina t ed unti l maximum radi c l e  extension 
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wa s r eached . The s eeds o f  Ca lmar c u l t ivar were germina ted on 

s l anted b lo t ters  immersed in water  in the dark , e l imina t ing the 

e f fec t s  of nu t r i t ion supply out s ide t he s eed i t s e l f .  With  this  

me thod s e e d  we ight wa s found to  be more important than seed  width 

or thickne s s  in predict ing vigour . An air  co lumn s eparator was 

shown t o  be  an e f fect ive way of  s eparat ing s eeds varying in 

we igh t . Smith e t  a l .  ( 19 7 3b ) showed in f i e l d  tria l s  that l ight 

( low vigour ) seeds emerged s lower , w i th l e s s  total  emergence , and 

produced  sma l l e r  s e ed l ings at th inning t ime, than he avy ( h i gh 

vigour) s eeds . Head s i ze a t  harve s t  and the propo r t ion o f  

marke tab le  heads in the c rop were gr eat e r  from high vigour s eeds . 

S o f fer and Smith ( 19 74a ) s tud ied the f l ower ing pat t ern in 

l e t tuce and i t s  r e l a t ion to  seed  y i e ld and qua l ity . Ove r  9 0% o f  

the s e e d  y i e ld was from f lower s  opening dur ing the f ir s t 3 5  d o f  

a 70  d f l owering per iod . Seeds  produced dur ing the f i r s t  o f  two 

f lowe r ing peaks were heavier than later produced seeds . Seed 

s i z e  was unre lat ed to  number o f  seeds per head . Seed y i e l d  and 

qua l i t y  were una f fected by ear ly harve s t  or by wi thho ld ing water  

or  nut rients dur ing the  l a t ter  ha l f  of  the  f l ower ing period . 

F lower ing rate , seed y i e l d  and qua l i t y  were  not r e l a t e d  to  a i r  

temper a ture i n  t h e  range 20 t o  3 5 ° C .  

S o f fe r  and Smit h  ( 1 9 74b ) showed that the magn i tude o f  

corre l a t ion be tween seed we i ght  and s eed l ing vigour ranged wide l y  

among s e e d s  from d i f ferent mo ther plant s .  Corr e l a t ions be tween 

individua l s eed measurement s  and embryo phy s i c a l  parameters  t o  

s eed l ing vigour we re s ign i f icant but s eed s i z e  and s eed l ing 

vigour were not as sociated with e i ther head we ight or uni formi ty . 

S o f fer and Smi th ( 1 9 74c ) a l s o  s tudied nut r i t i ona l e f fe c t s; 

increased nu t r ien t s  supp l ied t o  p l an t s  grown in s o i l  resu l t ed in  

increased s e e d  y i e ld but  no s ee d  vigour . However ,  hydropon ica l ly 

grown s eed was heavier than s o i l  grown seed , but i t  lacked 

vigour . Neve r the l e s s  there was a l inear increase  in se ed y ie l d , 

we i gh t / s eed and seed l ing v i gour with increase in n i t rogen . The 

r e s ul t s  showed that the r e l a t ionship be tween seed  s i ze  and vigour 

wa s dependab le only within s eed lot s . 
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Renard ( 19 7 8 )  reported that the middle  grades o f  l e t tu c e  

s eeds ( from s ix grade s )  gave the be s t  germina t ion capac i ty and 

the shor te s t  germinat ion t ime . The large s t  s eeds we re some t ime s 

damaged , and o f ten showed reduced germinat ion prope r t i e s  but 

pr oduced larger plan t s .  

a l l  poin ts  o f  view .  

The sma l l e s t  s eeds  we re the wors t  from 

Many fac tors have been shown to inf luence l e t tuce s eed 

germinat ion inc luding area o f  produc t i on , seed age , c u l t ivar , 

physiological  age o f  p l ant at t ime o f  s eed harve s t , nu t r i t i on o f  

the parent plan t , l ight , t emperature , carbon d ioxide and oxygen 

e t c . ( Bor thwick and Robb ins , 1 9 28 ; Thornton , 1 9 3 6 ; Thomps on ,  

1 9 36 , 1 9 3 8 ; Harr ington and Thompson , 1 9 5 2 ;  Ko l ler� 1 9 6 2 ; 

Gu tterman , 1 9 7 3 ) . Light and t empe rature are the two a s pe c t s  

which have been s tud ied mo s t  extens ive ly ( Toole , 1 9 7 3 ; 

Vanderwoude and Too le , 1 980 and Vande rwoude ,  1982 ) .  

F l int  ( 1934 ) and F l int  and McA l i s ter  ( 1 935 ) showed that  the 

greate s t  promot ive r e s ponse to  l e t tuce s eed germinat ion from a 

given irrad iance occurred in the red region ( 600- 7 00 nm) o f  the 

spec trum . Maximum inh i b i t i on occurred from irrad iances  in the 

far- red range ( 7 20- 7 6 0  nm). The ac t ion s pectrum curve for the 

pr omo t i on and inh i b i t ion of germina t ion of Grand Rap ids  l e t tuce 

ha s be en d e fined by Bor thwick e t  a l. ( l 9 5 2 , 1954 ) . 

In  terms o f  t empe rature , let tuce s eed germina t ion i s  

s a t i s fac tory a t  1 5  t o  20° C .  A t  2 6 ° C  o r  above , germinat ion i s  

inhi b i ted , depend ing upon cu l t ivar ( Thompson and Horn , 1944 ; 

Bor thwick and Robbin s , 1 9 28 ) . Th i s  s ens i t ivity  to t emperature 

is  mo s t  pronounced with freshly harve s ted s eed ( Harrington and 

Thompson , 1 9 5 2 ) .  

Thompson ( 19 3 6 ) found that fu l ly ma tured s eeds of  Grand 

Rap id s  germina ted in d i f fu s ed l ight at 15 to  20°C  and in darkne s s  

a t  1 0  t o  l 5 ° C  but that germinat ion capac i ty dropped s i gn i f icant ly 

when the tempe rature in darknes s  was increased to  Z 5 ° C . Immature 
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seeds  fa i led to  germinate  in the absence of  l ight a t  e i ther 10  t o  

1 5 ° C  o r  25 ° C .  The Hi lde cu l t ivar a l s o  germinated  s a t i s fac tor i ly 

a t  1 5- 20 ° C  in darkne s s  ( Kre s t chmer , 1 9 7 8 ) . 

Gray ( 1 9 7 7 )  in work with  seeds  o f  cult ivars Hi lde , F e l t ham 

King and Avon c r i sp s howed that the f ir s t  4 h o f  imb i b i t ion and 

the pha s e  be tween the ons e t  o f  mi t o s i s  and radic le emergence were 

not sens i t ive to  high temperature . The s e  f ind ings agree with  

s imi lar work by  Ikuma and Th imann ( 1964 ) with Grand Rap ids . 

Hadnagy ( 1979 ) recommended the need t o  prech i l l  l e t tuce 

s eeds  o f  c u l t ivars At trac t i on , Nansen and Soroksari a t  4 - 6 ° C  for 

2 d fo l l owed by germina t ion at 20°C with l ight to o b t a in fu l l  

germina t i on capac ity . 

In the cult ivar S lobo l t , germinat ion i s  apparen t ly 

a c ce lerated by exposure of  seed  to  f luor e s cent l ight for 24 h 

e i ther a lone or fol lowed by 24 h dark / l ight periods at  20- 2 5 ° C  

but wa s de layed when s eed was germinat ed at  3 0 ° C  ( Ve rma and 

Pu j a r i ,  1 9 7 7 )  compared with a s imi lar e f fe c t  in Great  Lake s a t  

3 2 ° C  ( Dunlap and Morgan , 1 9 7 7 ) .  

Light e ffec t s  can be mod i f ied by the add i t ion o f  chemica l s . 

GA3 overcome s the e f fec t o f  far- red l ight ( Kahn e t  a l . ,  1 9 5 7 ) .  

However ,  Burde t t  and V idaver ( 1 9 7 1 ) have shown the e f fe c t s  o f  

e thyl ene and g ibbere l l in t o ge the r in promot ing germina t ion in 

far- red l ight over that of g i bbere l l in a lone . The s e  e f fec t s  are 

even greater in red l i ght . 

High tempe rature dormancy has been shown t o  be overcome by 

the add i t ion o f  th iourea ( Thomps on and Horn , 1 9 44 )  and by e thre l 

and kinet in ( Sm i th e t  a l . ,  1 9 6 8 ; Sharp les , 1 9 7 3  and Harsh e t  

�·' 1 9 7 3 ) . 

An add i t iona l env i ronment a l  e f fe c t  on the germinab i l i ty o f  

l e t tuce seeds h a s  been d e s c r ibed by Girad and Monin ( 19 7 7 ) who 

found that the l e t tuce c u l t ivar Merve i l le d e s  Gua t re Sai s ons 
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r a i s ed in sho r t  days produced s eed wh ich was more dormant a t  

harve s t  than s e e d s  from p lan t s  r a i s e d  i n  l ong days . Conve r s e ly , 

a change in day leng th dur ing t he l a s t  1 2  d of s eed r i pening i s  

appar en t ly suf f i c ient to  a f fe c t  the germinab i l i ty o f  Grand Rap ids  

seed . S imi lar ly  s eeds deve l oped and r i pened under short  day 

cond i t ions ( 8  h ) germinated fa s t er than s eeds from long days ( 20 

h )  ( Gut terman , 1 9 7 3 ) , wh i l e  the ma tura t ion o f  Grand Rap ids  s eed 

under  high temperatur e s  or in cont inuous l igh t ( 24 h)  can be  u s ed 

to  increase  the h igh t empe rature t o l erance of  s eed dur ing 

germinat ion both in cont inuous dark and a f ter a short  l i gh t - break 

(Ko l ler ,  1 9 6 2 ) . 

6 . Seed Produ c t ion Prac t ices  

Produ c t ion o f  h igh qua l i ty  seed i s  po s s ib l e  only in a 

favourable environment with  good growing cond it ions which wi l l  

e ns ure that  uni formi ty  o f  the c rop can be ach ieved be fore 

harve s t ing . There appear s t o  be amp l e  l i t e rature ava i lab le on 

l e t tuce p l ant produc t ion but , unt i l  recent l y , informa t ion on the 

pr oduc t ion of  l e t tuce s eed crops has been compar a t ively  l imited . 

6 . 1  C l imat i c  and So i l  Re quirements  

There i s  l i t t le d i f ference in growing l e t tuce for  s eed 

or for marke t . Up to the s t age when the marke t cr op is ready to 

harve s t, the s ame general  rec ommend a t ions can be made . Fr om then 

on, the s eed gr ower is concerned w i t h  the growing and hand l ing o f  

t h e  cr op un t i l  the crop i s  ma tur e . Le t tuc e s eed produ c t ion 

r e quir e s  a long , warm growing s e a s on wh ich is r e l a t ively free 

from r a in at harve s t ing t ime ( Hawt horn and Pol l ard , 1 9 54 ) .  A 

coo l per iod a t  the t ime o f  s owing , fol lowed by a s teady increase 

in t emperature s o  that f l ower ing oc cur s under  warm cond i t ions , is  

best  for see d ing of  l e t tuce (Mi l thorpe and Horowit z ,  1 94 3 ) .  

S o i l s  s e l e c t e d  for growing l e ttuce for s eed shou ld  be  

fer t i le and have a hi gh organ ic ma t ter conten t . Becau s e  o f  the 

l e t tuce p lant ' s  demand for a p lent i fu l  supply  of mo i s ture dur ing 

the growing sea s on , heavy s i lt and c l ay loam s o i l s  are pre ferr e d  
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( Thomps on , 1 9 5 1 ) . The s o i l  react ion shou ld  be near l y  neu t r a l  

be tween p h  6 and ph 7 ( Wh i taker e t  a l . ,  1 9 74 ) . 

6 . 2  Cu l tural Procedures 

L e t tuce p l ant s  are genera l ly produced in the nur s ery 

bed prior to t rans p l ant ing int o  the f i e ld . However , s ome type s , 

e s pe c i a l ly the l e a f  type s , may be s own d irec t ly in the f i e l d . 

The seed  should be p lanted thin ly at  the rate  of  1 - 1 . 5  kg/ha . 

Severa l weeks lat er , t he s e e d l ings are th inned in the row . 

Spac ing is  usua l ly about 25- 3 0  cm in the row wi th the l arge 

heading type s and 1 5 - 20 cm apa r t  in the l e a f  t ypes depend ing on 

the var iety ( Hawt horn and Po l lard , 1954  and Duncan , 196 5 ) .  In 

Grand Rap id s , Pokanan ( 1 981 ) obtained the h ighe s t  s eed y i e l d  ( 3 18 

kg/ha ) from a 30 x 7 5  cm p l ant s pac ing . Maximum s eed y i e l d s  per 

pl ant ( 1 2 . 5  g )  wer e  obt a ined at a 50  x 75 cm p lant s pac ing . 

D i f f icul t ie s  are not norma l ly encount ered with  seed s t a lk 

e longat ion in lea f , cos  or mos t  but terhead varie t ie s . With the 

c r i s phead type howeve r , par t ia l  head removal  or treatment may be 

nece s s ary to a l low s eed- s ta lk ' es cape ' and deve lopment . I f  t h i s  

i s  n o t  done , the seed- s t a lk tends to  cur l ins ide t h e  head or  be  

de layed in  i t s  matur i ty as  we l l  a s  re s u l t ing in  a reduc t ion in 

y i e l d . I f  heads are s p l i t  too early the p l ant wi l l  cont inue to  

head and i f  de l ayed too long , s eed s ta lk inj ury wi l l  r e s u l t .  A 

comm on method wh ich overcome s this  prob lem is  t o  pee l  back t he 

leave s on each p lant by hand so  a s  t o  expo s e  the growing point 

but this i s  labour i o� s  and cos t ly ( Harr ing ton , 1 9 6 0 ; Hawthorn 

and Po l lard , 1 9 5 4 ) . 

6 . 3  Harve s t ing 

Le t tuce s ee d s  r i pen uneven ly . I f  seed i s  a l l owed t o  

deve lop to fu l l  ma tur i t y , l o s s e s  from shatter ing may b e  s evere . 

There are de f in i t e flower ing peaks for ind ividua l l e t tuce p lant s  

and approxima t e ly 1 2  d i s  nece s sary from anthe s i s  t o  the matu r i t y  

o f  a n  ind iv i dua l s eed . I t  i s  apparen t ly adv i s ab l e  to  harves t  

when the p lan t s  are showing about 5 0% " feathe r "  ( showing wh i t e  

pappu s ) even though i t  h a s  been ob s erved tha t b e t t e r  yie l d s  a r e  
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obta ined when the crop is  l e f t  unt i l  i t  re ache s t h e  ' 'fu l l­

feather" s tage . The longer the seeds  are l e f t  on the p lant the 

greater the chance of sha t ter ing by wind or rain ( Jone s , 1 9 2 7 ) .  

For cornrn e r i c a l  seed produ c t ion ( Thompson , 1 9 3 8 )  adv i s ed that 

two harve s t s  of seed should  be made a l though i t  wa s be l ieved that 

the second harve s t  seed re covered was infer ior to  that  harve s t ed 

firs t. So f fe r  and Smith ( 1 9 74a ) showed that in le t tuce , 9 0% o f  

t he seed y i e l d comes from f lowe rs wh ich open dur ing the f i r s t  35  

d. Highe s t  s eed yields  are obta ined by hand harve s t ing me thod s 

where flowe r head wer e  shaken into  a bag . Th is  proce s s  can be 

repea ted two or three t ime s dur ing a season ( Duncan , 1 9 65 ) . Seed 

ha rve s ted in this  manner i s  much e a s ier to  c lean s ince there is  

l i t t l e cha f f  mixed with i t  ( Hawthorn and Po l lard , 1 9 54 ) . 

Doug l a s s  ( 1 939 ) and Shoemaker ( 19 5 3 )  sugges t e d  that  l e t tuce 

p lan t s  shou ld be pul led out o f  the ground when the heads begin to  

swe l l  and t urn ye l low or  whi t e  and s tacked on  a canvas shee t . 

The sha t t e r ing of  the early  s ee d  wi l l  then fa l l  on the canvas . 

At the s ame t ime , the s e ed  heads are s t i l l  ab le  to  draw on the 

mo i s ture and nutr i e n ts  ava i l ab le  in the cut plant . This  a l lows 

them to c ont inue deve lopment unt i l  the seed reache s ma tur i ty . 

Duncan ( 1 965 ) recommended , for large let tuce seed  produc t ion 

areas , that  p lant s  shou l d  be cut  when the maj or i ty o f  the seeds  

are  ye l lowish in  co lour . The s eeds  can be thre shed as  s oon a s  

heads and outer-mo s t  branches have d r ied s u f f i c i ent ly .  Threshing 

wi thout s eed injury is b e s t  accomp l i shed by put t ing the p lant s  

through a comb ine harve s ter which h a s  some t e e t h  removed from t he 

pe g drum .  

I n  genera l ,  t he y i e ld o f  let tuce obviou s ly depends on many 

fac t or s , inc lud ing loca l i ty , s pac ing , s o i l  fer t i l i ty e t c . 

Howeve r , ma j or y i e ld d i f ferences have b een recorded with  

d i f ferent cult ivar s .  The New York No . 12 cult ivar for  examp le , 

has been shown t o  produce 200  kg /ha ( C laypool� 1 9 3 3 ) compared 
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w i t h  on l y  lOO kg /ha in Great Lake s ( Harr ing ton , 1 9 6 0 ) . In 

I s rae l ,  average seed y i e lds  are 250  kg/ha in but terhead No . 6 1 5  

and 7 0  kg/ h a  in c r i s phead No . 9 2 3  ( Globerson and Ventura , 

1 9 7 3 ) . In Tha i land , Grand Rap ids  has been shown to be capab le  o f  

produc ing about 300 kg/ha o f  s eed ( Pokanan , 1 9 8 1 ) .  

6 . 4  Di s e as e  and P e s t s  

Even though the produc t ion o f  l e t tuce s e e d  i s  not 

t r oub led by a large number of d i s ea s e s  and ins ec t s , those wh ich 

are impor tant may become so ser ious  tha t they may l imit  the 

product ion of seed . 

Downy mi ldew ( Bremia lactucae R )  causes  the f l ower par t s  

and plant s  t o  s l ight ly s tunt ( Dixon , 1 9 8 1 ) .  Control  o f  this  

d i sease  i s  by us ing re s i s tant cu l t ivars such as Grand Rap ids  

( Verhoe f f ,  1 9 6 0 ) or Me ikon ingen but terhead let tuce ( Schu l t z  and 

Roder , 1 9 3 8 ) . Soft  rot ( Botryt i s  s pp . ) resu l t s  in con s i derab le 

damage to  p lant s , par t icularly in head l e t tuce . I t  can b e  

control led b y  early remova l  o f  heads and keep ing s o i l  mo is ture 

un i form to  prevent t ipburn ( E l i a  and P ig l ionica , 1 9 64 ) . Under 

coo l ,  mo i s t  cond i t ions or fol lowing over- irr iga t ion of heavy 

s o i l s , the l e t tuce p l ant may be a f fected by s c lerot inia rot 

( S c lerotinia  s c l erot iorum Lib ) . Hawthorne ( 19 7 4 )  a ls o  found that 

cr isphead and but te rhead l e t tuce p lant s  wh ich have the lower 

l eaves ly ing flat on the ground are more l iab le to infec t ion by 

sc lerot in ia than cos l e t tuce wh ich have more  upr i ght lower 

l e ave s . I f  the weather is r e l a t ive ly warm and humid , the p lant s  

may b e  af fected b y  powdery mildew ( Erys iphe c i choracearum DC ) 

e i ther in the f i e l d or in the greenhouse ( Schnathor s t , 1 9 � 0 ) . 

Severa l s pec i e s  o f  aph ids s pread l e t tuce mo s a i c  virus , the 

u l t ima te e f fec t on growth and y i e ld be ing dependent upon t ime o f  

infec t ion ; later i n fe c t ion cau s e s  l e s s  p lant d amage whi le p lant s  

infec ted early become ye l low and s tunted ( Z ink a snd Kimb l e , 

1 96 1 ) .  Infec ted p l ants  that become reproduc t ive show necrot ic  

areas  a long t he  s e e d s t a lk and in the  seed  heads . Ryder and 



2 0  

Du f fu s  ( 1 9 6 6 ) showed that  l e t tuce mo saic  virus  de layed f lowe r ing , 

redu c ed s e e d  s talk he ight and reduced t o t a l  s eed y i e l d  but d id 

not  a f fect s eed germinat i on . 

As t e r  ye l lows , spot t ed wi l t  and ' b ig ve in ' are t he other 

impor tant viral  d i seases  of l e t tuce . They are no t s eed borne , 

bu t some t imes are d i f fi cult  to  contro l .  As ter ye l lows is  

t r ansmi t t ed by  le af  hoppe r s  and caus e s  the  f l ower par t s  t o  form 

no s eed ( Jagger and Chand le r , 1 9 34 ; Ryder , 1 9 7 9 ) . 

Aph ids  can be a mos t  troub lesome ins e c t  pe s t  on l e t tuce . 

There are o f ten t ime s when they may cause  a reduc t ion in s eed 

y i e ld . The l e t tuce s eed s t em aphid  is  par t icu larly  d amaging . 

The us e  o f  insec t ic ide such as  Parath ion has been shown to  

increase s eed y i e l d s  compared to  un treated aphid - in fected  p lant s  

( Hawthorn and Pol lard , 1 9 54 ) . 

6 . 5  Ti pbu rn 

Le t tuce contains a sub s t ance c a l led lac tuc in which i s  a 

s leep- induc ing drug ( Ryde r , 1 9 7 9 ) . Th i s  l at ex- t ype o f  mat e r i a l  

occurs in a system o f  duct s  c a l led lat i c i fer s . T i pburn , a non­

pathogenic d i sorder  of  l e t tuce , i s  man i fe s t e d  by nec ros i s o f  l e a f  

margins on r e l a t ive l y  immature leaves o f  ma turing l e t tuce p l ant s . 

Ru ptu r e  o f  the l a t ic i fers  near the lea f margins , r e l eases  l a t e x  

caus ing col lapse o f  parenchyma , occ lus ion o f  xy lem e l emen t s , and 

mo s t  s i gn i f ican t ly , c oagu l a t ion of latex  w i thin the entire  

l a t i c i fer  system be tween the point  o f  rupture and the leaf  

margin , result ing in dark brown s po t s  ( Tibb i t t s et  a l . ,  1 9 6 5 ; 

Olsen e t� . ,  1 9 6 7 ) .  

In both g l a s shouse and growth chamber s i tua t ions , t ipburn 

may deve lop on young p lan t s  when enlarging l eave s  begin t o_ bend 

inwards , par t i a l ly e nc los ing the young leaves around the growing 

po in t . Under 

near plant 

overma turity 

f ie ld condi t ions t ipburn usua l ly deve lops 

ma tur i ty and i s  more  l ike ly t o  appear 

( Te rmoh len and Van de  Hoeven , 1 9 6 6 ) . 

a t  o r  

with  

T i p  burn 



deve lopment has  been associated  with  environment a l  cond i t ions 

that encourage rapid dry ma t t e r  ac cumu lat ion and a h i gh demand 

for calc ium in e xpand ing lea f t i s sue . The s ymptoms deve lop 

quickly in young p l an t s  when they are expo s ed to  h i gh l i gh t  

intens i t ie s , extended photope r i ods  and h igh t empera tures 

( T ibb i t t s  and Roa , 1 9 69 . , Tibb i t t s  and Bottenberg , 1 9 7 6 ; Tibb i t t s  

and Read , 1 9 7 6 ; Cox e t  a l . , 1 9 7 6 . 

Calc ium nut r i t ion i s  in s ome manner as sociated with  the 

events  lead ing to t i pburn . However ,  much confus ion i s  apparent 

in exp l anat ions of  the role of env i ronment a l  influence . Kruger 

( 1 966 ) f ir s t  preven ted t ipburn by app lying calc ium s a l t s  d irec t ly 

to the s ens i t ive t i s sue . Th ibodeau and Mino t t i  ( 1969 ) led  the 

genera l ly accepted theory tha t l e t tuce t ipburn is a c a l cium 

related  d i s order . Likewi s e , Ashkar and Ries  ( 197 1 )  wer e  able  t o  

control  t ipburn in head l e t tuce growing in nutrient s o l u t ion in 

growth 

They  

chambers by add ing a t  lea s t  S mM  calc ium to  the  s o lut ion . 

a l s o  found higher t ipburn inc idence with h ighe r  nitrate  

add it ions . 

C r i s p  e t  a l .  ( 19 7 6 )  induced t ipburn b y  wit hho ld ing boron 

wh ich in turn increased the endogenous aux in leve l .  A common 

fac t or in near ly a l l  r e l a t i onsh ips be tween growth and the 

incidence of t ipburn i s  tha t this  cond it ion increases  with an 

incr e a s e  in growth rate ( Cox � al . ,  1 9 7 6 ) . 
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The mo s t  e f fect ive proce dure for t i pburn contr o l  has been 

the use  of  cult ivars tolerant t o  the injury ( Cox and McKee , 1 9 7 6 ) 

or by deve loping e i ther chemic a l  or  phys i o logica l s creening 

procedures for use on ind iv idua l seed l ings ( Co l l ier  et a l . , 1 9 7 7 )  

A t  presen t , there are no recommended procedures the grower can 

use that wi l l  guarantee t ipburn prevent ion in f i e ld -grown l e t tuce 

( Co l l ier and Tibb i t t s , 1 9 82 ) . 



7 .  Seed Development 
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Y i e ld i s  an extreme ly import ant and common parame ter for 

mea s ur ing gene t i c  d i f ference s .  To ob t a in d i f ference s in y i e ld 

among varie t ie s  they are usua l ly grown toge ther under control led 

cond i t ions ( Kr amer , 1 9 78 ) . However , d i f ferences  in y i e ld may be 

a s s oc ia ted with the locat ion in wh ich the seeds were origina l ly 

produced and the var iat ion in s eed  qua l ity  wh ich can occur at  

any t ime during s eed deve lopment . 

Although the amount o f  l i terature on seed deve lopment in 

gras s e s  and legumes i s  vo luminous , relat ive ly l i t t le informa t i on 

appears on l e t tuce seed deve l opment . S tud ies  on other vege tab les  

l ike carrot ( Borthwick , 1 9 3 1 ) ,  cabbage ( Thompson , 193 3 ) , sugar 

beet ( Ar t s chwe ager and S t are t t , 1 9 3 3 )  and pepper ( Cockran , 1 9 3 7 ) 

s e em to indicate that  their  purpose wa s to  ob t a in a bet ter 

mo rpho log i c a l  under s t and ing o f  f l ower and seed deve lopment prior 

t o  the undertaking o f  a breed ing or crop improvemen t  programme . 

Seed deve lopment i s  c oncerned with  t he various proce s s e s  and 

s tages o c curr ing dur ing t he period from fer t i l iz a t ion unt i l  the 

s eed is fu l ly formed and ready to harve s t  ( Cope l and , 1 9 76 ) .  I t  

i s  charac terised  by a comp lex o f  s t ruc tural and nut r i t iona l 

interre l a t ionships be tween the embryo and endosperm t i s sue s . 

Central to  the s e  interre lat ionships i s  t he deve lopment o f  t he 

endosperm and i t s  s ub s e quent d ig e s t ion by the deve loping embryo . 

Endo s pe rm deve lopment i s  ob l igatory to  s eed deve lopment ( Po l lock 

and Roo s , 1 9 7 2 ) . 

Dur ing s eed matura t ion , s eeds  pass through several  

ana tomica l and phy s i o logic a l  s tages unt i l  the  ma ture dry s eed i s  

produced or unt i l  the s eed reaches i t s  max imum dry we i gh t  

( Harrington ,  1 9 7 2 ) . Any a t t empt to  accelerate  the s e  changes may 

produce seeds which , when dry , appear norma l but are 

phy s i o logica l ly imper fec t and incapab le of ini t ia t ing rapid and 

c oord inated growth . 
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Ko l ler ( 19 6 2 )  s howed that warm tempe ratures dur ing the 

maturat ion of  Grand Rapids seed reduced seed dormancy . 

Harr ing ton ( 1 9 6 0 )  a lso found that d e f ic ienc ies  o f  po t a s s ium and 

c a lc ium in let tuce decreased germina t ion and r�duced seed  s t orage 

l i fe .  Such d e f ic ienc i e s  also  produce s evere plant symptoms but 

do not prevent seed produc t ion . 

Seed ma tur ity  i s  usua l ly re f lected  in mean s eed dry we ight 

or s i ze ( Aus t in ,  1 9 7 2 ) . The s i ze  o f  let tuce seeds ha s been found 

to a f fe c t  both growth and yie ld ( Sc a i fe and Jones , 1 9 70 ; Renard , 

1 9 7 8 ; Smi th � a l . , 1 9 7 3 b ; S o f fer  and Sm ith 1 9 74a ) . 

Seed  deve lopmen t  occur s in two d is t inct  phas e s  ( Mu l le t t ,  

1 9 8 1 ) .  

from 

Dur ing t he f i r s t phas e , food ma terials  are 

the parent p lan t and accumu l ated in the see d . 

t rans ported 

A 

increase  in the dry we i ght o f  the s eed oc curs at t h i s  s tage . 

rapid 

The 

second pha se , known as the ma tura t i on pha s e , occurs a f t er food 

t rans port from the parent p l ant  ha s ceased . The trans ported  

sugar s and other  s imple compounds are  converted into  s t arche s , 

f a t s  and s t orage pro t e ins to  become the endos perm and to  prov ide 

pro t e in for the deve lopment of the embryo . Dur ing t h i s  t ime a 

cons i derab le l o s s  o f  wa ter  occurs and t he fresh we igh t  o f  the 

seed dec l ines s harp ly , wh i l e  the dry we ight i s  unchanged . In 

seeds wh ich do not  have endo s perm , the embryo deve lops at  t h i s  

t ime . The s eed u t i l i s e s  s ome t rans ported food mat e r i a l s  and 

s t ores any surplus  to i t s  i�ediate  energy requiremen t  in the 

coty ledons or  s e e d  leave s . In seeds  with min ima l embryo 

deve lopment , the s t orage mat e r i a l  becomes a separa te  non-ce l lu l ar 

endospe rm ,  wh ich i s  the food supply for fur ther deve lopment o f  

the embryo dur ing germinat i on . 

Seed deve lopment and matur a t i on are as s o c i a t e d  with an 

overa l l  l o s s  of mo i s ture . Usua l ly very young seed  has the 

h i ghe s t  mo i s ture conten t . Le ininger and Urie ( 1 9 6 4 )  and Ker s t ing 

e t  a l . ( 1 9 6 1 )  found a s teady dec l ine in the percent age mo is ture 

o f  r ipen ing seeds from an in i t ia l  8 0 - 9 0% t o  1 0 - 20% . Aus t in e t  
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a l .  ( 1 9 69 ) found with  carrot seeds  that a f t e r  a pe r i od dur ing 

wh ich the mo is ture c ontent d e c l ined to 50- 6 0% there wa s no 

further growth in embryo s i ze . De louche ( l 9 8 0 ) reported that 

seeds a t t a in phy s i o logical  ma tur i t y  at  mo i s ture content s  rang ing 

from 3 2 - 35% ( e . g .  c orn , s orphum , rice ) to  50- 5 5% ( e . g .  s oybeans , 

peanu t s , beans ) .  

Jones ( 1 9 2 7 ) made a s tudy on the po l l ina t i on and l i fe 

h i s tory o f  l e t tuce cv . I ceberg . He found that the brac t s  

subtend ing the f l ower head s t art  t o  open a t  the summi t  beau s e  o f  

the deve l opment o f  the ind iv idua l f lower buds . The s e  bud s 

e l onga te rapid ly dur ing the 24 h prior to  anthe s i s . The s tyle  

and s t igma of the p i s t i l  are covered w i th sma ll  brush h a ir s . The 

anthers  dehi s c  to the ins ide pr ior to the e l onga t ion o f  the 

p i s t i l s . As the p i s t i l s e longate , the hai r s  on the s ide o f  the 

p i s t i l  brush the po l len up out o f  the pol len s acs  of the deh i s ce d  

an t he r s .  The lobe s o f  t h e  s t i gma s epara t e , al lowing pol len t o  

fa l l  on the s t igma t ic pap i l l ae loca ted on the ins ide sur face o f  

the s t igma . As  s oon as  the lobes have expanded , they begin t o  

cu r l  backward . Pol l inat ion probab ly takes pl ace when t h i s  has  

oc curred . 

The l e t tuce p lant as  a who le usua lly shows de f i n i t e  

f l ower ing peaks over a 7 0  d a y  per iod . Th is i s  of ten fol lowed by 

a cessat ion of f lower ing a lthough in s ome p lant s  there may be  a 

cont inua t i on o f  flower ing for s everal  days and then ano ther 

f lower ing peak of l e s s  magn i tude a month later . The general  

f l owe ring curve may contain minor irregular i t i e s  wh ich are  due 

ma inly to f l u c tuat ions in tempe rature ( Jones , 1 9 2 7 )  or l ight 

inten s i ty ( So f fer and Smith , 1 9 7 4a ) . 

The f lower s  usua l ly open for an hour or two only , the 

l i gu l ate coro l la then folds  t ight ly t o gether and does  not reopen . 

Wi thin two or three days the coro l l a , deh i s ced s t amens , w i thered 

syt les and s t igma are shed in a c lus t e r . The brac t s  then c lo s e  

t ight ly about t h e  deve lop ing achene s .  The beak o f  t h e  young 
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fru i t  e longat e s  and car r i e s  the pappus along in i t s  upward 

growth . The rate of  e longa t ion is  very rapid . Within four or 

f ive days a f ter anthes i s , t he pappus begins to  appear through the 

brac t s , t he ave rage t ime from anthe s i s  to  matur i ty of the 

achenes be ing about 1 2  d .  A recent report on l e t tuce s eed 

deve lopment by Globerson ( 1 98 1 )  conta ins much u s e ful  informat ion 

about the e f fect of the age of l e t tuce seed at d i fferent harve s t  

t imes a f t e r  anthe s i s  on their subsequent germina t ion and seed l ing 

deve lopment under I s rae l i  cond i t ions . He found tha t r i pe s eeds  

wit� 8 0 - 85% dry ma t t e r  deve loped 1 7  d after  anthe s i s  in May (mean 

temperature 19 . 7 ° C )  whereas in July , (mean t emperature 25 ° C )  

deve lopment took 1 4  d .  Germina t ion was fa s t er  in seeds  1 4  d o l d  

harve s ted i n  May . In July , seeds  were able  t o  germinate 9 - 10 d 

a f ter  anthe s i s . The large s t  seed l ings developed from seeds  

harve s ted a t  leas t 14 d a f ter anthe s i s  in  May and 1 2  d after  

anthe s i s  in  July . The cul t ivars used in h i s  study we re o f  the 

cos type : Ye l l ow , No . 854 and No . 942 for the May harve s t  and o f  

the cr i sphead type : Avon Cr i s p , Vanmax and Vanguard for the Ju ly 

harves t .  

I t  might be conc luded that t empe rature and pho tope r i od are  

two main impor t ant fac tors  contro l l ing veg e t a t ive growth and 

re produc t ive deve lopment in l e t tuce . Pho tope r i od ic . re s pons e  

however has been o f ten mod i f ied i n  one way o r  another by 

changing tempe rature . Ach ieving unde r s tand ing in this  f i e ld 

could have immen s e  prac t ical  consequences for both crop 

produc t ion and seed  produc t ion in leaf  l e t tuce . 



CHAPTER 2 

PREL IMINARY STUDY 

Le a f  

Tha i land . 

let tuce is  the ma in commerc i a l  s a lad vege table in 

It is commonly grown throughout the year . The mo s t  

popu lar var i e ty i s  a b lack s eeded c u l t ivar , re ferred t o  i n  the 

pre s ent s tudy a s  "Tha i " , but known in Tha i l and a s  Pak Kard Horm 

Ba i Yig . 

Th is  b lack s eeded cu l t ivar has a s t rong ly waved leaf  margin , 

i s  ye l lowish- green in co lour and does  not form a head ( P late  

2 . 1 ) .  It  grows very succes s fu l ly all  t he year round in Tha i land 

bu t deve lops be t ter i f  i t  is grown dur ing t he cooler months when 

the r ain fa l l  is moderate . 

Although d i f ferent types o f  l e t tuce are known , s ome 

c u l t ivars have been improved through ind iv idua l p lant s e l e c t ion . 

Th is has led t o  the naming of  a large number o f  c u l t ivars , 

o f  wh ich are phenotyp i c a l ly s imi lar or are d i s t ingu i shed by 

many 

only 

minor d i f ferences ( Thompson , 1 944 . , Huyskes and Rodenburg ,  1 9 5 7 ) .  

Th is  s i tuat ion can lead t o  d i f f i cu l t ies and occas i onal  

mi sunders tand ings among s eed dea lers  and farmers , In 

agr iculture , o ther c u l t ivars wh ich are s imi lar t o  

cu l t ivar a r e  n o t  apparen t ly ava i lab le .  Th is  i s  perhaps 

Tha i l and 

the Tha i  

becau s e  

o f  a lack o f  in forma t ion o n  the var i e t ies  wh ich a r e  agronomica l ly 

su i table and a l so because o f  a h igh degree of  res i s t ance t o  ' new ' 

or ' d i f ferent ' cult ivars by the Tha i  cus t omer . 

The pre s ent exper iment wa s de s i gned to  s e l e c t  l e t tuce 

c u l t ivars from d i f ferent sour c e s  wh ich could grow succe s s fu l ly 

under the genera l ly h igh tempe ra ture ( 20 - 3 0 ° C )  and intermed iate  

dayleng th ( 1 2 - 1 3 h)  cond i t i ons l ikely t o  broad ly represent  the  

2 6  



P l a t e  2 . 1  B lack s e e de d  l e t t uce ( Th a i  cv . )  
a )  i n  t he f i e l d  
b )  a s  pre s e n t ed for t he market 
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p r ev a i l ing c l ima te  in Tha i l and ( Append ix 1 ) .  I t  was hoped that  

such a s creen ing trial  wou l d  i d en t i fy s ome cu l t ivars wh i ch wou l d  

c l o s e ly mee t the very pre c i s e  Tha i c onsumer a c c e p tance 

r e qu i r ement s o f :  leaf type ( lo o s e  l e a f  l e t tuce ) ,  ye l l ow i s h - green 

c o lour , s t rong ly waved l e a f  marg in , wrink led l e a f  s u r f a c e  and 

s l ow b o l t ing . I t  wa s hoped t h a t  t h o s e  var i e t i e s  wh i c h  mos t 

c l o s e l y me t t h e s e  c r i t er i as cou l d  be u s e d  for further g r owth and 

s e e d  pr oduc t i on s tu d i e s  unde r  contro l le d  c ond i t i ons . 

MATERIALS AND METHODS 

S e e d s  o f  e i ght e en cu l t ivar s  ( Ta b le 2 . 1 )  we re  g r own in a 

g l a s shou s e  ( 30 / 20 ± 5 ° C , day / n i gh t  and 1 2 - 1 3  h d ay le n gt h )  a t  the 

S e e d  Te chno logy Centre , Ma s s ey Un ive r s i ty .  

Seeds  we re  s own d ire c t ly in 200 mm d i am . b l ack po l y thene 

b a g s  f i l led  w i th Smith ' s* s o i l  c o n t a in ing p e a t , pum i c e  and s and . 

Th i s  i s  a c omp l e t e ly s t e r i le m i x ture c ont a ining b a l anced 

propo r t ions o f  f e r t i l i z er and s low re l e a s e  trace  e lement s  p lu s  

T e r r a z o l e  s o i l  fung i c i d e . A f t e r  two weeks the s e e d l ings  were 

t h inned t o  one p l ant per conta iner . There were  1 2  p l an t s  per 

cu l t ivar . Hand wa t er ing wa s done every day unt i l  harve s t ing . 

M e a s u r emen t s  

The f o l lowing v i s u a l  c r i t e r i a  we re  r e c orded : 

L S e e d  c o lour ( fr om the s eed  l o t ) 

2 .  L e a f  c o l our a t  harve s t  

3 .  Lea f mar g in at  harve s t  

4 .  Le a f  sur face : wrink l e d , smo o t h  or hairy 

5 .  Days to bo l t ing from p l ant ing t o  f ir s t  v i s u a l  

s i gns of f lora l  dev e l opment ( aver age f r om 5 p l an t s). 

* Smi t h  S o i l  Indu s t r i e s  L imi te d , New Lynn , Auc kl an d , N ew Z e a l and . 



Tab l e  2 . 1  V a r i e t a l  c h a r a c t e r i s t i c s  i n  a range o f  d i f f erent  l e a f  l e t t u c e  c u l t i v a r s  

Cu l t iva r s  S o u r c e  * Seed Lea f c o l our Lea f  mar g in L e a f  sur f ace 
c o l our 

--· 

l .  Tha i  Ka s e t s ar t  Univ B l ack Ye l low green S t rong l y  waved Wr ink l e d  
2 .  G rand Rap i d s  Ya t e s  B lack Ye l l ow green S t rong l y  waved Wr ink l e d  
3 .  Grand Rap i d s  E . J .  Ryde r  B l ack Ye l l ow green S t rongly waved Wr ink l e d  
4 .  Grand Rap i d s  Morran Seed B l ack Ye l low green S t rong ly waved Wr ing led 
5 .  S l obo l t  E . J .  Ryd e r  Wh i t e  Y e l l ow green S l igh t l y  waved Wr ink l e d  
6 .  S a l a d  Bowl E . J .  Ryder  B l ack Y e l l ow green Lobed Smooth 
7 .  S a l a d  Bowl As grow s eed  B l ack Ye l low green Lobed Smooth 
8 .  S a l ad Bowl Mor r an s eed  B l ack Y e l low green Lobed Smooth 
9 .  Wa l dmann ' s  Green E . J . Ryder  B lack Dark green S t rong ly waved Wr inkled 
1 0 . Wa ldmann ' s  Green Mor ran S eed B l ack Dark green S t rong l y  waved Wr ink l e d  
l l .  P r i z e  Head E . J .  Ryder  Wh i t e  Redd i s h  green S l ight 1 y waved Wr ink l e d  
1 2 . P r i z e  Head P e t o  s eed  Wh i t e  Redd i s h  green S l ight ly waved Wr ink l e d  
1 3 . Deep Red E . J . Ryde r  Wh i t e  Redd i s h  green S l igh t l y  waved Wr ink l e d  
1 4 . S umnmer Quee n  As grow s eed B l ack Ye l l ow green Not  wavy S l igh t ly wr ink l e d  
1 5 . B r a z i l  48  Asgrow s eed B l ack Ye l l ow green No t wavy S l i gh t l y wr ink l e d  
1 6 .  B r a z i l  2 2 1  A s g row s e ed B l ack Ye l l ow green No t wavy S l i gh t l y  wr ink l e d  
1 7 .  Tan i a  Mor ran s ee d  Wh i t e  Y e l l ow green Not  wavy S l igh t l y  wr ink l e d 
1 8 . Manoa R . W . Har tman B l ack Ye l low green No t wavy S l i gh t l y  wr ink l e d  

* Addre s s :  Ka s e t s a r t  Un ive r s i ty ,  Hor t ic u l t ure Depar tmen t ,  Bangkok , Tha i l and 
E . J .  Ryder , U . S .  Agr i c u l t u r a l  Re s e arch S t a t ion , S a l ina , Ca l i fornia , U . S . A .  
R . W .  Har tman , Unive r s i ty o f  Hawa i i , Manoa , U . S . A .  
P e t o  S e e d , P . O . Box  4 2 0 6 , S a t i c oy , Ca l i fornia , U . S . A .  
Mor r an , S e e d , 1 1 5 5  Harkins Road , S a l ina , Ca l i fornia , U . S . A .  
As gro Seed , Ka l amazoo , Michi gan , U . S . A .  
Ya te s , P 0 Box 1 6 - 1 4 7 , Hornby , Chr i s t church , New Zea l and 

Day s  t o  
bo l t ing 

7 3  
60  
7 0  
7 0  
80 

65 
6 5  
6 5  
6 5  
7 5  

Type 

Leaf  
Lea f 
Lea f 
Leaf  
Le a f  
Le a f  
L e a f  
L e a f  
Lea f  
Lea f 
Lea f 
Lea f  
Lea f 
Bu t t e rhead 
Bu t t e rhead 
Bu t t e rhead 
But t e rhead 
Bu t t e rhead 

t-...) 
-o 
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In Tha i land consumer is t r a d i t iona l ly accus t omed to the use  

o f  leaf  let tuce ra ther than the  ' head ing ' or ' bunch ' type  common 

in many o ther coun t rie s . In pa r t icu lar , the l e t tuce p lant mu s t  

trad i t iona l ly show a number  o f  fairly  pre c i s e  vege t a t ive 

charac t e r i s t i c s  inc lud ing a waved l e a f  ma rgin and non- head ing 

tendency . Cu l t iva rs wh ich do not  show the s e  charac t e r i s t ic s  are 

s t rong ly d i s c r imina ted aga ins t by the cus tomer . The s e  vege t a t ive 

charac te r s  are a l s o  important s ince one use  of l e t tuce is in the 

garn i shing of food to  make d i she s look more a t t rac t ive . 

charac te r s  there fore as sume grea t  importance ( P l ate  2 . 2 ) . 

V i sual 

The re are a number of  d i f ferent l e t tuce cu l t ivar s  9f  leaf 

type wh ich can be grown . Many o f  the s e ,  a l though they might 

d i f fer in one or two charac te r i s t i c s , s t i l l  mee t  the general 

vege t a t ive characte r i s t ic s , prev i ou s ly s tated . A number  of the se  

:; 1� e :i e ft .� ; ' b " rl  i n  Tr.tb l l?:  ? . 1  The cul t ' var wh ich mos t  nearly mee t s  

the comparat iv�  n : q u j  r e : :! -:• n t ::;  L <. •  the Tha; CM-\i,'va-'L- 1 :--1 h.n-""' s e::f, 
leaf  c o l our , leaf  marg in , and l e a f  s urf ace is  Gr�n � �ap i0 s .  

Grand Rapids p l an ts  are grown from a b lack seeded cu l t ivar and 

are y e l l ow- green in leaf  c o l our , with a very wavy l e a f  mar g in and 

a wr ink led l e a f  sur face . However,  there are d i f fe rence s  in t ime 

t o  b o l t ing be tween seed s ource s . Both  of  the Grand Ra p i d s  s eed 

s amp l e s  obtained from the U . S . A  were s lower in b o l t ing t han the 

New Z e a l and l o t  when grown under the same environmental  

cond i t ions . The samp le  o f  Gr and Rap ids from the Morran Seed 

Company U . S . A .  was cho sen for furt her exper imen t s  due t o  the 

amoun t  of seed ava i lab l e . The c lo s e  s imilar i ty in the appea rance 

of Grand Rap i d s  to  the Tha i  c u l t ivar is shown in P l ate  2 . 3 .  

Grand Rap ids  i t s e l f  or iginat ed from B l ack Seeded S impson . 

S e l e c t ions we re made and t e s ted for 1 5  years by Eugen Dav i e s  in 

1 8 9 0  ( Wi t twe r � �· , 1 9 6 5 ) .  The Tha i  cult ivar i s  a l s o  be l ieved 

to be a B l ack Seeded S imp son type or po s s ib le a d i rec t s e l e c t ion 

from t h i s  cu l t ivar . 



P late 2 . 2  Typ i c a l  Thai d i s he s  prepared 
for t he t ab l e  
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P la t e  2 . 3  A p lant o f  cult ivar 
a )  Thai 
b )  Grand Rap ids 
at 6 0  d a f t e r  sowing 
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S l ob o l t  wa s ano ther intere s t ing cu l t ivar wh i ch me t mo s t  o f  

t h e  veg e t a t ive requiremen t s . I t  i s  a wh i t e  s e e d e d  cu l t ivar , 

ye l l ow green in l e a f  c o l our , w i t h  a s l i gh t ly waved l e a f  mar g in 

and a wrink l e d  l e a f  surface ( P la t e  2 . 4a ) . I t s  main agronom i c  

advan t a ge i s  i t s  s l ow and l a t e  b o l t ing charac ter ( 80 d a y s  f r om 

s owing ) ,  Thomp s on and Ko sar  ( 1 948 ) r e p o r t e d  that S l obo l t  wa s one 

o f  the s l owe s t  bo l t ing of a l l  l e t tuce  var i e t ie s  and was there f o r e  

d i f f i cu l t  t o  hand l e  i n  c omme r c i a l  s eed produc t ion . However ,  

charac t e r  wa s t hough t  t o  o f fer  c ommer c i a l  po s s i b i l i t ie s  for 

green vegetable marke t in Tha i l and . 

t h i s  

the  

W a l dmann ' s Green i s  a fur ther c u l t ivar wh ich is  s im i l ar t o  

both the  Thai var i e ty and Grand Rap i d s  except  that the p l ant s  a r e  

darker green in c o l our ( P l a t e  2 . 4b ) . 

Green i s  a s t r a in o f  Grand Rap i d s  

Th i s  i s  becau s e  Wa l dmann ' s  

( W i t twer e t  �. , 1 9 6 5 ) .  

A l though the Wa l dmann ' s  Green cu l t ivar mee t s  s ome o f  the d e s i r e d  

vege t a t ive requ i r emen t s  i t ' s  v e r y  d a r k  green lea f c o lour mak e s  i t  

una c c e p t a b l e  t o  the  Tha i  consume r . Lea f co lour i s  par t ic u l a r ly 

impor t an t  in the  a s s e s sment o f  l e t tu c e  qua l i ty in Tha i l and 

becau s e  this is  the f i r s t  t r a i t  that  r e g i s t e r s  to the eye and 

mind of the po t en t i a l  consume r . 

A l though t h e  rema ining cu l t ivar s t e s ted  showe d no s ign o f  

b o l t ing , they d id not mee t  s u f f ien t o f  the requir emen t s  t o  be  

c ons i d e r e d  sui tab l e  for fur ther s tudy . 

Deep Red and P r i ze head have f ine ly fr inged and ruf f le d  

l e ave s but were unac c e p t a b l y  r e d d i s h - g r e en i n  l e a f  c o l our ( P l a t e  

2 .  5 ) .  

B r a z i l  48 , Br a z i l  2 2 1 , Summer Que en , Tan i a  and Manoa , s h owed 

s im i l a r i t y  in v i s u a l  appearance ( P l a t e s  2 . 6  and 2 . 7 ) . They f o rm 

r e l a t iv e l y  sma l l  l o o s e  heads  w i th broad , o i ly and s l i gh t ly 

w r ink l e d  s o f t  t extured l e ave s wh ich a l though chara c t e r i s t ic o f  a 

bu t t e rhead  l e t t u c e  ( Ryde r ,  1 9 7 9 ) we re not acceptab le a s  l e a f  

l e t tu c e  c u l t ivar s wi thin t h e  c on f ines  o f  the pre s en t  s tudy . 
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P late 2 . 4  A p lant o f  cult ivar 
a )  S lobolt 
b )  W a ldrnan n ' s  Green 
at 60 d a f t er s owing 
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P la t e  2 . 5 A p lant o f  cult ivar 
a }  Deep Red 
b )  Prize head 
at 60 d a f t e r  s owing 
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P l ate 2 . 6  A p lant o f  cult ivar 
a )  Braz i l  4 8  
b )  Braz i l  2 2 1  
at 6 0  d a f t er s owing 
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P late 2 . 7 A p lant o f  cult ivar 
a )  Summer Green 
b )  Tan i a  
at 6 0  d after s owing 



The c u l t ivar S a l ad Bowl , a l t hough a l e a f  

s h owe d a d i f fe rent l e a f  shape a n d  l e a f  mar g in , 

typica l ly ( and unac c e p t ab l y ) lobed ( P l a t e  2 . 8 ) .  

38 

type l e t tu c e , 

w i t h  the l eaves  

The t h r e e  chos en c u l t ivar s : Tha i ,  Grand Rap id s  and S lobo l t  

were there f o r e  s e le c t ed from t h e  1 8  d i f ferent cul t ivar s s tu d i e d  

b e c au s e  t h e y  mo s t  c lo s e ly me t t h e  s t a t ed vegetat ive r e q u i remen t s . 

A l though l ight  and t emper a ture o f t en inf luence the u l t ima t e  s i z e , 

s hape and phy s i o logy o f  the p l an t  ( Thomp s on and Kno t t , 1 9 3 3 ; 

B ens ink , 1 9 7 1 ;  S o f f e  � a l . , 1 9 7 7 ; Craker and S e ibe r t , 1 9 83 ) , 

under the s ame env i r onmen t , Grand Ra p i d s  and S l obo l t  c u l t ivars  

behaved i n  their vegetat ive growth s im i l arly to  the  Tha i  

c u l t ivar . 

I t  i s  d i f f ic u l t  t o  judge exac t l y wh ich c u l t iva r s  a r e  mos t  

s u i tab l e  f o r  Tha i l and cond i t ions s ince there are many var i a b l e s  

t o  b e  c on s i d e red inc lud ing loc a l i t y t r ia l s , marke t ing , e t c . Th i s  

p r e l iminary s creening exper ime n t  wa s there fore c ons i d e r e d  t o  be  

j u s t  a f i r s t  s t ep in d e t e rmin ing s u i t a b l e  c u l t ivars f o r  further 

growth and s eed produc t ion s tu d i e s  under contro l l e d  env i ronment 

cond i t ions . C e r t a inly the Tha i , Grand Rap i d s  and S l o bo l t  

c u l t ivars  mo s t  c l o s e l y  met the r e q u i r e d  c r i t e r i a . 



P l ate 2 . 8  A p lan t o f  cv . S a lad Bowl 
at 60 d a f t e r  s owing 
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CHA P T E R  3 

VE G ETATIVE G ROWTH 

Var iat ion in plan t growth and deve lopment has been obs erved 

in many let tuce cult ivars when grown under  d i f ferent 

t emperature , pho toper iod and irrad iance cond it ions ( Brouwer and 

Huy ske s , 1968 ; Bens ink , 1 9 7 1 ;  Du l l force , 1 9 7 1 ;  Denn is  and 

Du l l force , 1 9 74a , b ;  Ho l s t e i j n ,  1 980a , b ;  Grey and Stecke l ,  1 9 8 1 ; 

Wurr e t  �. , 1 98 1 ) .  Genera l l y  the experiments  have been 

condu c t e d  with the purpos e  o f  obtaining opt imum growth , o f ten 

under  poor l ight cond it ions in winter ( shor t  days ) ,  and have 

been carr ied out with the bu t terhead let tuce . 

In c ontra s t , re search on the leaf  let tuce ha s been large ly 

concerned with the b e t t e r  u t i l i zat ion of l ight in c ontrol led 

environments ( Hammer e t  a l . ,  1 9 7 8 ; Tibb i t t s  and Koz l ows k i , 1980 ; 

Kr i zek and Ormrod , 1 980 ; Tibb i t t s  � �. , 19 8 3 ; Cracker and 

S e i be r t , 198 3 ; G lenn , 1 9 8 4 )  and s a t i s fying human nu t r i t iona l 

requ i r emen t s  dur ing long term space hab i tat ion ( Kn i ght and 

Mit che l l ,  1983 ) . Obvious ly then , genera l de t a i l s  of l e a f  l e t t uce 

growth and deve lopment for prac t i cal  agricu l tura l purpo s e s  are 

s carce . 

Le af  let tuce grows succe s s fu l ly a l l  year round but deve lops 

b e t t e r  during the cool mon ths in Tha i i and and other t ropical  

coun t r ie s  ( Herklot s ,  1 9 7 4 ; Carp i o  and Bantoc , 1 9 68 ) than other 

l e t tuce type s . I t  has l e s s exac t ing growth requiremen t s  than 

but t e rhead or c r i s phead c u l t ivar s  ( Wh i t aker et a l . ,  1 9 7 4 )  but 

prema ture bolt ing and f lowe r ing in leaf  let tuce is  a common cause 

o f  marke t ing los s . Th is problem might be so lved by f o l l owing a 

research programme which wou l d  ident i fy the env i ronmen t a l  

4 0  
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cond i t ions b e s t  s ui ted t o  e i ther l e a f  produc t ion or  t o  s eed 

produc t ion . Such informa t ion would  ind icate wh i ch loca l 

cond i t ions or areas are mos t  favourab le  for the produ c t ion o f  

l e a f  o r  s eed . 

The c l ima t i c  cond i t i ons in Thai land vary cons iderably w i thin 

t h e  coun t ry . Temperature dur ing t h e  c o o l  dry season ( November­

Februa ry ) i s  about 2 5 / 1 5 ° C  day / n i ght , wh i le in  the hot  dry  summer 

( March-May ) and in t he wet s e a s on ( May to Oc tober ) ,  the ave rage 

tempe rature i s  about 3 5 / 2 0 ° C  d ay/nigh t  ( Append i� 1 ) . At h i gh 

a l t i tudes  ( approximate ly about 1 000- 1400 m above s ea leve l ) ,  the 

t empera ture is l owe r and t emperate  veget ab le s  may o f t en b e  

( Append i x  2 ) . Day length i s  genera l ly about 1 1 . 5  h in  the 

season and 1 3 . 5  in the w et season . 

grown 

cool  

The present exper iment was car r i ed out as  part  of  an 

inve s t iga t ion in to  

l e t tuce  growth , as  

Tha i land . 

MATERIALS AND METHODS 

temperature and photoperiod i c  e f fec t s  

related  t o  general  c l imat i c  c ond i t i ons 

on 

in 

Th e exper iment wa s conducted  in contro l led env i ronmen t  rooms 

a t  the P l ant Phy s i o logy D iv i s i on ,  Department of Sc ient i f i c  and 

Indu s t r i a l  Re search , P a lmer s t on Nor t h , New Zea land . 

P l an t  Mater i a l  

Three c u l t ivars o f  lea f l e t tuce ( Lac tuca s a t iva L . ) :  Tha i , 

Grand Rapi d s  and S lobo l t  s e lec ted from the prev i ous exper iment 

we re u s ed .  

Env i ronment 

The 

the 

e xper iment was carr ied  out at t hree succe s s ive 

s ame two cont r o l l e d  envi ronment rooms ( 3  x 3 x 

t imes 

3 m us ing 

room ) . Th i s  was nec e s s ary t o  accommodate  a l l  the day l ength X 

temperature comb inat ions s el e c ted and t o  cope w i t h  the number  o f  

ob s e rvat ions and harve s t s  t h a t  we re carried out . 



l .  Day lengths 1 0 ,  1 2  and 1 4  h 

2 .  Tempe r a tur e s : 

3 .  L i gh t  

( a ) 2 5 / 1 5 ±0 . 5 ° C  ( day / n i gh t ) 

( b )  3 0 / 20±0 . 5 ° C  ( day / n i gh t )  
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The l i ght ing s y s t em u s e d  compr i s ed f our 1 000 W 

Sylvan i a  "Me t a l - ar c "  h i gh - pre s s ure d i s charge l amp s , 

t og e t her w i th four 1 000 W Phi l i ps tungs ten i o d i d e  

lamps . The pho t o synthe t ic i r rad iance wa s cons t an t  over 

the pho tope r i od ( there  wa s no l ow l ight e x t en s ion ) and 

wa s mea sured at in i t ia l  t ro l ley he ight  ( 2 . 3  m f r om the 

room therma l barr i e r )  u s ing a L I - COR 185  me t e r  w i th LI -

1 9 0SE  f l at  re spon s e  s en s o r  ( W /m 2 ) . The pho t o s yn the t i c 

pho t on f lux dens i t y  �mo l / ( m2 s )  was a l s o  measured  us ing 

an L I - 1 9 0 8  quan tum s en s o r  ( Append i x  3 ) . When p l an t s  

wer e  about 0 . 7 5 m h i gh ( a f t e r  4 0  d ) ,  the p o t s  were 

lower e d  by 0 . 3  m wher e  they rema ined unt i l  the  p l an t s 

we re harve s ted  for s ee d . For the phas e  o f  f lowe r ing , 

the pho t o s ynthe t i ca l ly a c t ive rad i a t i on e n e r gy and 

pho t on f lux dens i t i e s  at the top of the p l an t s  were 

about 2 20 W/m Z and 1 1 0 0  �mo l / ( m 2s ) . Fu l l e r  de t a i l s  o f  

the s e  l i gh t  gr ad i en t s  and the l igh t ing s y s t em are 

prov ided in Warr ingt o n  et a l . ( 19 7 8 ) . 

4 .  Humid i ty 

The re l a t ive humid i t y wa s 6 0 / 9 0 ± 5% ( day / n i gh t ) 

for b o th temperature r e g ime s . Th is  r e s u l te d  in vapour 

pre s sure de f ic i t s  ( VP D ) of 1 . 25 / 0 . 1 7 kPa for the l ower 

t empe rature r e g ime and 1 . 6 6 / 0 . 2  kP a for  t he h i gher 

t emperature reg ime . 

5 .  Carbon d ioxide 

Carbon d i ox i d e  w a s  ma i n t a ined in the r ange of  3 3 0  ±10 

� 1  C0 2 /l a ir dur ing d ay c ond i t ions and 3 8 0  ± 40  � 1  COz / 1 

a i r  dur ing the n i gh t . 
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Cu l tura l Me thod s 

S e e d s  o f  e ach cu l t ivar wer e  s own , f ive per pot , 1 ern d e e p  

i n t o  4 . 5  drn 3 pot s containing a 7 0 : 1 5 : 1 5 v / v  c o a r s e  s and : p e a t : 

verrnicu l i t e  g r owing med ium . When t h e  f i r s t  true l e a f  wa s fu l ly 

expanded ( about  7 d ) , the p lant s  we r e  th inned for un i f o rm i t y  t o  

three p e r  pot , t h i s  be ing fur ther r e duced t o  one p e r  p o t  a f t e r  

1 0  d .  The p o t s  were p laced in the c ontro l le d  env i ronment rooms 

imme d i a t e ly  a fter  s owing . E i ght t r o l l e y s  per room were u s e d  t o  

avo id t h e  r i s k s  o f  non-un i form i t y . There were  9 6  p o t s  per  room,  

i . e .  3 2  p o t s  per c u l t ivar . Twe lve p l an t s  we re u s e d  in the s tudy 

of vege t a t ive growth and deve l o pmen t , the r e s t  be ing u s e d  for the 

sub s equent s eed produc t ion exper iment . The p o t s  w e r e  hand 

wa tered unt i l  the s ee d s  germina t e d  ( 4  d )  a f t e r wh i c h  a l l  

cont a ine r s  rece ived 200 rnl app l i c a t ions o f  a mod i f ie d  h a l f -

s t reng th Hoa g l and ' s  nut r i ent  s o lu t i on ( Append ix 4 ) four t ime s 

d a i ly through an automa t e d  mic r o - tube s y s tem through the 

expe r imen t . 

A t  30  d a f t e r  s owing , two t r o l l e y s  were removed t o  avo i d  over -

crowd ing . A f t e r  day 40 , the p l an t s  were  th inned t o  1 2  p lant s  

o f  e ach cu l t ivar i n  each room ,  s ix pot s per t r o l l ey and 36 
p l an t s / r oom . The s e  p lant s  wer e  u s e d  for the 

me asuremen t s : 

l .  F l ower ing patt e rn ( 3  p l an t s / c u l t ivar ) . 

fo l l ow ing 

2 .  S e ed deve l opment ( 4  p l an t s / cul t ivar ) , b e ing s tu d i e d  only 

a t  12  h d ay l ength a t  b o th tempera ture s .  

3 .  S e ed produc t i on ( 1 2 p l ant s / c u l t ivar ) . The s e  p l an t s  

we re a l s o  u s ed for f l ower ing pa t t e rn s t ud i e s . H owever , 

on ly e ight p l an t s  w e r e  l e ft in 1 2  h day length 

c ond i t i ons . 
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P l an t  Measurement s  

The growth o f  l e t tuce p lan t s  wa s r e c orded at 1 0 ,  20 , 3 0  and 

4 0  days a f t e r  s ow ing . At each harve s t , 3 p l ant s  of each cu l t ivar 

f r om each t empera ture and day length t re a tment were t aken at  

random . 

1 .  F r e s h  we i gh t  - the p l an t s  were c u t  a t  the hypo c o t y l  and 

we ighe d imme d i at e ly , t o  ensure on l y  minima l l o s s  o f  wa t e r  

and s h o o t  w i l t ing . 

2 .  Dry we i g h t  - the dry we igh t o f  a l l  p l ant par t s  ( le av e s 

and s t ems ) wa s ob t a ined by drying in a vacuum chamb e r  a t  

40 ° C  w i th 5 mm Hg pre s s ure unt i l  the s amp l e s  r e a c h e d  

c ons tant d r y  we igh t ( norma l ly 24 h ) . Samp l e s  were then 

we ighed in a c ons t ant  t emper a t u r e  and humid i ty c ont r o l le d  

room ( 2 2 ° C  and 5 0% RH ) .  

3 .  Lea f  numb e r  - the  number o f  mat u r e  and deve l op ing l e av e s  

( l onger than 1 cm ) o n  t h e  ma in s t em were record e d . 

4 .  Lea f  area  d e t e rmined u s ing a leaf  area  me t e r  L I - COR 

Mod e l  L I - 3 000 and L I - 3 1 00 .  

5 .  S t em l eng th - a f t e r  remov a l  o f  the leave s ,  the s t em wa s 

cut l on g i tud ina l ly and s t em length mea sured f r om t h e  

c o t y l e donary n o d e  t o  t h e  top l e a f  node . Th i s  mea s ur ement 

wa s n o t  o b t a ined at  the  f i r s t  harve s t  ( 1 0 d f r om s ow ing ) 

becau s e  the p l ant s  we re t o o  s m a l l .  

6 .  Shoot  numbers  we re c oun ted  a t  40  d a f ter  s owing 

7 .  Gener a l  o b s ervat i ons - t ipburn inj ury l eve l s  and o v e r a l l  

p l an t appearance were  ob s e rv e d  a t  inte rva l s  through o u t  

t h e  e xpe r iment . 

D a t a  A,na ly s i s  

There wa s o n l y  one room u s e d  for each t empera ture x day l en g th 
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t re a tme nt c omb inat i on . The d a t a  for  each harve s t  wa s ana ly s e d  a s  

a c omp l e t e ly random i z e d  d e s i gn with a fac t or i a l  a r r angement  

inv o l v ing thre e d ay length s , two t empe r a ture s and three  

c u l t ivars . The l e a s t  s ign i f icant d i f f e rence ( LS D )  va lue s f o r  5 %  

c on f i d ence l imi t s  we r e  c a l c u l a t e d  a s  par t o f  each ana lys i s  o f  

var iance ( S t e e l  and T o r r i e , 1 9 8 2 ) . 

The dry we i gh t  and leaf  area d a t a  were ana lysed us ing 

regre s s ion techn i qu e s  ( Hun t and Par s on s , 1 9 7 4 ; Hun t , 1 9 7 8 )  and 

the r e lat ive growth r a t e s  fo r dry we i ght  ( RGR)  and l e a f  a r e a  

( RLGR) o f  who l e  p lant s  were c a l cu l a t e d  ( Appen d ix 5 ) . 

RESULTS AND D I SC U S S I ON 

l .  P l ant Fresh We ight 

To t a l  p l an t f r e sh we ight , as i n f luenced by t empe r a t u re ,  

day l ength and c u l t ivar at d i f ferent s t age s o f  growth i s  pre s en t e d  

i n  Tab l e  3 . 1 and Append ix 6 .  The f r e s h  we ight o f  p l an t s  

inc r e a sed throughout the dura t i on o f  the exper iment  u p  t o  4 0  d 

a f te r  s owing . However , d i f feren c e s be tween t empe r a tu r e s ,  

dayl engths and c u l t ivars  were sma l l  in the  e a r ly s t age s o f  growth 

( 1 0 d a f ter  s owing ) and the g re a t e s t  f r e s h  we ight incre a s e s  

o c curred b e tween d a y s  20 , 30  and 40 . 

The f r e s h  we ight o f  l e t tuce p l an t s  grown a t  3 0 / 2 0 ° C  

( d ay / n ight ) wa s s i gn i f i can t ly gre a t e r  than of  p l an t s  gr own a t  

2 5 / l 5 ° C a t  each harve s t .  I n c r e a s ing the pho t ope r i od from 1 0  t o  1 4  

h a l s o  incre a s e d  p lan t f r e sh we ight  a t  a l l  harve s t s . The r e  wa s 

f our f o l d inc r e a s e  a t  20 d and 30  d a f t e r  s ow ing , but  a t  day 4 0  

t h i s  inc r e a s e  wa s o n l y  twof o l d .  

Cu l t ivar d i f fe r ence s i n  p lant f r e sh we ight  we re mo s t  

p r onounc ed 4 0  d a f t e r  s owing , S l ob o l t , de s p i t e  i t s  s l ower 

in i t i a l  deve l opment , wa s s i gn i f i can t ly heav ier than Grand Ra p i d s  

wh ich wa s s i gn i f i c a n t ly heav i e r  than Tha i . 



Tab l e . 3 . 1 E f fe c t s  o f  t emp e r a ture ,  pho toperiod and c u l t ivar on 
fresh we ight  ( g/ p lant ) a t  each harve s t  

A MAIN EFFECTS 
Days a f ter  s ow ing 

TemEe ra ture o c  1 0  2 0  3 0  4 0  
2 5 / 1 5  . 08 3 b  2 . 7 0b 3 9 . 8b 1 9 9 . 2b 
3 0 / 20 . 1 3 2 a  6 . 38a  9 7 . 0a 349 . 0a 

D ay length ( h )  
1 0  . 08 9 b  2 . 3 lb 3 0 . 3 c 1 8 4 . 8c 
1 2  . 06 3 c  2 . 24b 5 2 . 0b 2 2 5 . 1b 
1 4  . 1 7 1 a  9 . 08a 1 2 3 . 0a 4 1 2 . 5 a 

C u 1 t ivar 
Thai . 1 1 5 a  5 . l l a 6 8 . 4a 248 . 0c 
G r and Rap i d s  . 1 2 2 a  4 . 0 3 c  6 7 . 6 a 2 6 8 . 4b 
S 1 obo l t  . 08 6 b  4 . 48b 6 9 . 2a 3 06 . 0a 

B I NTERACTIONS 
--·-·----

Days a ft er s owing 

3 0  40  

Tempera ture X 2 5 / l 5 ° C 3 0 / 20 ° C  2 5 / l 5 ° C  3 0 / 2 0 ° C  -

Day length 
1 0  1 8 . 9  4 1 . 8  1 2 6 . 8  2 4 2 . 8  
1 2  28 . 1  7 5 . 9  146 . 4  3 0 3 . 8  
1 4  7 2 . 5  1 7 3 . 4  3 24 . 5  5 00 . 6  

L . S . D .  . 05 8 . 5 9 25 . 1 7 

Temper a ture X 
-

C u l t ivar 
Tha i 1 6 2 . 4  3 3 3 . 5  
Grand Rap i d s  2 1 2 . 4  3 24 . 4  
S l obo l t  2 2 2 . 8  3 89 . 2  

L .  S .  D .  . 05  2 5 . 1 7 

Day1 ength � 1 0  1 2  
Cu l t ivar 
Tha i 1 80 . 6  1 9 6 . 2  
Grand Rap i d s  1 6 7 . 1  2 3 8 . 2  
S l ob o l t  2 0 6 . 6  240 . 8  

L . S . D . . o s 3 0 . 20  

4 6  

14  

3 6 7 . 1  
3 9 9 . 8  
4 7 0 . 5  

Va lues  not fo l lowed by the s ame l e t t er d i f fe r  a t  P 0 . 05 
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A l though an increas e  i n  t h e  pho t operiod r e s u l t e d  i n  a 

progr e s s iv e  increase  in p lant f r e s h  we i gh t , an ana l y s i s  o f  the 

interac t ions be tween t emperature and day l ength , and temper a tu r e  

and c u l t i var showed t h a t  the h ighe s t  f r e s h  we ight wa s r ec orded 

a t  l o ng days ( 1 4 h)  and  h i gh t empe rature s ( 30 / 20 ° C ) .  The r e  were 

c u l t ivar e ffe c t s  only a t  day 40 . S l o b o l t  had h igher f r e s h  

we i gh t s  than the o thers u n d e r  l ongdays a n d  h igh temperature s .  

Repo r t s  examining the e ffec t s  o f  pho t ope r i od and 

t emper a t ur e , and the i r  i n t e rac t i ons , on p lant growth and 

deve lo pmen t vary in the i r  c o nc lu s i ons depend ing on l ight 

intens i ty .  Incre a s ed ve ge t a t iv e  growth in l e t tu c e  p l a n t s  h a s  

been a s s o c ia t e d  with r e l a t ive l y  h i gh irradiance l e ve l s  and 

re l a t ive l y  long photope r i od s ( Tincker , 1 9 3 3 ; Brouwer and Huy ske s ,  

1 9 6 8 ; Du l l force , 1 9 7 1 ;  D e nn i s  and Du l l force , 1 9 74a , b ; Grey and 

S t ec ke l , 1 9 8 1 ; C racker and S e i b e r t , 1 9 8 3 ) and h i gh t emperature 

( Bens ink , 1 9 7 1 ;  B i erhui z en et  a l . , 1 9 7 3 ; Ho l s t e i j n ,  1 9 80 a , b ;  

Kn ight  and Mi t che l l , 1 9 8 3 ; S c a i fe , 1 9 7 3 ;  Wurr e t  a l . ,  1 9 8 1 ) .  

Br o uwer and Huy s k e s  ( 1 9 6 8 )  found that the fresh we i gh t  o f  cv . 

Rap id e  and i t s  hyb r i d  w i th cv . Hamadan produced h i gh e r  y i e l d s  

und e r  l on g  day cond i t i ons ( 1 6 h )  than short day c ond i t i o n s  ( 8  h )  

when grown at 2 0 ° C  a t  e i ther h i gh l i gh t  inten s i ty ( 1 2 0  W/m � o r  

l ow l igh t int en s i t y  ( 50 W/m Z) ,  wh i le B i erhuizen e t  a l . ( 1 9 7 3 )  

demons t ra t ed that a r a p i d  l inear increa s e  i n  f r e s h  we i gh t  

o c cu r r e d  with a n  incre a s e  in  t emperature irrespe c t ive o f  l i gh t  

i n t en s i ty o r  durat ion . 

W i th cv . C obham Green , Wurr e t  a l . ( 1 9 8 1 ) sugge s t ed  that  

l e t tuce s own when the s o i l  t empe rature was 20°C  had heav i e r  heads 

at matur i ty than tho s e  s own unde r  c o o l e r  c ond i t ions  ( 1 2 - l 6 ° C ) . 

Gray and S t ecke l ( 1 9 8 1 )  c onc l uded that  t emper a ture d o e s  not  

appear t o  be the only fac t o r  of  impor t ance and i t  was c on s i de r ed 

l ike l y  that pho t ope r i od and l ight qua l i t y  were a l s o  c on t r ibu t ing 

fac t or s . 

I n  this  s tudy , p lant s  grown a t  both t emperature s reached a 
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marke t a b l e  s i ze  be tween 3 0 - 40 d a ft e r  s ow ing depend ing o n  o ther 

env ironmen t a l  c ond i t ions o Marke t ab l e  p l an t  s i ze wa s reached a t  

30 d a f t e r  s owing i n  p l an t s  g r own a t  1 2  o r  14  h d ay l e n g th a t  

3 0 / 2 0 ° C  and 4 0  d a ft e r  s owing i n  p l an t s  a t  1 0  and 1 2  h d a y l e n g th 

a t  25 / l 5 ° C o Howeve r ,  the c omme r c i a l  grower i s  n o t  o n l y  

i n t ere s t e d  in  t h e  y i e l d  o f  f r e s h  we i g h t  but a l so  in the qua l i t y  

o f  the marke t ab le head ( Kr i zek � � 0 , 1 9 74 ) 0 

Gene r a l ly p l an t s  grown und e r  a lower tempe r a ture r e g ime 

s h owed a b e t ter qua l i ty than p l an t s  g r own und e r  the h i gh e r  

we r e  l igh t t empera t u r e o P l an t s  a t  low t emp e r a ture ( 25 / l 5° C )  

ye l low- g r e en in l e a f  c o l our and were o f  opt imal s i z e  and 

fre shne s s o The be s t  v i s u a l  qua l i ty  was ob t a ined in  p l a n t s grown 

a t  14 h d a y length , under the a l t e rnat ing t emperature o f  2 5 / l 5 ° C  

and wh i c h  were harve s t ed 3 0  d a ft e r  s ow in g o At 3 0 / 2 0 ° C , the 

p l an t s  produced pale green l e av e s and showed exce s s ive s o f tne s s o 

Shoemake r  ( 1 9 5 3 )  a l s o  sugges t e d  t h a t  h igh t emperature c au s ed a 

b i t t er t a s t e  and poor qua l i ty in  l e t tuce o 

V i s u a l  a s s e s sment o f  l e t t u c e  p l an t s  grown i n  t h i s  s tudy 

s ugge s te d  that  s in c e  Tha i c o n s ume r s  pre fer  young and f r e s h  

l e t tuce , t h e  opt imum t ime t o  h arve s t  p l an t s  grown und e r  1 2  h 

day leng t h  should b e  about 3 0 - 4 0  d a f t e r  s owing a t  2 5 / l 5 ° C  and 3 0  

d at  3 0 / 2 0 ° C o  By c ompar i s on p l ants grown a t  1 0  h day l en g th d i d  

not  r e a c h  opt imum v i sua l qua l i ty  unt i l  40  d a f t e r  s owing a t  

e i ther t empe rature ( P la t e  3 o l ) o 

A l t hough long days and h i gh t empe ratures have a promo t ive 

e f fect  o n  v e g e t a t ive growth in  l e a f  l e t tuce such c ond i t ion s  a l s o  

promo t e  e a r ly b o l t ing ( Thomp s on and Kno t t , 1 9 3 3 ; T incke r , 1 9 3 3 ; 

Rappapo r t  and Wi t twe r , 1 9 5 6 a , b ;  G le nn , 1 984 ) and the deve l o pment 

o f  t i pburn ( Kno t t  et a l . ,  1 9 3 7 ; T i bb i t t s  and Rao , 1 9 6 9 ; Cox e t  

a l . ,  1 9 7 6 ) . In  the pre s en t  s tudy , p l an t s  o f  Tha i  and G r and 

Rap i d s  b e gan t o  bolt  40 d a f t e r  s ow i ng when grown a t  1 4  h and at  

3 0 / 2 0 ° C  wh i l e  Slobo l t , a bo l t ing- r e s i s tant cu l t iva r ,  ( Thomp s on 

anbd Ko s ar ,  1 948 ) remained v e ge t a t ive . Such p l an t s ,  wh i l e  

rema ining vegeta t ive , were c o n s i d e red t o  b e  o f  r e du c e d mark e t  
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v a lue due t o  the produc t i on o f  ove r s i z e d  p l an t s . T i p  burn 

d eve l opment wa s ob s erved approxima t e l y  30 d a f t e r  s owing in 

p lan t s  o f  

day lengths 

both Tha i  and Grand Rap i d s  grown und e r  1 2  o r  1 4  h 

a t  S lobo l t , howeve r , d id n o t  dev e l o p  

t ipburn unt i l  about 40  d a f t e r  s owing . B o l t ing wa s a l s o  d e layed 

in  a l l  three cu l t i v a r s  grown a t  2 5 / l 5 ° C  and 14 h d ay l eng th . 

However , the deve l opment o f  s enes cence and decay in the o l de r  

l e ave s o f  p l an t s  grown und e r  the s e  c ond i t i on s ub s tant i a l l y  

r educed the qua l i t y  o f  the p l ant s .  

Tha i  and Grand Rap i d s  d eve l oped s im i l a r l y  in t e rms o f  the i r  

vege t a t ive charac t e r s . S lobo l t  gene ra l ly had very wr ink l e d  

l e ave s  c ompared t o  the more a c c e p t ab l e  l e a f  charac t e r i s t ic s  o f  

Tha i and Gr and Rap i d s . Th i s  d i f ference wa s par t i c u l a r l y  evident  

in  p l an t s  grown in 14 h day l ength a t  b o t h  t empe r a t u r e s  ( P l a t e  

3 . 1 ) .  

2 .  P l ant  Dry Weigh t  

P l ant  dry we i g h t  genera l ly fo l lowed the s ame t rend a s  p l an t  

f r e s h  we igh t in i t s  r eac t ion to  t empera t ur e , day l ength and 

cu l t ivar ( Tab le 3 . 2  and Append i x  7 ) .  In a l l  c u l t ivars , h igh 

tempe ra ture ( 30 / 2 0 ° C )  and l ong pho t oper i od ( 14 h ) b o t h  

s i gn i f i cant ly inc r e a s e d  p lant dry we i gh t  a t  e v e r y  h arves t .  A 

pho toper iod o f  1 2  h a ls o  produced p l an t s  w i th 

we ight t han p l an t s  g r own a t  1 0  h day l ength at 

beyond the f i r s t  a t  10 d from s owing . 

a h i gher dry 

a l l  harve s t s  

A t  later  s t ag e s  o f  growth ( 40 d a f t e r  s ow ing ) , c u l t ivar 

d i f ferenc e s  we re a l s o  o b s erve d . 

than Tha i  and Grand Rap ids . 

S lobo l t  had a h igher dry we ight 

A s  had been s hown in prev i ous  r e s u l t s  on f r e sh we ight 

change s ,  S lobo l t  a f t e r  an ini t ia l ly poor s t art  during the f ir s t  

2 0  d a f ter  s owing s ub s e quent ly produced p lant s  w i t h  a h i gh e r  dry 

we i gh t  than the o th e r  two c u l t iva r s ,  40 d a f ter  s ow ing . 
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Tab l e  3 . 2  E f fec t s  o f  tempe r a ture , pho t op e r i od and c u 1 t ivar on 
--

d r y  we i ght  ( g  / p l ant ) a t  each harve s t  

A MAIN EFFECTS 
-·--· · ·  

.!?�� a f t er s owing 

TemEeratur e o C  1 0  2 0  3 0  40  
2 5 / 1 5  . 00 7 b  . 1 7 7 b  2 . 45 b  9 . 8 2b 
3 0 / 2 0 . 00 9 a  . 4 7 1 a 5 . 1 5 a  1 6 . 82a  

Day1 ength ( h )  
1 0  . OO S b  . 1 6 3 c  1 . 7 5 c  8 . 9 0 c  
1 2  . OO S b  . 1 9 7 b 3 . 0 9b 1 0 . 94b 
14 . 0 14a  . 6 l l a  6 . 5 7 a  20 . 1 2 a  

Cu l t ivar 
Tha i . 008a . 3 34a 3 .  7 3 a  1 1 .  6 0b 
Grand Rap i d s  . 00 9 a  . 3 2 1 a  3 . 74a 1 2 . 48b 
S l o bo 1 t  . 00 7 b  . 3 1 7 a  3 .  94a 1 5 . 88a 

B INTERACTIONS 
Days a f t e r  s owing 

30 4 0  

Tempe r a t ure X 2 5 / 1 5  ° C  3 0 / 2 0 ° C  25 / 1 5 ° C  3 0 / 20 ° C  
-

Da:z:length 
1 0  1 . 1 5 2 . 34 5 . 9 8 1 1 . 82 
1 2  1 .  9 6  4 . 2 2 7 . 4 2 1 4 . 46 
1 4  4 . 25 8 . 88 1 6 . 06 24 . 1 8 

L . S . D .  . os . 3 6 N S  

Tem12era ture X 
Cu l t ivar 
Thai  2 . 4 1  5 . 06 8 . 2 5 1 4 . 9 5 
Grand Rap i d s  2 . 33 5 . 1 5 1 0 . 05 14 . 9 1  
S 1obo 1 t  2 . 6 3 5 . 2 5 1 1 . 1 6 20 . 6 0 

L . S . D .  . 05 . 3 6 l .  28  

Day length X 1 0  1 2  14 1 0  1 2  14  
Cu l t ivar 
Tha i 1 . 4 6  3 . 1 8 6 . 5 6 8 .  7 7  9 . 24 1 6 . 7 9  
Grand Rapi d s  1 .  7 6  3 . 1 8 6 . 2 6 8 . 1 1 1 1 . 30 1 8 . 03 
S lobo l t  2 . 02 2 . 9 2 6 . 88 9 . 8 2 1 2 . 2 9 2 5 . 54 

L . S . D .  . 05 . 44 1 .  5 7  

Va lue s no t fo l lowed by the s ame l e t t e r  d i f fe r  a t  p 0 . 05 
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The interac t ion be tween t emp e ra ture and daylength showed 

that the inc re a s e s  in d ry we ight , cau s e d  by inc r e a s ing 

pho t o pe r i od , we re  ac centua t e d  a t  the h i gh t emperature ( 30 / 20 ° C ) .  

Th i s  e f f e c t  wa s mo s t  not i c e a b l e  3 0  d a f t e r  s ow ing . 

The main c u l t ivar e f fe c t  wa s mod i f i e d  when the t empe rature 

int e r ac ion wa s c ons idered 4 0  d a f ter s owing . The r e s pons e t o  

h igh t empe rature wa s g r e a t e r  f o r  S lobo l t  than Tha i  and Grand 

Rap i d s . 

The evalua t i on o f  the c u l t iva r x day l ength interac t i on 40 d 

a f ter  s ow ing , s howe d tha t S l o bo l t  had the greater r e s po n s e o f  

the cu l t ivars  t o  the 14  h daylength . 

In  the p r e s en t  exper imen t , the changes in t empe rature 

gener a l ly doub l e d  the dry ma t t e r  y i e l d s  in favour of  t h e  h i gher 

t empe ra ture r e g ime , 3 0 / 20 ° C . Other s tud i e s  have a l s o  s h own that 

incr e a s ing t emperature r e s u l t s  i n  a s igni fi cant inc r e a s e  in dry­

ma t t e r  y i e ld ( N i ch o ls , 1 9 7 7 ; Loren z and Wiebe , 1 9 8 0 ) .  

T i bb i t t s  and Koz lows k i  ( 1 9 8 0 )  f ound that Grand Rap i d s  p l an t s  

pro d u c e d  higher y i e l d s  unde r  2 5 / l 5 ° C  day / n i gh t  than 1 5 / 20 ° C  

day / n ight even when they r e c e i v e d  a phot o s yn the t ic pho ton f l ux 

dens i ty in e xc e s s  o f  9 0 0  pmo l / (m2:s ) ( 1 8 1  W/m2 ) .  Wa l dmann ' s  

Gr e e n  and S a lad  Bowl a l s o  produced h igher dry mat t e r  y ie l d s  a t  

25 / 2 5 ° C  day / n ight than und e r  2 5 / 2 0 ° C  d ay / n i gh t  t emperatur e s  

( Kn i gh t  and M i t che l l ,  1 9 8 3 ) . Lar ger p lant s  a r e  produced unde r  

longer photoper iods  and h i gher irrad i ance leve l s  ( Br ouwe r and 

Huy s ke s , 1 9 6 8 ; Ho l s t e i j n , 1 9 8 1 ; Cracker and S e i b e r t , 1 9 8 3 ) . 

A s  s t a t e d  earl i e r , dry mat t e r  y i e l d s  o f  p l an t s  in  the 

pre s en t  s tudy were approxima t e ly d oub led when the d a y �ength 

wa s incre a s e d  f r om 1 2  t o  1 4  h dura t i o n . Th is  s uppo r t s  previ ou s  

work b y  Cracker and S e i b e r t  ( 1 9 8 3 ) wh i ch a l s o  showed t h a t  the 

t o t a l  a c cumu l a t i on of v e g e t a t ive dry we i gh t  in l e t tu c e  was 

ma i n l y  a f f e c t e d  by pho t o pe r i o d . They found tha t p l ant s  of Grand 

Rap i d s  at market matur i ty produced three t ime s mo re d r y  ma t t er  



53 

when grown under a 24 h pho t op e r iod than under an 8 h 

photoper i o d  a t  2 0 / l 2 ° C  day/nigh t  and 1 1 3 W/m2 . D i f f e r enc e s  o f  

t h i s  magn i tu d e  have been d ir ec t ly a s c r i bed  to d i f feren c e s  in  

l ight int ens i t i e s  and t emper a t ur e s  or t o  l ight dura t i on by 

Wha t ley and What ley ( 1 980 ) . 

A l in e a r  r e l a t i onship wa s o b s e rved be tween the l o g a r i thm o f  

p l ant dry we ight o f  each cu l t ivar , a t  e ach t empe r a t u r e  and 

dayleng th , w i th t ime . Mean d i f f e re n c e s  in relat ive g r owth r a t e  

( RGR ) f o r  each c u l t ivar dur ing the e xponent i a l  growth pha s e  were 

no t s i gn i f i c a n t l y  d i f ferent und e r  d i f f e rent t empe r a t u r e s  o r  

pho t ope r i o d s  ( Appen d i x  4 ) . S im i l ar r e s u l t s  have been o b t a in e d  

by o t h e r  workers who have shown t h a t  t h e  RGR of  Wa l dmann ' s  Green 

and S a l a d  B owl were the s ame f o r  p lant s  grown a t  2 5 / 2 0 ° C  or 

2 5 / 25 ° C  d a y / n igh t even though t o t a l  p l an t  d ry we ight wa s g r e a t e r  

at h i gher t emperatur e s  ( Kn i gh t  and M i tche l l ,  1 9 8 3 ) .  Th i s  l a c k  o f  

r e l a t ionsh i p  wa s further shown b y  S c a i f e  ( 1 9 7 3 )  and Wur r  e t  a l , 

( 1 9 8 1 ) ,  who demons t rated tha t the RGR o f  Cobham Green p l an t s  was 

not a f f e c t ed s ign i f i c an t l y  over a w i de t emperature r an g e  f r om 

l 0 ° C  t o  1 6 . 5 ° C .  However a t  2 2 ° C  the RGR was h igher than a t  l 0 ° C , 

i . e .  0 . 3 5 g g - l d
- l  a t  2 2 ° C  and 0 . 1 1 g g- l d- 1 a t  l 0 ° C  ( S c a i f e , 

1 9 7 3 ) . A r i s e  o f  about l 0 ° C  t empe r a ture has a l s o  been s hown t o  

cau s e  a doub l ing o f  the re s p i r a t ion rate ( Evans , 1 9 7 2 ) . Th i s  

may p lay a n  imp o r t an t  part in  d e te rmining the overa l l  n e t  gain 

i n  dry we i gh t  w i t h  t ime . 

3 .  Le a f  Area 

Le a f  a rea r e s u l t s  showed a s im i lar  trend to  tho s e  ob t a ined 

f o r  f r e s h  and dry we ight ( Tab l e  3 . 3  and  Append ix 8 ) . The ma in 

e f fec t s  of t empera ture , pho t op e r i o d  and c u l t ivar gene r a l ly gave 

s i gn i f i cant resu l t s . There  wa s a c ons i s t ent inc r e a s e  i n  l e a f  

area w i t h  increas ing t emperature a t  every harve s t . The gre a t e s t  

area w a s  e xh i b i t e d  by p lants  grown und e r  the longe s t  day length 

( 1 4 h )  a t  a l l  harve s t s . 

the sma l le s t  p lant s .  

A d ay l en g t h  o f  1 0  h gene r a l ly produced 

De s p i t e  a n  in i t ia l  s l owe r l e a f  area 

ac cumu l a t ion , S lo b o l t  p l ant s  u l t imat e ly produced a s ign i f ic a n t l y  
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T a b l e  3 . 3  E f fe c t s  o f  t emperature , pho toperiod and cu lt ivar on -- -

A 

B 

l e a f  area  ( cm 2 / p lant ) a t  each harves t  

MAIN EFFECTS 
-----

Days a f t e r  s owing 

Temeera ture o C  1 0  2 0  3 0  40 
25 / 15 3 . 65b 9 1 . 3b 9 9 lb 4036b  
30/20  5 . 83a 209 . 5 a 2009a 7 0 5 6 a  

Day length ( h )  
10 4 . 26b  8 1 . 7 c 833c  4 3 6 5 b  
1 2  2 . 7 9 c  1 0 1 . 4b l l 54b 4605b  
1 4  7 . 1 7a 268 . 0a 2649a 7 6 6 9 a  

Cu l t ivar 
Thai  4 . 98a 1 5 0 . 8a 1 5 16b  46 50b 
Grand Rap i d s  5 . 2 1 a  1 4 8 . 4a 1429b 4 9 7 9b 
S l obo l t  4 . 04b 1 5 1 .  9 a  1 690a 7 0 l l a  

INTERAC TION S  
Days a f t e r  s owing 

3 0  40 

Temperature X 2 S / l S ° C  3 0 / 2 0 ° C  2 S / l 5 ° C  30/ 2 0 ° C  -

Day length 
1 0  S 8 6  1 080 3 2 5 7  5474  
1 2  6 S 6  1 6 S 3  3 0 1 5  6 1 9 6  
1 4  1 7 3 2  3 5 6 5  5836  9 5 0 3  

L . S . D .  . os 1 5 6 . 3  3 9 6 . 5  

Tempera ture X 
-

Cu lt ivar 
Thai  941  2 0 9 2  3 1 38 6 1 6 2  
Grand Rapi d s  9 3 0  1 9 2 8  3939  6 0 1 9  
S 1 ob o l t  1 1 04 2 2 7 7  503 1 8 9 9 1 

L . S . D .  . 0 5 NS 3 9 6 . 5  

Day length X 1 0  1 2  1 4  1 0  1 2  1 4  -

Cul t ivar 
Tha i 6 9 2  1 1 9 3  2 6 6 S  3 9 1 4  39SO  6 0 8 6  
Grand Rap i d s  809  1 18 3  2 2 9 5  3 7 7 8  4488 6 6 7 1  
s lobo l t  9 9 7  1 088 2 9 8 6  S404 5 3 7 8  1 0 2 5 1 

L . S . D .  . os 1 9 1 . 4  6 8 7 . 6  

Va lue s not  f o l lowed by the s ame l e tter  d i f fer at  P 0 . 05 
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h i gher leaf area than the other two cul t iv a r s  at both 30 and 40 d 

a f t e r  sowing . 

Grand Rapid s . 

No  d i fferences were obs erved between Tha i  and 

The int e rac t i on between day l ength and temperature showed 

t hat  at a l l  daylength s , h igh temperature ( 30 / 20° C )  doub l e d  l e a f  

area . Th i s  re spon s e  wa s greate s t  at  the 1 4  h daylength and h i gh 

tempe rature . 

When the interac t ions b e tween t emper a ture  and cu l t ivar s wer e  

inves t igated , the only s igni f icant r e s u l t  appeared at  40 d a f t e r  

s owing . Grand Rap i d s  produced a s ign i f i c an t ly h ighe r  l e a f  area  

than Tha i at the low t emperature ( 25 / l 5 ° C )  whe reas , no  

d i f ference be tween Thai and Grand Rapi d s  wa s obs erved at  the  

h i gher t emperature ( 3 0/ 20 ° C ) .  A compa r i s on of the day l ength x 

c u l t ivar interac t ion showed that S lobo l t  gene ra l ly produ c e d  

greater  l e a f  a r e a  than Tha i  and Grand Rap i d s ; t h i s  e f fe c t  b e ing  

mos t  pronounce d  at  the f ina l harves t  and at  the longer 

pho tope riod ( 1 4 h ) . S lobo l t ' s u l t ima t e  superior ity , d e s p i t e  an 

a pparently  s l ower s tart , was a t t r ibut e d  to  i t s  capac i ty t o  

rema in vege t a t ive and t o  increase  l e a f  area for a longer 

durat ion pr ior to bo l t ing . Th i s  wa s mo s t  ev ident in the 3 0 / 2 0 ° C  

t emperature and 1 4  h day l ength treatmen t . However , the mean 

r e l a t ive leaf  grow t h  rate  ( RLGR ) for the 40 d per iod showed no 

s i gni f icant d i f ferences  b etween cu l t ivar s at e i ther tempe rature 

o r  at any day length ( Append ix 4 ) . 

Other inve s t i gator s have mea s ured increa s ed lea f area of  

l e t tuce unde r  h i gh temperature ( 2 2 ° C )  ( Lorenz and Wiebe , 1 9 8 0 )  

and under higher t empe rature ( 2 5 . 5°C ) c omb ined wi th l ow l ight 

intens i ty ( 90W/rn2 ) ( N icho l s , 1 9 7 7 )  or  l ong photoper iod ( 24 h )  

under a l ow l i gh t leve l  o f  14 . 1  W/m2 ( Cracker and Seiber t , 1 9 83 ) . 

In contras t ,  Verke rk and S p i t t e r  ( 1 9 7 3 )  f ound no d i f ferenc e s  in 

l e a f  areas of p l ants  grown at  2 5 / 1 7 ° C  or  at 2 1 / l 3 ° C  if rad i ant 
2 energy wa s mai n t a ined a t  a low l eve l o f  1 2 . 8  W/rn . 

The above s tud i e s  only cover the growth o f  l e t tuce unde r  low 
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l igh t cond i t ions . Such cond i t i ons are genera l ly only  re levant to 

g reenhous e  l e t tuce product ion in the winter  or to the 

u t i l i z aa t ion of l ight in s ome contr o l led env i ronment agr iculture  

fac i l i t ie s . 

The resu l t s  o f  the present s tudy , support obs ervat ions  by 

pr evious worker s  o f  the promot ive e f fec t of long pho tope r i o d s  

a n d  high temperature o n  l e a f  a r e a  deve lopmen t i n  l e t tuce . 

4 .  Lea f  Number 

It wa s evident that f rom 10 - 40 d a f ter  s owing , the numbe r  

o f  green leave s ( > 1 c m  l ong ) increased  w i t h  increas ing 

t empe rature and d a ylength ( Ta b l e  3 . 4 ) . The inc r e a s e  was mos t  

pronounced in S lobo l t  grown und e r  h igh temperature and in l ong 

days ( 14 h ) . Al though there we re s i gni f icant d i f ferenc e s  

between p l an t s  grown a t  10  or  1 2  h photoperiods  a t  20  and 30  d 

a f ter s owing , the s e  d i f f erences were re l at ive l y  sma l l ; plants  

gr own unde r  1 2  h gener a l ly on ly deve l oped one  or two mor e  leaves 

than p l ant s  deve loping under a 10 h day length . 

The interac t ion b e tween t emperature and d ay length showed 

that the h igh t empe r a t ure ( 30 / 20° C )  r e s u l ted in a marked 

incre a se  in l e a f  number for p l ant s  at  14  h d ay length . 

Genera l l y ,  l e a f  number was s im i l ar for each cu l t ivar within 

any one tempe rature o r  day l ength ( F ig 3 . 1 ) but ove ra l l  S lobo l t  

had  the h ighe s t  l e a f  number ( Tab le  3 . 4 ) .  Presumab ly the l onger 

ve getat ive growth period  of S lobo l t  cau s ed by i t s  gene t ic l a t e  

b o l t ing charac ter re s u l te d  n o t  on ly i n  inc re a s e d  l e a f  a rea but 

a l so  greater  l e a f  numbers . Th is  e f fe c t  wa s pa rt icu l a r l y  

appa ren t a t  l a t e  harve s t s  ( 3 0 and 40 d a f ter  s owing ) .  

Data in this  s tud y  ind icated that h igh tempe ra ture and long 

days  increased l e t tuce l e a f  numbers . Other worke rs  have reported 

t hat but terhead l e t tuce p l an t s  produce leave s in an e s sent i a l l y  



Tab l e  3 . 4  E f fe c t s  of  t empe r a t ur e , ph o t oper i od and cu l t ivar on 

l e a f  number/ p l an t  a t  each harve s t  

A MAIN EFFECTS 

Days a f ter s owing 

Tempe rature o c  10 20 3 0  4 0  

2 5 / 1 5  3 . 3 3 a  7 . 44b 1 5 . 2 6 b  2 5 . 74b 

3 0 / 2 0  3 . 89 a  9 . 9 6 a  2 2 . 1 5 a  3 7 . 7 0a 

Day l ength ( h )  

1 0  3 . 5 0a  7 . 5 0 c  1 5 . 0 0 c  2 6 . 9 4b 

1 2  3 . 3 3 a  8 . l l b 1 7  . l l b  2 7 . 28b  

1 4  4 . 00 a  1 0 .  S Oa 24 . 00a 40 . 9 4 a  

C u l t ivar 

Tha i 3 . 6 7 a  8 . 44b 1 7 . 9 4b 2 9 . 5 0b 

Grand Rap i d s  3 . 6 7 a  8 . 6 l b  1 8 . 1 7 b 3 1 . 1 7 b  

S l obo l t  3 . 5 0 a  9 . 0 6a 2 0 . 0 0 a  34 . 5 0a 

B INTERACTIONS 

p�s_ a f t er s ow ing 

3 0  40 

T empe r a t u r e  X 2 5  l 5 ° C  30 / 2 ') ° C  2 5 / l 5 ° C  3 0 / 2 0° C  
-- --·· -

Day length 

1 0  1 2 . 5 6 1 7 . 44 2 1 . 89 3 2 . 00 

1 2  14 . 7 8 1 9 . 44 2 3 . 1 1 3 1 . 44 

1 4  1 8 . 44 2 9 . 5 6 3 2 . 2 2 4 9 . 6 7 

L . S . D .  . 0 5 1 . 04 2 . 48  

V a l u e s  not f o l lowed by the  s ame l e t t e r  d i f fe r  a t  P = 0 . 05 

5 7  
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l inear fashion . 

with increas ing 

( Bensink , 1 9 7 1 ;  

59 

The rate of produ c t ion was shown t o  increase  

t emperature a t  a cons t ant  l ight intens i ty 

Lorenz and Wieb e , 1 9 80 ) . A s imilar  r e s u l t  was 

obs erved when increas ing photoper iods  and high irrad i ance leve l s  

were used w i th Grand Rap ids ( Cracker and Se ibert , 1 9 8 3 ) .  

I t  i s  c lear from the s e  exper iment s  that large incr e a s e s  in  

th e  econom i c  yi e ld  o f  let tuce c an be  obtained through the  u s e  of  

high tempe r a tures and long dayl eng th s . However , this  exper iment 

showed that wh i le dry we ight and l e a f  area of leaf l e t tuce  p l an t s  

was s ign i f icant ly increased by h i gh temperatures  and long 

d aylengths there was a l so an inc r e a s e  in l e a f  number . 

5 .  S tem Length 

There wa s a c ons is tent ly s i gn i f i c ant increase in s tem length 

w i th inc r e a s i ng t emperature and extend ing daylength a t  each 

harve s t . General ly the Tha i  cu l t ivar produced grea t e r  s tem 

lengths than Gr and Rapids , and S lo b o l t  p l ants produced short e r  

s t ems than e i ther o f  the other two ( Table  3 . 5  and F i g . 3 . 2 ) . 

The t emperature x day l ength i n teract ion showed that  s tem 

l ength was cons i s t en t ly gre a t e r  under the 14  h pho toperiod 

part i cu l a r l y  unde r  the high temperature env ironment ( 30 / 20 ° C ) . 

The cu l t ivar s a l so showed a d i f feren t i a l  re spons e und e r  both 

t empera t u r e s .  under the low temperature ( 2 5 / l 5 ° C )  there were only 

sma l l  d i f fe rence s  be tween a l l  three cul t ivars whereas  larger 

d i f ference s were observed between the Tha i  cult ivar and the other 

two cul t ivars  under t he h igh t emper a ture ( 30 / 20 ° C ) .  

With  increas ing daylength there i s  an inc r e a s e  in  the 

magni tude of s tem l eng th d i f ference s  between cul t ivars . Thai had 

a grea t e r  increase in s t em length than the o ther c u l t ivars 

p art icu l ar ly under the 14  h daylength . I t  was a l s o  n o t i ce d  that 

longer s t ems produced longer int ernodes ( Plate 3 . 2 ) . 



Tab le 3 . 5  E f f e c t s  o f  t emperature , pho t oper iod and cu l t ivar on -- -

A 

B 

s t em length/p lant ( mm)  at  e a c h  harves t  

MAIN EFFECTS 

Tem12erature o c  
2 5 / 1 5  
3 0 / 2 0  

Day length ( h )  
1 0  
1 2  
1 4  

Cu 1 t ivar 
Thai  
Grand Rap i d s  
S lobol t  

I NTERACTIONS 

Temperature X 
-

Day length 
1 0  
1 2  
1 4  

L . S . D . 05 

Tem12erature X 

Cu l t ivar 
Thai  
Grand Rap i d s  
S lobo 1 t  

L . S . D .  . 05 

Day1 ength X 
-

Cul t ivar 
Thai  
Grand Rap i d s  
S lobol t  

L . S . D .  . 0 5  

Va lue s n o t  

20  
3 . 1 5 b  
6 . 59a  

3 . 50 c  
4 . 1 1b 
7 . 00a 

5 . 7 2a 
5 . 06b  
3 . 8 3 c  

30  

Days a f t e r  

3 0  
1 2 . 1 5 b  
3 1 .  5 6 a  

1 2 . 44c  
2 0 . 00b 
33 . l l a  

24 . 44a 
24 . 00a 
1 7 . l l b  

Days a f t e r  

25 / 1 5 ° C  30/ 2 0 ° C 

8 . 44 1 6 . 44 
1 0 . 3 3 2 9 . 6 7 
1 7 . 6 7 48 . 5 6 

2 . 58 

1 3 . 2 2 35 . 6 7 
1 2 . 6 7  35 . 3 3 
1 0 . 5 6 2 3 . 6 7  

2 . 58 

1 0  1 2  1 4  

1 1 . 83 2 1 . 5 0 40 . 00 
1 3 . 83 23 . 00 3 5 . 1 7 
1 1 . 6  7 1 5 . 5 0 24 . 1 7 

3 . 16 

sow ing 

40 
34 . 3b 

1 2 1 . 8a 

4 1 . 1 c  
5 9 . 2b 

1 2 8 . 9 a 

98 . 4a 
84 . 4b 
5 1 . 4c 

sowing 

40 

2 5 / l 5 ° C  30/ 2 0 ° C 

22 . 9  6 9 . 2  
25 . 6  9 2 . 9  
54 . 6  203 . 3  

6 . 90 

33 . 9  1 6 3 . 0  
39 . 2  1 2 9 . 6  
29 . 9  7 2 . 9  

6 . 9 0 

1 0  1 2  1 4  

52 . 3  6 1 . 8  1 8 1 . 2  
47 . 2  7 0 . 3  135 . 7  
3 8 . 7  45 . 5  7 0 . 0  

9 . 7  

fo l lowed by the s ame  l e tter  d i f fer  at  P 0 . 05 

6 0  
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P late 3 . 2  S t em and s hoot deve lopme n t  
characters in t hree leaf 
l e t t uce cult ivars under 1 0  
and 1 4  h daylengths at 
2 5 / 1 5 ° C and 3 0 / 2 0 ° C  

2 5 / 1 5  c 

3 0 / 2 0  c 
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In mo s t  l e t tu c e  c u l t ivars , s tem e longa t ion norma l ly 

accompan i e s  f lo r a l i n i t i a t ion and o f t e n  d e s t roy s green vege t ab l e  

marke t aaceptab i l i t y . H i gh t empe r a tur e s  have been i d en t i f ie d  a s  

a ma i n  cause o f  t h i s  d eve l o pment ( Thomp s on and Kno t t ,  1 9 3 3 ;  

Andrew , 1 9 5 3 ; Ra l e i gh , 1 9 5 9 ; Rappap o r t  and W i t twer , 1 9 5 6 a ; 

I t o  � a l . , 1 9 6 3 ; Rappapo r t  and W i t twe r , 1 9 5 6b ; Yamaz ak i ,  1 9 6 2 ; 

C y t ov i c , 1 9 6 7 a ; Hiraoka , 1 9 6 7 ) .  

The impor t ance o f  t emperature in c omb inat ion w i t h  

pho t op e r i od in i n f luencing s t em e longa t ion has  been reported by 

Rappaport and W i t twer ( 1 9 5 6b ) in Grand Rap i d s . They 

demons t ra t e d  that s t em e longa t ion c o u l d  be  indu c e d  by  e i ther h i gh 

n ight temperatures  ( 2 1 ° C )  o r  long pho t op e r i o d s  ( 1 6 h ) . Some 

c u l t ivar var i a t i on in r e s pons e was o b s erve d . For e xamp l e , cv . 

Tend e r  Green o n l y  r e qu i r e d  a long pho toper i ods ( l 6 h )  wh i le cv . 

B i bb r e s ponded b e t t e r  when , i n  add i t ion t o  long days , p l an t s  

were g iven warm n i ght  t empe r a ture s . Kr i c k l  ( 1 9 5 4 ) a l s o o b s erved 

in cv . Maikon i g  that  a short day t r e a tmen t  ( 9  h)  a f ew d a y s  

a f t e r  emergence d e l ayed bo l t ing even under norma l ly promo t ive 

h igh t empe rature c ond i t ions . 

I t  i s  in t e re s t ing that  nearly a l l  previous work d e s cr i b e d  

in the l i t e rature be tween 1 9 3 3  and 1 9 6 9  eva lua t e d  head l e t t u c e  

us ing a wide range o f  t empe r a t u r e s  ( 1 0 t o  3 0 ° C )  a n d  pho t oper i o d s  

( 8  t o  24  h ) . 

I n  the pre s ent e xpe r iment l e a f  l e t tuce wa s inve s t i ga t ed 

under two tempe rature  r e g ime s wh ich d i f fered in the i r  a l t e rna t ing 

t empe ra ture s by o n l y  5 ° C  ( 30 / 2 0 ° C , 2 5 / l 5 ° C ) , and a range o f  

pho t op e r i o d s  wh i c h  d i f fe r e d  b y  only 4 h ( 1 0 t o  1 4  h ) . Th i s  

sugge s t s  that the t rans i t ion o f  l e t tuce from the v e g e t a t ive t o  

t h e  re produ c t ive s t age i s  marke d ly s ens i t ive t o  even r e l a t ive l y  

sma l l  d i f ferenc e s  in t emperature  and pho t o p e r i od . 

F o r  succe s s fu l  produc t ion o f  l e a f  l e t tuce f o r  the  vege tab l e  

marke t , lower tempe ra ture i s  r e c ommended . P l an t s  grown a t  l ow 
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t empe ratures  

l onger t ime , 

and in shor t days ( 1 0- 1 2  h )  rema in vege t a t ive for a 

a l l owing a more  extended harve s t  pe r i od . 

O b s erva t ions a l s o  s u g ge s t  that under the s e  cond i t i ons  l e a f  

qua l i ty and there fore c on s umer a c c e p t ab i l i ty  i s  h ighe r . 

However , under h igh tempera ture , l e t tuce p l an t s  c ou l d  b e  

harve s t e d  ear l ier  than t ho s e  a t  l ow t emperature c ond i t i ons . 

D e l ay s  in harve s t  however r e su l t  in the p l ant b o l t ing and in the 

produc t i on of poor qua l i t y  p l an t s . 

6 .  Numbe r  o f  Shoo t s  

The l e a f  l e t tuce c u l t ivars u s e d  i n  t h i s  s tudy s h owed a 

var i a b l e  c a pac i t y  to  produc e  s id e  s h oo t s  dur ing a t rans i t i on o f  

veg e t a t ive t o  reprodu c t ive s t age . Th i s  capac i t y  d i f fe r e d  b e twe en 

c u l t ivar s and was mod i f ie d  by env i ronment a l  cond i t ons . 

P l ant s  grown a t  2 5 / l 5° C  gene ra l ly d eve l oped more shoo t s  

than tho s e  a t  3 0 / 2 0 ° C .  Long day cond i t ions ( 14 h)  a l s o  

produced p lant s  exh i b i t ing h i gher shoot numbers  than p l an t s  

g rown a t  1 0  or 1 2  h d a y l eng t h . P l an t s  o f  Tha i  and Gr and Rap i d s  

produced more shoo t s  than S lobo l t  under each o f  the s e  

c ond i t i on s . S lobo l t  however o n l y  produced s ho o t s  in t h e  l ow 

t emperature and l ong day environment .  High t emperature s evere ly 

s uppre s s ed shoot  deve l o pmen t  in S lo b o l t  and a l s o  i n  the o ther 

two cu l t ivars un l e s s  they were grown in long days ( Tab le  3 . 6  and 

P la t e  3 . 2 ) . 

The s e  r e s u l t s  s u g ge s t  that the ons e t  and extent o f  shoot 

d eve l opment is  under pho t oper i o d i c  c ont ro l . Howeve r ,  t h i s  

d eve l opment a l s o  d i f fe r s  b e t ween cu l t ivar s a t  h i gher t emper ature s 

( 30 / 2 0 °C ) . Sho o t ing in l e t tuce o f t en d e s t ro y s  the marke t a b l e  

value o f  the crop . Howeve r , t ho s e  s ho o t s  produced unde r  short 

d a y s  were sma l l  and d id n o t  ini t ia l ly cau s e  a l e t tuce p l ant  to  

l o o s e  its  ve g e t a t ive qua l i ty .  



65 

Tab l e  3 . 6 :  Numbe r  o f  shoo t s  ( <  1 cm l ong ) 4 0  d a f t e r  s owing 

Temperature Cu l t ivar Pho toper i o d s  ( h )  

o c  1 0  1 2  1 4  

2 5 / 1 5  Tha i  3 2 7 

3 0 / 2 0  0 0 7 

2 5 / 1 5  Grand 2 2 9 

30/ 2 0  Rap i d s  0 0 6 

2 5 / 1 5  S lobo l t  0 0 7 

3 0 / 2 0  0 0 0 

The r e su l t s  show that in Tha i and G r and Rap i d s  there i s  a 

p r oduc t ion c onf l i c t  be tween o p t imum v e ge t a t ive and r e product ive 

d eve l opment . In the s e  two c u l t ivars h igh t empe r a t u r e s  and l ong 

d ay s  were impor t an t  i n  promo t ing veget a t ive g r owth . 

they were 

( bo l t ing ) . 

a l s o  p o s i t ive l y  

Cons e quen t ly 

r e l a t e d  w i t h  

the c ond i t ions 

prema t u r e  

favour ing 

However ,  

s e e d ing 

rap i d  

produc t ion o f  a s a le ab le gre en vege t ab l e  w e r e  a l s o  ins t rumen t a l  

in reduc ing the length o f  t ime s uch vege t a t ive p l an t s  r e t ained 

their  marke t acceptab i l i t y . 

A s im i l a r  prob lem has been d e s c r ibed  by o ther worke r s  in 

r e l a t i on to  l e t tuce g r owth ( Thomp s on and Kno t t ,  1 9 3 3 )  and s t em 

e l onga t i on ( Rappapo r t  and W i t twe r , 1 9 5 6b ) . In S lobo l t  howeve r , 

the c u l t ivar ' s  d e l ayed b o l t ing charac t e r i s t i c ens ure s a l onger 

p e r i od o f  market a c c e p t ab i l i ty .  In th i s  s i tuat i on the apparent 

c onf l i c t  be tween v e g e t a t ive and reprodu c t ive d ev e lopmen t  is n o t  

s o  impor t ant . 



CHAP TER 4 

REPRODUCTIVE GROWTH , FLORAL I N I T IAT I ON , 

FLOWERING PATTERN AND SEED PRODUCT I ON 

6 6  

A knowledge o f  tho se cond i t ions wh ich prede termine f lower ing 

and s eed format ion is useful  in p l anning for the succe s s fu l  

produ c t ion of  let tuce seed . Many workers have shown that mos t  

let tuce c u l t ivars requ ire high tempera tures ( 2 1 - 2 6 °  C )  and long 

days ( 1 6 h) for the s t imu lat ion of seed s ta lk format ion ( Garner 

and A l lard , 1 9 2 0 ; Thompson and Kno t t , 1 9 3 3 ; T incker , 1 9 3 3 ; 

Krick l , 1954 ; Rappaport and Wi t twer , 1 9 5 6 a , Ra le igh , 1 9 5 9 ; I t o e t  

a l . , 1 9 6 3 ; Cytov i c , 1 9 67a ; Hiraoka , 1 9 6 7 a , 1 9 69 ) . Such work has 

a l so shown that f l owe ring in let tuce i s  ser ious ly de layed by 

short days . Leaf  l e t t uce c u l t ivars are par t icularly  res pons ive 

to  pho t operiod and t emperature changes ( Rappaport  and W i t twe r , 

1 9 5 6 b ; Cytovic , 1 9 6 7 a ) and f lower ing rate  ha s been shown to  be  

par t i c ular ly inf luenced by f luc tuat ions in temperature ( Jone s , 

1 9 2 7 )  or  l ight int ens i ty ( So f fer and Smi th , 1 9 74a ) . However ,  in 

Grand Rapids good s eed set has  been observed only a t  night  

temperatures between 17  and 23°C  under short  day ( 8  h)  cond i t ions 

( Kol ler , 1 9 6 2 ) . 

Mos t  inve s t i ga t i ons have invo lved the s tudy o f  l e t tuce 

p lant s  growing unde r  na tura l seasona l changes or under  

art i f i c i a l  cond i t ions with  e i ther very short or very  long 

photoperiod s . There has apparent ly been l i t t le i f  any work on 

the me chani sm by wh ich the env ironment contro ls  f l ower ing pattern 

and s e e d  fert i l i t y , part icu larly  in lea f let tuce c u l t ivars . 

Thi s  s tudy a t t empted t o  determine the e f fec t s  o f  various 

temperature and d ay l ength comb inat ions on t ime t o  f l owe r ing , 

f lower ing pat tern and s eed produc t i on to  provide a be t t er  

under s t and ing of  t he e f fec t  o f  the s e  var i a b l e s  on  the  componen t s  

o f  s e e d  y i e ld and qua l i ty . 
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Three cult ivar s  of l e a f  l e t tuce : Tha i , Grand Rap i d s  and 

S l obo l t  we re grown under the s ame t empe rature and d ay l ength 

c omb ina t i ons as  d e s c r ibed e a r l ier in the vege t a t ive growth 

s e c t ion ( Chapter 3 ) . D e t a i l s  o f  the t r e a tmen t s  and cu l t ivat ion 

me thods are a l s o  g iven in the prev ious s e c t ion . 

Plant Mea surements  

l F l or a l  Ini t ia t i on ( b o l t ing) and F l owe r ing P a t t ern 

1 . 1  Days t o  b o l t ing - days from s ow ing unt i l  f l ower bud 

forma t ion wa s f i r s t o b s e rved ( p l a t e  4 . 1 ) .  

1 . 2  Days t o  anthe s i s - days from s owing unt i l  

the f i r s t  opened f l ower appeared . 

1 . 3  Days to  peak f l ower ing ( PF )  - the numbe r  o f  days  f r om 

s owing unt i l  the h ighe s t  numbe r  o f  f l ower s  open d a i ly 

wa s c ount e d  throughout the e xper iment ( 3  

plant s / t rea tmen t ) and the day s t o  the f i r s t peak ( PF l ) 

and s e c ond peak ( PF 2  ) o f  f l owe r ing wa s re corded . 

A pho t ograph i c  record was made o f  the v a r i ous s tages  o f  

f l ower head deve l o pmen t  ( p l a t e  4 . 2 ) . 

Dur ing the f lo r a l  bud in i t iat ion s t age , each p l ant wa s 

s t aked  t o  avo i d  subs e quent l o d ging of  the s t ems and b ranche s .  

2 .  Seed Produc t ion 

2 . 1 Numbe r  o f  f l or e t s / f l ower head - the number o f  f lo re t s  

( p l a t e  4 . 3 )  pre s ent  o n  2 5  heads / p l ant wa s r e c orded a t  

each peak f l ower ing . 

2 . 2  Number o f  s e e d s  ( fe r t i le f l o re t s ) per s e e d  head - the 

number inc luded only s ee d s  wh ich wer e  fu l ly formed 

( p l a t e  4. 4) . 
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P la t e  4 . 1  Floral init iat ion 



P l ate 4 . 2 Flower deve lopmen t  
a - b ,  termina l  and lateral f lower bud 

deve lopme n t  
c - d ,  t he f ir s t  f lower head s howing t he 

appearan ce o f  t he coro l la 
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a )  F lower head at ant hes is 

b )  Longi t udinal s e c t ion of f lower head 
showing indiv idu a l  f lore t s  

P late 4 . 3  Lett uce f lower head 
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Fu l ly deve loped seed 

Emp t y  s e_e d  

P late 4 . 4 L e t t uce Seed 
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2 . 3  Number o f  empty seed s / s e e d  h ead - s eeds wh ich showed no  

obv i ous conten t s  e i ther a s  result  o f  s e e d  abo r t i on or 

due t o  lack of e f fec t ive f e r t i l i s at ion ( Pl a t e  4 . 4 ) .  

2 . 4  S e e d  s e t  ( % )  - the numb er o f  fu l l  s e eds per 1 0 0  f l o r e t s  

c a l cu l a t e d  from 2 . 2  and 2 . 3  above . 

D a t a  Ana lys i s  

A comp l e t e ly r andom i s ed d e s i gn was u s ed with a f a c t o r i a l  

arrangement o f  t emperatures x d ay l engths x cu l t iv a r s f o r  the 

f lowe r ing s tudy . For the seed s e t  d a t a ,  c omponent s  were ana l y s e d  

u s ing an ana l y s i s  o f  var i ance a t  e a c h  f lower ing peak . 

D e f in i t i on s  

The fo l lowing 

reproduc t ive s tudy : 

Flora l in i t ia t ion 

( bo l t in g )  

F l owe r head 

Flore t 

Inf l o r e s c ence 

Seed  Head 

S e c ondary b ranch 

Ter t iary b ranch 

Lat e r a l  b r anch 

d e f in i t ions h ave been adopted in the 

when f lower bud s were  f ir s t  o b s erved 

( p l a te s  4 . 1 ,  4 . 2 ) . 

c ompo s e d  o f  many s eparat e  f l o r e t s  

c lo s e ly group e d  t o  form a h e a d  

( p l a t e  4 . 3 )  

a sma l l  ind iv idua l t rue f l ower 

( p l a t e  4 . 3 )  

s e e d  s t em w i t h  number o f  b r an che s 

forming a c lu s ter o f  f lower 

head s or s eed  heads ( p l a t e  4 . 5 )  

po l l ina t e d  f l owe r head ( p l a t e  4 . 6 )  

branch wh ich deve loped from the ma i n  

s t em or l a tera l branch ( F i g  4 . 1 )  

branch wh i ch deve loped from the 

s e c ondary branch ( F ig . 4 . 1 )  

branch wh ich deve lop ed from 
axi l l ar y  bud s ( F i g . 4 . 1 )  



P late 4 . 5 An individual lettuce p lant 
inf lore s cene with a clu s t er 
o f  seed heads in var ious 
s t age s o f  deve lopme n t  

P late 4 . 6 Individua l s ee d  heads 

73 



F ig 4 . 1  

Tertiary bran ch 
S e condary branch .:_:----

Diagrammat ic repre s e n t ation of the 
inflore s c e n c e s  and branching o f  
leaf l e t t u c e  

0 = flower h e ad 
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RE S ULTS AND D I SCUSS ION 

l .  F l ower ing Pat t ern 

The number o f  

( b o l t in g ) , anth e s i s  

days  f r om s owing to  f lora l 

( f ir s t  f l ower appearance ) 
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ini t ia t ion 

and peak 

f l ower ings , c ons i s tent l y  d e c r e a s e d  w i th increas ing t emperature 

and extend ing day length . Th i s  o c curred in a l l  three c u l t ivars . 

Howeve r , the f l o r a l  deve l o pment o f  S l obo l t  was s i gn i f i c ant l y  

d e l ay e d  c ompared t o  Tha i  and Grand Rap id s . Grand Rap i d s  b o l t e d  

a n d  re ache d i t s  f i r s t  p e a k  f l owe r ing b e f ore the o t h e r  c u l t ivars . 

A l though Grand Rap ids  preceded  Tha i  in t h i s  r e s pe c t ,  the 

d i f f e r e nc e s  b e tween them were sma l l  ( Tab l e  4 . 1 ,  F i g  4 . 2 ) . 

An eva luat i on o f  the interac t ions showe d  

i n c r ea s e s  i n  day leng t h  f r om 1 0  to  14 h 

that  pro gre s s iv e  

re s u l t e d  i n  a 

p r op o r t iona t e  decrease  in the numb er o f  days to b o l t ing, t o  an the s i s , 

a n d  t o  f i r s t  pe ak f l ower ing a t  the l ow temper a t ur e  ( 2 5 / l 5 ° C ) .  

Howeve r ,  at the h i gh t emperature ( 3 0 / 2 0 ° C )  o n l y  the  l ong 

day l engths of  1 4  h marke d l y  reduced the t ime s t o  t he s e  

deve l o pmen t a l  s t age s . The 1 0  and 1 2  h daylengths s h owed only  

minor d i f fe r ence s .  S l obo l t  c on s i s t en t l y  t ook l onger to  b o l t , 

f l ower and r e ached i t s  f i r s t  peak f l owe r ing than e i th e r  Tha i  o r  

G r an d  Rap i d s , part icu l a r l y  wi th increas ing t empe r a t ure . A t  t h e  

h i gh t empe rature ( 30 / 2 0 ° C )  there were o n l y  sma l l  d i f fe r ence s 

b e twe en Tha i and Grand Rap i d s  in the  numbe r o f  days  t o  reach 

their r e s pe c t ive peaks of  f l owering . However , a t  the  l ow 

t empe r a t u r e  ( 2 5 / l 5 ° C )  the Tha i cu l t ivar t o ok s l i gh t l y  l onger than 

G r and Rap i d s  to  b o l t ,  f l ower and reach i t s  f ir s t  peak f l owe r ing . 

Int e r a c t ive e f fec t s  be twe en the day l ength t r e a tment and the  

c u l t ivars  were s imi l a r  f o r  the t ime s t o  b o l t ing , an the s i s  and 

f i r s t  peak f l owe r ing . S l ob o l t  was s i gn i f icant ly  de l ayed in i t s  

f l ower ing pat tern when c ompared t o  Tha i and Gr and Rap i d s  

p a r t i c u l a r l y und er  t h e  1 0  h day l ength . ,  The r e  wer e  few 

d i f f e r e nc e s  be twe en Tha i  and Grand Rap ids  and the s e  c u l t iv a r s  
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Tab l e  4 . 1 E f fe c t s  o f  t empe r a t ure , phot oper i od and cu l t ivar on 
l e t tuce f lower ing 

A MAI N  EFFECTS 

Tem12era ture o c  
2 5 / 1 5 °  
3 0 / 2 0 °  

D ay l ength ( h )  
1 0  
1 2  
1 4  

C u 1 t ivar 
----

Tha i 
Grand Rap i d s  
S 1 obo l t  

B INTERACTIONS 

Tem12erature X -

D ay length 
1 0  
1 2  
1 4  

L . S . D .  . o s  

Tem12erature  X 
-

Cu l t ivar 
Tha i 
Grand Ra p i d s  
S l o bo l t  

L . S . D . . 05 

Days to Bo l t ing Days to Anthe s i s  

6 8 . 1 9 a  
5 0 . 74b 

65 . lOa 
6 0 . 5 0b 
5 2 . 28c 

5 3 . 5 6b 
5 2 . 2 2 c  
7 2 . 6 1 a  

Days t o  B o l t ing 

2 5 / 1 5 ° C  3 0 / 2 0 ° C  

7 6 . 00 5 5 . 22 
68 . 8 9 5 2 . 1 1 
5 9 . 6 7 44 . 89 

1 .  24 

64 . 00 4 3 . 1 1 
6 1 . 89 4 2 . 5 6 
7 8 . 6 7 6 6 . 5 6 

1 .  24 

8 7 . 74a 
6 7 . 7 8b 

8 3 . 44a 
82 . 3 3b 
6 7 . 5 0c 

7 2 . 5 6b 
7 1 . 7 2b 
89 . 00a 

Days t o  An the s i s  

25 / l 5 ° C  3 0 / 2 0 ° C  

9 5 . 2 2 7 1 . 6 7 
9 3 . 6 7  7 1 . 00 
74 . 3 3  60 . 6 7 

1 .  2 6  

83 . 6 7 6 1 . 44 
8 1 . 3 3 6 2 . 1 1 
98 . 2 2 7 9 . 7 8 

l .  2 6  

1 0 7  . 1 1 a  
8 6 . 04b 

1 04 . 7 2 a  
9 8 . 33b  
8 6 . 67 c  

9 0 . 7  2b  
8 7 . 3 9 c  

1 1 1 . 6 l a  

Day s  t o  PF 1 

2 5 / 1 5 ° C  3 0 / 2 0 ° C  

1 20 . 44 89 . 00 
1 0 6 . 3 3 9 0 . 3 3 

9 4 . 5 6 7 8 . 7 8  

1 .  7 6  

9 9 . 1 1 8 2 . 3 3  
9 5 . 3 3 7 9 . 44 

1 2 6 . 8 9 9 6 . 3 3 

1 .  7 6  

Day� t o  B<?l t ir:g Days t o  An th e s i s  pays t o  PFl  
Daylength � 10 1 2  14 1 0  1 2  1 4  1 0 12 1 4  
Cu l t ivar 
Tha i  5 7 . 6 7 5 5 . 5 0 4 7 . 5 0 7 7 . 1 7  7 8 . 00 6 2 . 5 0 9 3 . 8 3 9 4 . 33 84 . 00 
Gr and Rap i d s  5 7 . 1 7 5 3 . 5 0 46 . 00 7 6 . 5 0 7 7 . 1 7  6 1 . 6 0 9 1 . 8 3 8 9 . 3 3 8 1 . 00 
S lobo l t  82 . 00 7 2 . 5 0 6 3 . 3 3 9 6 . 6 7 9 1 . 8 3 7 8 . 5 0  1 28 . 5 0 1 1 1 . 3 3 9 5 . 00 

L . S . D .  . 0 5 1 . 5 3 1 .  64 2 . 1 5 

Va lue s not fo l lowed by  the s ame l e t t e r  d i f fer  at  P 0 . 05 



Day s 

1 6 0  

1 2 0  

8 0  

4 0  

1 0 1 2 1 4  1 0 1 2 1 4  1 0 1 2 1 4  
THAI GRAND RAPIDS SLOBOL T 

25/1 5 °C  

D Day s t o  P F 2  

� Day s t o  P F l  

� Day s t o  an thes i s  

Day s  

1 0 1 2 1 4  1 0 1 2 1 4  1 0 1 2 1 4  
THAI GRAND RAPIDS SLOBOLT 

30/20o C  

Fig. 4 . 2  Days to bolting, anthesis and peak flowering 

7 7  
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r e a l l y  only r e s pond e d  t o  t he l ong daylength o f  1 4  h durat i on 

( F i g . 4 . 2 ) . 

The f l ower ing re s pons e s  o f  l e t tuce c u l t ivar s t o  t empe rature 

and pho toper iod s uppor t  the v iew that h igh t empe r a tu r e s  ( Th omp s on 

and Knot t ,  1 9 3 3 ; Rob e r t s  and S t ruckmeye r ,  1 9 38 ; I t o  e t  a l . ,  1 9 6 3 ; 

H iraoka , 1 9 6 9 ) or l ong days  ( Ga rner and A l l ard , 1 9 2 0 ; T incker , 

1 9 3 3 ; Kr i ck l ,  1 9 5 4 ; Rappaport and Wi t twe r , 1 9 5 6 a , b ;  Yamazaki , 

1 9 6 2 , Hirao k a ,  1 9 6 7 ; C y t ov i c , 1 9 6 7 a )  are e s s en t i a l  for f lo r a l  

i nduc t i on . 

In the Tha i  and Grand Rap i d s  c u l t iva r s , f l owe r ing patt e rn 

was  i n f luenced pr imar i ly by h igh t empe rature s and pho t o pe r i od had  

a sma l l e r  e f f ec t . Howev er ,  for S l o b o l t  l ong days  and h igh 

t empe ratur e s  both a c c e l e r a t e d  b o l t ing ( F i g . 4 . 2 ) . Other r e search 

h a s  shown that Grand Rap i d s  wi l l  f l owe r und e r  e i th e r  warm n i gh t s  

o r  l ong pho t ope r i od c ond i t i ons ( Rappapo r t  and W i t twer , 1 9 5 6b ) . 

S l obo l t  has a l s o  b een shown p rev i ou s ly t o  be very s l ow in b o l t ing 

even a f t e r  verna l i z a t i on ( Thomp s on and Ko sar , 1 9 48 ) . 

The incre a s e s  in d ay l ength from 1 0 - 1 2  h d i d  n o t  has ten 

b o l t ing or f l ower ing in Tha i and Grand Rap i d s  by any s i gni f i cant 

amoun t a t  e i ther temper a ture ( F ig .  ' n \ '+ • L J • The s e  r e su l t s  are  

c on t r ary t o  those  o f  o th e r  worke r s . For examp l e , C y t o v i c  ( 19 6 7 a ) 

r e p o r t e d  that  8 - 1 2  h d ay length sharply re t arded f l owe r ing in l e a f  

l e t tuce c u 1 t ivar s  Moskov s k i j Parn ikovy j , Bou l and B ibb . Howev e r , 

s ome head l e t tuce c u l t ivars  are repor ted  to  be l e s s  s ens i t ive t o  

d ay l ength ( Hi r aoka , 1 9 6 7 a ; C y t ov i c , 1 9 6 7 a ) . 

In t h i s  s tudy , i t  was c on f irmed that Tha i , Grand Rap i d s  and 

S lo b o l t  we re  quan t i t a t ive l ong d ay p l an t s  at b o th t empe r a tur e s . 

Th i s  r e s u l t  wa s part i c u l a r ly surpr i s ing c ons ider ing the f a c t t h a t  

l e t tu ce i s  norma l ly cons i d e red t o  be  a quant i t a t iv e  l ong day a t  

h i gh t emper a ture s and d ay neut r a l  a t  l ow t emperature s ( V ince 

Prue , 1 9 7 5 ) . Such d i f fe r enc e s  are pos s i b ly due t o : -

i )  the range o f  t empera ture s  that  we re u s e d  in th i s  s tudy ; 
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2 5 / 1 5 and 3 0 / 2 0 ° C  are c on s i d e re d  t o  be h igh o r  o p t imum 

for f l o r a l  i n i t i a t i on in l e t tuce ( Thomp s on and 

Kno t t , 1 9 3 3 ; Rappapor t  and W i t twe r , 1 9 5 6b ) .  

i i )  c u l t ivar d i f ference s , and 

i i i )  t he dayl engt h s  t h a t  were u s e d  in t h i s  s tu d y  we re  more 

typica l of tho s e  wh i ch o c cur natura l ly in c on t r a s t t o  

t ho s e  u s e d  by  many o ther worke r s  whe r e  phot op e r i o d s  

are  o f ten very s h o r t  or very l ong ( e . g .  7 t o  24 h ) . 

In general i t  was shown that  f l ower ing occurred in a l l  o f  

the l e t t u c e  cu l t ivars unde r  day lengths rang ing from 1 0  t o  1 4  h 

and under the  d a y / n i gh t  t emperatures  of  2 5 / l 5 ° C  and 3 0 / 2 0 ° C .  

In t h i s  s tudy p lan t s  o f  a l l  c u l t iva r s  each s h owe d the 

p o t en t ia l  to produce two d e f in i t e  f l owe r ing peaks ( F i g . 4 . 3 and 

4 . 4  w i t h in an approxima t e  5 0  d f l owe r ing period . A l l three 

cu l t ivars had  two peaks at  3 0 / 2 0 ° C  and at  2 5 / l 5 ° C  except  S lo b o l t ,  

wh ich on l y  h ad one peak o f  f l ower ing , when p l ant s  were grown a t  

2 5 / l 5 ° C ,  d u e  t o  t h e  de l ay i n  b o l t ing . S lobo l t  o n l y  b egan t o  

f l ower a f t e r  the other cu l t ivar s had a l r eady reached the i r  s e c ond 

f l owe r ing peak ( F ig . 4 . 2 ) . Th i s  d e l ay r e s u l t e d  i n  the inab i l i t y  

o f  S l obo l t  t o  produce a s e c ond peak o f  f l ower ing wi t h in the 1 6 0  d 

e x p e r imen ta l pe r i od . I t  i s  l ike l y , however , t h a t  i f  the t r i a l  

h a d  been e x t ended , S lo b o l t  wou l d  have eventua l ly produced a 

s e c ond f l owe r ing peak when grown in the 2 5 / l 5 ° C  env i ronmen t .  

The number o f  d a y s  t aken t o  reach the f i r s t  and s ec ond peak 

f l owe r ing are pre sented  in F i g . 4 . 2 .  The s econd peak f l owe r ing 

pa t t e rn for each t r e a tment fo l l owed the s ame trend as the f i rs t 

peak f l owe r ing pa t t e rn and genera l ly fo l l owed the f i r s t  peak by  

b e tween 2 0  and 3 0  d .  

The re  were d i f fe r ence s in t he f l owe r ing intens i t i e s  o f  each 

c u l t ivar ( F i g s . 4 . 3- 4 . 4 ) . The c omb ina t i on o f  25 / l 5 ° C  t empera ture 
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and 12 h d a y l eng th , re s u l ted  in a max imum number o f  f lowe r s  a t  

b o th p e a k  f l owe r ing t imes f o r  t h e  Tha i  cu l t ivar . In c o n t ra s t , 

max imum f l owe r numb e r s  in Grand Rap i d s  grown at t h i s  tempe rature 

were  produc e d  a t  the 14  h day length . At 3 0 / 20 ° C , Grand Rap id s  

produced more inten s e  f l ower ing peaks than Tha i  unde r  a l l  

daylengths  ( F i g . 4 . 4 ) .  S lobo l t  produced only one peak o f  

f l owe r ing a t  25 / l 5 ° C , and in g enera l produced f l owe r numb e r  

inten s i t i e s  wh ich we re c ons i d e r a b l y  l ower than the o ther two 

c u l t ivar s . However , a l though S l obo l t  produced a l ower numbe r  o f  

f l owe rs  on any s in g l e  day i t  d id have a very c oncent r a t e d  

f l owe r ing p a t t e rn .  A t  3 0 / 2 0 ° C , a l t hough the peaks wer e  d e l ay e d , 

t he f l owe r ing charac t er i s t ic s  were s imi l a r  t o  t ho s e  f o r  the Tha i  

c u l t ivar . 

In a l l  ins t anc e s , a l though the s ec ond peak f lower ing 

produced far gre a t e r  f l ower numb e r s , it has been prev i ou s l y  

o b s erved t h a t  s ee d  d eve lop ing f r om t he f i r s t  peak may s up pr e s s  

the p o t en t i a l  y i e l d  ( So f fer  and Smi t h ,  1 9 7 4a ) .  I n  a l l  c a s e s  the 

2 5 / l 5 ° C  t empe r a ture produced s i gn i f i c ant l y  h i gher f l ower ing peaks  

than the 3 0 / 2 0 ° C  t emperatur e . Und e r  2 5 / l 5 ° C  cond i t ions , the mos t  

i n t ense f l owe r ing pa t terns we re o b s e rved a t  1 0  and 14  h w i t h  Tha i 

and S l o b o l t  and 14  h wi th Grand s Rap ids . Th i s  sugge s t s  that  

these  temp e r a ture , day length and c u l t ivar c omb ina t i on s  have t he 

po t ent i a l  t o  produce max imum s ee d  y i e l d s . 

P l an t s  

temperature 

reasons  for  

grown a t  the  12  h day l ength under the 3 0 / 2 0 ° C  

d id not produce two d i s t inct f lower ing peaks . The 

t h i s  are unc l e a r . Jones ( 1 9 2 7 ) o b s erved that 

f l owe r ing p a t t ern wa s inf luence d  by  f luctuat ions in t empe ra ture . 

S o f fer and Smi th ( 1 9 7 4 a )  have a l s o  s ug ge s t ed that l igh t i n t en s i ty 

might i n f luence f l owe r ing pa t t ern and found more than two peaks  

over a 70  day f l owe r ing p e r i o d  und e r  gre enhous e  cond i t ions  i n  

head l e t tuce cv. Ca lmar . 

In t h i s  exper iment , p l an t s  were grown in cont ro l l e d  

e n v i ronment r o oms with a s ing l e  c on s tant  l igh t inten s i ty and 
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under a c ons t an t  day/night t empera ture . S o  t h i s  e f f e c t  may have 

been s pec i f i ca l ly re l a t e d  in s ome way to the 3 0 / 20 ° C t empe ra ture 

at 1 2  h day leng t h  cond i t i ons . 

2 .  S e ed Produ c t i on 

The e f fec t s  o f  tempe ra t ure , d a y l ength and c u l t ivar on 

f lo r e t  numbe r  per f l owe r head , s e e d  number per s e e d  head  a n d  

propor t i on of  s ee d  set  per head at  each peak f l owe r ing a r e  

pre s ented  in Tab l e  4 . 2  a n d  Append i x  9 .  

One l e t tu c e  f lower c o n t a in s  1 0  t o  2 2  f lore t s  ( J one s , 1 9 2 7 ; 

Wh i t aker e t  a l . ,  1 9 7 4 ) . Th i s  var i a t ion wa s shown in the pre s en t  

exper iment t o  b e  t emper a t ure o r  c u l t ivar dependent s ince p l an t s  

grown a t  3 0 / 2 0 ° C  produced s i gn i f i c an t l y  more f l ore t s  pe r f l owe r 

head than p l an t s  grown at  2 5 / l 5 ° C .  Th i s  e f fec t occurred a t  b o t h  

peak f l ower ing s . S lobo l  t however , produced more f l oret s  per  

f l owe r head than e i ther Tha i  or Grand Rap id s . 

I t  wa s a l s o  n o t i c e d  that  f l or e t  numbe r s  per f l ower head a t  

t h e  t ime o f  f i r s t  peak f l ower ing wa s h i gher than a t  s e c ond peak 

f lower ing . Th i s  was due t o  f l owe r h e a d  s i ze d i f ference s .  A l s o , 

f lower heads p roduced dur i ng the f i r s t  peak f l ower ing we re  l arger 

t han those  p roduced dur ing the s ec ond peak f l owe r i ng . Th i s  

d i f ference may h ave b e e n  caused by t he ons e t  o f  s ene s cence 

i nvo lv ing an imba l ance in the r e l a t ive l ev e l s  o f  growth hormone s 

( Ware ing and Ph i l l i ps , 1 9 7 8 ) . In add i t ion t o  be ing l e s s  v i gorous 

b y  the  s e c ond peak f l ower ing as a r e su l t  o f  s en e s cence , p lant s  

we re a l s o  mo re  s ubs tan t ia l ly a f fe c t e d  b y  b a c t e r i a l  d i s ea s e . 

C ompe t i t ion f o r  growth a s s im i l a t e s  c a u s e d  by the ' d raw '  on 

nu t r i e n t s  c au s e d  by s e e d  produ c t ion fo l lowing the f i r s t  peak 

f lower ing and that produ c e d  dur ing the  s e c ond peak f l owe r i ng may 

a l s o  have i n f luenced f lowe r head s i ze and f lore t numbe r s  per 

f l ower head . 
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Tab l e  4 . 2  E f fe c t s  o f  tempe ra ture , d a y l eng th and cu l t ivar on f l o r e t  

numb e r s  s e ed numb e r s  p e r  h e a d  and p e r centag e  o f  s e e d  s e t  

a t  e a ch peak f l owe r ing 

A MA I N  EFFECTS 

Teml2e ra ture o c  

2 5 / 1 5  

3 0 / 2 0  

Da�1 ength ( h )  

1 0  

1 4  

C u 1 t ivar 

Tha i  

G r and Rap i d s  

S l obo l t  

B I NTERACT IONS 

Tempe ra ture � 
Day 1 ength 

1 0  

14 

L . S . D  . .  05  

F lo r e t  

P F l  

1 8 . 3 7 b  

2 0 . 9 0a 

1 9 . 4 2a  

1 9 . 84a 

1 9 . 3 2b 

1 9 . 2 3 b  

2 0 . 34a 

No . 

PF 2 

1 5 . 89b 

1 7 . 5 la 

1 6 . 1 8a 

1 7 . 22a 

1 6 . 9 2 a  

1 6 . 49 a  

1 8 . 5 2  

1 8 . 2 1 

S eed  N o . 

P F l  P F 2  

1 5 . 88a 1 3 . 3 9 a  

1 6 . 5 5a 1 3 . 46 a  

1 4 . 7 9b 1 2 . 0 7 b  

1 7 . 64a 14 . 7 7 a  

1 5 . 74b 1 3 . 7 9 a  

14 . 4 7 c  1 3 . 05 a  

1 8 . 4 3a 

F l o r e t  N o . ( PF 1 ) 

1 . 04 

2 0 . 3 2  

2 1 . 4 7 

Seed  S e t  ( % )  
-- -- --

PF l PF2  

8 6 . 1 5 a  84 . 3a 

7 8 . 8Sb  7 6 . 2b 

7 2 . 28b 7 5 . 2b 

88 . 7 2a 8 5 . 3a 

8 1 . 6 3 b  8 1 . 7 a 

7 5 . 34c 7 8 . 8a 

9 0 . 5 2 a  



Table 4 . 2  ( c ont inue d ) 

Tempera t ur e  x 

Cu l t ivar 
Th a i  

Grand Rap i d s  

S 1 obo 1 t  

L . S . D  . .  0 5  

Tempe r a t u r e  x 

Day 1eng th 

10  

14  

L . S . D . .  05  

Tempe r a t u re x 

Day l eng t h  

1 0  

1 4  

L . S . D  . . 0 5  

Floret No . ( PFl ) 
2 5 / 1 5 ° C 

1 7 . 39 

1 7 . 94 

1 9 . 7 6 

P F 1  

1 . 28 

Seed  No . -- --

30/2 o ' c  

2 1 . 25 

2 0 . 5 2 

2 0 . 9 2 

PF2  

2 5 / 1 5 ° C  3 0 / 20 ° C  2 5 / 1 5 ° C  3 0 / 2 0 ° C  

1 5 . 6 6 1 3 . 9 1 1 2 . 9 0 1 1 . 2 5 

1 6 . 1 0  1 9 . 1 8  1 3 . 88 1 5 . 6 7  

1 .  3 8  2 . 1 7 

Seed S e t  ('!. )  -- -- --
PF1  PF2 

2 5 / 1 5 ° C  3 0 / 2 0 ° C  2 5 / 1 5 ° C  3 0 / 2 0 ° C  

84 . 1 5 

88 . 1 5 

5 . 08 

68 . 4 1 

8 9 . 2 9 

84 . 0  

84 . 5  

7 . 1 9 

6 6 . 4  

8 6 . 0  

Va lue s n o t  fol lowed by  the  s ame le t ter d i f fer  a t  P = 0 . 05 

85 
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S ig n i f i c ant i n t erac t i ons d i d  o c c ur b e tween temperature a n d  

daylength and b e tween t emper ature and c u l t ivar a t  f i r s t  peak 

f lower ing w i t h  r e s p e c t  t o  f l o r e t  number s .  At 30 / 20 ° C , the 14 h 

day length r e s u l t e d  in the produ c t i on o f  f l ower s  bear ing h igher 

f loret  numbe r s  than at the 10 h day l ength . Conver s e l y ,  a t  

2 5 / l 5 ° C , day l ength wa s r e l a t iv e l y  i n e f f e c t ive . S lobo l t  howeve r , 

produced more f l o r e t s  than e i ther Tha i  o r  Grand Rap i d s , but o n l y  

a t  2 5 / l 5 ° C .  

Al though p lant s grown a t  3 0 / 20 ° C ,  produced more f lore t s  per 

f lower head than at 2 5 / l 5 ° C , no d i f feren c e s  in s e e d  numb e r s  per 

head wer e  o b s erved a t  e i ther peak f l ower ing . Th i s  c ompens at o r y  

e f f e c t  r e s u l ted  f r o m  a s  h ighe r  pe r c entage o f  s eed  s e t  a t  2 5 / l 5 ° C . 

Long d a y s  ( 14 h )  a l s o  increa s e d  b o t h  s e ed  numb e r s  and percentage 

o f  s ee d  s e t . Aga in , S lobo l t  produced h i gher s ee d  numb e r s  and 

gre a t e r  s ee d  s e t  than Tha i  or Grand Rap i d s  r e s p e c t ive l y . 

Al though Tha i  had h i gher s e e d  numb e r s  and gre a t e r  s e ed s e t  in the 

f ir s t  p e ak f l ower ing than Grand Rap i d s ,  the d i f fe r ence s we re  

qu i t e  sma l l . 

Genera l ly the f i r s t  p e ak f l ower ing produce d  more s ee d s  than 

occurred a t  

re s pe c t ive ly ) . 

the s ec ond peak f lower ing ( 1 6 . 20 and 1 3 . 4 2 ,  

J one s ( 19 2 7 ) r e p o r t e d  an average o f  1 6 . 20 s ee d s  

pe r h e a d  in head l e t tuce grown i n  t he f ie ld .  

A t empe rat ure x d ay l ength interac t i on wa s ob s erved a t  b o t h  

p e a k  f lower ings f o r  s eed  number and s e e d  s e t ; a t  3 0 / 20 ° C ,  t h e r e  

were a lway s l owe r s e e d  numb e r s  a n d  l e s s  s ee d  s e t  under 1 0  h 

compar e d  wi th 1 4  h day l ength c ond it i on s  whe r e a s  d i f ference s  wer e  

neg l ig i b l e  at  2 5 / l 5 ° C . S im i l a r  r e s u l t s  b y  Ko l l er  ( 1 9 6 2 )  s howe d  

t h a t  g o o d  s eed  s e t  wa s o b t a ined when Grand Rap i d s  p l an t s  were 

gr own at a n i gh t  t emper a t ur e  be tween 17 and 2 3 ° C  und er shor t d ay 

( 8  h )  c ond i t i on s . 

S o f f er and Smi t h  ( 19 74 a ) found no re l a t ions h i p  b e tween 

average s eed  we i gh t  and the number o f  mature s ee d s  in a s in g l e  

s e ed head . Th i s  ind i c a t e s  t h a t  t h e r e  i s  l i t t le c ompe t i t ion among 
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s e e d s  on t h e  s ame s eed  head . I t  a l s o  s ugge s t s  t ha t  p lant s  wh ich 

are capab le of  produ c ing h i gh s eed  numbe r s  per head s hou l d  a l s o 

produce h igher s e e d  y i e ld s , provided t he p lant a l s o  has  a h i gh 

numbe r o f  f lowe r s  a t  peak f l owe r ing , un i formity o f  s eed  ma tur i ty 

and i s  a b l e  t o  be  harve s t e d  be f o r e  s eed  shat tering beg i n s . 

The re s u l t s  c le ar ly s how t h a t  the 14 h phot op e r i o d  wa s mos t  

favourab l e  for s ee d  s e t  i n  l e a f  l e t tu c e  a t  e i ther o f  the  two 

a l t e r n a t ive t empe rat ure s u s e d  in th i s  s tudy . , The y  a l s o  s u g g e s t  

that i f  pl an t s  are grown a t  1 0  h d a y length then the l ower 

a l t ernat ing t empera ture appeared to be  the more favourab l e  for 

seed produc t i on .  

In t erms o f  prac t ic a l  s ee d  produc t i on , fac t o r s  such a s  t o t a l  

f lower numb e r s  p e r  p l an t , f lowe r ing un i form i ty and pa t te r n , s eed  

s i z e  and s e e d  fer t i l i ty mu s t  b e  c ons i dered to be  o f  imp o r t ance 

in a f f ec t ing l e t tuce s e ed y i e ld and qua l i ty . 
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SEED MATURATI ON AND VIABI LITY 
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Cons idera b l e  a t tent i on has been g i ven t o  the v e g e t a t ive 

deve l o pment and f l owe r ing o f  l eaf  l e t tuce  cul t ivars unde r  a r ange 

of env i ronmen t s  in the previous chapt e r s . One o t her imp o r t an t  

o b j e c t ive  o f  the p r e s ent s t udy wa s t o  d e s c r i b e  t h e  s e quence o f  

s eed  d e v e l o pmen t . In add i t i on , i t  wa s c on s idered important  t o  be 

able t o  d e t ermine the e f f e c t s  o f  env i ronmen t , par t i c u l a r l y  in 

r e l a t i on to tempera ture and daylength on the component s  o f  s e e d  

y i e l d a n d  qua l i t y .  

S e e d  yie ld  i s  o f ten u s e d  a s  a n  impor tant pa rame t e r  f o r  

measur i ng gene t i c , enviroment a l  and c u l tural  d i f ference s .  S e e d  

qua l i t y , on t h e  o t her hand , i s  norma l ly d e t e rmined dur ing s ee d  

d eve l o pment ( Au s t i n ,  1 9 7 2 ; Jone s , 1 9 7 7 ; D e l ouche , 1 9 80 ) . The 

s t a ge o f  s eed  ma turat ion is a l s o  a ma j o r  fac tor res pons i b l e  for  

var i a t ion i n  the v i ab i l i ty and s i z e  o f  s ee d . Moreover ,  s ee d  s i ze  

has been found t o  be  one f a c t o r  l ik e l y  to  a f fe c t  s ub s e quent p l an t 

growth and y i e l d  ( S c a i fe and J one s , 1 9 7 0 ; Smi th e t  a l . , 1 9 7 3b ; 

So f fer  and Smi th , 1 9 74a ; Renard , 1 9 7 8 ) . 

I n  l e t tuce , i t  i s  very d i f f ic u l t  t o  d e termine the opt imum 

s ee d  harve s t ing t ime because  f l owering t end s t o  cont inue for  a 

l ong t ime ( So f fer  and Smi th , 1 9 7 4a ) . I n  add i t ion , the dura t ion 

o f  f l ower ing can a l s o  f lu c t u a t e  w i th changes in t empe r a t ure 

( Jone s , 1 9 2 7 ; S o f f e r  and Smi th , 1 9 7 4a ) . Correc t  harve s t  t iming 

is par t i c u l a r l y  impor tant , s ince d e layed harves t ing can r e s u l t  in 

much o f  the s ee d  b e ing l o s t  b e c a u s e  o f  shat t e r ing ( Hawt h o rn and 

Po l l a r d , 1 954 ) , wh i l e  e a r l y  harve s t i ng , e s pec i a l l y  i f  i t  take s 

p la c e  be fore s e e d  phys i o l o g i c a l  ma tur i t y  i s  reache d ,  can reduce 

s ee d  y i e ld s  and qua l i t y pa r t i c u l ar ly in r e lat ion to s ee d  s t o rage 
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l i fe ( Harr ington , 1 9 7 2 ) . 

The correc t a s s e s sment of the b e s t  t ime for harve s t ing wi l l  

vary from area t o  area , and from year t o  year due t o  d i f ferenc e s  

i n  we ather cond i t ion s  ( Jone s , 1 9 2 7 ; G lobe r s o n ,  1 9 8 1 ) .  

In thi s  chap t e r , s eed d eve l opment i s  d i s cus sed  in r e l a t i on 

t o  changes in we i gh t , seed co lour and germination capac i t y . 

MATERIALS AND METHODS 

In th i s  exper iment , plant s from both the 25 / l 5 ° C  and 3 0 / 2 0 ° C  

t empera ture und er  a 1 2  h phot oper iod envi ronment were  u s e d  t o  

s tudy t h e  s e quen ce  and dur a t ion o f  s ee d  development . Four p lant s  

o f  each cu l t ivar were examined a t  ea ch t emperature . 

At  the t ime o f  flower ing , newly opened ind ividua l f l ower s  

were t agged with  co loured woo l  ( P l a t e  5 . 1 ) .  Th i s  procedure was 

fo l lowed on a l t e rna t e  days for about 3 0  days . Approxima t e l y  one 

hundred f l ower head s  per cult ivar w i thin each tempe rature r e g ime 

were tagged at each t ime . When the f i r s t  tagged f l ower heads  had 

begun to shatt e r  further t agging wa s d i s c ont inued . 

S e e d s  of each cult ivar were col l e c ted from 1 t o  2 l d a f t er 

anthe s i s  at 2 5 / l 5 ° C  and 1 to  1 7  d a f t e r  anthe s i s  at  30 / 20 ° C due t o  

t he ear l ie r  s e e d  shattering prob l em .  

At each s amp l ing the fo l lowing measuremen t s  we r e  made : 

1 .  Fre s h  we i gh t  - 200 seed  from each s e e d  a g e  c a t e gory 

we re we ighed imme d i a t e ly a f t er harve s t . 

2 .  Dry we i gh t  - seeds  from each age cat egory we r e  d r i e d  at  

1 30 ° C  for  one hour ( ISTA , 1 9 7 6 ) , then  p l aced  in a 

d e s iccator  to  cool  for 30-45  min and rewe ighe d . 



P l ate 5 . 1  Tagged f lower of leaf l e t t uce cv . 
Grand Rap i ds a few hours a f t er 
an t hes i s  

9 0  
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3 .  Mo i s ture content ( % )  - the mo i s ture content as  a 

percentage by fresh we ight wa s ca lculated  us ing the 

me thod p re s c r ibed in the I STA Ru l e s  ( 1 9 7 6 ) . 

4 .  Sha t ter ing and seed colour changes  we r e  obs erved in 

d i f ferent s eed ages by re ference to c o l our photographs . 

t'?Rot.Qs - s ·d ) 
5 .  Germina t ion ( % )  - seeds  from each age group we re 

germinated  on top o f  paper at  2 0 ° C  with l igh t . On ly 

one coun t at 7 d was made ( I STA , 1 9 76 ) .  Norma l 

seed lings , abnormal s e e d l ings , fresh  ungermina ted seeds  

and dead s e e d s  were counted . 

6 .  Seed 

l i fe 

viab i l i ty 

( normal 

( % )  

and 

- seeds wh ich showed 

abnorma l s eedl ings 

evidence o f  

and fresh  

ungerminated s eeds ) wer e  counted a s  viab le seed s . 

RESULTS AND DISCUS S ION 

l .  Changes in Seed We ight 

We ight  per 1 0 0  s ee d s  wa s the meas urement used  to e s t ima te  

t h e  change s i n  fre sh  and dry mat ter from imme d i a t e ly a f t e r  

anthe s i s  unt i l  s e e d s  reached fu l l  matur i ty and comp leted  the 

proce s s  of  seed r ipening . Phys iolog i c a l  matur i ty ( PM )  was 

norma l ly d e f ined as the p oint at wh ich the s eed f i r s t  reached i t s  

maximum dry we ight ( Harr ington , 1 9 7 2 ) . The gene r a l  t rend wa s for 

a rapid increase in both seed fresh and dry we igh t  at 2 5 / l 5 ° C  

( F ig . 5 . 1 ) and 3 0 / 2 0 ° C  ( F ig . 5 . 2 ) .  Th i s  sequence fol lowed t he 

s ame pa t t e rn in a l l  three cu l t ivar s . Dry we igh t  cont inued to  

increase un t i l  approxima t e l y  13  d a f ter anthe s i s  a t  2 5 / l 5 ° C  and 

1 1  d af ter  anthe s i s  at 3 0 / 20 ° C .  Fresh we ight fo l l owed a s imi lar 

trend bu t began t o  d e c l ine marked ly due t o  the l o s s of  water  from 

the s eed a few days be fore the seed reached phy s iolog i c a l  

matu r i ty . 
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In genera l , at  phy s i o logica l ma tur ity , dry we i gh t  per 1 0 0  

s ee d s  wa s h igher i n  S lobolt  than in Grand Rap i d s  and Tha i  

c u l t ivar s  a l though S l obo l t  and Gr and Rap ids s howe d s imi l ar 

s eed  dry we ight a t  3 0 / 20 ° C .  Tha i  and Grand Rap i d s  howeve r ,  

showed approximat e ly  s imi lar  resu l t s  ( Appendices  1 0  and 1 1 ) . 

The resu l t s , s how that the length o f  t ime from anthes i s  t o  

phy s iological  matur i t y  ( PM )  o f  l e t tuce s eed  wa s influenced by 

t empera ture but not by cult ivar when photoper iod and l ight 

in t ens i t y  were cons tan t . Le t tuce s eed  reached PM approxima t e l y  2 

d ear l ie r  at  30/ 20° C than at  2 5 / l 5 ° C . A s imi lar r e s u l t  has been 

o b s erved with other l e t tuce cul t ivar s ( G l oberson , 1 98 1 ) under 

I s rae l i  cond i t ions . He f ound that the r ipe seed  o f  cos l e t tuce 

c u l t ivar s reached 8 0 - 85% of t o t a l  dry mat t er 17 d a f ter  anthe s i s  

i n  May ( 19 . 7 ° C )  and 1 4  d a f t e r  anthe s i s  in Ju ly ( 2 5 . 4 ° C )  with 

c r isphead le t tuce . W i t h  Ice - Berg  l e t tuce , i t  t ook about 1 2  d 

f r om anthes i s  t o  s ee d  ma tur ity  i f  the temperature was h igh .  I f  

the ave rage temperature was low,  the t ime from anthe s i s  t o  s eed  

ma turi t y  was extended ( Jones , 1 9 2 7 ) .  Re grettably , Jone s ( 19 2 7 )  

on ly d e s c r ibed the gener a l  morphology o f  l e t tuce seed  but gave no 

detai l s  about changes in s ee d  we ight . However ,  h i s  work does  

s uppor t and conf i rm the  f ind ings of  the  present e xper iment wh ich 

have shown that h igh tempe rature has tens the development o f  s eed 

matur i ty in leaf l e t tuce . 

2 .  Mo i s ture Con t en t s  

Seed deve lopment and ma turat ion are as sociated  with an over ­

a l l  l o s s  o f  mo is ture ( Adams and Rinne , 1 9 80 ) . During the ear ly 

s t ages  of  le t tuce s ee d  deve l opment , the young s eed  has  a mo i s ture 

c ontent be tween 7 0 - 80% . 

The re su l t s  shown in Figs . 5 . 1  and 5 . 2 ,  wh i le support ing 

t h i s  gene r a l  t r end , show that the mo isture c onten t  o f  seed  

harve s t ed one d ay  a f ter anthe s i s  wa s o f ten l owe r than at  3 d 

a f t e r  anthe s i s  pa r t i cularly  a t  30/ 2 0 ° C . Th i s  e f fect  was 
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cons idered t o  be due to  l o s s  o f  mo i s ture dur ing the c o l l e c t ion , 

ext ract ion and we ighing o f  young , sma l l  s eeds from the f lower 

head . 

Sub s e quent ly , moi s ture  content  cont inued t o  decrease  as dry 

we ight ac cumu l a tion increased . Seeds  a t  phys iolo g i c a l  matu r i ty 

grown a t  2 5 / l 5 ° C  ( 13 d a f t e r  anthes is ) ,  had a mo is ture c ontent o f  

3 5 %  in Grand Rapids ,  39% in Tha i  and 40% in S lobo l t  ( F i g . 5 . 1 )  

wh i l e  a t  PM under 3 0 / 2 0 ° C  ( 1 1 d a f ter  anthe s is ) ,  the mo is ture 

content h�d fal len to 24% i n  Grand Rapid s , 35% in Tha i  and 37% in 

S lobolt  ( F i g .  5 . 2  and Append ix 1 2 ) . 

The mo i s ture content o f  s eed cont inued to  dec l ine marked ly 

a f ter  food transport f r om the parent p lant had c e a s ed , 

had reached i t s  maximum dry we i ght  ( phys iologi c a l  

and s eed 

matur i t y ) . 

Subsequent ly , however , the rate  o f  dehydr a t ion increas� - a s  

mu ch as  2 5 - 30% 

l i t t le a s  2 - 3  d .  

shatter ing ( S )  

a p proxima t e ly 20% 

r e du c t i on in mo i s ture content occurring in a s  

I t  was a l s o  noticed that t h e  onse t  o f  

occurred when the moi s ture content reached 

in a l l  c a s e s  ( F igs . 5 . 1  and 5 . 2 ) .  Th i s  

indicated that the s e e d  had become comm it ted t o  a s enes c ence 

programme as sugge s te d  by  Adams and Rinne ( 1 980 ) . In  the f ina l 

s t ages o f  s eed r ipening , s eed moi s t ure content was a lmo s t  

c onstan t , hav ing 

the minimum leve l 

r eached e qu i l ibrium moi s t ure  con t en t  

o f  r e l a t ive humid i t y  preva i l ing i n  

contro l le d  environment room ( 60 - 9 0% ) . 

3 .  Seed  Sha t te r ing 

with  

t he 

Seed  shatte r ing s eemed t o  be re l ated t o  the rate  o f  

a t tainment o f  phy s i o logica l matur i t y  o f  seed . Genera l ly the 

quicker phys iologica l maturi ty was reached the s ooner s ee d  

sha t te r ing s tar t e d . As shown in p lates  5 . 2 - 5 . 3 ,  h igh t emperature 

( 30 / 2 0° C )  has tened the onse t  o f  sha t ter ing in a l l  three l e t tuce 

cu l tivar s .  Seed sha t t e r ing s tarted about 2 d a fter  PM which was 

ear l ier  than occurred in s eed devel oped under t he 25 / 1 5 ° C  



Plate 5.2a Changes in seed head and seed colour in Thai 

at 25/ 1 5°C 

1 . . . . .  2 1  days after anthesls 
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Plate 5.2b Changes in seed head and seed colour in Grand Rapids 

at 25/ 1 5°C 

1 . • . • .  2 1  days after anthesls 



Plate 5.2c Changes in seed head and seed colour in Slobolt 

at 25/ 1 5°C 

1 . . . . .  2 1 days after a nthesls 
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Plate 5.3 a Changes in seed head and seed colour in Thai 

at 30/20°C 

1 • • • • •  1 7  days after antheala 
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Plate 5.3 b Changes i n  seed head and seed colour in Grand Rapids 

at 30/20°C 

1 . • . . .  1 7  days after anthesls 



Plate 5.3 c Changes in seed head and seed colour in Slobolt 

at 30/20°C 

1 • • • • •  2 1  days after antheala 
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t empe rature . Under coo ler s eed dev e lopment cond i t ions ( 25 / l 5 ° C )  

s eed sha t t e r ing was not obs erved t o  occur unt i l  4 d a f ter  

phys iolog ica l maturi ty i n  Thai and  S lobo l t  and 6 d a f ter  

phys io log i c a l  matur i ty i n  Grand Rap i d s  ( F igs 5 . 1  and  5 . 2 ) .  

However , the resu l t s  sugge s t  that  i f  the tempera ture is  h igh 

( 3 0 / 20 ° C )  dur ing s eed ma tura t i on , then harve s t ing shou l d  be 

carr ied out not more than 2 d a f t e r  s e e d  reache s phys i o l o g i c a l  

ma tur i ty .  V i sua l ly , a t  this  point , the s eed head co lour h a s  

turned brown and about SO% of  pappus h a s  appeared through the 

separated brac t s  ( P late s  5 . 2 - 5 . 3 ) .  At lowe r temper a ture , 

( 2 5 / 1 5 ° C )  even though the s eed has  reached phys io logica l 

matur i ty , harve s t ing can be d e l ayed for 4 - 6  d be fore s e e d  

sha t t er ing i s  l ike ly t o  become importan t . 

The r e s u l t s  shown in P l a t e s  5 . 2  and 5 . 3  were ob t a ined under  

control led envi ornment cond i t ions . Such cond i t ions t ake no 

account of the e f fec t s  of wind or  rain . I t  i s  l ike l y  that 

cont ro l led environmen t s  a l low seed t o  rema in on the head longer 

than i t  norma l ly wou l d  in the f i e l d . However , the degree o f  

sha t ter ing may b e  d i f f ic u l t  to pre d i c t  in the f i e ld  even though 

i t  has been shown to  re late  t o  s t age o f  seed matur i t y  s ince i t  i s  

so  s t rong ly inf luenced b y  environmental  cond it ions ( Jone s , 1 9 2 7 ) .  

4 .  Seed Co lour Changes 

Le t tuce s eed i s  actua l ly one - s eeded fruit or achene wh ich 

has deve loped from a one - c e l led ovary ( Jones , 1 9 2 7 ) .  Va r i ous 

s t ud ies  have descr ib�e the gene r a l  morphology of l e t tuce s e ed 

inc lud ing d e t a i l s  of embryo deve lopment ( Jones , 1 9 2 7 )  and the 

deve lopmen t of the per icarp and o ther coats surround ing the 

embryo ( Bor thwick and Robb ins , 1 9 28 ) . However ,  these  s tud i e s  

genera l ly l a c k  d e ta i l s  of  t he changes i n  s eed c o l our and 

morpho logy occurr ing dur ing seed maturat ion . When fu l ly formed 

the s eed is character i s t i ca l ly l ongi tud ina l ly r i bbed w i t h  a t u f t  

o f  hair at tached ( Poole , 1 9 4 1  and I s e ly , 1947 ) .  
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As the s eed become s dehydrated  dur ing the r i pening pha s e , 

t h e re i s  enlargemen t o f  the seed wh i ch has  been shown t o  invo l ve 

an  increa s e  i n  the th ickne s s  of  the  integument s and an 

en l argement  o f  the embryo ( Jones , 1 9 2 7 ; Bor thwick  and Ro bb ins , 

1 9 2 8 ) . From l - 3  d a f ter  anthe s i s , the s eed  i s  s t i l l  trans lucent 

ac  both 3 0 / 2 0 ° C  and 2 5 / l 5 ° C .  By d ay 5 ,  a t  3 0 / 2 0 ° C , the 

long itud ina l r ib s  with  the tu f t  o f  hai r s  a t tached become evident 

and embryo is  c le a r ly out l ined ins ide the seed  and t he seed  has 

darkened in c o l our ( P l a t e  5 . 3 ) .  In con t ra s t , at 2 5 / l 5 ° C  a l though 

the s eed c o l our has jus t s tarted  to change a fter day 5 the emb ryo 

is not fu l ly deve loped un t i l  day 7 ( P late  5 . 2 ) .  At t h i s  s t age , 

a l though the s e e d  has not ye t reached phys i o logi c a l  matur i t y , 

s eed  colour change s  are comp lete ( b lack o r  dark brown in the Tha i  

and Grand Rap i d s  c u l t ivars and wh i t e  o r  l i gh t  brown i n  S lobo l t ) .  

Th i s  change occurs  approxima t e l y  4 d b e fore the s eed reache s 

phy s i o logic a l  matur i ty .  At t h i s  s t age serrat i on o f  the 

longi tud ina l r ib s  becomes increas ingly  evident part icular l y  in 

the b lack s ee d e d  c u l t iva r s  ( Thai  and Grand Rap ids ) .  

In gener a l ,  se e d  i s  con s i dered  t o  be ' harve s t  r i pe ' when 

s e ed c o l our changes are comp lete . The r e sult s  o f  t h i s  exper iment 

s ugges t  such a c r i te ri on cannot be  used as a re l iable  measure  o f  

fu l l  development i n  le t tuce s ince i t  normal ly precedes  s ee d  

phys iolog i c a l  matur i ty . 

l e t tuce s ee d  would  be 

The a s s e s sment of harve s t  r i pene s s  in 

b e t t e r  based on more c l os e ly r e l a t e d  

char a c t e r s  such a s  t h e  a t t a inment o f  max imum seed dry  we i gh t , the 

mo i s ture con t en t  and the ons e t  o f  seed shat tering . 

5. Germinat ion and V iabikty 

Seed wh i ch shows evidence of l i fe is cons idered as v i ab le 

s eed ; and se e d  wh ich i s  ab le t o  germinate  and produce norma l 

s eed l ing i s  c l as se d  as  germinab l e  s eed  ( I STA ,  1 9 7 6 ). 

Seeds f i r s t  a t t a ined the abi l i ty to  germinate 5 d a f t e r  

anthe s i s  a t  3 0 / 2 0 ° C  and 7 d a ft e r  an t he s i s a t  2 5 / 1 5 ° C . In both 
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s i tua t ions s ee d  mo i s ture content wa s s t i l l  h igh and s eed  co l our 

was not we l l  d eve lope d . As seed  cont inued to  deve lop , the leve l 

of total  v i ab i l i ty and germinab i l i t y  inc reased  a s  we l l  ( Figs . 

5 . 3 ,  5 . 4  and Append i c e s  1 3 - 1 5 ) . 

At 30/ 2 0 ° C , h igher viab i l i ty was a s soc iated with  a h ighe r  

percent age o f  norma l s e e d l ings and reached i t s  max imum 9 d a f t e r  

anthes i s . Th i s  was two days be fore seed  phys iolog ica l ma tur i t y  

wa s reached a t  t h i s  t empe rature wh i le the s eeds  conta ined about 

3 7 - 45% mo i s ture content ( Figs .  5 . 1 , 5 . 2 ) .  At 25 / 1 5 ° C ,  s eed  

viab i l i t y  a n d  germinat ion percenta ge reached the ir  maximum 11  d 

a f t e r  anthe s i s  in S lobo l t , 

c u l t ivar . Thi s  repr e s en t s  

phy s i o l og i c a l matur i t y  in 

and 1 3  d a f t e r  anthe s i s in the Tha i  

a point  which wa s two days be fore 

S lobo l t  but wh ich c o incided  with 

phy s io log i c a l  matur i ty in t he Tha i  cu l t ivar . In Grand Rap i d s  the 

a t t ainment o f  maximum s eed  viab i l i ty  was d e l ayed to 15 d a f t e r  

anthe s i s  b u t  d id no t r e a c h  maximum germina t ion percent age unt i l  

about 2 1  d a f ter  anthe s i s  when the seed  mo i s t ure was very l ow ,  

about 9 . 6% ( F i g s 5 . 2 , 5 . 4 ) .  Th i s  de lay in the a t t a inment o f  

fu l l  germinat i on ca pa c i ty in Grand Rap id s  s eed grown a t  2 5 / 1 5 ° C  

m i gh t  have been due t o  t he l owe r temperature during s eed 

matur a t i on increas ing s eed dormancy  ( Ko l le r , 1 9 6 2 ) .  The f a c t  

t h a t  viab i l i ty percentage reached i t s  max imum 15  d a f ter  anthe s i s  

n d  r ema i n e d  cons t ant u p  t o  2 1  d a f te r  anthe s is . At  t h i s  s t age 

s ome se e d l ings produced were abnorma l in the i r  deve l opment . The 

main type s o f  abnorma l s e e d l ings found ( P l a te 5 . 8 ) wer e  s ee d l ings 

exhibi t ing a s p i r a l  hypocoty l ,  short and th ickened ,pocot y l , 

necrot i c  c o t y l edons or  d e formi ty . Such abnorma l s eed l ing t yp e s  

have been previous ly d e s cr ibed in l e t tuce by Bekendam and Grab 

( 197 9 ) .  

Dur ing t he ear ly s t ages  o f  s eed  deve l opment ,  ( 5  d a f t e r  

anthe s i s  a t  3 0 / 20 ° C  and 7 d a f t e r  anthe s is a t  2 5 / l 5 ° C , tho s e  few 

s e eds wh ich were capab le  o f  germinat ion a l s o  produced  abnorma l 

s e e d l ings . In  the s e  c a s e s , however ,  abnorma l i t y  was par t i c u l ar l y  

chara c t er i s ed b y  unb a l anced deve lopment o r  l ac k  o f  e s s en t i a l  
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s t ruc ture s , i . e .  sma l l  or weak d eve lopment , no roo t , no shoot  or  

de cayed s e e d l ings ( P la t e  5 . 4 ) . Thes e  e ffec t s  were a fea ture o f  

seeds  wh ich we re immature and have b e en noted  as an important 

factor  con t r i bu t ing to  both dormancy and poor s t orage longevity 

by Thompson ( 1 9 36 ) . 

The present  s tudy showe d that  l e t tuce s eeds do  no t e xh i b i t  

dormancy provided they have been a l l owe d t o  deve lop  t o  matur i ty 

in order t o  produce h igh v i gour s e e d s . A l th ough imma ture s e e d  

i t s e l f  i s  a b l e  t o  germinate , t h e  s e e d l ings formed a r e  gene ra l ly 

weak , re su l t ing in poor growth and l ow y i e ld ( Renard , 1 9 7 8 ; Smi th 

e t �. , 1 9 7 3b ; S o f f er  and Smi th , 1 974 b ) . C onver s e ly , s ee d s  wh ich  

have been  germinat e d  under o p t imum cond i t i ons ( 20 ° C  w i th 

f l uore s cence l i ght ) as  pres cribed by I STA ( 1 9 7 6 )  d o  not  genera l ly 

e xh ib i t  s ee d  dormancy .  S imi l ar ly a day- l i ght  germinat o r  

ma int a ined at  a t empera ture o f  1 5 ° t o  l 8 ° C provides  e xc e l lent 

c ond i t i on s  for the germinat ion of  le t t uce s ee d  o f  a wide range o f  

cu lt ivars  ( Shuck , 1 9 34 ) . 



P l ate 5 . 4 Examp les o f  t he t ypes o f  abnorma l 
seedl ings f o und in s eeds remove d  
from lett uce p lan t s  dur ing t he 
s t age o f  seed deve lopme n t  

.1 .  Normal seedl ing 
2 .  Primary root s hort and with l e s ion on hypo cotyl 
3 .  Primary root s hort and weak with short and t h i c k  hypocotyl 
4 .  Short and weak seedl ing 
5 .  Short and thick hypocotyl 
6 .  Weak and wat ery seedl ing 
7 .  Dec ayed seedl ing 
8 and 9 .  Hypocotyl with constrict ion and grainy l e s io n s  

1 0 .  Hypocotyl twi s t ed . 
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CHAPTER 6 

SEED YI ELD AND QUALI TY 

1 0 9  

The increas ing demand for let tuce s ee d  i n  Thai l and cont inu e s  

to great ly exceed t h e  dome s t ic supp ly . Th i s  ha s resulted  in a 

s i tuat ion whe re much o f  the s eed s own in Tha i land is  imported . 

Tha i growe rs t rad i t iona l ly prefer to  grow l e t tuce for the fresh 

vege t ab le marke t rather  than for s eed . The main mot ivat ion for 

this  d e c i s ion invo lves  rapid turnover and h igh pro f i t s  in a short 

t ime . Re search on l e t tuce s eed product ion in Tha i l and has shown 

that Grand Rap i d s  i s  capab le of produ c ing  a s eed y i e l d  o f  on ly 

1 . 29 g / p lant in the nor thern h igh l and ( Tongu tha i s r i  et a l . ,  1 9 7 8 )  

compared with the y i e ld up to  10  g / p lant in the northea s t , 

Pakchong ( Pokanan , 1 9 8 1 ) .  Th i s  variat ion in seed y i e l d  s ugge s t s  

that management factors  such a s  sowing date  and harves t  t iming 
I 

may be ma j or contr ibutors to  such large d i f ferenc e s  in s ee d  

yi e l d . However ,  such y i e l d  d i f ference s  a l s o  sugges t  that 

c l ima t i c cond i t ions , part icu larly temperature and daylength may 

have a contribu t ing r ole  in in f luenc ing s eed y i e l d . 

A l though the r e su l t s  o f  extens ive exper iment s and repor t s  on 

Lac tuca sat iva L .  a re ava i lab l e , the proce s s  o f  s eed produc t ion 

is s t i l l not fu l ly unders tood . Mo s t  o f  the reported work has  

been done with  pa r t icu lar emphas i s  on  f l ower induc t ion in head 

l e t tuce . Wh i le t h i s  work i s  of  intere s t , much o f  i t  has  only 

l imi ted relevance t o  the Tha i l and s i tuat ion . For this  r�ason i t  

wa s thought t o  be  impor t an t  t o  more cr i t ic a l ly a s s e s s  the 

phys io logical and c l imat ic requiremen t s  of l e a f  

Hope fu l ly such an a s s e s sment would a l low more 

le t tuce . 

meaningful 

in terpretat ion of the cond i t ions l ikely  to  be mos t  s u i t ab le for 

leaf l e t tuce se ed produ c t i on in Tha i land . 

The obj ec t ive o f  this  s tudy was to det ermine the e f fec t s  o f  

var iat ions in pho t oper iod and t empe rature o n  s eed y i e ld and 
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qua l i ty in re l a t i on to harve s t  t ime in three l e a f  l e t tuce 

c u l t iva r s . 

MATERIALS AND METHODS 

Three c u l t ivar s  o f  l e a f  l e t tuce ; Tha i ,  Grand Rap i d s  ond 

S l obo l t  were grown under the s ame t empe ra ture and daylength 

comb ina t ions d e s c r i b e d  ear l ie r  in the vege t a t ive growth s e c t i on 

( Chapt er  3 )  whe r e  d e t a i l s  o f  t re a tmen t s  and cul tura l prac t i c e s  

a r e  a l s o  g iven . 

Twe lve plan t s  were u s e d  in e ach cu l t iva r / t empe rature / day­

length comb ina t i on .  

P l an t Measuremen t s  

S i x  s e ed harve s t s  we re made for each cu l t iva r and day l ength 

in e ach t emperature t r e a tment : 

1 0 ,  1 5 and 20 d a f t e r  PF1 and PF2 r e s pe c t ively a t  3 0 / 2 0 ° C  and 

15 , 2 0  and 25  d a f t e r  PF1 and PF2 r e s pe c t iv e l y  a t  2 5 / 1 5 ° C .  

The actua l harve s t  t ime s were  cho s en w i t h  par t i c u l a r  

re fe rence to the t ime from anthe s i s  t o  t h e  ons e t  o f  s e e d  

sha t t e r ing wh i ch h a s  been previou s l y  d e s c r ib e d  in the  s e e d  

deve lopment s tudy , i . e .  1 3  d a f t e r  peak f lowe r ing f o r  p l an t s  

grown at  3 0 / 2 0 ° C  and 1 7  d a f t er peak f lower ing for p l ant s  grown 

at 2 5 / l 5 ° C  ( s ee Cha p t e r  5 ) . 

As  number o f  S l obo l t  p lan t s  grown in a 1 2  h daylength and 

par t ic u l a r l y  at 2 5 / l 5 ° C  d ie d  f o l lowing the f ir s t  f lower ing peak . 

Th i s  r e s u l t e d  in ins u f f ic i ent p l ant s be ing ava i l ab l e  t o  o b t a in 

informa t ion on s e ed y i e ld and qua l i t y  of S l obo l t  fo l lowing the 

s e c ond peak f l ower ing . Th i s  s i t ua t i on meant t h a t  d a t a  was only 

o b t a ined at  harve s t s  after the s e c ond f l owe r ing peak from 10  h 

a n d  14  h dayl ength t r e a tmen t s , from Tha i and Grand Rap i d s  p l an t s  

a t  b o th t empe ra ture s and on ly from S l obo l t  p l an t s  grown a t  the 



high t emperature ( 3 0 / 2 0 ° C ) . 

At each t ime o f  harve s t , two plants  from each t reatment 

were harve s ted and measured for the fol lowing parame ters : 

1 1 1  

1 )  He ight ( m )  - measured as  the d i s tance from the 

coty ledonary node to  the t op o f  the p l ant  at  peak 

flowe r in g . 

2 )  Numbe r  o f  s econdary branche s - those branche s which 

appeared on the main s tem and on the lateral  branche s . 

3 )  Number of t e r t i ary branche s - tho s e  branches which 

deve loped fr om s econdary branche s .  

Seed heads were r emoved from two p lant s ,  were put in an open 

cardboard box and air dried at  3 0 ° C  for 2 - 3 d un t i l  the s eed 

head s had dr ied and the ma j or i ty of s e e d s  had shat tered . The 

head s were then threshed by hand and the ine r t  ma t e r i a l  and dus t  

( pappus , brac t s , e t c . ) separated from the s eed· us ing a Dakot a  

seed b lowe r ( Burrows Seed Co . ) .  A hand pur i ty examina t i on was 

used to ensure the s e perat ion of  any l ight s eeds from the ine r t  

ma ter ial  frac t ion .  

The pure s eed s fr om each t reatment we re  s tud ied a s  f o l lows : 

1 )  Seed y i e l d / p lant ( g )  s eeds we re we ighed and mo i s ture 

content ( % )  d e t ermined by the a i r - oven me thod a t  1 3 0 ° C  

for one hour ( ISTA , 1 9 7 6 ) . The s eed mo i s ture cont ent 

varied from 5 to  7% . Seed we ight value s we re ad jus t ed 

at  each harve s t  to  a cons tant 6% me . 

2 )  Germinat ion ( % )  - Seeds from each treatmen t we re  

germina t e d  a t  2 0 ° C  with  l ight in a pla s t ic box  on  t op 

o f  b l o t t ing paper with Kimpack* underneath to  ma int a in 

* A ce l lu l o s e  material  with high wat e r  ho ld ing capa c i ty 
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a su i tab le  l eve l o f  mo i s ture . Fi f t y  s eeds  we re  t e s t e d  

per b o x  and there we re four r e p l i c a t e s  f o r  each 

trea tmen t .  Norma l 

' fresh ungermina ted ' 

s eed l ing s , abnorma l 

s eeds  and dead 

re corded a f t e r  7 d ( I STA ,  1 9 7 6 ) . 

s e e d l ings , 

seeds  were  

The ' fresh ' ungermina ted ' s e eds found in any 

t reatmen t  at the end of the norma l t e s t  peri od were 

trans ferred onto f i lter  paper wh ich had been s oaked in 

0 . 2% KN03 s o lut ion and kept at 2 0 ° C  with l igh t for a 

fur ther 7 d be fore f ina l evalua t ion . 

3 )  Seed we i gh t  - 1 000 s eed dry we ight ( mg )  was ob t a ined by 

the a i r - oven me thod , at  1 3 0 ° C  for one hour ( ISTA , 

1 9 7 6 ) . 

Da ta Ana lys is  

A comp l e t e l y  random i s e d  des ign wa s u s e d  with a factor i a l  

arrangemen t  of d ay length x cult ivar harves t  t ime i n  each 

t empe r ature at  each f lowe r ing peak . An ana lys i s  of  var iance  

compa r i son wa s a l s o  completed  within each flower ing peak to  

det ermine d i f ference s betwe en temperature s . 

RE SULTS AND DISCU S S I ON 

1 .  He igh t 

As shown in Tab le 6 . 1 ,  p lan t s  were genera l ly t a l ler a t  

the 3 0 / 20 ° C  tempe ra ture . Howeve r ,  pl ant s  i n  the 14  h daylength 

we re t a l l e r  if  grown at  2 5 / l 5 ° C . P lan t s  grown in d aylengths o f  

10  and 1 2  h wer e  generally  o f  s imilar  he ight a t  each temperature . 

Cu l t ivars only showed s ign i f i cant height d i f ferenc e s  at 3 0 / 20 ° C . 

S l obo l t  was t a l l e r  than Tha i and Grand Rapids . I t  wa s a l s o  

no t iced  that t ime o f  harve s t  had l i t t le e f fec t o n  p lant he ight 

s ince max imum p l an t he ight wa s genera l l y reached be fore s eeds  had 

deve loped t o  harve s t  r i pene s s .  
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Tab le 6 .  1 E f fe c t s  o f  temperature , d ay leng th and cul t ivar on 

p l ant he i ght ( cm)  at  each peak f l owe ring . 

PEAK FLOWERING 

TemEerature cc PFl PF2 

2 5 / 1 5  153b  155b  

3 0 / 20 1 6 7a  1 6 5 a  

2 5 / l 5 ° C 3 0 / 2 0 ° C  

Day length ( h )  PFl PF2 PFl PF2 

10 1 5 2b 148b 1 7 l a 1 6 8 a  
, n ., ,.. " ,  , ., n .L L.  ..L J V U  .1. / L d 

14 1 5 8a 1 5 9 a  149b 150b  

Cu l t ivar 

Thai 1 54a 1 5 6 a  1 6 l a 158b  

Grand Rap ids 1 5 2a 1 5 2a 158a  155b  

S lobo l t  1 5 5 a  1 6 2a 1 6 7 a  

Va lue s n o t  fo l lowed b y  the s ame l e t t e r  d i ffer a t  P=0 . 05 

P lant he ight had s ome inf luence on the s u i t ab i l i ty o f  

l e t tuce plan t s  for s eed product ion s imp ly  b ecause  i t  a f fe c t e d  

s eed s t a lk s treng th . In leaf  l e t tuce p lan t s  the s t ems were long 

and b r i t t le .  Th i s  was par t icularly  true o f  p lant s  grown at  1 0  or 

12 h day lengths and par t icularly at 3 0 / 2 0 ° C  where p lant s  were 

t a l ler , produ ced s o f t e r  s t ems and needed more  st ak ing than plan t s  

a t  1 4  h .  S t ak ing t o  prevent s t em- break i s  expens ive and i s  

genera l ly not prac t ical  i n  a f i e l d s i tua t ion .  

t empe rature howeve r ,  produced shor ter s t emmed and more ' s turdy ' 

p lant s  wh ich d id n ot  re qu ire s taking . 

I t  ha s been d emons t rated in many p lant spe c i e s  that  s t em 

growth i s  fas te r  in the dark ( Sa l i sbury and Ros s ,  1 9 7 8 )  and that  

p l an t s  produce s p ind ly and weak s t ems a t  warme r tempera tures  

due  to  the ir acce le rated growth ( B l ack  and Ede lman , 1 9 70 ) . 

Perhaps this  exp l a i n s  the general ly poor s tem s t rength observed 
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in p lant s grown under short days and h igh temperature in the 

present s tudy . 

2 . Branch numbe r  

Branche s wh ich appeared on  ma in s t em and latera l  

( s econdary branche s )  and on secondary branche s 

branche s )  were coun t ed . 

branche s 

( te r t iary 

There was no e f fe ct  of  temperature on the number o f  

secondarv and t e r t iary branches formed up t o  the t ime o f  f ir s t  

peak f l owe ring . However ,  plant s  grown a t  30/ 2 0 ° C  d i d  produce 

s igni f icantly  mor e  tert iary· branche s than p l ants  grown a t  2 5 / l 5 ° C  

b y  the t ime o f  s e c ond peak f lower ing ( Tab le  6 .2 ) . 

Max imum s e c ondary branche s were produced under a 14 h 

day length but there were no d i f ference s  be tween the number  o f  

tert iary branch e s  o n  p lant s  grown i n  1 0  or 1 4  h day length . 

However ,  plan t s  grown under a 1 0  h day l ength produced more 

s ec ondary branch e s  than p l ant s  grown at 12 h day length . The s e  

extra branches we re rather sma l l .  By the t ime p l an t s  had reached 

t he i r  se cond peak f lower ing more s econdary and tert iary branche s 

had o f ten been produce d ,  a l though the increas gs in branch numbers  

at  t h i s  s t age wa s general ly sma l l . In s ome case s ,  reduc t ion in 

branch ing was rec orded as a result  o f  r o t t ing in the c a s e  o f  

s e c ondary branche s and breakage and s ene s cense in the c a s e  of  

t e r t iary branche s .  

The d i f ferenc e s  in branch ing pat t e rn descr ibed in 

s tudy sugge s t  a change in dry mat t er  d i s t ribut ion wi thin 

p l ant . Th i s  h a s  been observed in o ther plan t s  grown 

d i f ferent day lengths ( V ince - Prue , 1 9 7 5 ) .  The mechan i sm 

t h i s  

the 

under  

for  

the s e  changes in the d i s tr ibut ion of  growth has  not been examined 

in deta i l  but it is po s s ib l e  that e f fec t s  on hormone produc t ion 

are invo lved ( Se t h  and Ware ing , 1 9 6 7 ) . 



Tab l e  6 .  2 E f fe c t s  of  t empe rature , d ay'length , e ultiv ar and 
harve s t  t ime on branch numb e r s  

SECONDARY BRANCHE S 

Temperature °C 
2 5 / 1 5  
3 0 / 20 

Daylength ( h )  

1 0  
1 2  
1 4  
Cu l t ivar 
Tha i 
G r and Rap ids 
S l obolt 
Days after  PF 
1 0  
1 5  
2 0  
2 5  

TERTIARY BRANCHES 

Temperature °C 
25 / 1 5  
3 0 / 20 

Daylength ( h )  
1 0  
1 2  
1 4  
Cu l t ivar 
Th a i  
Grand Rapids  
S l obo l t  
Days after  PF 
1 0  
1 5  
2 0  
2 5  

PEAK FLOWERING • 

PFl  PF2 
35 . la 3 6 . 0a 
3 7 . 0a 3 7 . 7a 

2 5 / l 5 ° C  3 0 / 2 0 ° C  
P F l  PF2 P F l  PF 2 

3 8 . 7b  38 . 4b 44 . 8b 4 7 . 3a 
33 . l c 30 . 5c  
44 . 7 a  58 . 0a 5 6 . 6a 5 1 . 2a 

34 . 0b 38 . 9b 4 3 . 4a 5 1 .  9a  
5 1 .  Sa  5 7 . 5a 46 . l a · 50 . 8a 
3 l . lb 42 . 5a 45 . la 

4 7 . 3a 54 . 5a 
3 6 . lb 49 . 6a . 44 . 8a 44 . la 
4 1 . 8a 46 . 8a 3 9 . 8a 
3 8 . 6b 

PEAK FLOWERING 
PFl  PF2  
3 1 7 a 3 28b 
349a 3 6 8a 

2 5 / l 5 ° C  30/ 2 0 ° C  
P F l  PF2 PF l PF2 
30la 3 35a 354a 380a 

329a 245a 3 6 8a 366a  

284b 3 14b 3 3 3a 402a 
402a 366a 398a 3 8 3ab 
259b 35 la  3 36b  

3 84a 383a  
32 3a 352a  343a 364a 
3 1 0a 328a 3 5 5 a  
3 1 2a 

Va lue s not fo l lowed by the same l e t t e r  d i f fer a t  P=O . O S 

1 1 5  
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Cul t ivar d i f ferences were observed a t  both temperatures and 

a t  both peak f lower ing t imes . General ly ,  Grand Rapids produces a 

h igher number o f  branches ( secondary and tertiary) than e i ther 

Thai or Slobo l t , a l though this was not generally s igni ficant a t  

3 0 / 20 °C .  The Thai cul t ivar produced only higher branches than 

S lobo l t  at  30/ 20°C  during the second peak f lowering . S lobol t ' s  

comparat ive ly lower branch number was a response to i t s  latene s s  

i n  bolt ing and t o  the tendency for p lant s t o  lose branche s 

through stem rott ing be fore the second peak of flowering 

eventuated . 

The product ion of  a s tronger and more extens ive branching 

frame work certa inly sugge s t s  a greater potential for high seed· 

yie lds than is  l ikely to occur on plants  bearing fewer secondary 

and tert iary branches . _ 

3 .  Seed Yield 

The total s eed yield/plant , as influenced by temperature , 

daylength and cul t ivar ,  at  different harves t  t imes after the two 

re spec t ive peaks of flowering is presented in Tab le 6 . 3 and Fig . 

. 6 . 1 ( raw data in Appendix 1 6 ) . 

The 25/ l 5 ° C  temperature produced s igni fican t ly higher seed 

y ields  at  both f l owering peaks . - However ,  the s econd peak 

f l owering genera l ly produced higher seed yie lds than the earlier  

peak flowering . 

a l l  cul t ivars 

High seed yields were consis tent ly obtained in 

grown in 14 h daylength irrespec tive of the 

temperature treatment . S imi larly , p l an t s  harve s ted 20 d after 

e i ther fir s t  peak or second peak flowering produced mos t  seed , 

except at  30/ 20° C where the remova l of  seeds from the p lant 15  d 

after second peak f l owering resul ted in highest  seed yield . 

Highes t  seed yie lds were obtained in Grand Rap ids p lant s  

irrespective of  the environmental treatment (except a t  30/20° C ,  

f i r s t  peak flower ing ) S lobol t  pr oduced a h igher seed yield than 
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Tab le 6 . 3  E f fec t s  of  t emperature , d ay l ength w cult ivar arid harve s t  
t ime on s eed y i e ld ( g/plan t ) 

A MAIN EFFECT 

Temperature ° C  
25 / 1 5  
3 0 /20  

Daylength ( h )  
10 
12 
14 

Cul t ivar 
Tha i  
Grand Rap ids  
S lobo lt  

Days after  PF 
10  
1 5  
20 
25  

B INTERACTIONS 

Daylength � 
Cul t ivar 
Tha i 
Grand Rap ids 
S lobo l t  

LSD . .  05 

Daylength � 
Cu l t ivar 

Thai 
Grand Rap ids  
S lobo l t  

LSD . .  0 5  

PEAK FLOWERING 
PFl 

24 . 3 6a 
20 . 5 2b 

25 / l 5 ° C  
PFl PF2 

2 0 . 95b 22 . 96b 
2 2 . 88b 
3 0 . 43a 

24 . 07b  
2 9 . 40a 
2 0 . 80c 

2 1 .  5 3b 
2 7 .  14a 
25 . 59a  

10  

2 1 . 20 
2 7 . 26 
14 . 38 

1 5 . 1 2 
1 0 . 5 9 
24 . 5 5 

38 . 68a 

20 . 69b 
40 . 95a 

3 5 . 50a 
3 7 . 3la  
1 9 � 65b 

PFl 
1 2  

1 9 . 44 
22 . 7 9 
26 . 41 

3 . 6 3 

1 5 . 28 
1 3 . 7 5 
24 . 43 

1 .  9 3  

1 4  

PF2 
36 . 40a 
33 . 60b 

3 0 / 2 0 ° C  
PFl PF2 

1 5 . 29b 25 . 02b 
1 5 . 26b 
2 6  . l la 

1 6 . 76b 
1 7 . 82b 
2 2 . 08a 

1 5 ; 63c  
1 9 . 20b 
2 1 . 84a 

39 . 68a 

3 1 . 0 7 b  
35 . 42a 
30 . 56b  

30 . 23b 
34 . 85a  
3 1 . 9 7 b  

PF2 
10 

3 1 . 5 6 
3 8 � 1 3 
2 1 . 6 1  

1 9 . 14 
26 . 7 8 

1 5 . 46 
2 1 . 45 
29 . 34 

2 7 . 2 2 
24 . 49 
23 . 35 

6 . 06 

4 . 6 2 

Va lue s no t f o l lowed by the s ame l e t t e r  d i f fer a t  P 0 . 05 

1 4  

2 2 . 24 
5 5 . 1 3 

34 . 9 3 
46 . 34 
3 7 . 7 6 
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bo th Tha i  and Grand Rap i d s  in  the warme r environment fol lowing 

the f i r s t  peak f l owe ring . 

De sp ite the genera l e f fect  of  t emperature on seed y ie l d , the 

quantity  of  seed produce d  from the f i r s t  peak f lower ing wa s 

r e l a t ive ly insen s i t ive to  changes in dayl ength from 1 0  to  1 2  h in 

d i f ferent cu l t ivars . 

S igni f icant interac t ions between daylength and cu l t ivar were 

obtained . At f ir s t  peak flower ing , 25 / l 5 ° C  temperature , 

increas ing pho t ope r iod from 1 0  to 1 2  h d e c reased seed y i e l d  in 

Grand Rapids and increa sed y i e l d  in S lobo l t . S lobol t ,  however ,  

on ly produced h igher seed y i e l d  than Tha i  and Grand Rapi d s  a t  the 

1 2  h day length . At  3 0 / 2 0 ° C , ( PF l ) inc r e a s � ing photoperiod from 

10 to 14 h had no effect  on seed y i e l d  in Thai . Grand Rap i d s  

however produced h ighe r  s eed  yield  than Tha i on ly in t h e  14  h 

day length . 

Fo l l owing t he s econd peak flower ing , the inte rac t ions showe d  

that Grand Rap i d s  produced marke d l y  h igher s eed y i e l d  than the 

other cult ivar s  unde r  a 14 h daylength a t  both temperatures . 

Grand Rap i d s  plants grown a t  2 5 / l 5 ° C  and unde r  · a  14  h 

day length produced a max imum seed y i e l d  o f  up to  6 5  g / p l an t  a t  

1 5 - 20 d a fter s e c on d  peak f lowering ( F ig . 6 . 1 ) .  

The resu l t s  s upport  earl ier work on seed deve lopment . In 

par t icular they show t hat  opt imum seed harve s t  t ime (a comprom i s e  

be tween d e l aying harve s t  to  ensure t h e  attainment of  maximum 

seed  we ight and harve s t ing early enough to prevent l o s s  o f  seed  

numbers due  t o  shat tering ) varies  depend ing on whe ther seed  has  

been produced f o l l owing the first  or s e c ond peak f lower ing . 

The 

growth 

d i f fe rence s  

room s tudy 

in opt imum harve s t  t ime recorded 

might  be cons id ered to be  

in t h i s  

s omewhat 

' ar t i f ici al ' compar ed with the s i tua t ion l ike ly to  preva i l  in the 
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f ie ld . In par t ic u l ar , the e f fec t s  o f  wind and rain are both  

l ike ly to inf luence t he  ons e t  and exten t  of  seed sha t t e r ing . 

Certain ly , many worke r s  have shown that  d e laying the harve s t ing 

of fie ld grown l e t tuce can cause  big l o s s e s  in . s eed yield due to 

shat ter ing ( Jone s , 192 7 ; Duncan , 1 9 6 5 ; Pokanan , 1 9 8 1 ) .  

The resu l t s  sugge s t  that in the Tha i  cul t ivar , highe s t  s eed 

y ie l ds  ( the s um of  y i e ld s  obtained from both f lowe r ing peak s ) 

were obtained und e r  a 14 h day length i r r e s pec t ive of  temperature : 

Grand Rapids  a l s o  produced maximum yie l d s  a t  14 h day length , but  

part icularly a t  the lowe r t emperature r e g ime ( 2 5 / l 5 ° C ) .  S lobo l t  

s eed yi e ld  wa s a l s o  l ike ly  t o  b e  h igher under a 1 4  h day length . 

Re gret tably , l ack  o f  p l ant s ,  as prev i ous ly descr ibed , prevented 

an eva lua t i on o f  t he cont r ibut ion to  t o t a l seed yield fo l l owing 

t he second peak o f  f lower ing a t  2 5 / l 5 ° C  in S l obol t . Th i s  wa s 

d i s appo inting s ince this  c u l t ivar seemed t o  be we l l  s uited  t o  the 

1 2  h day 1ength cond i t i ons found in Tha i l and , part icularly  a t  

I t  i s  pos s ible  however , t h a t  S lobo l t  may n o t  a t t r a c t  

commercial  s ee d  product ion b y  Thai farme r s  due to  i t s  s lown e s s  i n  

bo l t ing , as  has  happened i n  the U . S . A .  ( Thompson and Kos a r , 

1 948 ) . Grand Rap i d s  and t he Thai cu l t ivar might be more favoured 

by Tha i  farmer s  as  a cash seed crop und e r  c l imat ic t empe rature s 

around 2 5 / l 5 °C i f  t he c o s t  o f  produc t ion i s  lower than impor t ing . 

Under a 30/ 2 0 ° C  t emperature combinat ion , s eed yield , a l though i t  

t ook a shorter  t ime t o  reach a maximum , was cons iderab ly  l e s s  

than a t  2 5 / l 5 ° C .  I f  s eed produc t ion has  to be carried out i n  a 

c l imate  invo lving 3 0 / 2 0 ° C  and a 1 2  h d ay length , Tha i  or Grand 

Rap id s  wou ld be pre ferred . Th i s  i s  becau s e  Grand Rap ids produ c e s  

s imi lar seed y i e l d s  to  t h e  Thai c u l t ivar despite  t h e  f a c t  that  

they are both s imi l ar in vege t a t ive growth and appe arance . 

I t  wa s regre t t ab le  that insu f f ic i en t  plan t s  were ava i l a b l e  

t o  a l low s e e d  y i e l d  a s s e s sment s at  t h e  s e c ond peak f lower ing in 

p l ants  grown under the 1 2  h day length . 

y i e lds  of  seed  were obta ined in many 

Never the l e s s  subs tant i a l  

cas es . Certain ly , a 

c umu l at ive seed  y i e ld t o t a l  ( s um o f  maximum seed yie ld  from each 
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peak flower ing o f  each cu l t ivar of over 1 00 g/plant  in Grand 

Rapids  p l an t s  grown at 2 5 / l 5 ° C compared w i t h  comparab l e  va lue s o f  

approximately  6 0  g / p lant i n  Tha i  at  e i ther  2 5 / l 5 ° C  o r  3 0 / 2 0 ° C  and 

approximately  80  g / p lant in S lobo l t  at 3 0 / 2 0 ° C  sugge s t  that Grand 

Rapids  has a d r ama t ica l ly h igher seed  y i e l d  poten t i a l  than the 

o ther two cu l t iva r s  ( F i g . 6 . 1 ) .  

The re s u l t s  sugge st  however ,  that  this  poten t i a l  i s  on ly 

e x pres sed under r e l a t ive ly cooler cond i t ions ( 2 5 / 1 5 ' C )  and unde r  

l onger day leng t h s  ( 14 h ) . Th i s  i s  a l s o  due a lmos t  ent ir e l y  t o  a 

s t imu lat ion o f  s e c ond peak f l owering . 

4 .  Germina t ion 

Let tuce s ee d  germina t ion ha s been shown to be inf luenced by 

gene ti c  and env i ronment a l  fac tors  ( Bo t hwick and Robb ins , 1 9 2 8 ; 

Thornt on , 1 9 3 6 ; Thompson ,  1 93 6 , 1 9 3 8 ; Harr ington and Thompson , 

1 9 5 2 ;  Ko l l er , 1 9 6 2 ; Gut terman , 19 7 3 ; G irad and Monin , 1 9 7 7 ) .  

Higher leve l s  of  germina t ion we re ob t a ined from s e e d s  grown 

on plan t s  a t  3 0 / 2 0 ° C  at  both f l ower ing peaks ( Tab le 6 .  4 ) .  The s e  

r e s u l t s  suppo r t  previous  work by Ko l le r  ( 1962 ) who showed that  

warm tempera t u r e s  ( 26 / l 7 ° C )  dur ing the maturat ion of  Grand Rap i d s  

l e t tuce s e e d  increased germinat ion capac i ty .  

s t udy d i f ferenc e s  be twe en the t r e a tmen t s  

In t he pre s en t  

we re sma l l  and 

s ome t ime s s ign i f i cant . Fresh ungermina ted  seeds were a l s o  found 

in sma l l  numbers  s c a t t ered random ly throughout d i f ferent 

t reatment s .  They were eva luated  f o l l ow ing extens ion o f  the 

norma l 7 d germinat ion period for a fur t her 7 d .  Al l normal 

s e ed l ings and s e e d l ings from fre s h  ungermina ted s e e d s  were 

c ombined in the f inal  norma l germinat ion percen tage . An 

ind ica t ion o f  the leve l s  o f  fresh ungerminated s eed occurrence 

can be found in Append ix 1 7 . 
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Tab le 6 . 4 E f fe c t s  o f  tempe rature , �aylength , cult ivar and 

harve s t  t ime on germina t i on pe rcentage 

PEAK FLOWERING 

TemEerature o c  P F l  PF2 

2 5 / 15 96 . 76b 9 7 . 2 5b 

30/20 98 . 5 la 99 . 34a 

25 / l 5 ° C  30/ 2 0 ° C  

Day length ( h )  PF l PF2 PFl PF2 

1 0  98 . 14a 9 8 . 79a  98 . 68a  9 9 . 06a  

12  9 7 . 5 6 ab 98 . l lab 

14 9 5 . 7 5 b  94 . 88b 97 . 53b  9 9 . 1 9 a  

Cu lt ivar 

Tha i 98 . 03a 96 . 50a 98 . 04b 99 . 25 a  

Grand Rap ids  9 8 . 00a 9 7 . 1 7 a  98 . 92a 99 . 33a  

S lobo lt  95 . 42b 97 . 36b 9 8 . 7 9 a  

Days a f ter PF 

1 0  97 . 2 9b 9 9 . 1 2 a  

1 5  96 . 1 7 a  96 . 7 5 a  9 8 . 39a 9 9 . 04a 

20 9 7 . 25a  9 7 . 7 5 a  9 8 . 64a 99 . 2 l a  

25  98 . 03a 96 . 00a 

Values not f o l lowed by the same l e t ter  d i f fer at  P=0 . 05 

In mo s t  c a s e s  s eed germinat ion percentage was more than 9 5 %  

a l though d i f ference s we re found t o  be  s t a t i s t ica l ly s igni f ican t . 

In prac t ice these  d i f ferences  are of l i t t le agronomic  

consequence . However , genera l ly , l ong days ( 14  h ) , l ow 

t emperature s ( 25 / l 5 ° C ) and ear l ier harve s t s  produced s eeds  with  a 

s l ight ly l ower germina t ion percentage than s eeds from other  

t reatmen t s . S im i lar resu l t s  have shown that Grand Rap i d s  s e e d  



grown unde r  s hor t d ays ( 8  h )  has a 

compared t o  s eed produced under a 

( Gu t terman , 1 9 7 3 ) .  
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h igher  germinat ion when 

long day length of 2 0  h 

The r e s u l t s  o f  this  s tudy sugg e s t  that temperature and 

day length have a min imal e ffect on seed  germinat ion ,  provided  t he 

s eeds are phy s i o logica l ly ma ture . 

Thompson ( 193 6 ) . 

S im i l ar resu l t s  were found by  

The sma l l  amount o f  seed  dormancy found in  this  s tudy wa s 

probab ly due t o  the inc lu s i on of  s ome immature s eeds  taken from 

f lower head s a f ter  the ir respect ive f l ower ing peaks . No dormancy 

prob lems wer e  observed in seed which had reached phys i o l o g i c a l  

maturity ( maximum dry we igh t )  in any o f  the cu l t ivars u s e d  in 

this  s tudy ( Chap ter 3 ) . However , o ther worker s  have found 

dormancy prob lems with l e t tuce s e e d s  of other c u l t iva r s  

( Borthwick and Robb ins , 1 9 28 ) . Such dormancy c a n  apparent ly b e  

eas i ly overcome b y  t reat ing seeds w i t h  thiourea ( Thompson and 

Horn , 1944 ) , k inet in ( Smith et a l . , 1 9 6 8 )  or ethephon ( Harsh  e t  

a l . , 197 3 ) .  Under f i e l d  cond i t ions , where seed l ings are r a i s e d  

in nurseries  o r  greenhou s e s  prior t o  t r ansplant ing into t h e  f i e l d  

( Ryder , 1 9 7 9 ) , t h e  prob lem o f  dormancy i s  eas i l y  avoided . 

The t yp e s  o f  abnorma l seedl ings found inc luded s ee d l ings 

w i th short and t hick hypocotyls  or de formed seed l ings . Abnorma l 

c l as s i f icat ion wa s based on work pub l i shed  by I STA ( Benkendam and 

Grob , 197 9 ) . 

5 .  Seed We ight 

Intens ive s tudies  on let tuce s e e d  qua l i ty have ind icated  

t h a t  s e e d  from a s ing le p lant has  a wide range o f  seed  s ize  and 

we ight . Se e d  we ight in l e t tuce has been found to be  re lated  t o  

s e ed vigour and s ub s e quent p lant y i e ld . The larger or h e av i e r  

t h e  s eed , t h e  greater t h e  germinat i on percentage and t h e  

percentage of  marke tab le head s ( Sc a i fe a n d  Jone s , 1 9 7 0 ;  Smi th e t  
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� . , 1 9 7 3a , b ;  Renard , 1 9 7 8 ) . 

In this  s tudy , there wa s a wide range of seed we ight and 

s i ze wi thin e ach treatment ( Tab le 6 .  5 ,  Append ix 1 8 ) . Tempe rature  

only  increased the we ight of  seed formed from the  second peak 

f l ower ing in p l ant s  grown at 25 / l 5 ° C .  Increas ing photoper iod 

from 10  to 14  h progre s s ively inc reased  seed we ight at  2 S / l 5 ° C  

and decreased  i t  a t  3 0 / 2 0 ° C . Howeve r , cul t ivar and t ime o f  

harve s t  d i f ferences only a f fected the we ight o f  seed formed from 

f lowe r ing a t  3 0 / 20°C  but the d i fferenc e s  were sma l l . 

Tab le 6 . 5 E f fe c t s  o f  t emperature , daylength , cult ivar and 

harvest  time on seed we ight ( 1000  s eed dry we ight : mg ) 

PEAK FLOWERING 

Temeerature o c  PFl PF2 

2 5 / 1 5  9 2 7 a  9 9 3 a  

3 0 / 20 898a 889b 

2 5 / l 5 ° C  3 0 / 2 0 ° C  

Day length ( h )  PFl PF2 PF l PF� 

1 0  8 3 3 c  904b 920a 9 3 5 a  

1.2 9 2 6b 899a 

1 4  1 0 29a 1039a 82lb  8 5 4b 

Cu l t ivar 

Thai 9 1 3a 9 50a 8 34b 868a  

Grand Rapid 929a  994a 897a  9 l la 

S l obo l t  946a 908a 9 0 6 a  

Days after PF 

10 842b 889a  

15  9 3 l a  1 004a 886a 9 0 l a  

20  9 1 6a  982a  9 10a 8 9 5 a  

25  940a 929a 

Values not  f o l l owed by the same l e t ter  d i ffer at  P=0 . 0 5 



The qui t e  l arge differenc e s  in 1000 seed dry weight 

e xh ib ited by seeds  from d i f ferent treatmen ts - part i c u l a r l y  

day lengths a t  2 5 / l 5 ° C  were inve r s e ly re l ated to s e e d  germinat ion 

percentage . Surpr i s ing ly , treatmen t s  wh ich produced the heav i e s t  

s eeds ( Table 6 . 5 ) als o  exhib i ted the l owe s t  germinat ion capa c i t y  

( Table 6 . 4 ) . These  d i f ferences  howeve r ,  were sma l l  and are 

probably o f  l i t t le b iological  importance . 

Seed we ight may a l so be l e s s  impor tant in leaf  l e t tuce 

p roduct ion s ince t he crop is harve s ted  s ucce s s ive ly , es pec i a l ly  

under f i e ld c ond i t ions . Previous work by So f fer and Smi th  

( 1 974b )  wi th Ca lmar head l e t tuce has shown that seed  we ight  could 

be used t o  pred i c t  the un i formity o f  l e t tuce dur ing i t s  

g rowth s tage s . They found that p l an t s  grown from sma l l  

early 

l ight 

s eeds were sma l l  ini t ia l ly but later , a t  the head ing s t age , they 

r eached y i e l d  e qua l i t y  with p lan t s  pro duced from la rge heavy 

s eed . 

1 25 
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CHA P T E R  7 

GENERAL D I SCU S S I ON AND CONCLUS I ON 

Light and t emperature are two o f  the ma in ecologica l fac tors  

l ong known t o  a f fect  p l ant growth and d eve lopment ( Garner and 

A l lard , 1 9 20 , 1 9 2 3 ; Robe r t s  and S t ruckmeyer , 1 9 38 ) . Al though i t  

has  been sugge s ted tha t temperature dur ing the vegetat ive per iod 

is  genera l ly regarded a s  hav ing a greater inf luence than 

d ay length in d e termin ing the t ime that vege t a b le crops wi l l  

f lowe r (Mi l thorpe and Horowi t z ,  1943 ) ,  photope riodic  r e s pons e s  

have of ten been found to  b e  mod i f ie d  in one way or ano ther b y  

changes i n  t empe ra ture ( V ince - Prue , 1 9 7 5 ) .  

A cons iderable  amoun t of  work has  been done on the e f fec t o f  

t empe ra ture and /or  photope r iod and / or l ight intens i ty on the 

growth of  but t e rhead l e t tuce and f lo r a l  in i t iat ion and s t em 

e l ongat ion in head l e t tuce . Comparat ive data  relat ing t o  l e a f  

l e ttuce cu l t ivar s , however , i s  genera l ly lack ing . 

The pre s ent s tudy c ont a ins informa t ion on the e ffec t s  o f  

t empe rature and photope r i od on vege t a t ive growth and deve lopmen t ,  

reproduc t ive d eve lopment and f l ower ing , seed deve lopment , seed  

y i e ld and qua l i ty i n  three leaf  le t tuce  c u l t ivars : Tha i , Grand 

Rap ids and S lobo l t  under  contro l led environment cond i t ions . 

These three cul t ivars  were chosen because they mos t  c lo s e l y  

me t the Tha i c onsumer acceptance requ i r emen t s  relat ing t o  l e a f  

t ype , leaf co lour , lea f margin charac te r i s t ic s  and s l ow b o l t ing . 

I t  has been ob s e rved that both t empe rature and pho toper iod  

i n f luence the growth and deve lopment o f  l e a f  let tuce p l an t s . 

Fresh we ight , dry we i ght , l e a f  area and leaf number  wer e  

increased b y  h igher temperature s and l onger photope r iods in both  
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t he imma ture ( 1 0 - 20 d after  sowing ) and mature ( 30 - 40 d a f t e r  

s owing ) s tages o f  vege t at ive growth . The magni tude o f  the s e  

increases  d i f fered b e tween c u l t ivars . S lobo l t  wa s genera l ly more 

product ive at  thes e  t imes than Thai or Grand Rap ids , the l a t ter  

t wo c u l t ivars  r e s pond ing s imi lar ly in  mo s t  case s . The s e  resu l t s  

agree with tho s e  obtained by other inve s t igators which have 

a s sociated  increas ing vege t a t ive growth in lettuce p lant s  w i th 

r e l a t ively high irrad iance s  and long days ( Brouwer and Huyske s ,  

1968 ; Dennis  and Du l l force , 1 9 7 4a , b ;  So f fe e t  a l . , 1 9 68 ; Grey and 

S t ecke l , 1 9 8 1 ; Cracker and Sevbe r t , 1 9 8 3 ) and h i gh temperatures 

( Bens ink , 19 7 1 ;  S c a i fe , 1 9 7 3 ;  N icho l s , 1 9 7 7 ; Lorenz and Wiebe , 

1980 ; Ho l s t e i j n ,  1 98 0a , b ;  Wurr  e t  a l . , 1 9 8 1 ; Kn ight and Mi t che l l , 

1983 ; G lenn , 1 9 84 ) . 

In leaf  l e t tuce , Cracker and Se ibe r t  ( 1 983 ) repor t e d  that 

the t ota l accumu l a t ion o f  dry weight , number of  leave s and l e a f  

area i n  the cu l t ivar Grand Rapids wa s ma inly a f fe c t e d  by 

pho toperiod and that  p lant s  produced three t imes more dry ma t te r  

y i e l d  when grown i n  a 2 4  h pho toperiod than when expo s ed t o  a n  8 

h pho toper iod a t  2 0 /1 2 .C and 1 1 3 W/m2 . At a cons tant 2 5 ° C  and 2 0  

h pho t operiod w i th a pho to synthe t i c  irrad iance o f  1 8 3  W/m2 , 

higher leaf  dry we ight wa s obtained in p lant s  of  S a l ad Bowl  and 

Wa ldmann ' s  Green than at 2 5 / 20 ° C  ( Kn ight and Mi t che l l �  1 9 83 ) . 

Tibb i t t s and Koz l owski ( 19 80 )  reported  that Grand Rap i d s  a l s o  

yielded  be t t e r  under 2 5 / 2 0 ° C , day£n i gh t  than under  1 5 / 20 ° C ,  

day/n ight . In the present inve s t igat ion , p lant s  were grown a t  a 

c ons tant high irradiance leve l ( 1 50 W/m2 ) .  P lant s  o f  a l l  three 

cult ivars produced about twice the dry ma t ter y i e ld a t  3 0 / 2 0 ° C  

than at  2 5 / l 5 ° C . However , d r y  ma t t e r  y i e ld increases  o f  up t o  

three t ime s wer e  obt ained under a 14  h day leng th compared w i th a 

1 0  h daylength . Vegetat ive y i e l d  d i f ferences  between p l an t s  

grown at  10  and 1 2  h dayl engths we re sma l l  a t  both t empe ratur e s . 

Howeve r ,  a marked inc rease wa s obtained when day length was 

ext ended to 14 h .  The se d i f ference s ,  were assoc iated w i th h igher 

l e a f  areas and l e a f  numbers  cau s ing increased p l ant dry we ight . 
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I t  i s  sugges t ed these d i f ferences  are probab ly due to  an 

increas ing rate o f  pho t o synthet i c activity  in let tuce grown under 

l ong photoper iod s and high irrad iance l eve ls  as  previous ly 

obs erved by Brouwer and Huyske s ,  1968 ; Ho l s te i jn , 1 98 1 ;  Cracker 

and Se ibe rt , 1983 . S imi lar ly , high temperatures have been shown 

t o  inc rease ce l l  ext ens ion ( Bens ink , 1 9 7 1 )  and l e a f  expans i on 

( Bierhu i zen e t  a l . , 1 9 7 3 ) . In contra s t , le ttuce growth , a s  

measured b y  change s  in leaf  number  and l e a f  area , has been shown 

t o  be the same und er t empe rature comb inat ions o f  2 5 / l 7 ° C  and 

2 1 / 1 3 ° C  when p l an t s  were grown at low leve l s  of rad iant ene rgy 

( 1 2 . 8  W/m2 ) ( Verkerk and S p i t ters , 1 9 7 3 ) . I t  i s  l ike ly that 

l ight serve s  not on ly a s  an energy source through pho tosynthes i s  

but a l s o  a s  a deve lopment regu lator through the ac t iva t ibn o f  

pho tochrome and o ther  photoreceptors . Th i s  l at t e r  activity  has  

been shown to gre a t l y  inf luence the u l t ima te s i ze , shape and 

phys i o l ogy of a range o f  p lan t s  ( So f fe � � - , 1 9 7 7 ; Cracker and 

Seiber t , 1982 ; Ho l s te i j n ,  1 9 8 1 ) .  I t  i s  wid e ly known that  

temperature a f f e c t s  me tabo l i sm and inf luenc e s  p l ant growth 

( Su t c l u f fe , 1 9 7 7 )  and is  the main de t e rminant o f  growth r a t e  

dur ing the exponen t i a l  pha s e  ( Scaife , 1 97 3 ) . In a cons tant 

env ironment the growth of l e t tuce has been shown to  be a lmos t  

exponent i al  for a t  l e a s t  ha l f  o f  crop l i fe ( Du l l force , 1 9 6 2 ; 

Nichol s ,  1 9 7 1 ) . 

In this s tudy , the relat ive growth rate  dur ing the 

exponent i a l  growth phas e  was s imilar  be tween cu l t ivar s , 

day lengths and t emperature s even though total  p l ant dry we ight 

and leaf area were h i gher for p l ants  grown at 30) 2 0 ° C  and 14 h 

day length . Th i s  sugge s t s  that l e t tuce p l ants  grown at  3 0 / 2 0 ° C  

and 14  h daylength enter the exponent i a l  growth s t age sooner than 

p l ant s grown a t  2 5 / l 5 ° C  under  shorter  day length s . I t  shou ld  be 

n o ted tha t the d i f ference be tween temperatures used in the 

present s tudy wa s only 5 ° C ( day and n ight ) .  Such a sma l l  

tempera ture d i f feren t ia l  c omb ined with a h igh irrad iance leve l 

migh t  have caus e d  the lack o f  d i f ference in r e l a t ive growth rate  

between treatmen t s  a s  shown by o ther worke rs  ( S c a i fe , 1 9 7 3 ;  W urr 
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In  Thai l and , consumer acceptab i l ity  o f  l e t tuce p lant s  when 

they re ach marke t able  s i ze is very important , and is based on 

usua l ly we l l  d e f ined visua l  c r i t er i a . In leaf l e t tuce , the 

c onsume r norma l ly pre fers young and fre sh l e t tuce p l ant s . The 

whole p l ant is harve s te d  when it is we l l  deve loped , though i t  may 

o f ten be cut for s a le when it is s t i l l  on ly ha l f  grown i f  the 

marke t demand i s  good . At the advanced s t age s o f  vegetat ive 

growth or by the t ime the p l ants  have begun f loral d eve lopment , 

the leaves are tough and b i t t e r  ( Shoemaker , 195 3 ) . 

The present s tudy showed that p lant s  grown a t  2 5 / l 5 ° C  had a 

b et ter  "marke t acceptab i l i ty" than p lant s  grown a t  3 0 / 2 0 ° C  a t  any 

daylength . At 2 5 / 1 5 ° C  p lants we re ye l low green in . co lour , 

c ompact  and fresh wh[e p l ants  gro wn a t  3 0 / 20 ° C  we re pa le green 

and exc e s s ive ly s o f t . The opt imum harve s t  t ime o f  l e t tuce p lant s 

was 3 0  d unde r  a 14  h daylength ; 3 0  t o  40 d under  a 1 2  h 

daylength and 40 d a f ter s owing under a 1 0  h day length a t  both  

t empe ratures 

Al though p lant s  grown at  3 0 / 2 0 ° C  and 14  h daylength produced 

h i gher vege tat ive growth than at  2 5 / l 5 ° C , such rapid growth wa s 

genera l ly as soc i a t ed w i th t i s s ue ' s o f tnes s ' ,  bolt ing and t i pburn , 

par t icular ly in the Thai and Grand Rap i d s  cult ivars  40 d a f t e r  

s owing . S lobo l t  however wa s s t i l l  ve ge t a t ive at  t h i s  s t age b u t  

eventua l ly became ' overs i zed ' w i t h  low marke table va lue . P lant s  

grown a t  2 5 / l 5 ° C  and 14 h day length at  4 0  d after  s owing s t i l l  

rema ined vege t a t ive , but decay o f  the o lder  leave s o f ten r e su l t e d  

i n  t h e  produc t i on o f  let tuce p l ant s  wh ich we re unmarke tab l e . 

Under these cond i t ions plants  were a l s o  gene ra l ly ' overma ture ' in 

t erms of  ma rke t qual i ty .  

Tempe rature and day l ength were a l s o  found to  influence 

f lora l deve lopmen t  and flowe r ing. in leaf l e t tuce . Long days ( 14 

h )  and high tempe ratures ( 30 / 20 ° C )  enhanced s tem e longa t ion , 
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f l owe r induc t i on and f lower ing , wh i l e  sho r t  days ( 10 to  1 2  h )  and 

low tempe ra tures  ( 25 / l 5 ° C )  d e l ayed the s e  charac teris t ic s  in a l l  

three c u l t ivar s .  S lobo l t  produced a shorter ma in s tem and was 

s ign i f icant ly l a t e r  in bo l t ing than Thai and Grand Rap ids .  Th is  

cu l t ivar is  even reported to be s low in bolt ing a f t er 

verna l i zat ion ( Thompson and Ko sar , 1948 ) . 

The cu l t iva r s  u s ed in this  s tudy d i f fer in the rate  o f  seed  

s ta lk format ion . A l though let tuce cu l t ivars  have been var ious ly 

shown to  be  e i ther long day p l ants  or  day neutral ( Ryde r , 1 9 7 9 ) ,  

f lower ing in Thai and Grand Rapids  was in f luenced more by h i gh 

t empe ratures than by long photope r i ods  whereas S l obo l t  required 

both long days and h i gh temperatures  be fore becoming 

reproduc t ive . Rappapo r t  and W i t twer ( 1 9 5 6b ) a l s o  repor ted that 

Grand Rap ids f l owered on e i ther wa rm n igh t s  ( 2 1 ° C )  or in l ong 

phot oper iods ( 1 6 h ) . 

Le t tuce i s  norma l ly a quant i t a t ive long day p l ant at  h igh 

t empe rature and a day neu t r a l  p l ant at l ow tempera ture ( V ince 

Prue , 1 9 75 ) .  The Tha i , Grand Rapids  and S lobo l t  cul t ivars used  

in  t h i s  exper iment can be cons idered a s  quant i t a t ive long day 

p l an t s  at  both 2 5 / l 5 ° C  and 30/20° C .  However , the  day length 

re s ponse was only operat ive a t  14 h day l ength in Thai and Grand 

Rap i d s  wh ile  S lo b olt was r e s pons ive a c r o s s  a l l  day lengths . Such 

le t tuce cult ivar d i f fe rences  in the i r  r e s pons e to day length 

( Bremier , 19 3 1 ; Thompson , 1 9 38 ; Cytov i c , 1 9 6 7a ; Hiraoka , 1 9 6 7 a )  

and to  temperature and day length ( Thompson and Kno t t ,  1 9 3 3 ; 

Rappaport  and W i t twer , 1956a , b )  have been wide ly reported . 

However , previous work has  t ended t o  on l y  empha s i z e  the onse t  o f  

f lo r a l  ini t iat i on as  i t  is  a f fe c t e d  by t emperature and 

pho t oper iod and has gene ra l ly invo lved s tudies in head l e t tuce . 

Re l a t ive ly few papers appear in the l i t e ra ture deta i l ing work 

w i th leaf  let tuce and even fewer seem t o  have inc luded s tud i e s  on 

sub s e quent seed d eve lopmen t  and produc t i on .  

After  le t tuce  p lant s  produce the ir  f i r s t  f l ower , f l ower ing 
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proceed s through an increas e  in numbe r s  unt i l  they reach a peak . 

The t ime taken t o  reach this  peak of  f l owering var i e s  be tween 

c ulti v ar s  and i s  inf luenced by  the  environmen t ,  part icularly  

tempe rat ure . 

o f  f lower ing 

Ove r  about a 50 d f lower ing period , two maj or peaks 

occurred in each cu l t ivar . Thi s  ' doub le peak ' 

f l ower ing pa t te rn occurred in p l ant s  irrespec t ive of  day length 

and temperature . The except ion was in S l obolt at  2 5 / l 5 ° C  under 

10 , 12  or 14 h day l engths . In the s e  treatmen t s  S lobo lt  p lant s d id 

not reach the ir f ir s t  peak f l owe r ing unt i l  the p lant s  o f  the 

other cu l t ivars had reached their s e cond peak f l ower ing . This  

d e l ay wa s d ue  t o  s lownes s  o f  bol t ing in this cu l t ivar . This  

de lay resulted  in insuf f ic i ent t ime for the  deve lopment o f  a 

second peak f l ower ing be fore the terminat i on o f  the exper iment 

a f t e r  160 days . 

Jone s ( 1 9 2 7 )  and Sof fer and Smi th ( 1 9 74a ) both prev i ous l y  

repor ted the occurrence o f  doub le f l ower ing peaks in l e t tuce 

p l an t s .  Jone s ( 1 9 2 7 ) obs erved that f l ower ing rate was inf luenced 

by f luc tuat ions in temperature wh i l e  S o f fe r  and Smi th ( 19 74 a )  

sugge sted tha t l ight inten s i t y  might  be the con t ro l l ing fac tor 

invo lved , par t ic u l a r ly when compar ing the per formance o f  l e t tuce 

p lant s  grown in the f i e ld with g l a s shou s e  cond it ions . The 

pre s ent experiment s ugge s t s  that f l owe r ing pat tern and t l ower ing 

rate vary due t o  d i f ferences in cu l t ivar reponse t o  day l ength and 

tempe rature . The h ighes t  peak of f l ower ing occurred in Grand 

Rap i d s  and S lobo l t  p l an t s  grown under a 14 h day l ength and l ow 

tempe rature ( 25 / l 5 ° C ) . The Tha i  cu l t ivar was the except i on ,  

reach ing i t s  h i ghe s t  f l ower ing peak in p l ants  grown a t  1 2  h 

day length and 2 5 / l 5 ° C .  Un fortuna t e ly there we re not enough 

p l an t s  remaining in the 12 h day length treatment to cont inue for 

seed product ion s tud ie s . Th i s  s i tua t ion occurred because  p l ants  

from this  treatmen t  had  been previous ly used  for  seed  deve lopment 

s tud ie s  in order  to d e termine opt imum harves t ing t ime . 

The e f fe c t  o f  temperature and day length on seed  numbers and 

s e ed s e t  was more obvious at 3 0 / 2 0 ° C  than at 2 5 / l 5° C .  At 
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were both higher a t  1 4  h day length than a t  1 0  h day length wh i le 

a t  2 5 / l 5 ° C , day l ength e f fects  we re r e l a t ively un importan t . 

Ko l ler  ( 1 962 ) reported that good seed s e t  in Grand Rap ids was on ly 

ob t a ined a t  n ight t emperatures be tween 17  and 23°C  under short 

day cond it ions ( 8  h ) . Th is  t rend is  supported by the present 

re s u l t s  wh ich show that a l l  three cu l t ivars ' set ' seed better at  

25 / l 5 °C than a t  3 0 / 2 0 ° C  under 10  h day length . Howeve r ,  long days 

( 1 4 h) brought about a h igher peak f l ower ing , s eed number and 

seed  s e t  at  both t emperature s .  

The produc t ion o f  h igh seed y i e l d s  and h igh seed qua l i t y  in 

l e t tuce is pos s ib le if p l ant s  are harve s te d  at the r igh t t ime . 

By d e l aying harve s t ,  much of  the seed y ie l d  can be los t because 

of sha t tering ( Hawthorn and Pol lard , 1 9 5 4 ; Pokanan , 1 9 8 1 ) .  On 

the o ther hand , i f  harve s t ing is too early , much of the seed  

wou l d  be  imma ture and fai l t o  germinate . I t  has been shown by a 

numb er  o f  worke r s  that s e ed we ight increase s  t owards matur i ty 

( G lober son , 1 98 1 )  and that the s i ze of  l e t tuce seed is  pos i t ive l y  

corre l ated with p l ant deve l oment ( Smith e t  a l . ,  1 9 7 3b ;  S o f f e r  and 

Smi th , 1 9 74b ; Renard , 1 9 7 8 ) . High t empera ture s have a l s o  been 

found to  has ten s e ed matur i ty and shat tering , with seed 

deve loping and ma tur ing about 1 2  d a f t e r  anthe s is ( Jone s , 1 9 2 7 ) 

or 14 t o  1 6  d a f ter  anthe s i s  ( G lobe r s on , 1 98 1 )  depend ing on 

cu l t ivar . Seed c o lour changes occur about 8 to 9 d a f ter  

an the s i s  ( G lobe r s on , 1 9 8 1 ) .  

Mos t  of the in format ion on let tuce s eed deve lopment in the 

l i tera ture has be en carried out under f i e ld and g la s shou s e  

cond i t ions . Under t he con t ro l led environmental  cond i t ions used  

in  the  present s tudy , s eed of  the  three  cu l t ivars reached the i r  

maximum dry we igh t  ( phy s io l ogical  ma tur i t y ) 1 1  d a f ter anthe s i s  

a t  30/ 20 °C  and 1 3  d a f ter  anthe s i s  a t  2 5 / l 5 ° C . At this  s tage , no 

seed shat tering wa s observed and the pappus was beg inning t o  

protrude out o f  the capsu le . The seed head wa s brownish- green in 

co lour . Seeds harve s t ed a t  this  t ime wou ld not s u f fer from l ack 
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of v i ab i l i ty s ince the maximum percentage of germinat ion was 

reached 9 d a f t e r  anthe s i s  a t  3 0 / 20 ° C  and 1 1  d a f t e r  anthe s i s  at  

2 5 / l 5 ° C .  In both cases this  wa s about 2 d be fore seed  re ached 

phys i o logical  matur i ty . 

The prec i s e  date a t  wh ich seed mus t  be harve s te d. does not 

seem t o  be c r i t ical  in plants grown a t  25 / l 5 ° C .  Th i s  wa s because 

o f  the 4 t o  6 d interva l  be tween the t ime seed had c omp l e ted i t s  

phys i o l og i c a l  developmen t and t h e  onse t  o f  shatter ing . However ,  

i n  p lan t s  grown at  3 0 / 20° C ,  shat ter ing was f i r s t  ob s e rved on ly 2 

d a f t e r  s eed ma turity ( 1 3 d a f t e r  anthes i s ) .  Th is  sugge s t s  that 

in h igher t empe rature environments  harve s t  t iming may be more 

c r i t ica l to  ensure y i e lds are not seve r e ly depleted  by seed  l o s s . 

Seed co lour change in l e t tuce , i s  not cons idered t o  be  a 

part i cu lar ly r e l iab le ind icator  of  s eed matur ity becau s e  co l our 

change to  b lack ( Thai and Grand Rapids ) or l ight brown ( S lobo l t )  

occurred some t ime ( about 4 d )  be fore seed  reached phy s i o logica l 

ma tur i ty .  Such seeds , a l though they showed a h igh germina t i on 

percentage are l ike ly to  be  o f  low v igour ( Po l lock and Roo s , 

1 9 7 2 )  and shor tened s t orage l i fe  ( Hyde e t� . ,  1 9 5 9 ) . 

Tha i , Grand Rap ids and S lobo l t  c u l t ivars a l l  s howed a 

s imi l ar seed d eve lopment pattern  even though the r a t e  o f  s eed 

deve l o pment was inf luenced by t emperature . The h i gher the 

tempe ra ture the quicker seed matured and shat tered . The pres ent 

resu l t s  sugge s t  that the opt imum t ime of  harve s t  for s eed of 

the s e  cu l t ivars i s  not when the seed looks r i pe as a r e s u l t  o f  

seed c o l our change o r  when the s eed head h a s  o pened and 

sha t t e r ing has commenced . Probab ly the eas i e s t  way t o  d e t ermine 

opt imum harve s t  t ime by eye appr a i s a l  is when the seed  heads t urn 

s l ight ly brown and abou t 5 0% o f  the pappus appe ars through the 

brac t s . At t h i s  s tage the s e e d  head s t i l l  reta ins i t s  cupped 

shape and fu l l  s eed retent ion . 

The correc t  t ime of harve s t  to obtain high seed  y i e l d  is  the 
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mos t  impo rtant s ing l e  var iab le inf luen c ing seed y i e ld provided 

that s eeds  h ave reached phys iolog ica l matur ity .  The pre s en t  

exper iment s howed tha t the opt imum harve st  t ime was about 1 3  d 

a f ter peak f l ower ing a t  3 0 / 2 0 ° C  and 20  d a f ter peak f lower ing a t  

2 5 / l 5 ° C . Th i s  was about 2 - 3 d l a t e r  than had been expe c t ed 

from the r e su l t s  o f  the prev ious s eed deve lopment s tudy . 

However ,  i t  shou ld b e  noted that p lant s were grown in a growth 

room enviornment wh ich did  not t ake acount o f  the e f fec t s  of wind 

or rain . S ome s eeds from the ear ly s tages of  growth remained in 

t he seed head ra t her t han shatter ing a s  wou ld be  l ikely  t o  be  the 

c a se in the f ie ld . Th is  probab ly resul ted in h igher than 

expec ted s e ed y i e lds at the later harve s t . 

Highes t  s eed yield  wa s obtained a t  1 5  - 20  d a f t e r  the s e cond 

peak f l ower ing in Grand Rap ids unde r  14 h day length at  25 / l 5 ° C .  

Th is maximum s e e d  yie ld  o f  6 4  g / p lant was obtained 1 39 t o  1 44 d 

a fter sowing and wa s mainly due to  the abi l i ty o f  Grand Rapi d s  

p lants  to  produce �xtreme ly high f l ower numbers a t  t h e  s econd 

f l ower ing peak . The maximum seed y i e l d  in the Tha i  cultiv ar was 

obta ined from p l ants grown under 1:4 h d aylength and 3 0 / 2 0 ° C  ( 3 9 

g / p lant , 1 1 3  d after  s owing ) wh i le S lobo l t  produced up t o  40 

g/p lant at e i ther 12  h d ay length , 2 5 / l 5 ° C  ( 146 d a f ter  s owing ) o r  

14 h a t  30/ 20 ° C  ( 104 or  1 35 d a f t e r  s owing) .  

I t  i s  pos s ib le that the ' two peak ' f lower ing charac t e r i s t i c  

o f  leaf  l e t tuce cou ld  b e  mo st  fu l ly exploited commerc i a l ly by 

u s ing a ' doub le harve s t ' s ys tem invo lving remova l of  max imum 

s e eds from the f ir s t  peak f l ower ing on the s t and ing p l ant . A 

se cond harve s t  could then be carried  out a f ter s eeds  from the 

s econd peak f l owe r ing had comp leted the i r  deve lopment . In Grand 

Rap ids this wou ld have resulted  in a maximum 

harves t ) yie ld  of  over lOO g/p lant ( 25 / l5 ° C ,  

·cumu lat ive ( two 

14 h day length ) 

compare d wi t h  comparat ive maximum y i e l d s  of  80  g / p l ant in S lobo l t  

( 30 / 20° C ,  1 4  h daylength)  and about 6 7  g/ p l ant in Tha i  ( e i ther  

2 5 / l 5 ° C or  3 0 / 20 ° C . 14 h dayl ength ) .  
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The resu l t s  show that Grand Rap i d s  has a higher s ee d  y i e l d  

potential  than the other two cult ivar s . Th is sugge s t s  tha t , 

part icular ly under 14 h and 25 / l 5 ° C  cond i t ions , Grand Rap ids  i s  a 

mos t  suitable  c u l t ivar wh i l e  S l obo l t  i s  we l l  suited  under 14 h 

S lobo lt  howeve r ,  was not a s  vi sua l ly acceptab le  a s  

Thai and Grand Rap ids cu l t ivars i n  t e rms of  i t s  vege tat ive grow t h  

and vi sua l appe arance . The Tha i  cu l t ivar is  a l s o  h ighe s t  

yield ing unde r  a 1 4  h d aylength a t  e i ther 25 / l 5 °C o r  30 / 20 ° C .  

The Tha i and Grand Rap ids  cu l t ivars  are very s imi lar in both 

growth and appearance . Th is  i s  p o s s ibly because  they are 

re lated , s ince  they are reputed t o  have both orig inated from 

Black Seeded S impson ( Wi t twer e t  a l . , 1 9 65 ) . Howeve r ,  i t  migh t  

b e  argued t h a t  the Grand Rapids  i s  more  sui tab le than the Tha i  

c u l t ivar und e r  a 1 4  h day leng th s ince i t  produced a s ign i f ican t l y  

higher seed y i e ld ( 7 8 g / p lant , 1 1 7  d a f ter sowing ) at  30/ 2 0 ° C .  

The Tha i cu l t ivar , however , . appea r s  to be more adapted t o  

r e l a t ive ly s ho r t er days . Th is  migh t  r e f lect i t s  cont inued 

c u l t ivat ion over many years in the r e l a t ive ly shorter  dayleng ths 

( 1 1 to  1 2  h)  in  Thai land . 

Thi s  short  day r e s ponse ( 1 2 h )  in s e ed yield  was a l s o  

apparent i n  S lobol t . The advantage o f  this  cult ivar in produc ing 

its h ighe s t  s eed yield a t  2 5 / l 5 ° C  and 12 h daylength ( 40 g / p lant ) 

was more t han o f fs e t  by the de lay o f  about 30 d in b o l t ing o f  

S lobo lt  

might 

second 

p lant s  compared to the other two cu l t ivars . 

be expe c t e d  to  reduce the chanc e s  of S lobo l t  

peak f lowe r ing - a chara c t e r i s t i c  wh ich 

Such d e l�y 

produc ing a 

has been 

demons trated to  be norma l and a t t a inab l e  in both Tha i  and Grand 

Rap ids . Although Tha i  and Grand Rap i d s  seed yields  were obta ined 

from p l ant s  grown at  1 2  h dayleng th on ly from the f i r s t  peak 

f l ower ing in the present s tudy , p lant s o f  the se cult ivar s d id 

show the capa c i t y  to  produce a s econd peak f lower ing ( Chapter  4 ) . 

At 25 / l 5 ° C  the Thai cult ivar in part icu lar , produced the h i ghe s t  

number o f  f l owe rs  a t  i t s  second peak f l ower ing . Th is  sugge s t s  

that Th a i  has the potent ial  t o  produce c omparab le s eed y i e l d s  t o  

Grand Ra p i d s  a t  25 / l 5 ° C  and 12  h .  I f  th is  i s  correc t  then the 
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Thai cult ivar c ou l d  cont inue to  be favoured  f6r seed  produc t ion 

und er these  cond i t ions . 

In the case  o f  p lant s  o f  a l l  three c u l t ivars grown in a 1 0  h 

daylength , r e l a t ive ly h igh yie lds o f  seed  were obtained . Thi s  

wa s princ ipa l ly due to  the ab i l i ty o f  p lant s t o  produce h igher 

n u mbers of  f l ower s  at  peak f l owe r ing und er such short days . 

Grand Rapids grown at  2 5 / l 5 ° C  produced more seed ( 6 9 g / p lant ) 

than the other two cult ivars . Maximum seed  y i e l d s  o f  47 - 5 0  

g / p lant were ob t a ined i n  the Tha i  cu l t ivar a t  both temperatur e s . 

S l obo l t , d e s p i t e  i t s  approximately  20 - 5 0  d de lay in reaching 

max imum seed y i e l d , produced abou t 52 g / p lant a t  3 0 / 2 0 ° C  and 

1 8 g / p lant at  25 / l 5 ° C  respe c t ive ly .  

The se var iab le s eed y i e l d s  howeve r ,  were ma inly de termined 

by the numbers of f lower s  pres ent a t  peak f lower ing in each 

c u l t ivar . By compar i s on branch numb e r s  were  r e l a t ive ly 

insens i t ive t o  d i f ferenc e s  in temperature or  day l ength a lthough 

maximum secondary branche s were produced under 14  h day length . 

Th is  env iro omen ta l insens i t ivity wa s par t ic u lar ly r e f l e c ted in 

tert iary branch numbers . 

Lea f l e t tuce  i s  very popu lar in t ropical  coun t r i e s  l ike 

Tha i l and yet s e e d  produc t ion is rare ly a t t empted succe s s fu l ly . 

The present s tudy has  sho w �, however ,  that  seed produc t ion i s  

f ea s i b le and contro l lab le under a wide range o f  t emperature and 

day l ength cond i t i ons . The produc t ion of two f lowe r ing peaks make 

this  crop we l l  s u i t e d  to hand harve s t ing me thods where l abour i s  

cheap . Such a product ion sys tem wou ld  increase dome s t ic seed  

y i e l d  and enab l e  growers  to  avo id the  need  to  import l e t tuce  

seeds  from other c oun t r ies . 

Tha i land i s  a t rop ica l south - e a s t  As i an count ry loca t e d  

be tween lat i tudes  5 °  - 2 2 °N . Temperatures vary cons iderab ly 

with in the coun t ry from 35 / 2 5 ° C in the dry s ummer season ( March 

t o  May ) and we t s ea s on ( May t o  October ) t o  2 5 / l 5 ° C  in the coo l 
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dry s e as on ( November to  February ) .  At higher a l t i tude s , the 

temperature i s  lowe r , par t icular l y  at night ; dropp ing to about 

5 ° C  in the colde s t  months of  De cember and January . The day length 

var ies  from 1 1  h ( December ) in  the d ry s eason to 1 3 . 5  in the we t 

season ( June ) .  

In c e r tain areas o f  Thai l and with more re l iab l e  c l ima te , 

let tuce 

However , 

can be grown for the marke t throughout the 

cond i t ions wh ich are l ike ly to be favourab le for 

product ion 

( Novembe r  

day lengths 

gene r a l ly only occur dur ing the coo l dry  

- February )  and hot dry summer (March - May )  

are about 1 1  h ( December )  t o  1 2 . 5  h ( Apr i l ) .  

year . 

seed  

season 

where  

Seeds  

then cou ld be r a i s e d  i n  the  nurs ery or  greenhouse in  S e p t ember  or  

Oc tober and transp l anted into  the  f ie ld late  in  the  ra iny s e a s on 

( Oc tober - November ) .  Th is  wou l d  a l low p lant s  to  deve lop  s ee d  

s t alks and f l ower whi le  the t emper a ture is  s t i l l  h igh and ye t 

deve lop seed  during the dry s ea s on ( November - March ) . Such 

managemen t  t iming s hou ld enable l e t tuce p lant s to  produce a f ir s t 

peak f l ower ing dur ing Decembe r  - January and a s e.cond peak 

f lower ing in February . The s e e d s  harve s ted  dur ing the s e  periods  

are l ike ly to be of  high qua l i t y  s ince s eed we ight and seed  

germina t ion are  not  a f fe c t e d  b y  e i ther temper a t ure  or 

photope r iod . 

I f  p l ant ing i s  carried out e a r l ier , p l ants might not  survive 

due to  heavy rain ( June - Septembe r ) . On the other hand , i f  

p lant ing i s  d e layed unt i l  early i n  t he dry s eason , p l an t s  migh t  

not be a b l e  to  d eve lop t h e i r  s e c ond peak f lower ing d u e  to  

prob lems caused by the  ons e t  o f  the  ra iny s eason . Are a s  wh ich 

are l ike ly to be mos t  suitable for le t tuce seed produc t ion in 

Thailand dur ing the dry s eason ( November  - May ) wou ld  be some 

areas o f  the cen t ra l  region and t he lowlands of nor thern and 

north- eas te rn Tha i l and ( la t i tudes  14 - 2 2 °N . ) Tha i  or Grand 

Rapids are cons idered to  be s u i t ab le cu l t ivars for these  areas . 
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The resu l t s  o f  this  study have proved the 

feas ib i l i ty of  l e a f  l e t tuce seed produ c t i on in a range o f  

environmen ts . Such informat ion shou ld  a l low seed grower s  t o  

choose the c l imat ic cond i t ions mo s t  l ikely  to  resu l t  i n  h igh seed  

y i e l d s  and qua l i ty . 

CONCLUSIONS 

Th is expe r iment has shown that t empera ture and photoperiod 

grea t ly inf luence  both the vege t a t ive and reproduc t ive 

deve lopment of l e t tuce plant s . Warmer t emperatures  and l onger 

photoperiods are required for seed produc t i on than for marke t 

vege table produc t ion . Al though the three leaf  le t tuce cu l t iva r s  

u s e d  i n  t h i s  s tudy were fauly we l l  suited  t o  growth a t  h ighe r  

tempe ratures ( 3 0 / 2 0 ° C ) ,  b e t ter  qua l ity  l e t tuce wa s ob t a ined when 

pl an t s  were grown at 25/ l 5 ° C . High t empe rature s and long days 

however ,  acce lerated  vege tat ive growth - a charac teris t ic  wh ich 

was a s s oc iated w i t h  early bolt ing . 

produc t marke tab i l i t y . 

Both o f  the s e  cause  reduced 

The resu l t s  sugge s t  that commer c i a l  grower s  should  choo s e  

cooler  growing a r e a s  for marke t produ c t i on . S l obo l i  " i s  more  

product ive and r emains vegetat ive longer than the Tha i  and Grand 

Rapids  cult ivars  because of i t s  d e l ayed bo l t ing charac t e r . I t  

is , howeve r ,  not a popu lar cu l t ivar compared t o  Tha i  o r  Grand 

Rap i d s  in terms o f  vi sua l  appearance . 

The temperatures  and photope riods  u s e d  in this  s tudy appear 

to  be sui tab le for s eed produ c t ion of these three le t tuce 

cu l t ivars . F l o r a l  in i t ia t ion and f l ower ing are has tened by h igh 

tempe ratures as we l l  as long photoper iod s . Long days t end t o  

inc rease branch numbers , f lower numbers  a t  peak f lowe r ing and 

pe rcentage of  s e e d  s e t . High t emperatures  however , has ten seed  

ma tur ity and t he  ons e t  of sha t t e r ing . 
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Wi thin the  confines of  the two t empe ra ture comb inat ions and  

three daylengths u s ed in  this exper iment , i t  is po s s ib le t o  make 

s ome sugge s t ions conc e rning the b e s t  c l ima t ic cond i t i ons for h igh 

s eed yield in the three cult ivars s tud i ed . The present s tudy has  

shown that Tha i  and Grand Rapids  produce best  under long days  ( 14 

h )  at  ei ther 2 5 / l 5 °C  or 30/20°C  whereas S lobolt  nee d s  long days 

( 14 h )  at  3 0 / 2 0 ° C  or 1 2  h daylength  at  2 5 / l 5 ° C  to  expr e s s  h i gh 

s eeding potent ia l .  High seed qua l i t y  however , i s  obtained unde r  

a wide range o f  growth cond i t ions and the opt imum harve s t  t ime 

occurs when the ma j or i ty of  s eed heads are s l igh t ly brown in 

co lour . 

The r e s u l t s  of  the s tudy are d i s cu s sed in the context o f  

c l imat ic areas l ikely  t o  b e  mo s t  s u i t a b l e  for seed produc t ion o f  

leaf  let tuce . The product ion o f  max imum cumulat ive ( 2  harve s t ) 

y ields  of  up t o  1 0 0  g / p lant sugge s t s  there i s  tremendous 

potentia� for the app l icat ion of t he s e  re s u l t s . Thi s  i s  

part icularly t rue in count ries  l ike Tha i l and where s eed y i e l d s  a s  

low a s  3 - 1 0  g / p lant have been repor ted . Th is  sugge s t s  that  

cont inued s tu d i e s  t o  examine seed  y i e l d  and qua l i ty e f fe c t s  

under f i e l d  cond i t ions could b e  a par t i cu larly reward ing area o f  

s eed resear ch . 
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Append ix 3 The l eve l s  of pho t osynthe t i c  radiat ion of each 

trea tment in contro l led env i ronment rooms under 

d i f ferent t empera ture and dayl ength treatmen t s . 

Day length 

( h ) 
Pre-Expt . Pos t -Exp t . 

Photosynthetic  irrad iance : W/m2 

1 0  a 152  147  

b 1 5 1  149 

1 2  a 1 5 1  148 

b 1 5 6  149 . 

1 4  a 1 5 3  145 

b 1 5 1  147 

Pho tosynthe tic  pho t on f lux dens i ty : )Jmo 1 /m 2 s ) . 
1 0  a 7 2 3  687  

b 7 1 3 707  

1 2  a 707  708 

b 7 3 8  7 10 

14  a 7 2 2  6 8 3  

b 7 i 8  6 9 6  

a )  2 5 / l 5 ° C  t emp . reg ime 

b )  30 / 20° C temp . reg ime 

Me an 

1 5 0  

1 5 0  

1 5 0  

1 5 3  

149 

149 

705 

7 1 0  

708  

7 2 4  

703  

7 0 7  



AEEendix  4 C l imate Lab 
nut r ient ( g/ 1 )  

i?TOCK S<?LUTION _ _A: 
Calc ium n i t r a t e  

Ca ( NO ) X 4H 0 
Seque s t rene 3 3 0  

10% DTPA NaFe 

STOCK SOLUTION ! :  

Mo lecu l ar 
Wt . ( g )  

236 . 15 

468 . 20 

Potass ium phosphate 
KH PO 1 3 6 . 08 

Potass ium n i trate  
KNO 1 0 1 . 1 1  

Magne s ium su l fate  
MgSO x 7H 0 246 . 5  

Boric acid  
H BO 6 1 . 8 2 

Manganese chlor ide 
MnCl  x 4H 0 1 9 7 . 9 2 

Z inc s ulfat e  
ZnSO x 7 H  0 2 8 7 . 5 5 

Copper s u l fa t e  
CuSO x 5H 0 249 . 68 

Sod ium mo l ybdat e  
N a  MoO x 2H 0 241 . 9 3 

Potass ium chlor ide 
KC l 74 . 56 

Nutr ient PPM 

N 105 . 06 
p 15 . 49 
K 1 1 8 . 95 
s 32 . 08 
ea 100 . 20 
Fe 2 . 08 
Mg 24 . 3 2 

- mod i f ied ha l f - s trength Hoag l and ' s  

Cone . Final 
Soln . PPM 

ea 1 00 . 20 
2 9 5 . 1 9 . 5 9038 N 7 0 . 04 

Fe 2 . 08 
10 . 4  . 0208 Na 1 . 02 

K 1 9 . 55 
34 . 02 . 06804 p 1 5 . 49 

K 9 7 . 7 5 
1 2 6 . 3 9 . 25 2 7 8  N 3 5 . 0 2 

Mg 24 . 32 
1 2 3 . 24 . 24648 s 32 . 06 

B 0 . 25 0  
0 . 7 1 5 . 00 143 

Mn 0 . 25 1  
0 . 45 25 . 000905 C l  0 . 3 24 

Zn 0 . 02 5  
0 . 05 5  . OOO i l O  s 0 . 0 1 2  

Cu 0 . 0 1 0  
0 . 0 2 0  . 000.04 s 0 . 005  

Na  0 . 063 
0 . 0 0 6 7  . 0000134 Mo 0 . 005  

K 1 . 65 2  
1 .  5 7 5  . 00 3 1 5  C l  1 . 498  

Nut r ient PPM 

B 0 . 250  
Mn 0 . 25 1  
Cu 0 . 0 1 0  
Zn 0 . 025  
Mo 0 . 005 
C l  1 .  822  
Na  1 . 023  



AEEendix 5 Re lat ive growth rates  o f  p l ant dry we ight ( RGR ) a 

and leaf  area  ( RLGR) b 

Cu l t ivar Day length RGR ( g  g - 1 d - l )  RLGR ( cm2 cm- 2 d - l )  

( h )  25 / l 5 ° C 3 0 / 2 0 ° C  2 5 / 1 5 ° C  3 0 / 2 0 ° C  

10  . 2 3 7  . 248 . 2 2 7  . 2 24 

Thai 1 2  . 2 3 6  . 26 2  . 2 2 3  . 25 1  

14 . 24 2  . 234 . 2 2 6  . 2 23  

Grand 10 . 242  . 25 6  . 229  . 2 29 

Rapids  12  . 246 . 25 6  . 229  . 2 29  

14 . 248 . 22 3  . 240 . 2 14  

10 . 2 09 . 25 7  . 23 2  . 243  

S l ob o l t  1 2  . 2 5 1  . 300 . 2 38  . 286  

14 . 2 54 . 25 7  . 244 . 249 

Data  within co lumn and rows are nons ign i f icant accord ing to  t -. 

t e s t s , 5%  leve l . 

a )  The r e lat ive growth r at es , ind icated by changes  in dry we ight 

were ca lcu lated from :  

where RGR 

RGR Log fl. (W rW 1 )  

T 2 - T 1  

d i f ference be tween natural loga r i t hms o f  who l e  

plant d r y  we i ght  ( gm)  at  second and f i s t  harves t s  

respec t ive ly 

Time in t erva l be tween harve s t  ( days ) 

b )  The r e l a t ive leaf growth rates , ind icated by changes  in l e a f  

a rea we re ca lculated from : 

RLGR Log !1. ( LA2 -LA 1 ) 

TrT l 

where RLGR = d i f ference be tween natural logar i thms o f  who le 

p lant l e a f  area ( cm2 ) a t  second and f i r s t  harve s t s  

r e s pe c t ive ly .  



Appendix  6 Tempe ra t ure , day1ength and c u 1 t ivar e f fec t s  on fresh 

we ight ( g/ p 1ant ) 

Temperature Cu 1 t ivar 

oc 

Thai 

2 5 / 1 5  Grand 

Rapids 

S 1obo 1 t  

Tha i 

3 0 / 20 Grand 

Rapids 

S 1obo 1 t  

Day1ength 

( h )  

10 

12 

14 

10  

1 2  

14 

10 

1 2  

1 4  

1 0  

1 2  

1 4  

10  

1 2  

14 

10  

1 2  

1 4  

10  

. 066 

. 066 

. 1 19  

. 06 1  

. 06 1  

. 1 27  

. 07 7  

. 065  

. 106 

. 128 

. 06 5  

. 244 

. 1 22 

. 092  

. 2 68 

. 083 

. 092 
. 1 58  

Days from So w ing 

2 0  30  40 

1 . 50 1 7 . 10 1 1 7 . 60 

1 . 80 28 . 9 0  1 1 9 . 50 

5 . 10 7 6 . 10  250 . 30 

1 . 5  1 6 . 60 120 . 30 

1 . 3  2 9 . 00 143 . 20 

4 . 1 74 . 20 3 7 3 . 60 

1 .  7 0  22 . 90 142 . 60 

2 . 60 35 . 30 1 7 6 . 50 

4 . 60 6 7 . 40 349 . 40 

2 . 96 34 . 25 243 . 6 1  

4 . 1 1 8 1 . 7 0 2 7 2 . 9 6 

1 5 . 1 5 1 8 1 . 5 5 484 . 00 

2 . 1 2 46 . 22 2 1 4 . 00 

1 .  36  85 . 19 333 . 2 3 

1 3 . 7 2 1 54 . 66 4 1 6 . 00 

4 . 04 45 . 03 2 7 0 . 6 6 

2 . 26 6 0 . 7 4  305 . 1 3 

1 1 . 7 2 184 . 00 5 9 1 . 6 6 



Append ix 7 Temperature , day length and cult ivar e f fec t s  on dry 

we ight ( g/ p lan t ) 

Temperature Cu l t ivar Daylength 

( h )  

1 0  

Tha i  1 2  

14 

2 5 / 1 5  Gr and 10  

Rap ids 1 2  

1 4  

1 0  

S 1obo lt  1 2  

14  

1 0  

Tha i  1 2  

14 

3 0 / 2 0  Grand 1 0  

Rap i ds 1 2  

1 4  

1 0  

S lobo l t  1 2  

14  

10  

. 004 

. 006  

. 0 1 0  

. 004 

. 005  

. O l l  

. 005 

. 005  

. 009 

. 006  

. 005 

. 0 1 7  

. 005  

. 008 

. 023  

. 005 

. 00 2  

. 01 4  

Days from S o w ing 

20  3 0  4 0  

. 099  1 .  0 0  5 . 3 7 

. 1 29 1 .  7 8  6 . 1 7 

. 3 1 6  4 .  5 1  1 3 . 2 1 

. 095  1 .  0 1  5 . 74 

. 086 1 .  74 7 . 06 

. 265  4 . 23 1 7 . 33 

. 1 2 1  1 . 43 6 . 83 

. 1 66  2 . 3 7 9 . 03 

. 3 1 3  4 . 08 1 7 . 6 2 

. 196  1 .  9 2  1 2 . 1 7  

. 2 66  4 . 5 7 1 2 . 30 

. 9 96  8 . 6 7 20 . 36 

. 145 2 . 5 2 1 0 . 47 

. 39 0  4 . 6 3 1 5 . 5 3 

. 944 8 . 29 1 8 . 7 2 

. 29 5  2 . 5 9 1 2 . 8 1 

. 146 3 . 4 7 15 . 55 

. 832  9 . 68 3 3 . 44 



Append ix 8 Tempe rature , day length and c u l t ivar e f fec t s  on l e a f  

a rea ( cm2 / p lant ) 

Temperature Cu l t ivar Day leng th 

( h )  

1 0  

Tha i  1 2  

1 4  

2 5 / 1 5  Grand 1 0  

Rap id s  1 2  

14 

10 

S l obo 1 t  1 2  

1 4  

1 0  

Tha i  1 2  

14 

3 0 / 20 Gr and 10 

Rap i d s  1 2  

14 

10 

S 1obo l t  1 2  

14 

1 0  

3 . 1 3 

3 . 08 

4 . 8 6 

2 . 94 

2 . 6 1 

4 . 8 9 

3 . 8 1  

3 . 8 5 

4 . 5 9 

5 . 7 2 

3 . 14 

9 . 9 2 

5 . 65 

3 . 85 

1 1 . 28 

4 . 23 

1 .  2 2  

7 . 46 

Days from S o w ing 

20  30  40 

56 . 40 5 15 2 8 7 8 . 

58 . 00 5 8 5  2409 

1 58 . 60 1 7 2 2  4 1 2 7  

55 . 20 5 1 1  2 9 1 0  

45 . 00 5 5 6  2 6 7 0  

1 3 2 � 00 1 7 2 3 6 23 6  

70 . 10 7 3 2  3 9 8 2  

91 . 80 8 2 7  3 9 6 6  

1 54 . 40 1 7 5 2  7 14 6  

98 . 99 869  4949  

1 23 . 29 1 800  549 1 

409 . 65 3607  8046  

66 . 05 1 1 0 7  4646 

205 . 67 1 8 1 0  6 3 0 7  

380 . 5 9 2 8 6 7  7 10 6  

143 . 15 1 2 6 2  6 8 2 6  

184 . 6 7 1 3 1 5  6 7 8 9  

367 . 01 4 2 2 0  1 3 3 5 7  



Append i x  9 Temperature , day l ength and cu l t ivar e f fec t s  on seed fer t i l i t y  

Temperature Cu l t ivar Day leng th F lore t No . Seed No . Seed S e t  ( % )  

o c  ( h )  PFl PF2 PFl PF2 PFl PF2 

10 1 7 . 30 1 5 . 9 0 1 3 . 7 5  1 3 . 41 7 9 . 3 1 84 . 3  

Thai 14  1 7 . 48 1 7 . 5 5 1 5 . 7 0 14 . 63 89 . 8 2 83 . 4  

10 1 8 . 46 14 . 7 9 14 . 5 0 1 2 . 38 7 8 . 5 1 83 . 6  

2 5 / 1 5 ° C  Grand Rap ids 14 1 7 . 43 1 5 . 3 3 1 3 . 88 1 3 . 14 7 9 . 6 2 85 . 7  

10  1 9 . 8 1 - 1 8 . 7 3 - 94 . 6 5 

S l obo 1 t  14 1 9 . 7 2 - 1 8 . 74  - 9 5 . 00 

10  2 1 . 1 5 1 7 . 2 1 14 . 10 1 2 . 4 1 6 6 . 4 7 7 2 . 9  

Tha i  14 2 1 . 35 1 7 . 03 1 9 . 42 14 . 7 3 9 0 . 94 86 . 1  

10 2 0 . 14 1 6 . 8 5 1 1 . 88 10 . 09 5 8 . 7 5  5 9 . 9  

3 0 / 2 0 ° C  Grand Rap ids 14 20 . 90  18 . 98  1 7 . 6 3 1 6 . 60 84 . 49 85 . 8  

10 1 9 . 68 - 1 5 . 7 6  - 80 . 0 1 

S 1obo 1 t  14 2 2 . 1 7 - 20 . 50  - 9 2 . 43 



Append ix 10  100 s eed fresh we ight (mg) at  d i f ferent days after anthe s i s  

Days a f ter Tha i  
an.t he s i s  

1 1 8 . 8  

3 7 5 . 2  

5 84 . 4  

7 1 3 1 . 1  

9 144 . 0  

1 1  1 5 3 . 8  

1 3  1 4 1 . 9  

1 5  146 . 6  

1 7  102 . 9  

1 9  94 . 4  

2 1  9 1 . 8  

2 5 / 1 5 °C 
Gran"d 
Rap i d s  

20 . 5  

89 . 2  

94 . 7  

1 00 . 4  

1 29 . 7  

148 . 3  

1 3 5 . 8  

128 . 4  

104 . 4  

9 3 . 7  

9 5 . 2  

S 1obo 1 t  

16 . 4  

60 . 5  

107 . 3  

19 2 . 8  

167 . 6  

165 . 9  

1 7 5 . 6  

148 . 3  

1 1 5 . 4  

108 . 0  

106 . 0  

Thai 

20 . 5  

86 . 7  

103 . 5  

1 14 . 9  

1 2 7 . 8  

1 2 7 . 4  

109 . 2  

102 . 6  

90 . 5  

3 0 / 2 0 ° C  
Grand 
Rapids  

1 5  

7 5  

1 0 6 . 4  

1 5 5 . 0  

1 39 . 2  

1 3 2 . 5  

1 1 1 . 9  

1 1 0 . 8  

1 1 2 . 1  

S 1obo1 t  

2 1 . 1  

106 . 0  

1 6 5 . 4  

1 5 6 . 3  

1 5 9 . 6  

1 60 . 1 

105 . 8  

106 . 7  

106 . 5  

1 09 . 1  

108 . 4  



Appendix l! 100 seed dry we ight (mg ) at d i f ferent days a f t e r  anthes i s  

Days after 
an the s i s  

1 

3 

5 

7 

9 

1 1  

1 3  

1 5  

1 7  

1 9  

2 1  

Tha i  

3 . 3  

1 8 . 2  

1 9 . 8  

36 . 1  

5 3 . 7  

7 8 . 5  

86 . 5  

89 . 2  

88 . 0  

85 . 3  

8 3 . 5  

2 5 / 1 5 ° C  
Grand 
Rapid s 

4 

18 . 2  

20 . 5  

30 . 0  

46 . 3  

79 . 2  

88 . 0  

85 . 9  

8 6 . 9  

85 . 1  

86 . 1  

S 1obo 1 t  

4 . 1 

14 . 3  

23 . 5  

4 7 . 0  

7 1 . 5  

89 . 1  

105 . 6  

1 04 . 1  

1 02 . 8  

1 0 2 . 2  

1 00 . 6  

Tha i  

3 . 9  

1 5 . 5  

30 . 9  

5 2 . 5  

7 5 . 7  

82 . 7  

8 3 . 5  

84 . 8  

82 . 8  

3 0 / 2 0 ° C  
Grand 
Rap ids  

4 

1 5  

3 7 . 4  

7 3 . 0  

85 . 9  

1 00 . 3  

100 . 6  

100 . 1 

100 . 8  

S 1obo 1 t  

5 . 4  

1 8 . 8  

36 . 9  

6 6 . 3  

8 7 . 5  

1 0 1 . 3  

99 . 8  

99 . 4  

9 8 . 6  

100 . 2  

100 . 0  



Append ix _!2 Mo i s ture content (i ) at d i f fe rent days a f ter anthe s i s  

Days af ter Tha i  
an the s i s  

1 8 1 . 3 

3 7 9 . 3  

5 7 6 . 5  

7 7 2 . 5  

9 6 2 . 7  

1 1  48 . 9  

1 3  3 8 . 8  

15  3 9 . 2  

1 7  14 . 5  

19  9 . 6  

2 1  9 . 0  

2 5 / 1 5 ° C  
Grand 
Rap ids 

80 . 5  

79 . 6  

7 8 . 4  

7 0 . 2  

64 . 3  

46 . 6  

35 . 2  

33 . 1  

1 6 . 8  

9 . 2  

9 . 6  

S 1 obo l t  

7 5 . 0  

7 6 . 2  

7 8 . 1 

7 5 . 6  

5 7 . 3  

46 . 3  

39 . 8  

2 9 . 8  

10 . 9  

5 . 4  

6 . 2  

Thai  

81  

82 . 1  

7 0 . 1  

54 . 3  

40 . 8  

35 . 1  

23 . 5  

1 7 . 3  

8 . 5  

3 0 / 2 0 ° C  
Grand 
Rapids  

7 3 . 6  

79 . 7  

64 . 7  

5 2 . 9  

38 . 3  

24 . 3  

10 . 1  

9 . 6  

10 . 1  

S 1obo 1 t  

7 7 . 4  

82 . 2  

7 7 . 7  

5 8 . 8  

45 . 2  

36 . 7  

9 . 5  

6 . 8  

7 . 4  

8 . 2  

7 . 7  



Append ix ll Germinat ion Pe rcentage ( Norma l Seedl ing s ) a t  d i f ferent 

days  after  anthe s i s 

Days a f t e r  
an the s is 

1 

3 

5 

7 

9 

1 1  

1 3  

1 5  

1 7  

1 9  

2 1  

Tha i  

6 

22  

70  

9 8  

9 5  

9 1  

94 

94 

25 / 1 5 ° C  
Grand 
Rap ids 

42 

53 

75 

81 

89 

88 

94 

99 

S l obo lt  Tha i 

2 6  7 8  

6 1  9 7  

94  88 

9 0  9 1  

9 8  9 6  

98  9 8  

9 6  

9 3  

30/ 2 0 ° C  
Grand 
Rap ids  

43  

78  

99  

9 6  

9 6  

1 0 0  

9 9  

S lobo l t  

1 6  

6 9  

9 8  

9 8  

9 8  

9 8  

9 6  

9 8  

9 9  



Append ix 14 Germina t ion percentage ( abnorma l s eed l ings ) at d i f ferent 

days after  anthe s i s  

Day s a fter 
an the s i s  

1 

3 

5 

7 

9 

1 1  

1 3  

1 5  

1 7  

1 9  

2 1  

Tha i  

5 9  

4 1  

5 

2 

3 

5 

5 

2 

2 5 / l 5 ° C  
Grand 
Rap ids 

5 2  

3 0  

1 5  

1 0  

1 1  

1 2  

6 

1 

S lobo l t  Thai 

46 

54 1 8  

22 3 

6 1 2  

1 0  9 

2 2 

2 2 

4 

7 

3 0 / 2 0 ° C  
Grand 
Rap i d s  

44 

1 2  

1 

4 

4 

1 

S lobo 1 t  

7 2  

14 

2 

2 

2 

2 

3 

2 

1 



Append ix 1 5  Seed via libi ty ( % )  a t  d i f ferent days a f ter anthes i s  - "----

25/ l 5 ° C  30/ 2 0 ° C  
Days a f t e r  Thai Grand S lobo l t  Thai Grand S lobo l t  
an the s i s  Rap ids Rap ids  

1 

3 

5 46 8 6  88  

7 65  94 80  96  90  8 3  

9 63  83 83 100 100 100 

1 1  7 5  9 0  100 100 100 100  

13  lOO 95  100 100 100 100  

15 98 100 100  98 1 0 0  1 0 0  

1 7  9 6  100 100 100 lOO 9 9  

1 9  9 9  100 100 100 

2 1  96  100 100 100 



Append ix � Tempera ture , day length and c u l t ivar e f fec t s  on seed y i e l d  ( g / p l ant ) 

Temperature Cu l t ivar Day length Days after  P F l  Days after  PF2 Cumu lat ive 
o c  ( h )  10  1 5  2 0  25  10 15 20  25  yie ld 

( two harves t s ) 

25 / 1 5  Tha i  1 0  2 1 . 08 23 . 68 18 . 85 2 1 . 5 8 23 . 1 7 1 2 . 6 6 46 . 85 
12  1 1 . 98 26 . 94 19 . 41 - - - 26 . 94 
14 30 . 03 28 . 55 36 . 1 2  24 . 7 3 30 . 35  1 1 . 64 60 . 3 8 

Grand Rap ids  10  19 . 82 2 5 . 60 36 . 36 3 2 . 5 8 30 . 79 1 6 . 9 5 68 . 94 
12  25 . 32 20 . 9 1 22 . 1 5  - - - 25 . 3 2 
14 35 . 09 42 . 9 5 36 . 37 6 3 . 10  64 . 9 3 3 7 . 3 6 107 . 88 

S lobo l t  10  1 11 . 0 1  18 . 19  10 . 9 5  - - - 18 . 1 9 
12  1 0 . 27 28 . 08 40 . 90 - - - 40 . 9 0 
14 26 . 18 29 . 40 9 . 25 - - - 29 . 40 

30/ 20 Tha i  1 0  8 . 1 1  1 9 . 83 1 7 . 44 28 . 3 2 30 . 2 1 2 3 . 14 50 . 04 
12  8 . 03 9 . 06 14 . 69  - - 14 . 69 
14 2 1 . 9 7 22 . 03 29 . 65 39 . 35 3 0 . 76  34 . 6 7 69 . 00 

Grand Rap ids  10  13 . 43 1 1 . 7 1  20 . 7 1 2 1 . 96 23 . 86 2 7 . 65 48 . 3 6 
12  10 . 94 1 5 . 5 3 14 . 7 7 - - 1 5 . 00 
14 22 . 0 7 22 . 99 28 . 24 40 . 48 49 . 9 2 48 ; 6 2 78 . 1 6 

S 1obo 1 t  10 12 . 4 2 1 6 . 6 7 1 7 . 30 1 8 . 1 1 3 5 . 23 1 6 . 7 2  5 2 . 5 3 
12  23 . 2 2 28 . 49 1 2 . 64 - .., 28 . 49 
14 20 . 46 26 . 47 4 1 . 09 33 . 1 3  39 . 1 5  4 1 . 00 8 2 . 09 



Append ix !I Tempe rat ure , day 1ength and cu 1 t ivar e f fec ts  on germina t ion percentage 
( Fresh ungerminated se eds  in parenthe s e s ) 

Tempe rature Cu 1 t ivar Day 1ength 
° C  ( h )  

2 5 / 1 5  Tha i  1 0  
1 2  
1 4  

Grand Rapids  1 0  
1 2  
14 

S 1obo 1 t  1 0  
1 2  
14 

3 0 / 2 0  Tha i  1 0  
1 2  
14 

Grand Rapids 10  
1 2  
14 

S 1obo 1 t  1 0  
1 2  
14 

10  

9 7 . 10 
9 6 . 00 
95 . 5 0 

9 8 . 75 ( 3 )  
9 9 . 00 
9 8 . 00 

9 7 . 50 
9 8 . 00 
9 5 . 7 5  

Days a f t e r  PF1 
15 20 

9 9 . 50 9 8 . 00 
9 8 . 00 9 7 . 00 
94 . 50 9 8 . 2 5 

9 8 . 50 9 8 . 00 
9 8 . 00 9 7 . 00 
9 8 . 50 9 8 . 75 

9 7 . 00 9 6 . 25 
9 8 . 00 95 . 00 ( 4 )  
8 3 . 50 9 7 . 00 

9 8 . 7 5 9 9 . 5 0 
9 8 . 00 100 . 00 
9 8 . 25  9 9 . 25 

9 9 . 50 ( 5 )  100 . 00 
100 . 00 9 8 . 00 

9 8 . 50 98 . 5 0 

9 8 . 7 5 9 8 . 25 
9 6 . 00 9 8 . 00 
9 7 . 75 9 6 . 2 5  

25 

9 9 . 00 
100 . 00 

98 . 00 

98 . 5 0  
98 . 00 
96 . 7 5 

9 8 . 50 
9 7 . 00 ( 8 )  
9 6 . 50 

1 0  

98 . 2 5 

9 9 . 7 5 

9 9 . 2 5 

9 9 . 5 0 

9 8 . 25 

9 9 . 7 5 

Days a f t e r  PF2 
1 5  2 0  

98 . 5 ( 7 )  98 . 5 ( 1 2 )  

9 2 . 25 9 5 . 7 5 

9 9 . 25 9 9 . 5  

9 7 . 0  9 7 . 25 

9 9 . 5  9 9 . 7 5 

9 9 . 00 9 9 . 25 

9 9 . 50 ( 4 )  99 . 5 0 ( 1 2 )  

9 9 . 00 9 9 . 25 

9 9 . 00 9 8 . 5 0 

9 8 . 25  9 9 . 00 

25 

89 . 7 5  

95 . 25 

9 8 . 25 

9 1 . 7 5 



Append ix � Tempe rature , day 1ength and c u 1 t ivar e f fec t s  on 1000 s eed dry we igh t . 

Tempe rature 
o c  

25 / 1 5  

30/20  

Cu 1 t ivar Day 1ength ( h )  

Tha i  10  
12  
14 

Grand Rap ids  10  
12  
14 

S 1obo 1 t  10  
12  
14  

Thai 10  
12  
14  

Grand Rap ids  1 0  
1 2  
14 

S 1obo 1 t  1 0  
1 2  
14 

10 

7 7 8  
7 5 4  
7 7 0  

884 
922  
820  

900  
920  
8 3 2  

Days a f t e r  P F 1  
15  20  25  

887  7 9 0  8 5 3  
822  954 85 7 

1 0 1 3  9 9 3  1046 

835  7 25 948 
8 1 2  903  9 5 9  

1 12 7  1 0 3 5  1 0 1 7  

850 85 3 7 5 8  
9 6 3  1 0 1 2  1 05 5  

107 1 9 8 3  9 7 1  

944 974  
8 5 2  8 0 8  
787  8 3 8  

997  9 3 9  
9 1 3 9 7 1  
801  8 2 7  

9 14 946 
9 3 8  1006 
830 8 8 1  

10  

9 1 1  

863  
-

9 6 1  

8 1 9  

9 8 1  

798  

Days a f ter PF2 
15  20 25  

920 885 9 7 5  

1066 9 7 7  8 7 7  

993 900 7 5 3  

1036 1 1 68 1 1 1 3  

894 880 

7 7 5  . 886 
- -

1001  937  

868 879  

928  928 

940 862  
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