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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 . 



V 

ACKNOWLEDGEMENTS 

I wish to expre s s  my s ince r e  t hanks to  Dr M J Hi l l  for h i s  

supervi s ion ,  unders t and ing and kind encouragement throughout my 

s tudy and e s pec i a l ly for  h i s  cons truct ive c r i t ic i s m ,  pat ience in 

interpret ing the resul t s  and correc t ion of  my Eng l i s h . Without 

his h elp , this wo rk wou ld not  have been po s s ib le. 

S incere thanks are a l s o  due to : 

Profe s sor B R Wa tk in, for h i s  va luab l e  sugge s t ions , 

cons t ruc t ive c r i t i c i s m ,  h e l p  in d i s cus s ing the r e s e arch prob lems 

and a lso  r e ad ing the manu s c r ipt . 

Mr I J War r ington , P l ant Phys iology Divis ion , DS IR for h i s  

cons tant h e lp and in provid ing in forma t ion and wi l l ingly go ing 

through the draft  of the the s i s . 

Pro fes sor T W Tibb i t t s ,  Hor t icu l ture Departmen t , Un iv e r s i ty 

o f  Wis cons in , for h i s  in t e r e s t  and advice a t  the beginning of  the 

s tudy. 

Mrs D E M Me ech and s ta f f  o f  S e ed Techno logy Cent re for 

th e i r  fr i end ly encouragement and a l l  the t e chnica l  he l p .  I owe a 

great  debt to  them . 

Dr D C Mo rgan and s ta f f  o f  the Cl ima t e  Laborat ory , DSIR  for 

the ir  help and ma intenance of  the contro l led  environmen t rooms 

u s e d  in t h i s  s tudy . 

P r o f e s sor RJ Town s ley and Dr I L Gordon for the ir  advice in 

s t a t i s t ica l prob lems. 

Mr R C Seddon for h i s  h e l p  in comput ing the d a t a  and a l s o  

reading t h e  manu s c r i p t . 

Mr L Ma iden and s ta f f  o f  Cent r a l  Pho tograph ic  Uni t  for  the i r  

pho togr aph i c  work . 

Mrs A M Dav i es  and Mr s F S Wiche r t s  for the ir  pat i ence in 

t y p ing thi s the s i s. Mr G Ha l l igan for the i l lu s trat ions . 



vi 

The New Zea land Government for provi d ing the S cholarship 

wh ich enab led me to und e r t ake this  s tudy . 

I e s pec i a l ly wan t to  thank my husband and ch i ldren for their  

unders tanding . Mr s K . . M c dona ld for her kindne ss in provid ing me 

wi th a rea l home dur ing my s t ay in New Zea land . Sunan t a , my 

fr iend for her mor a l  support and encouragement . 



vii 

CONTENTS 

Page 

Ab s t ract i i i  

Ac know le dgements  V 

L i s t o f  Tab les  X 

L i s t  o f  Fi gures  xi 

L i s t  of P l a t e s  x i i  

L i s t  o f  Append ices  xiv 

INTRODUCTION 1 

CHAPTER 1 REVIEW OF L ITERATURE 4 

1. General descr i p t ion of  l e t tuce . . . . . . . . . . . . . . . . . . .  5 

2 .  Tempera ture and photoper iod e f fec t s  on growth 

and deve lopment . . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . 

3. Tempera ture and pho t oper iod e f fec t s  on f lower ing . 

4 .  Temperature and pho t operi od interac t ions w i th 

7 

8 

vernal izat ion on f l ower ing . . . . . . . . . . . . . . . . . . . . . • .  1 1  

5 .  Seed qua l i ty and germinat ion . . . . . . . . . . . . . . . . . . . . .  1 2  

6 .  Seed product ion pract ice s . . . . . . . . . . . . . . . . . . . . . . . 1 6  

7 .  Seed deve lopment . . . . . . . . . . . . . . . . . . . . . .. · . . . . . . . . . .  ; 22  

CHAPTER 2 PRELIMINARY STUDY 2 6  

MATERIALS AND METHODS 

RE SULTS AND D I S CUSS ION 

28 

30 



CHAPTER 3 VEGETATIVE GROWTH 

MATERIALS AND METHODS 

RESULTS AND DI SCUSS ION 

40 

4 1  

4 5  

1 .  P lant fresh  we ight . . . . . . . . . . . . . . . . . . . . . . . . . .  4 5  

2 .  P lant dry we ight . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 0  

3 .  Leaf area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 3  

4 .  Leaf  numbe r . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . 5 6  

5 .  S t em lengt h . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 9  

6 .  Number o f  s hoo t s  . . . . . . . . . . . . .  · . . .  . . . . . . . . . . . . 64 

CHAPTER 4 REPRODUCTIVE GROWTH , FLORAL INITIATION , 

FLOWERING PATTERN AND SEED PRODUCTION 6 6  

MATERIALS AND METHODS 

RESULTS AND DI SCUSS ION 

6 7  

7 5  

1 .  F lower ing pat tern . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 5  

2 .  Seed product ion . .  ; . . . . . . . . . . . . . . . . . . . . . . . . . . 8 3  

CHAPTER 5 SEED MATURATION AND VIABI LITY 88  

MATERIALS AND METHODS 

RESULTS AND DI SCUSS ION 

8 9  

9 1  

1 .  Changes in seed we i ght . . . . . . . . . . . . . . . . . . . . . . .  9 1  

2 .  Mo i s ture. content s . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .  9 2  

3 .  Seed sha t te ring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 5  

4 .  Seed co lour changes . . . . . . . . . . . . . . . . . . . . . . . . . . 1 0 2  

5 .  Germinat ion and viab i l i t y  . . . . . . . . . . . . . . . . . . . .  1 0 3  

vi i i  



CHAPTER 6 SEED YIELD AND QUALITY 

MATERIALS AND METHODS 

RESULTS AND D I SCUSS ION 

1 0 9  

l lO 

. l l2 

1 .  He ight . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . .  1 1 2  

2 .  Branch numbe r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , .  1 14 

3 .  Se e d  y i e l d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 6  

4 .  Germina t i on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i2 1  

5 .  Se e d  we ight . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . 1 2 3  

CHAPTER 7 GENERAL D I SCUSS ION AND CONCLUSION 

B I BLIOGRAPHY 

APPENDICES 

1 2 6  

140 

156  

iX 



Tab l e  

2 . 1 

3 . 1  

3 . 2  

3 . 3  

3 . 4  

3 . 5  

3 . 6  

4 . 1 

4. 2 

6 . 1  

6 . 2  

6 . 3  

6 . 4  

6 . 5  

TABLES 

Varie t a l  charac t e r i s t ics  in a range of 
d i fferent leaf  l e t tuce cult ivars 

E f fe ct  of  t emperature , phot oper iod and 
cu lt ivar on fre sh we ight at each harve s t  

E f fe c t s  o f  temperature , photoperiod and 
cult ivar on fresh we i ght  a t  each harve s t  

E f fe c t s  o f  temperature , photope r i od and 
cult ivar on leaf  area a t  each harve st 

E f fec t s  o f  t empera ture , pho t operiod and 
cult ivar orr leaf  number  at each harve st  

E f fec t s  o f  temperature , pho t operiod and 
cu l t ivar on s tem l ength at each harves t  

Number  o f  shoot s  40  days a f t er s owing 

E f fe c t s  of  tempera ture , photoperiod and 
cult ivar on let tuce f l ower ing 

E f fec t s  of tempera ture , day length and 
cult ivar on f loret  numbers , seed numbers 
per head and percentage of  seed  s e t  at 
each peak f l ower ing 

E f fec t s  o f  tempe rature , daylength and cu 1 t ivar 
on p lant he ight at each peak f l owe r ing 

E f fe c t s  of temperature , day l eng th , cu l t ivar 
and harve s t  t ime on branch numbers  

E f fec t s  o f  tempe rature , daylength , cu lt ivar 
and harve s t  t ime on seed  y i e l d  

E f fec t s  o f  temperature , day leng th , cu lt ivar 
and harve s t  t ime on germina t ion pe rcen tage 

E f fec t s  of tempe rature , day length , cu lt ivar 
and harve s t  t ime on seed  we ight 

X 

29  

46  

5 1  

54 

5 7  

6 0  

6 5  

7 6  

84  

1 1 3 

115 

1 1 7  

1 2 2  

124  



Figure 

3. 1 

3. 2 

F IGURES 

Number of green lettuce leaves for each 
cultivar at different tern perature and 
day length 

Stem length of three lettuce cultivars at 
each tern perature and daylength 

xi 

58 

61 

4. 1 Diagrammatic representation of the innorescences 74 
and branching of leaf lettuce 

4. 2 Days to bolting, anthesis and peak nowering 77 

4. 3 Flowering pattern of three leaf lettuce cultivars 80 
under different daylength at 25/15•C 

4. 4 Flowering pattern of three leaf lettuce cultivars 81 
under different day lengths at 30/20 • C 

5. 1 Changes in physioloigcal corn ponents during 93 
seed development at 25/15•C 

5. 2 Changes in physiological components. dtn'ing 94 
seed development at 30/20 • C 

5. 3 Percentage of germination (normal seedling) 104 
and seed viability at 30/2o·c 

5. 4 Percentage of germination (normal seedling) 105 
and seed viability at 25/15 • C 

6. 1 Seed yield at each daylength, temperature 118 
and time of harvest in three lettuce cultivars 



P la t e  

2 . 1  

2 . 2  

2 . 3  

2 . 4  

2 . 5  

2 . 6  

2 . 7  

2 . 8  

3 . 1  

3 . 2  

4 . l  

4 . 2  

4 . 3  

4 . 4  

4 . 5  

4 . 6  

PLATES 

B lack s eeded l e t tuce ( Thai cv . )  
a )  in the f ie ld 
b )  as presented for the market 

Typ ical  Tha i  d i she s prepared for 
the tab le  

A p lant o f  c u l t ivar 
a )  Thai  
b)  Grand Rap ids a t  6 0  d a f t e r  s owing 

A plan t  of cu l t ivar 
a )  S lobo l t  
b )  Wa ldmanmn ' s  Green a t  60  d a f t e r  s owing 

A p l an t  cu l t ivar 
a )  Deep Red 
b )  P r i z e  head at 60  d af ter  sowing 

A p lant cu l t ivar 
a) Braz i l  48 
b )  Braz i l  2 2 1  at  60  d af ter  s owing 

A p l an t  of c u l t ivar 
a )  Summer Queen 
b )  Tan ia at 60 d a f t e r  s owing 

A p lant of cv . S a lad Bowl at 60 d 
a f t e r  s owing 

Visua l  appearance of l e t tuce p l an t s  
at  40 d a f t e r  s owing 

S t em and shoot d eve lopment charac t ers 
in thre e  l e a f  l e t tuce cu l t ivars under 
10 and 14 h day l engths at 2 5 / l 5 ° C  
and 3 0 / 2 0 ° C  

F lora l ini t iat ion 

F l ower deve l opment 

Le t tuce f lower head 

Le t tuce s e e d  

An ind ivi du a l  l e t tuce p lant 
inf lorescence with  a c lu s t e r  of seed 
head s in var ious s t ages of deve l opment  

Ind ividua l s eed heads 

xii 

2 7  

3 1  

3 2  

34 

35 

3 6  

3 7  

3 9  

49  

6 2  

6 8  

6 9  

7 0  

7 1  

7 3  

7 3  



P l a t e  

5 . 1  

5 . 2  

5 . 3  

5 . 4 

Tagged f l ower of  leaf  l e t tuce cv . 
Grand Rap i d s  a few hours a f t e r  anthe s i s 

Changes  in s e ed head and s eed co lour 
at  25 / l 5 ° C  in 
a)  Tha i 
b )  Grand Rapids  
c )  S lobo l t  

Change s  i n  s eed head and seed  co lour 
at  3 0 / 2 0 ° C  in 
a)  Tha i  
b )  Grand Rapids 
c )  S lobo l t  

Examp l e s  o f  the type s o f  abnorma l 
seedl ings found in s eeds removed 
from l e t tuce  p lan t s  dur ing the 
s t age of seed deve lopment  

9 0  

9 6  
9 7  
9 8  

9 9  
1 0 0  
1 0 1  

1 0 8  

xiii 



App end ix 

l. 

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

8 .  

9.  

1 0 . 

1 1 . 

1 2 .  

1 3 . 

1 4 . 

1 5 . 

1 6 .  

1 7. 

1 8 . 

APPENDICES 

C l ima t ic d a t a  at Pakchong Hor t i c u l tural. Re search 
S t at ion 

C l ima t ic d a t a  at Roya l Angkhang High l and Re s earch 
S t at ion 

xiv 

The leve l s  of photosynthe t i c  rad i a t i on o f  each 
t rea tment in con t ro l l ed env ironment rooms under  
d i f ferent t emperature and day length t reatmen t s  

C l ima te 
nutr ient 

Lab - modi f ied ha l f - s t rength Hoa g l and ' s  

Re lat ive growth r a t e s  o f  p l ant dry we igh t ( RGR) and 
le a f  area ( RLGR) 

Temperature , daylength and cu l t ivar e f fec t s  on fresh 
we ight ( g/ p l ant ) 

Temperature , day length and c u l t ivar e f f e c t s  on dry 
we ight ( g/ p l ant ) 

Temperature , daylength and c u l t ivar e f fec t s  on leaf  
area ( cm2 / p l ant ) 

Tempe rature , daylength and cu l t ivar e f f e c t s  on seed 
fert i l i ty . 

100 s e e d  fresh we i ght (mg ) at  d i f ferent day s  a f ter 
anthe s i s  

100 s e e d  
anthe s i s  

dry we ight (mg ) a t  d i f ferent days a f te r  

Mo is ture content ( % )  at  d i f ferent days a f t e r  anthe s i s  

Germinat ion percentage (norma l seed l ings ) at  d i f ferent 
days a f ter  anthe s i s  

Germinat ion percentage ( abnorma l s eedl ings ) a t  d i f ferent 
days a f te r  anthe s i s  

Seed v i ab i l i ty a t  d i f ferent days a f ter anthe s i s  

Temperatur e , day l ength and cu l t ivar e f fec t s  on s eed 
yield ( g/ p lant ) 

Temperature , day leng th and c u l t ivar e f fec t s  on 
germina t ion percentage 

Tempe r a ture , day length and cu lt ivar e f fe c t s  on 
1000 s ee d  dry we ight (mg ) 




