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A B S T R A C T 

T h i s  t he s i s  rep o rt s  t he re s u lt s o f  t h ree ye a rs '  re s e a rc h  o n  seed 

p roduct io n  of b i rds f o ot t re f o i l  ( Lo t u s  c o rn i cu l a t us L . ) . P revious 

work by other researchers has sugge s t e d  that a p rotracted flowering 

period i s  a ma j o r  factor l imit ing seed product i on in this legume . The 

re s e a rch p ro g ra mme w a s  begun in 1 9 8 6  with an inve s t iga t i on of the 

cause ( s )  of t h i s  prot racted flowering period . By c a re fu l ly examining 

t h e  g ro w t h  a n d  f l o w e ri n g  be h a v i o u r  o f  t a gg e d  shoot s f o rmed a t  

d i f f e rent t ime 5o f t h e  ye a r, i t  w a s  ident i f i e d  t h a t  the pro t ra cted 

f l o w e ri n g  p a t t e rn i n  t h i s  p l a n t  i s  c a u s e d  by the c o n t i n u o u s 

p roduc t i on o f  shoot s w i t h  the c a pa c it y  t o  f lo we r .  The cont inuous 

deve lopment o f  new s h o o t s  rep l a c ing o lde r f lowering shoot s was the 

main cause of t he long f lowering period . Re sult s of the f irst yea r' s 

research a ls o  showed that seed yie l d  i s  prima rily determined by the 

number of i n f lo rescences produced . I n  turn ,  inflorescence numbers a re 

p rima ri l y  dependent on the number o f  shoot s ava i l able a t  the t ime o f  

f l owering . I t  was suggested b y  t h e  re sults  t h a t  manipul a t ion of the 

n umbe r  a n d  b ranching of shoot s s h o u ld be a n  import an t  management 

s t rategy for improving seed product i on in t h i s  plant . 

The second s t age o f  the study invo l ved a number of hand remova l and 

cut t i n g  t re at ment s de s igned to i nve s t igate the pos s ible e f fects of 

s hoot remova l on p lant growth a n d  s eed product ion . Hand remova l of 

c rown shoot s a ffected b ranching behaviour in this  plant . Removal of 

young c rown shoots a t  different growth s t ages re sulted in a range o f  

p lant s t ru c t ura l  f o rms which i n f l uenced s e e d  product i on potent i a l . 

Cutt ing t reatment s ,  the ma j o r  e f fect of which was to remove a sect ion 
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of s hoot f rom t he top, showed no obvious beneficia l  effect s on seed 

yie ld in birdsfoot t refoil. 

In t h e  t hird s t age s t udie s we r e  e x t e nded to inv e s ti g a t e  a mo re 

p r a c ti c a l s i t u a tion in whic h p l a nt g rowt h r e gu l a t ing c hemic a l s  

(pa c l obut razol ( PP 3 3 3 ) , e t h ofume s a t e  (Nort ron ) a n d  fatty a l cohol s  

(Fatol S upe r ) ) were used t o  manipulate s hoot growth and deve lopment. 

Re s e a rc h  at thi s  st age involved both widely spaced individua l pl ant s 

a n d  p l a nt s  g r o wn in a s w a r d  t o  simu l a t e  c omme rcia l ly p r a c t i s e d  

s it u a t ions. R e s u l t s  s howed t h a t  P P 3 3 3  is a p romi s ing p re-p e a k  

flowe ring s hoot manipulator which acts by promoting branching. Nearly 

a 4 0 % increase in seed yie ld was consistent ly obtainedin two years' 

expe riment s when this chemica l  we re applied during the time from the 

p re-bud st age to the e a r ly flowe ring stage. Nort ron showed it s value 

in s w a rd situations when app lied at ea r ly plant deve lopment st age. 

However, Nort ron was of limited va lue when it was used as a post-peak 

flowe ring shoot manipulator because of its injurious effect on p lant 

growth and f lowe ring. Fatol S upe r s howed some potentia l as a post-

peak flowering shoot manipul ator, pa rticula r ly when applied to spaced 

p lants, but was le s s  effective in sward situations. This reduces it s 

v a l ue for u s e  in t h e  na r row row o r  s wa rd s eed p roduction s y s t ems 

current ly practiced in New Ze a l and for birdsfoot t refoil. 
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1 

GENERAL INTRODUCT ION 

Lot us c o rn i c u l a t us L . ,  c ommo n l y  known a s  b i rds foot t re f o i l , i s  a 

l e g ume int r o d uc e d  i n t o  N e w  Z e a l a n d  abo ut o n e  hund r e d  yea r s  ago 

( Th oms o n ,  1 9 2 2 ) . It  has shown promi se a s  a pa s t ure species in a re a s  

whe re e nvi ronme nt a l  condit ions a re cons idered t o  b e  t o o  harsh for the 

good pe rformance of other pasture legume s ,  s uch as wh ite c love r ,  red 

c love r  and l uc e rne ( H unt and Wagne r ,  1 9 6 3 ) . Unde r these condit ions , a 

n umb e r of advant ages have been n o t e d  f o r  Lot us c o r n ic ul a t us a s  a 

f o r a ge c rop . Lotus c o rn i c ul a t us p r o duce s  we l l  in areas  whe re s o i l s  

a r e  i n fert i le , a c i d ,  d r y  o r  poorly dra ined ( Robinson , 1 9 3 4 ; Chevrette 

1 9 6 0 ; Cha r lt on et a l . ,  1 9 7 8 ;  Morton , 1 9 8 1 ;  Scott and 

C h a r l t on ,  1 9 8 3 ) . Although it i s  o f ten c l a imed t o  be a poo r - l a nd 

c rop , Lot us c o rnicul a t us a l s o  grows we l l  in fert i le s o i l s  and unde r 

g o o d  e n v i r o nme n t a l  c o n d i t i o n s . I t  r e s p o n d s  we l l  t o  f e rt i l i z e r  

a pp l i ca t i o n , and the r e f o re c o ul d  b e  a highly produc t ive legume in 

f e rt i l e  p a s t ure s i t uat i o n s  (Va r n e y ,  1 9 5 8 ; H ughe s ,  1 9 6 2 ;  H un t  and 

W a gn e r ,  1 9 6 3 ) . Once e s t a b l i shed,  i t  provides high ly p roduct ive and 

l o n g - l ived pe rmanant p a s t ure f o r  h a y ,  f o r a ge and s i lage . I t s  h igh 

l a t e  s e a s o n  f o rage p r od uc t i v i t y  a l l o wsi t t o  ma k e  a s ub s t a nt i a l  

cont ribut ion f o r  the even s uppl y  o f  anima l feed ava i lable during the 

l a t e  s umme r a n d  a ut umn ( Ma cD o n a l d ,  1 9 4 6 ;  D a v i s a n d  Be l l ,  1 9 5 7 ; 

S uc kling , 1 9 6 0 ; Davis , 1 9 6 9 ;  Cha rlton,  1 9 7 3 ;  Greenwood and S heath, 

1 9 8 1 ) . L o t us c o rni c ul a t us c ompa re s f avourably in f e e d  v a l ue with 

other c ommon l egume s (MacDona l d ,  1 9 4 6 ; S uc k l ing , 1 9 6 0 ;  Smi t h ,  1 9 6 4 ;  

C h a r lt o n ,  1 9 7 1 ;  John a n d  L a nc a s h i r e , 1 9 8 1 ) , a n d  i t s  non-b l o a t ing 

n a t ure i s  a un ique and v a l uable character which makes it s upe rior to 
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o t he r common legumes in s ome c i rcums t ances (Ma rten and Jo rdan ,  1 9 7 9 ) . 

L o t u s  c o rn i c u l a t u s  p o s s e s s e s  a n o t a b l e  n i t roge n - fixa t ion a b i l i t y  

which makes it a va luable pa sture spec ies , pa rt icula rly when grown i n  

a mixt u re w i t h  grasses ( B rophy et a l . ,  1 9 8 7 )  

I n  New Z e a l and, because o f  t he genera lly fa vou rable c l imat e ,  c lo ve r s  

p l ay a dominant role a s  pa sture legumes i n  mos t  farming systems . The 

amount of resea rch on Lotus corniculatus has unt i l  recent l y  occupied 

o n l y  a ma r g i n a l p l a ce in the c o unt ry ' s p a s t u re s c i e n c e  resea rch 

p rog ramme . Howeve r ,  w i t h  t he need t o  deve lop p roduct ive pasture on 

l a nd a re a s  t r adit iona l ly rega rded a s  poo r ,  t he advantages of Lotus 

c o rniculatus a s  a fo rage legume have become bett e r  recogn i zed . 

The difficulty of ach ieving a h igh s eed yie ld in Lot u s  corniculatus 

is frequent ly quoted a s  a ma j or fact o r  l imit ing i t s  more w idespread 

u s e  in p a s t u re s y s t ems . A numb e r  of a s pe c t s h ave been ident i fied 

which may severely l imit the seed p roduct ion o f  t h i s  plant (McGraw 

and Beu s i l ;n c k ,  1 9 8 3 ) . The inde t e rminate growth habit of the plant 

resu l t s  i n  an extende d  flowe r ing pe r iod which may make it difficult 

to h a r v e s t  t he c ro p  w i t h  m a x i mum seed r e c o v e r y  ( Be u s i l �n c k  and 

McGra w ,  1 9 8 8 ) . A l s o ,  pod deh i s cence often leads t o  a heavy l o s s  o f  

s e e d  a t  h a r ve s t i n g . I t  h a s  b e e n  s u gge s t e d  t h a t  l o w  a s s im i l a t e  

dis t r ibut ion t o  reproduct ive pa r t s  might b e  impo rtant i n  l imit ing the 

potent i a l  fo r high s eed yield in this p l ant ( Ma cDona ld, 1 9 4 6 ;  Seaney 

and Henson,  1 9 7 0 ;  McGraw and Beu s i l •·:nck, 1 9 8 3 ;  McGraw et a l . ,  1 9 8 6 ) . 

A s  a r e s u l t  o f  t h e s e  f a c t o r s  c omme r c i a l  s e e d  y i e l d s  i n  L o t u s  

c o rn iculatus a re o f ten low and unre liab le . Seaney and Henson ( 1 9 7 Q) 

have s t ated that 5 0 - 1 7 5  kg/ ha i s  a commonly harvested comme rc i a l  seed 

yield,  while 2 0 0 - 5 7 5  kg/ ha i s  among the h ighes t  yie l d  which can only 
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be obta ined occasion a l ly . 

The c ur rent resea rch p rogramme commenced a s  a result o f  the need fo r 

a bett e r  underst anding o f  t h i s  plant and the need for the development 

o f  appropriate management s t rategies fo r bet t e r  seed p roduct ion . The 

pod d eh i s c e n c e  c h a ra c t e r  a n d  the low a s s im i l a t e  c ont r ib ut ion t o  

rep r od uc t ive g r o w t h  i n  t h i s  p l a n t  h a v e  a l r e a dy been e xp l o red by 

prev i o us resea r che r s  ( B uckov i c , 1 9 5 2 ; Ande r s o n ,  1 9 5 5 ;  Met c a l fe et 

g., 1 9 5 7 ; McG raw and Be us e l in c k ,  1 9 8 3 ) . It was t he refo r e  de c ided 

t h a t  t he emph a s i s  of the c ur rent r e s e a r c h  s h o uld be on the long 

fl o we r in g  p e r i o d  of t h i s  p l a nt , with p a r t i c ul a r  i n t e r e s t  i n  the 

cont r i b ut i on o f  d i ffe rent s ho o t  age g r o up s  t o  t he long fl owe r ing 

pat t e rn . The s t udy a l s o  examined p o s s ible management systems wh ich 

could be used to overcome the prot racted flowering s equence by s hoot 

man i p ul a t ion s t r a t egies . Wh i le the us e of Lotus c o rnic ulatus is at 

pre s en t  rest r i c t e d  to ce r t a in agronomic s i t uat ions , it i s  pos s ible 

that more wide sp read use could be ach ieved i n  the fut ure as a re s ult 

o f  a bett e r  unde r s t anding of its reproduct ive charact e r s  and s ucce s s  

i n  a c h ieving a s uffi c ient a n d  r e l iable s e e d  s upply t h r o ugh bet t e r  

seed c rop management techniques . 

The present s t udy was divided into four pa r t s ,  each empha s i s ing one 

p a r t i c ul a r  a spe c t . P a rt one ( Chapt e r  3 )  i nvolves a series of fie ld 

expe r iments de s i gned t o  provide ba s i c  info rmat ion on the growth and 

d e v e l o pme n t  o f  t h e  p l a n t , ma i n l y  i t s  s h o o t  s y s t e m ,  a n d  i t s  

r e l a t i o n sh ip w i t h  the fl ower ing pat t e rn . P a r t i c ul a r  a t t e n t i o n  h a s  

been di rect e d  t owa rds t h e  cont r ibut i on made by diffe rent shoot age 

g roups t o  the durat ion and intensity o f  flowe ring . P a rt two ( Chapte r  

4 )  de a l s  w i t h  flowe r and s eed deve l opment and t he cont r ib ut ion o f  
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indiv i dua l seed y i e l d  componen t s  t o  t o t a l  seed yield . In t h i s  part 

some seed charact e r s , such as hardseedednes s  a nd dormancy behaviour ,  

a re a l s o  investiga t e d . Based o n  the info rmat i o n  obt a ined i n  the fi rst 

two pa r t s , part t h ree ( Chapt e r  5) comp r i s e s  a series of exper iment s 

i n v o l v i n g  hand r emo v a l  o f  s ho o t s  from d i ffe re n t  age g roups , and 

cutt ing t reatment s .  I n  this p a rt part i c u l a r  emphas is has been placed 

on invest igat ing the effect s of phys i c a l  shoot man ipulat ion o f  plant 

growth in o rder t o  p rovide det a i led info rma t i on on the pos s ib i l it y  o f  

us ing shoot manipu lat ion t o  improve seed y i e l d  in bi rds foot t re fo i l . 

I n  p a r t  fo u r ,  w h i c h  inc l u de s  Chapt e r s  5 a nd 6 ,  t re a tmen t s  we re 

extended t o  a mor e  pract ical s ituation us ing plant growth regulat ing 

chemic a l s  to man ipulate both pre- and post- peak flowe ring shoots in 

favou r of improved seed yield . 



Plate 1 . 1 .  A view o f  the Lotus corn iculatus crop at 
peak f lowe r i ng (6 January 1 9 88) 

5 
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CHAPTER I :  L I TERATURE REVIEW 

Be fo re s t a r t ing t h i s  review , it s e ems helpful to g ive s ome brief 

de fin itions o f  s ome te rms use d  in  t h i s  work which may otherwise cause 

confus ion . The t e rm 'birds foot t re foi l ' , a lthough mos t l y  used for the 

s pe c i e s  L o t us c o rn i c ul a t us L . , i s  a l s o  us e d  i n  the l it e rat ure to 

de s c r ibe othe r species of t he genus Lotus that a re o f  agricultural 

imp o rt a nc e ,  inc l uding Lot us ul iginosus Schk . syn . Lotus pedunculatus 

C av . ,  Lot us angus t i s s imus L . ,  a n d  L o t us h i spidus D e s f  ( MacDon a l d ,  

1 9 4 6 )  The s pec i e s  Lot us c o rn i c ula t us L .  a l s o  has seve r a l  synonyms 

which c o uld l e a d  to i t s  c o n fus i o n  with othe r spe c i e s  from t ime to 

t ime , e . g . ,  Lo t u s ,  b i rd s foot t re fo i l ,  broadle aved birds foot t refoil 

a nd t re fo i l . The work de s c ribed here i s  concent rated on the ' t rue '  

bi rdsfoot t refo i l ,  Lotus c o rniculatus L .  

1 . 1 .  Origin and dist rib ut ion 

Lotus c o rn iculatus L .  (birdsfoot t refo i l )  i s  a perennial legume which 

is thought initially to have come from the Mediter ranean ba s i n ,  s ince 

the greatest dive r s it y  of wild plant s and dist ribut ion of the species 

w a s  fo und to occur t h e r e  ( S e a ne y  and H e n s on , 1 9 7 0 )  Acco rding to 

Robins on ( 1 9 3 4 ) , the fi r s t  de s c ript ion o f  this p l ant was in English 

in Ge r a rd ' s Herbal in 1 5 9 7 ,  wh ile Ellis ' ( 1 7 7 4 )  repo rt on the use o f  

b i rds foot t re foil a s  a feed for cattle i n  England c o uld b e  rega rded 

a s  the e a r l ie s t  use o f  t h i s  species in a g r i c ulture . By t he t ime of 

Robinson ' s  review ( 1 9 3 4 ) , bi rds foot t refo i l  had been wide ly found in 

E urope ( with the except ion o f  Finland) , a s  we l l  a s  in Rus s i a , Africa , 

India , and great e r  Asia . In MacDona ld' s later review ( 1 9 4 6 ) , extended 
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a re a s  o f  use inc l uded T ibet , Aus t ra l i a ,  New Z e a land and North and 

S o uth Ame rica . 

The o c c urrence o f  L o t us c o r n i c ul a t us in New Z e a land dat e s  back to 

about 1 8 6 4 ,  according t o  Thomson ( 1 9 2 2 ) . Levy ( 1 9 1 8 )  appea red t o  be 

the fi r s t  per son t o  de s c ribe t h i s  plant w i t h  cons ide rat ion of its 

possible agricul t ur a l  use i n  this count ry . S ince then the numbe r of 

c ult iva r s  int roduced has increased s teadi ly . By 1 9 7 8  the re had been 

m o r e  t h e n  2 0 0  c ul t i v a r s  o f  L o t us c o r n i c ul a t us a v a i l ab l e  fo r 

eva l ua t ion ( Cha r l t o n  e t  a l . ,  1 9 7 8  ) , inc l ud i ng 6 4  from E urope , 3 1  

from t h e  Med i t e r r a n n e an Reg i on , 2 5  from S o ut h  Ame r i c a ,  2 3  from 

U . S . S . R .  and 21 from No rth Ame rica . 

Desp i t e  i t s  long h i s t o ry , i t s  w i despread d i s t r ibut ion and nume rous 

pub l i s hed report s ,  a s  reviewed by Robinson ( 1 9 3 4 ) , MacDonald ( 1 9 4 6 )  

and S e aney and H e n s o n  ( 1 9 7 0 ) , great i n t e r e s t  i n  Lotus corniculatus 

did n o t  begin unt i l  1 9 0 0  o r  l a te r . The fa i l ure t o  use t h i s  species 

e a r l i e r  in i t s  e a r l y  h i s t o r y is pe r h a p s ,  a t  l e a s t  p a r t i a l l y ,  

a t t r i b ut a b le t o  t he ext reme d i ffi c ulty i n  harve s t ing s ub s t a nt i a l  

quant i t i e s  o f  seed ( Bo ite l ,  1 8 9 3 ,  cited b y  Robinson, 1 9 3 4 )  . 

1 . 2 , Agronomic v a l ue 

The us e o f  Lot us c o rn i c ul a t us in a g r ic ul t ure dates back beyond its 

a c t ua l  c ulture and recogn ition a s  a v a l uble crop p lant . Many pioneer 

a g r i c ul t ur a l i s t s  h a ve men t i oned the a g r i c ult ur a l  me r i t  of L o t us 

c o r n i c u l a t us i n  t h e i r  p a p e r s  ( e . g .  W o r l i dg e , 1 6 8 1 ,  c i t e d  b y  

M a c D o n a l d ,  1 9 4 6 ) . Ac c o rd i n g  t o  Rob i n s on ( 1 9 3 4 ) , E l l i s  ( 1 7 7 4 )  i s  
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c re d i t e d  a s  t h e  f i r s t  pe r s o n  t o  g i ve a us e f ul a c c o un t  o f  i t s  

a g r i c ul t ure va l ue . I n  1 7 7 4 ,  h e  wrote:  ' I  c a n  a f f i rm i t  f o r  t ruth ,  

that the Tyne g ra s s  ( w i ld vet c h )  and the Lady - f inge r gra s s  (birds f oot 

t re fo i l )  a re the t wo best s o r t s  of nat ura l meadow gra s s e s  that a re ,  

f o r  f e e d i n g  a n d  f a t t e n i n g  t he c o n ie s ,  de e r  a n d  r a c e - h o r se s ,  o r ,  

indeed, f o r  feeding and fattening any othe r s o rt o f  cat t l e  that w i l l  

eat t hem, whet he r g iven t o  t hem a s  gra s s  o r  hay . '  Ande r s on ( 1 7 7 7 ,  

c i t e d  b y  Ma c D o n a l d ,  1 9 4 6 )  a l s o d e s c r i b e d  a n d  d i s c us s e d  t h e  

a g r i c ul t ur a l  v a l ue o f  b i r d s f o o t  t r e f o i l ,  a n d e m p h a s i s e d  i t s  

compa rat ive pa l a t ab i l ity with many othe r nat ive p lant s . Martyn ( 1 7 7 9 ,  

c i t e d  b y  Ma cD o n a l d ,  1 9 4 6 )  s t a t e d  t h a t  b i rds f o ot t re f o i l  'i s o f  

qua l it y  equa l , i f  not supe r i o r ,  t o  mos t  o f  the t ref o i l s , a nd might 

do ubt l e s s  be c u l t i v a t e d  t o  good a dv a n t a ge a l one . '  L a t e r ,  Mo rton 

( 1 8 5 5 ,  c ited by MacDona ld, 1 9 4 6 )  cons ide re d  bi rds foot t re f o i l  to be 

as n ut r it ious a s  c love r . Robinson ( 1 9 3 4 )  s t ated that , by 1 8 1 0 ,  s eed 

of b i rds foot t r e f o i l  had become an a rt icle of comme r c e ,  be ing l i s ted 

for s a le by a s eedsman in London,  and indicat ing recogn it ion of the 

me r i t  o f  bi rds f oot t r e f o i l  by the f a rming pub l i c . S i n c l a i r  ( 1 8 2 6 ,  

c ited by MacDona ld ,  1 9 4 6 ) , est imated that the p lant would produce at 

f ul l  bloom abo ut 1 0 2 0 9  pounds per a c re ( appa rent ly, g reen mat e ria l )  . 

T h i s  may be the e a r liest quant it ive mea s urement of bi rds foot t re f o i l  

a s  a n  a g r i c ul t ur a l  p l a n t . L a t e r ,  m a n y  r e s e a r c h e r s  ( c i t e d  by 

M a c D o n a ld,  1 9 4 6 ) , e . g .  Laws on ( 1 8 4 3 ) , Low ( 1 8 4 7 ) , Lecoq ( 1 8 6 2 ) , 

Vianne ( 1 8 7 0 ) , Vi lmorin-Andrieux ( 1 8 9 2 ) , a l s o  recogni zed the va l ue of 

t h i s  spe c i e s .  It s h o ul d  be spec i a l l y  p o i n t e d  o ut t h a t  among the 

pioneer worke r s , Stebler and Sch roete r  ( c ited by MacDona l d ,  1 9 4 6 ) , in 

1 8 8 9 ,  p re s e n t e d  a c o mp rehen s i ve d i s c us s ion o f  b i rds f oo t  t re f o i l ,  

i n c l uding i t s  de sc ript ion,  adapt i on , c ul t ure , produc t i o n ,  n ut r it ive 

v a l ue ,  a n d  us e ,  wh i c h  s e rved a s  a t ur n i n g  po int in int e re s t  and 
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studies on birds foot t refo i l . The beginning o f  the twent ieth century, 

a s  pointed out by Seaney and Henson ( 1 9 7 0 )  in the i r  review, hera lded 

a rea l e xpan s ion in t refo i l  culture . 

Lotus c o rnicu la t u s  i s  a nut rit ious he rbage p lant both for graz ing and 

h a y . W i t h  t h e  deve l opme n t  o f  mode r n  a n a lyt i c a l  t e c h n i qu e s , mo re 

a c c u r a t e  qua n t i t ive eva l u a t ions we re made which confirmed its h igh 

qua l it y  a s  a p a s t u re spec ies . The chemi c a l  compos it ion of bi rds foot 

t refo i l ,  in t e rms of c rude protein , readi l y  fe rmentable c a rbohydrate 

a nd v a r i o u s  m i n e r a l  e l em e n t s ,  wh i c h  a re u s u a l l y  u s e d  a s  t h e 

indi c a t o r s  o f  feeding v a l u e  o f  a p l a nt , i s  s im i l a r ,  o r  s omet ime s 

h ighe r  than , that of the commonly used h igh qua l ity pa s t u re legumes , 

such a s  c love r s ,  luce rne and s a in fo i n  (MacDonald, 1 9 4 6 ;  Suc k l ing, 

1 9 6 0 ; Smit h ,  1 9 6 4 ;  Cha r lt on , 1 9 7 1 ,  1 9 7 3 ; Van Soest , 1 9 7 5 ;  John and 

Lanca s h i re , 1 9 8 1 )  . 

Lotu s  c o rn i c u l atus has also been s hown t o  be a va luable for age c rop 

s ince i t s  p rotein content rema ins h igh unt i l  ve ry late in the g rowing 

s e a s on (MacDonald, 1 9 4 6 ;  Suckling, 1 9 6 0 ) . Thi s  is pos s ibly related t o  

i t s  long flowe r ing pe r iod and t he fa ct t h a t  its  rep roduct ive growth 

o cc up i e s  v e r y  l it t le of the t ot a l  g rowth period . Acco rding t o  John 

and Lanc a s h i re ( 1 9 8 1 ) , the late s e a s on ' s s temmy growth o f  b i rds foot 

t re fo i l  is more palat able to l ivestock than lucerne . 

The n o n - b l o a t i n g  c h a r a c t e r  o f  l o t u s  s p e c i e s  h a s  a dv a n t a g e s  i n  

ruminant a n imal fa rming . I t  h a s  b e e n  we l l  estab l ished that legumes 

have a h igher feed va lue in many c i rcums t ances than gra s s e s  ( Ulyatt , 

1 9 7 0 ) . H oweve r ,  t he occurrence of bloat fo l lowing graz ing o f  legumes 

s uch a s  red and wh i t e  c love r a nd luce rne has dis cou raged t he mo re 
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w i de sp re a d  u s e  o f  the s e  legume s a s  imp o r t a n t  p ro t e i n  s ou r c e s  fo r 

l ive s t oc k . The n on-bloat ing cha r a ct e r  o f  l o t u s  species mak e s  t hem 

s a t i s fa c t o r y  a l t e rn a t i v e  l egume s i n  p a s t u r e s . M a rt e n  and J o rdan 

( 1 9 7 9 )  showed that subst itution of a pure stand o f  Lotus c o rn iculatus 

fo r one-th i rd o f  a luce rne-grass pasture system gave a 2 3 %  increase 

i n  da ily we ight gains in lambs . 

I t  has been suggested t hat a disadvant a ge o f  birdsfoot t re fo i l  a s  a 

fo r age p l a n t  i s  i t s  h igh l ign in c o nt ent w h i c h  a ffect s i t s  a n ima l 

dige s t ib i l it y  ( John and Lancashire,  1 9 8 1 )  . Howeve r ,  Henson and Schoth 

( 1 9 6 2 )  found t h a t  a lt hough l ive s t oc k  found l o t u s  he rbage s omewhat 

less acceptable than other common legumes , they readily c on s umed it 

once they became accustomed to it . 

Depending on pasture type ( e . g .  c l ima t e ,  s o i l  fe rt i l ity and mo isture 

c o n d i t i o n s , e t c . )  and m a n a g e me n t  me t h o d s , t h e p e r fo rm a n c e  o f  

bi rds fo o t  t re foil a s  a pasture plant diffe rs great ly . Gener a l ly ,  it 

i s  n o t  a s  p r oduc t i ve a s  c l ove r s  a nd l u c e rne in m a n y  s it u a t i on s . 

Howeve r ,  t h e r e  a r e  p lent y o f  s it u a t ions in which b i rd s foot t re fo i l  

has outyie lded these legumes whe re the envi ronment i s  l e s s  favourable 

for t he good pe rfo rmance of legume spe c ies requi ring h igh fe r t i l ity 

and mo i st u re s u c h  as white and r e d  c l ove r s  and l uce rne ( Hunt and 

Wagner ,  1 9 6 3 ; Taylor et al . ,  1 9 7 3 ;  Lambe rt et al . ,  1 9 7 4 )  MacDonald 

( 1 9 4 6 )  h a s  a l s o  s hown that b i rds foo t  t re fo i l  p r oduced c omp a r able 

amount s of he rbage both fo r hay a n d  fo r g r a z i n g  in a s e r i e s  o f  

c ompa r a t i v e  expe r imen t s  involving c l ove r s  and luce rne . S imi l a r l y ,  

Cha r lt o n ' s  work ( 1 97 1 )  i n  Scot land has shown that in b o t h  spaced and 

s w a r d  s it u a t i o n s  mo s t  of t h e  b i rds fo o t  t refo i l  c u l t i v a r s  t e sted 

pe r fo rmed s at i s fa c t o r i ly c ompa r e d  w i t h  white and red c love rs unde r 
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t he s ame e xp e r imen t a l  conditons . S uc k l ing ( 1 9 6 0 )  compa red b i rds foot 

t re fo i l  w i t h  five wh ite c love r s , t wo red c love r s  and seve r a l  other 

legumes wh i c h  were a l l  commonly used in p a s t ures in New Z e a l and . The 

r e s ult s s h o we d  that bi rds foot t refo i l  out yie lded a l l  species except 

red c l o ve r . 

T h e  i n fe r i o r  p r o d uc t i o n  b y  b i r ds fo o t  t r e fo i l  c omp a r e d  t o  o t h e r  

l e g um e s un d e r fa v o r a b l e e n v i r o nme n t a l  c o n d i t i o n s  i s  l a rg e l y  

attribut e d  t o  it s s low establi s hment and t he refo re l e s s  c ompet it ive 

n a t ur e . A l t h o ugh the he rbage yie lds p roduced in e s t ab l i s hed l o t us 

s tands c an be highe r than that p roduced by othe r legumes at the s ame 

s t a ge , i t s  s l o w  e a r ly g r o w t h  o ft e n  de c re a s e s  t h e  c h a n c e s  o f  i t S  

playing a n  impo rt ant role i n  a mixed pa s t ure with more aggre s s ive 

spec i e s . ( MacDonald, 1 9 4 6 ; Davis a nd Bel l ,  1 9 5 7 ;  Peacock and W i l s i e ,  

1 9 6 0 ; S uc k l in g ,  1 9 6 0 ;  P a r s o n  a n d  D a vi s ,  1 9 6 1 ;  S c h o l l  and B r unk , 

1 9 6 2; B ux t o n  a nd Wed i n ,  1 9 7 0 ;  T a y l o r  e t  a l . ,  1 9 7 3 ;  G reenwood and 

She at h ,  1 9 81 )  . Davie s '  exp e r iment at Abe rystwyth ( 1 9 6 9 )  a l so s howed 

that a lt h o ugh t he growth of l o t us wa s compa rable with c love rs ,  poo r 

e s t ab l i s hment behaviour h inde r e d  i t s  p o s s ible r o l e  a s  a p romi s in g  

plant fo r h i l l  land pastures in Wa les . 

It i s  e s sent i a l  t o  cho o s e  t h e  mo s t  s ui t able management met hods fo r 

b i r d s fo o t  t re fo i l  b a s e d  p a s t ur e s . Si n c e  b i r d s fo o t  t r e fo i l  i s  

s e n s i t ive to c ontinuous g r a zing , t h i s  system leaves l e s s  chance for 

r e c o ve ry growth and w i l l  e ve n t ua l l y e l imi nate t h e  s p e c i e s  from a 

p a s t ur e . Davi s and Be l l  ( 1 9 5 7 ) and Van Ke u�en e t  a l . ,  ( 1 9 6 9 )  noted 

t h at b i rds fo o t  t re fo i l  c o ul d  be r e t a i n e d  i n  a p a s t ure and c o uld 

p roduce sat i s factorily with a rotat ional graz ing system of about t wo 

w e e k s  g r a z i n g  a n d  fo u r  w e e k s  r e s t . H e n s o n  a n d  S c h o t h  ( 1 9 6 2) 
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cons ide red that t he u s e  of a cont i nuous g r a z ing system s hould only be 

r e c omme n d e d  fo r c a t t l e g r a z i n g  o n  s em i e r e c t  'Emp i re '  t yp e s  o f  

bi rds foo t  t r e fo i l ,  and by maint a ining a cont inuous ly h igh res idue . 

Davis and Bell ( 1 9 5 7 ) , Smit h  and Nel s on ( 1 9 6 7 ) , Van Keu ren and Davis 

( 1 9  6 8 )  a n d  V a n  K e u r e n  et g. ( 1 9  6 9 )  h a ve a l l  h ig h l i g h t e d  the 

p o s i t i ve pe r s i s t e n c e  a n d  p r o d u c t i v i t y  r e s po n s e s  o f  l o t u s  n o t  

sub j ected to cont inuous gra z ing . 

Mixt u res o f  birdsfoot t refo i l  with non-aggres s ive grass  species have 

shown bet t e r  pe r fo rmance than b i rds fo o t  t re fo i l  alone . MacDonald' s 

expe r imen t s  ( 1 9 4 6 )  c learly shown t h i s  in pa sture s used both fo r hay 

and fo r g r a z i n g . He cons ide red t h a t  the mo s t  s u i t a b l e  c ompanion 

g r a s s e s  w e r e  t h o s e  t h a t  p r o d u c e d  an o p e n  s w a rd s u c h  as P h leum 

pra t e n s e ,  D a c t yl i s  glome r a t a  a n d  P o a  pratens i s . P a r s o n s  and D a v i s  

( 1 9 6 1 )  found t hat a late rat h e r  t h a n  a n  e a r ly s e a s on D .  glomerata 

cult i v a r  was less c ompet itive and hence mo re compat ible with lotus . 

Unde r s t rong compet it ion b i rds foot t re fo i l  was eventua l ly e l iminated 

from p a sture ( Chevret te et al . ,  1 9 6 0 ) . 

Depending on t he growth habit invo lve d ,  t he re spon s e  t o  de fo l iat ion 

d i ffe r s  between va riet i e s  of b irds fo o t  t refoi l .  Semi- e rect 'Emp i re '  

t yp e s  a re mo re pe r s i s tent a n d  w i l l  p r oduce bett e r  u nde r intens i ve 

de fo l i a t ion t han t he e re c t  'Vi k in g '  t ype . The forme r a re the refo re 

recommended fo r gra zing , whi le the latter type i s  encouraged fo r hay 

product ion ( Seaney , 1 9 7 5 )  . 

Despite the extens ive ove rs e a s  use o f  b i rdsfoot t re fo i l  for hay,  it 

h a s  not been gene rally recommended for t h i s  purpo s e  in New Zeala nd . 

S c ot t  and Cha r l t o n  ( 1 9 8 3 )  s t ated t h a t  'there i s  l i t t le doubt t hat 



1 3  

o t h e r  s pec i e s ,  pa rt i c u l a r l y  l u c ern e ,  w i l l  g e n e r a l ly b e  mo re 

produc t ive f o r  hay production in New Zealand . Thus birdsfoot t ref o i l  

i s  l ik e l y  t o  h ave a ro l e  a s  a gra z ing species i n  the less  fert ile 

drie r  regions , a s  does Maku Y�tus in the less  fert ile wetter region s ' 

L o t u s  c o rn i c u l a t u s  i s  be c om i ng m o re i mp o rt a n t  i n  New Z ea l a n d  

a gri c u l t ure a s  a f orage legume f o r  u s e  under condit ions where s o i l  

f e r t i l i t y  i s  m o dera t e  t o  l o w ,  p a rt i c u l a rl y  in d ry s i t u a t i o n s  

( Ch a rl t on e t  a l . ,  1 9 7 8; Scot t  and Charlton , 1 9 83 )  

S e a s o n a l  product ion o f  Lotus corniculatus sugges t s  i t s  major ro le is 

as a feed s u pply for late s e a s o n  product ion . As ment ioned ea rl ier, 

Lotus corniculatus i s  l e s s  product ive during the early growing s eas on 

( s pring) . H o wever, i t s  l a t er s e a s o n  growt h ,  part icularl y  under dry 

c ondit ion s  wh ich o ften occurs in the New Zea land summer, overyields 

other legume s . The herbage qua lity of this later product ion is a ls o  

b et t e r  t h a n  i n  s ome o t her l egumes s u c h  a s  G ra s s l a nds Maku J.atu s  

( Lo t u s  pedunculatus Cav . s yn . Lotus u l iginosus Schk ) . Charlton ( 1 9 7 1 )  

f o u n d  t h a t  d i g i s t ib i l i t y  o f  b i rds f o o t  t ref o i l  was s ig n i f i c a nt ly 

h igher t h a n  t h a t  o f  Lotus pedunc u l a tu s ,  both i n  t he vegetat ive and 

f lowering s tages of growth . Scott and Charlton ( 1 9 83 )  ment ioned that 

the later s t emmy growth o f  Lotus corniculatus wa s eaten more readi ly 

than that o f  lucerne . 

Among the other advantages o f  birds foot t re f o i l  as a pasture plant i s  

i t s  pers i st ence , a character which has been recogn i z ed for s ome t ime . 

I n  Canada , Chevrette et a l . ,  ( 1 9 6 0 )  found that birds foot t re f o i l  wa s 

more pers i s t ant than lucerne in long term leys on imperfectly dra ined 

s o i ls . It a l s o  pers i s t ed longer t han Ladino or a l s i ke c lovers on the 
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two s o i l  type on which the s e  c rops were compa red . S cott and Charlton 

{1 9 83 )  s tated that birds foot trefoil wa s the mo s t  pe r s i s tent legume 

and o ften the only rema ining p roductive legume when graz ing is lax ,  

a n d  a f te r f e r ti li ty h a d  b e e n  d e p le te d . I n  a n  e va lu a ti o n  tr i a l  

involv i ng clove r s , luce rne , lotu s  a n d  other c ommonly used legumes , 

S cott {1 9 85 )  s howed that lotu s  spe c i e s  we re supe r i o r  to other species 

te s te d  in te rms of pe r s i s te n c e , w i th L o tu s  c o r n i c u la tu s  be ing 

s upe r i o r  to othe r lotus spe c ie s . 

B i rds f oot tre foil has often been refe r red to a s  a drought res i s tant 

p o o r  land plant {Cha rlton et al . , 1 9 7 8; Greenwood and She ath ,  1 9 81 ;  

S c o tt and Cha rlton,  1 9 83 ) . I ts r e sponse to s o il mo i s tu re stres s  in 

the a spe c ts o f  growth , rep rodu c ti o n ,  and mo rtality wa s bette r than 

whi te clove r ,  but not a s  good a s  luc e rne {Foulds , 1 9 7 8) . 

Whi le mo s t  repo rts cla im that bi rds foot tre foil i s  drought re s i s tant 

{ Ch a rlton e t  a l . , 1 9 7 8; S cott and Cha rlto n ,  1 9 83 ) , the re a re some 

r e p o r t s  s ta t i n g  th a t  i t  wi ll a l s o  p e r f o rm s a t i s f a c to r i ly o n  

imperfectly drained s o ils { Rob in s on ,  1 9 3 4; Chev rette e t  al . ,  1 9 6 0 ) . 

M o r ton {1 9 81 )  repo rted b i rd s f o o t  tre foil tole rated a c id and poorly 

d r a i ne d P a k ih i  c o a s ta l  s o i ls be tte r th a n  wh i te c love r 

These features will a s s i s t  bi rds foot tre foil gain a recogni zed place 

among c ommonly used legumes .  

B i rdsfoot tre foil h a s  u sually been cons idered a s  a poor-land forage 

c r op b e c a u s e  i t  p e r f o rms b e tte r i n  s u c h  s i tu a ti o n s  th a n  o th e r  

legume s . Howeve r ,  it i s  erroneous to conclude that b i rdsfoot tre foil 

doe s  not r e spond to b e tte r s o il conditio n s . V a r io u s  repo rts have 

shown that with liming and f e rtili zation , the produ ction o f  b i rds foot 
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tre f o i l  cou ld be increased s igni f icant l y  (Varney, 1 9 5 8 ;  Hughes ,  1 9 62 ; 

Hunt and Wagner ,  1 9 6 3 )  . 

1 . 3 .  De s c r iption o f  the p lant 

1 . 3 . 1 .  Be low ground pa rts 

The root system of b i rdsfoot tre f o i l  cons i s ts p rimarily of a s trong 

taproot with numerous branches . The long, tape ring and u s u a l l y  fo rked 

p r imary root is s u rmounted by a den s e  c r o wn f rom wh i c h  the shoot 

system eme rge s . Depending on the growth s tage , the dimensions o f  the 

root system va ry, but a f u l ly deve loped root system could we l l  exceed 

1 metre in depth and 0 . 7 5  metre in width ( MacDona ld, 1 9 4 6 ) . This is a 

muc h  l a rge r root s y s tem tha n  t h a t  occu r s  i n  red c l o ve r . The root 

system o f  birdsfoot tref o i l  i s  not a s  deep as that o f  luce rne , but is 

more extens ive in distribution . Cons ide r ing tha t  roots a re t he ma in 

p o int o f  wa te r upta k e ,  the di f fe rences in the root s y s tems of the 

three legumes may exp l a in why birds foot tre f o i l  and lucerne a re mo re 

r e s i s tant to wate r  s t re s s  than c l ove r ( Charlton et a l . ,  1 9 7 8 ;  Fau lds , 

1 9 7 8 ;  Scott and Charlto n ,  1 9 8 3 ) . 

A majo r difference between Lotu s  cornicu latus and Lotu s  pedunculatus 

is tha t  the f o rme r s e l dom p o s s e s s e s  rh i z ome s whi le t h e  l a tte r is 

f requently rh i z oma to u s  ( S h e a th ,  1 9 8 1 ) . D e s p i te th i s ,  Wa s s o n a nd 

Ba rnett ( 1 9 7 1 )  obse rved that the old woody s tems o f  b i rds f oot tre f o i l  

a re c apable o f  p roduc ing s ome r h i z omat ou s  s hoots , a lthough in mos t  

common s ituations the plant i s  non-rh i z oma t ou s . 
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1 . 3 . 2. Above-ground parts 

There a re cons iderab l e  variati on s  in the above-ground morpho logy of 

Lotus c o rniculatus , in terms o f  s i ze, shape and growth habit, a l l  of 

wh i c h  a re i n f l u en c ed b y  gen o type and env i ro nment . The s tem o f  

birds foot trefoil i s  u s u a l ly green and square in cross s ection i n  its 

u p per reg i o n s  des p i te being r o u n d  a t  th e b a s e .  U n der optima l 

en v i ro nmenta l c o n d i t i o n s , s tem s m a y  rea c h  1 metre i n  l en g th 

( MacDona ld ,  1 9 4 6 ) . 

Most morphologic a l  variations occur in the growth habit and branching 

behaviour . The stems may be pros trate, a s c ending , or erect.  According 

to MacDo n a l d  ( 1 9 4 6 ) , i n  the more pro s tra te type the stems a rising 

f ro m  th e s eed l i n g , o r  l a ter f rom th e buds on th e c ro wn of th e 

e s t a b l i s h ed p l a n t ,  l i e o n  th e g r o u n d  w i th o u t  rea c h i n g  a n y  

cons iderable heigh t . I n  �enera l ,  th e in ternodes o f  th i s  plant are 

short, wi th some elongation towa rds the midd l e  or near the a pex of 

th e s tem during th e s ea s o n  of mo s t  ra pid g ro wth . B a s ed on thei r 

growth habit, two distinct types of birds foot trefo i l  were recognised 

( S eaney and Henson , 1 9 7 0 ) , - - - the erect ' Eu ropea n '  type ( cu ltivar 

' Vi k ing ' a s  a typic a l  repres entative) and s emierec t ' Empire' type . 

T h e  ' E u ro pean ' type i s  c o n s i dered more s u i ta b l e  f o r  u s e  a s  h a y  

b ec a u s e  o f  i ts u p r i ght g ro wth h a b i t  a n d  les s per s i s ten c e  a n d  

productivity under gra z ing pres sure .  The s emierect ' Empire' type i s  

h a rd y , l a te ma tu r i n g ,  w i th m a n y  b ra n c h ed l ea f y  s tems a n d i s  

c on s idered mo re s u itable f o r  gra z ing ( S ea n ey ,  1 9 7 5 )  Ho wever, i t  

should be borne i n  mind tha t  the growth habit o f  the shoots varies 

wi del y among the n umerou s  c u l ti v a rs o f  b i rds f o o t  tref o i l ,  wh i c h  

i n c l ude many intermediate forms i n  terms o f  s hoot morphology . 
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A p a r t  f r o m  v a r i a t i o n s  i n  g e n o t y p e ,  e n v i r o n m e n t a l  f a c t o r s  

( p a rt i c u l a r l y  p h o t ope r i od)  g r e a t l y  inf luence the g rowt h habit o f  

b i rds f o o t  t re f o i l . Rhykerd et a l . ,  ( 1 9 5 9b )  repo rted t h a t  in s h o rt 

days o r  low l ight inten sit ies t he leaf : stem ratio tends t o  be lowe r 

than i n  plants grown under long days . McKee ( 1 9 6 2 )  stated that plant s 

g r o w n  unde r s h o rt d a y s  h a d  a p ro s t r a t e , r o s e t t e  t ype o f  g ro w t h  

compa red t o  the mo re e rect form o f  plant s grown unde r long days . In a 

s e r i e s  o f  s t udie s u s ing c on t r o l l ed e n v i r o nment a l  c o n d i t i o n s  f o r  

var i e t y  ident i f i c a t i on s ,  N it t ler and Kenny ( 1 9 6 5 )  found that p lant s 

o f  t he ' V i k ing'  t ype we re e a s i l y  dist ingu i s hed f rom p l a n t s  o f  the 

' Emp i r e '  t ype by t he i r  r e s p o n s e  to pho t ope riod in t e rms of shoot 

length and number .  

The b ranching o f  b i rdsfoot t re f o i l  a l s o  va r i e s  great l y . Ma cDon a l d  

( 1 9 4 6 )  s h owed t h a t  t his p l a n t  was domi n a t e d  b y  t h e  shoot s a r i s ing 

f r om the c rown a re a . Although many sma l l  l atera l branches appea red 

f rom leaf axi l s  o f  t he c rown shoot s ,  the se lateral b ranches we re much 

sma l le r  t h a n  t h e  ma in shoot s . S imi l a r l y ,  t he p l a nt s in Hughes and 

H e a t h ' s  pape r ( 1 9 4 9 )  a l s o  show that b i rds foot trefo i l  is comp ri sed 

ma inly of stems f rom the c rown and ve ry few sma l l  lateral s t ruct u res 

f r om leaf axi l s . Smith ( 1 9 62 ) , Nelson and Smith ( 1 9 6 8a ,  b )  f ound that 

i n  e a r ly s p r in g  t he re wa s a b a s a l  f lu s h  o f  shoot s ava i l a b l e  f o r  

g r o wth but t h a t  subsequent regrowth o c c u r red f rom a x i l l a ry buds on 

r e s idu a l  s tubble . They ment ioned that branches arose ma inly f rom the 

uppe r a x i l l a r y  region of t he shoots r a t h e r  than the ba s a l  or lower 

b ranche s . 
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The leaves o f  b i rds f oot t re f o i l  a re bo rne a l t e rnately a long oppos ite 

s ide s of t he s t em . Each l e a f  cons i st s  of 5 leaflet s ,  3 a t ta ched to 

the t e rminal end of the pet i o le and 2 a t  the b a s e  wh i ch c o u l d  be 

e a s i l y  m i s t a ke n  f o r  s t i pu l e s  ( Heyn , 1 9 7 6 ) . The t ru e  s t ip u l e s  i n  

b i rd s f o o t  t re f o i l  a re s ma l l  p r o j e c t i on s  a t  t h e  base o f  the l e a f . 

Le a f l e t s  a re t yp i c a l ly obov a t e ,  a l t h ough t h e  s hape may va ry f r om 

rounde d  t o  oblanceo late between v a r i e t i e s  (MacDonald, 1 9 4 6 ;  Seaney 

and Henson, 1 9 7 0 ) . 

1 . 4 .  Reproduct ive s t ructures 

1 . 4 . 1 .  Flowe r s  

The inflore s cence o f  b i rds foot t re f o i l  i s  a typical umbe l c on s i s t ing 

o f  v a rying n umbe rs ( u s u a l l y  4 - 8) o f  f l o re t s a t t a c h e d  by s h o rt 

pedicel s  t o  a long peduncle . Each f l o ret con s i s t s  o f  a c a lyx with 5 

u n i t e d  sepa l s  a n d  a t yp i c a l  pap i l i o n a c e o u s  legume c o r o l l a  w i t h  5 

p e t a l s . T h e  r e p r oduc t iv e  pa r t s  o f  t h e  f l owe r a re typ i c a l  o f  the 

s t ructures in the Leguminosae with 9 fused plus one separate s t amens 

a s  m a le s t r u c t u re s  a n d  o n e s imp l e  p i s t i l  a s  f ema l e  s t r u c t u re 

( Ma cDonald,  1 9 4 6 ;  S e a ney and Hen s on , 1 9 7 0 ) . Pet a l  c o l o u r may va ry 

f rom a light to dark yel low, and may be t inged with f a int o range o r  

r e d  s t r ipes ( Jones and C rawf ord, 1 9 7 7 ;  Abbot t ,  1 9 81 ) . Colour at the 

keel t ip can be yellow, b rown , o r  red at diffe rent s t ages ( Bu z ze l l  and 

W i l s ie ,  1 9 6 3 )  . 
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1 . 4 . 2 .  P ods 

S e ve r a l  pods a r e  b o rne a t  a lmo s t  r ig h t  a ngles to the t ip of t he 

pedun c l e , g i v i n g  t he appe a r ance o f  a b i r d ' s f o o t . P ods a re long , 

c y l i n d r i c a l , a n d  b r o w n t o  a l m o s t  b l a c k  a t  ma t u r i t y . A f t e r  

po l l in a t i o n ,  pods deve lop rap idly a nd r e a ch ma ximum s i z e i n  about 

t h ree weeks , but it t a k e s  anothe r 1 - 3  weeks , depending on wea ther 

c ondi t i on s ,  f o r  the pods to mature ( Ande r s on,  1 9 5 5 ;  Wiggans et a l . ,  

1 9 5 6 ;  Winch , 1 9 5 8 ;  Seaney and Henson , 1 9 7 0 ;  Beuse linck a nd McGraw, 

1 9 8 8 ) . Winch ( 1 9 5 8 )  ment ioned ave rage pod dimens ions i n  the cult ivar 

Viking of 25 mm ( length )  by 3 mm ( di amet e r )  . B i rdsfoot t re f o i l  has 

2 0- 7 0  ovu l e s  pe r ova ry , t h e  ave rage numbe r b e i ng about 45 ( G i le s ,  

1 9 4 9 ; Buba r ,  1 9 5 8 )  . Howeve r ,  only about 4 0 %  o f  the s e  ovu l e s  deve lop 

i n t o  m a t u r e  s ee d s . Ave rage pod numbe r pe r i n f l o r e s c en c e  v a r i e s  

cons iderably i n  dif ferent environme nt a l  condit ions and i n  different 

f lowe r ing s e a s on s . The numbe r of pods per i n f l o rescence could be a s  

low a s  2 i n  t h e  late f lowe r ing season ( Beusel inck and McGraw,  1 9 8 8 ) . 

S e e d s  a re a t t a c hed t o  t h e  vent r a l  s ut u re o f  the pod ( Seaney and 

Hen s on ,  1 9 7 0) . P ods r e a d i ly de h i s c e  at mat u r i t y ,  c re a t ing s e ve re 

p r ob lems d u r i n g  s e e d  p r odu c t i on a n d  h a r ve s t ing i n  t h i s  s pe c i e s  

( K e l l y ,  1 9 8 8 )  . I n  a s tudy o f  the morpholog i c a l  f ac t o r s  a s s o c i a ted 

with pod deh i s cence , Buckovic ( 1 9 5 2 )  sugge sted that the different i a l  

lo s s  of moi sture f rom e xo c a rp and me socarp t i s sue resulted i n  t en s ion 

between f ib re layers whi ch causes sepa rat ion and t w i s t ing o f  the t wo 

valve s  o f  t he pod . Pods dehisce a t  40- 6 0 %  o f  the i r  o riginal moi st u re 

c o ntent . Met c a l f e  e t  a l . ( 1 9 5 7 ) indicat ed that r e l a t ive humidity 

ind i re c t ly in f l u e n c e d  pod deh i s c e nce by equ i l ib r a t i n g  mo i s t u re 

c ontent o f  t h e  pod with low leve l s  o f  humidity .  Around 10% mo i sture 

content , or 3 0% relat ive humidity seemed t o  be the 't r igge r '  f o r  pod 
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d e h i s c e n ce . R a p i d  d r y i n g ,  r e s u l t i ng in r a p i d  l o s s  of mo i s t u r e ,  

encourages a h igh inc idence o f  dehi scence , while pods which a re dried 

s lowly do not deh isce even t hough the pe rcentage of pod mo i s t u re i s  

l ow ( Buckovi c , 1 9 52 )  . 

1 . 4 . 3 .  Seeds 

The s eeds of b i rds f o o t  t re f o i l  a re s ma l l . M e a s u rement s quo t ed by 

S e a ney and H e n s on ( 1 9 7 0) s howed t he a ve rage dimen s ions of s eed of 

'Viking' t o  be 1 . 4  mm long 1 . 2  mm wide , and 0 . 9 mm thick . 1 000- seed 

we ight s v a ry cons ide r ably in different report s ,  ranging f rom 0 . 92g t o  

1 . 5 7 g  ( MacDon a l d ,  1 9 4 6 ;  Robinson,  1 9 4 9 ; Ande r son , 1 9 5 5 ; Albrecht sen 

e t  .2...1.., 1 9 6 6 ;  B e u s e l i n c k  a nd M c G r a w ,  1 9 8 8 ) . T h e r e  i s  a l s o  a 

cons ide rable variat ion in seed colour in b i rd s foot t re f o i l ,  ranging 

f rom o l ive green , t o  brown , and s ome t imes a lmost black ( Se aney and 

Hens on,  1 9 7 0 ) . 

H a rd s e e d s  a re p r e s e n t  i n  a l a r g e  p e r c e n t age i n  ma t u re s ee d s , 

especia l l y  when the c rop is hand-harvested . I n  New Yo rk,  Brown ( 1 9 5 5 )  

found that hand ha rve sted seed conta ined up t o  90% h a rd s eed,  whi l e  

t he amo unt o f  h a rd seed f e l l  t o  a b o u t  40% when seed w a s  ma ch ine 

h a rve s t e d . P e rcent age of ha rd seed is a l s o  inf luenced by h andl ing 

methods a f t e r  harve s t . MacDonald ( 1 9 4 6 )  reported that a c rop cut and 

cured in t he field for a pe riod of 10 days had an ave rage ge rminat ion 

of only 7 % . Howeve r ,  in a s imi l a r  a re a ,  seeds obt a ined f rom a c rop 

cut at t he s ame t ime , wi lted, cooked ove r night , st acked f o r  1 8  hours 

t o  swea t , and then dried, gave an average ge rminat ion of 8 1 % . It i s  

not c le a r  whether t he f i rs t  t reatment promoted hard seed deve lopment , 

o r  t he s e cond t re a tment s o f tened h a rd seed . In the natu r a l  habitat 
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Taylor �a l . ( 1 973 ) reported that 4 5 - 5 4 %  o f  Lotus corniculatus seeds 

occurring on or nea r  the soil surface were h a rd seeds . 

1 . 5 .  Growth and deve lopment of t he p lant 

1 . 5 . 1 .  Vege t a t i ve growth 

The mos t  s u i t able t empe rature for b i rds foot t refoil seed ge rminat ion 

i s  about 2 0°c .  Ge rminat ion i s  de l a yed be low 1 5 °c, and both de l ayed 

and reduced by temperatures above 3 0°c ( Woods and MacDona ld ,  1 9 7 1 )  . 

Best f ie l d  emergen c e  i s  a ch ieved when seeds a re p l aced i n  a f i rm,  

s mo o t h  s o i l  bed ,  at a dept h  of 0 . 5 - 1 . 0  c m  ( S t i c k l e r  and Wa s s om ,  

1 9 6 3 )  . F i e ld eme rgence o f  birdsfoot t r e f o i l  i s  a l s o  a f fected b y  s o i l  

mo i s t u re c o ndit i o n s , ge rmin a t i on being de l a yed b y  a s o i l  mo i st u re 

s t re s s  o f  4 . 5  atm and completely inhibited by a s o i l  mo isture s t re s s  

o f  1 1  atm ( Woods a n d  MacDonald,  1 9 6 5 , 1 9 7 1 ) . 

The seedling growth rate o f  b i rds foot t re f o i l  i s  s low c ompa red with 

othe r c ommonly u s ed f o rage legume s such as luce rne and red c love r  

(McKee , 1 9 6 2 ;  Smi t h ,  1 9 6 2 ;  Ne l s on a n d  Smit h ,  1 9 6 8 a ,  b ,  1 9 6 9 ;  Buxton 

and Wed i n ,  1 9 7 0; Seaney ,  1 9 7 5 ;  McKersie and Tome s ,  1 9 8 2 ) . Th i s  factor 

can di rec t ly a f fect its slow e s t ablishment and hence subsequent lack 

of c omp e t i t i v e  a b i l i t y  in a m i xe d  p a s t u r e s i t u a t i o n . S t ud i e s  

comp a r i ng the e s t ab l i shment o f  b i rds f oot t refoil with o r  without a 

companion c rop demonst rate that c ompanion c rops a re o ften det riment a l  

t o  s ee d l i ng growth and pe r s i s t a nce ( Wi n c h ,  1 9 5 8 ;  Chevrette e t  a l . ,  

1 9 6 0; Scholl and Brunk,  1 9 6 2 ;  Wake f ie ld and Skaland, 1 9 6 5 ) . Howeve r ,  

i n  p r a ct i ce ,  mixture with l e s s  aggre s s ive grasses i s  recommended f o r  
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b e t t e r  p e r f o rm a n c e  o f  t h e  p a s t u r e o r  f o r  h i g h e r  s e e d  y i e l d s  

(MacDona ld,  1 9 4 6 ;  Ande rson and Metc alfe , 1 9 5 7 ) . 

The regrowth o f  b i rds foot t re f o i l  i s  a l s o  l ow compa red with luce rne 

and red c l o ve r  ( Smit h ,  1 9 6 2 ; Smith and Ne l s o n ,  1 9 6 7 ) . T h i s  feature is 

pos s ib l y  re lated t o  i t s  lower root reserve s . Unlike luce rne in which 

there is at l e a s t  one root r e s e rve a ccumu l a t ion pe r i o d  du ring the 

mo s t  v i g o u rou s g r o w i ng s e a s o n , l o t u s  m a i n t a i n s  a v e r y  l o w  r o o t  

res e rv e  level t h roughout t h e  growing s e a s o n  unt i l  the approach o f  the 

c o l d  s e a s o n ( Sm i t h ,  1 9 6 2 ; H e i c h e l  et g., 1 9 8 5 )  T h e  l o w  r o o t  

re s e rv e s  f o rc e  t he p l a n t  t o  r e l y  o n  c u r rent phot o s yn t he s i s  f rom 

re s id ua l  g reen t is sues for recove ry growt h . This explains the plant ' s 

s l o w  re c o ve r y  growth r a t e  a n d  i t s  l o w  t o le r ance t o  h e avy g r a z ing 

( Smit h  and Sobe ralske , 1 9 7 5 ) . 

Despite t he s low e st ablishment and s low recove ry growt h o f  b i rds foot 

t re f o i l ,  its late season growth rate is in many cases as good a s ,  or 

even bet t e r  t h a n ,  othe r c ommon forage le gumes such as white c lover 

and luce rne ( MacDonald, 1 9 4 6 ;  Davis and Be l l ,  1 9 5 7 ; Suckling , 1 9 6 0 ;  

Davie s ,  1 9 6 9 ; Cha rlton ,  1 9 7 3 ;  Greenwood and Sheath , 1 9 8 1 )  . 

1 . 5 . 2 .  Reproduct ive growth 

Reproduct ive growth commences in response to daylengths exceeding 1 4  

h o u rs i n  e a r l y  s umme r ( Jo f f e ,  1 9 5 8 ;  McKee , 1 9 62 ,  1 9 6 3 ;  Nittler and 

K e n n y ,  1 9 6 4 ,  1 9 6 5 )  . F lowe r in g  o c c u r s  f i r s t  at t he l o we r  node s ( o r  

l o w e r  l at e r a l  branche s ) , t h e n  progre s s e s  up the s t em o n  b ranche s a s  

t he s t em c o n t i n u e s  t o  e l o n g a t e  f r om t h e  t ip .  F l o w e ring and seed 
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sett i n g  l asts f rom e arly s umme r unt i l  late summe r o r  early autumn when 

u n f a v o u r a b l y  s h o r t e n i n g  p h o t o p e r i o d s  p r e v e n t  f u r t h e r f l o w e r  

produ c t ion . Afte r  po llina t ion,  pods develop rapidly during the f i r s t  

2 0  days , then continue t he i r  development a t  a s l ower rate t i l l  t he 

pod m a t u r i t y  s t a ge i s  r e a c h e d  a t  about 3 0  days a f t e r  po l l inat ion 

( Ande r s o n ,  1 9 5 5 )  . 

1 . 5 . 3 .  F actors inf luencing growth and deve lopment 

1 . 5 . 3 . 1 .  Envi ronment a l  factors 

Amon g  t he e n v i ronment a l  f a c t o r s ,  phot ope riod,  t empe rature and soil 

mo i s t u re s t a t u s  a r e t h e mo s t  c ommo n l y  u s e d  i n d i c a t o r s  of  t h e  

adaptat ion and agronomic va lue o f  a plant t o  speci f i c  s ituat ions . 

B i r d s f oot t re fo i l  i s  a t yp i c a l  qua nt i t a t i ve l ongda y p l a n t  w i t h  a 

minimum 1 4 - 1 4 . 5  hours daylength requ i rement and saturation a t  about 

1 6  h o u r s  daylength f o r  f lowe r ing . Jo f f e ' s expe riment ( 1 9 5 8 )  s howed 

t h e  q u a nt i t a t ive re s p o n s e  o f  t h i s  p l a n t  to pho t op e r i o d  in t ha t  

b i rd s f oot t re f o i l  requ i red 1 6  o r  mo re hours day length f o r  maximum 

f lo we r ing response . At a day length o f  1 5  hours , the numbe r ,  rate and 

degree of f lo r a l  primodium deve l opment was res t ricted . At 1 4  hours , 

b l o om i ng w a s s p a r s e . McKee ( 1 9 6 3 )  c o n f i rmed Jo f f e ' s f i n d ings by 

s howing that 1 4 - 1 4 . 5  hours daylength i s  a critical daylength f o r  the 

p lant to f lowe r ,  but f lowe ring i s  profuse only at 1 6  hours or l onge r 

d a yl e ngths . By 1 9 6 4 ,  the response o f  b i rds foot t re f o i l  t o  daylength 

h a d  been we l l  recognized so that Nitter and Kenny ( 1 9 6 4 ,  1 9 6 5 )  were 

able to use it as an a id for spec ies ident ification . 
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B i rd s f o o t  t re f o i l  i s  re l a t i ve l y i n s e n s it i v e  t o  t empe r a t ure f o r  

f l o we r i n g . B y  u s i n g  d i f f e r e n t  c omb i n a t i o n s  o f  t empe r a t u re a n d  

photope r i o d ,  J o f f e  ( 1 9 5 8 ) , N i t t e r  and Kenny ( 1 9 6 4 )  a n d  Long e t  a l . C t �89) 
have s hown that e ither con st ant tempe ratures ( 1 3 - 3 0 °c)  o r  a l ternat ing 

tempera ture regimes ( 2 7 / 1 3 °C - 3 0 / 2 0 °c ,  day/night ) had l it t l e  e f fect 

on plant f lowe ring . 

1 . 5 . 3 . 2 .  I n t e rnal fact ors 

T h e  i n t e r n a l f a c t o rs gove r n i n g  a p l a n t ' s g r o wt h  and devel opment 

ma i n l y  invo lve the plant ' s  a s s imi l a t i on c apa c i t y  and the a l locat ion 

o f  a s s imi l a t e  to diffe rent p a rt s . 

S t u d i e s  o n  a s s im i l at ion cha ract e r s  o f  b i rd s f oot t re f o i l  have been 

c a r r i ed o u t  by a numbe r o f  r e s e a r c h e r s i n c l ud i n g  Rhyke rd et a l . 

( 1 9 5 9 a ,  b ) , S h i b l e s  a n d  M a cD onc.-.l ct ( 1 9 6 2 ) , Smi t h  ( 1 9 6 2 ) , Coope r 

( 1 9 6 6 ,  1 9 6 7 ) , Smith and N e l s on ( 1 9 6 7 ) , Ne l s on and Smith ( 1 9 6 8 a ,  b ,  

1 9 6 9 ) , a n d  G re ub and Wedin ( 1 9 7 1 a ,  b )  I t s  a s s imi l a t i o n  rate w a s  

repo rted t o  b e  c ompa rable w i t h  t h a t  of othe r commonly used legumes 

such as white c l over and luce rne . I n  gene ra l ,  b i rJs foot t re f o i l  has a 

lowe r phot o s ynthet i c  r a t e  t h a n  l u c e rne , howeve r a h ighe r  NAR ( Net 

A s s i mi l a t i o n  Ra t e )  a c h ieved f rom a h ighe r c a rbon d i o x i de f ixat i o n  

r a t e  in luce rne w a s  often o f f se t  by a la rge r l e a f  a re a  rat io which 

re s u lted in a h igher RGR ( Re l a t i ve Growth Rat e )  in b i rd s f oot trefoi l .  

The a s s imi l a t e  part i t ion ing between root s a nd aboveground pa rt s in 

b i r d s f o o t  t re f o i l  was s t udied in det a i l  by Smith ( 1 9 6 2 ) , Smith and 

Ne l s on ( 1 9 6 7 ) , and Ne l s on and Smit h  ( 1 9 6 8 a ,  b ,  1 9 6 9 ) . Carbohydrate 

r e s e rves in roots fol low a cyc l i c  pattern of u t i l i z a t ion and st o rage , 

r o o t  re s e rves be ing v e r y  low a f t e r  t he i n i t i a l  s p r ing growth and 
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du r i ng t h e  ent i re growing s e a son unt i l  coo l s e a s on condit ions cause 

g r o w t h  to dece a s e . D u r in g  the g r o w i n g  s e a s o n ,  t he r o o t  rese rve s 

repres ent only about 1 5 %  o f  the t o t a l  ava i l able c a rbohydrate o f  the 

p lant . In a mo re recent s tudy ,  Heichel et a l . ( 1 9 8 5 )  s tated t hat in 

b i rdsfoot t re f o i l ,  l e s s  than 10% of a s s imi late wa s d i s t r ibut ed into 

t h e r o o t s a n d  c r o w n . S i n c e  t h e  r e g r o w t h  o f  t h e  p l a n t s a f t e r  

de f o l i a t i o n  depends e i t h e r  on root r e s e rve s o r  o n  the a s s imilat ion 

a b i l i t y  o f  t h e  r e s i d u a l g r e e n  p a r t s  o f  t h e  p l a n t , t h e l o w  

p a r t it i o n i ng o f  a s s imi l a t e  t o  root may be a pa rtial explanat ion of 

t he reason why b i rd s f oot t re f o i l  has a s low recovery growth a fter 

cutt ing o r  heavy gra z ing . 

The pa r t i t ion ing o f  a s s im i l a t e  among t he aboveground p a rt s o f  the 

p l a n t  was c a re fu l ly e xamined by McG r a w  a n d  Be u s e l i n c k  ( 1 9 8 3 )  and 

McGraw e t  a l . ,  ( 1 9 8 6 ) . I t  was found that t he stems , inc luding leaves , 

account f o r  mo st o f  the dry mat t e r  (DM) accumulation t h roughout the 

period f rom late vegetat ive growth unt i l  pod deh i scence . The seed at 

t h e  p o d  de h i s c e n c e  s t a ge a c c o u n t s  f o r  o n l y  4 %  1 0% o f  t h e 

d i s t r ibut ion o f  a e r i a l  DM . Other e lements , such a s  phosphorus and 

n i t rogen , we re found to be pre sent in higher proportions in the seed . 

An import ant point made in the paper by McGraw e t  a l . ( 1 9 8 6 )  was that 

du ring s eed f i l l ing , the f ra c t iona l a ccumulat ion of DM and various 

e l emen t s  rema ined relat ively s t able in stems , but ma rkedly dec re ased 

in. leave s . Such re s u lt s indicate that s eed development in bi rds foot 

t re fo i l  rel i e s  more on t he cur rent s upply o f  a s s imilate f rom leaves 

t ha n  o n  the redi s t r ib u t i o n  of the food r e s e rve s f r om vege t a t ive 

stocks as occurs in s ome other plants such as ma i z e  ( Bunt ing , 1 9 7 5 ;  

P a in , 1 9 7 8 ) . 
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F l o r a l  a b o r t i o n  i s  a c ommo n l y  r e c o r d e d  p h e n ome n o n  i n  L o t u s  

c o rn i cu l at u s , p a r t i c u l a r l y  a t  t he f l owe r bud s t a ge ( Gi l e s ,  1 9 4 9 ;  

Buba r ,  1 9 5 8 ;  Jof fe , 1 9 5 8 ; Seaney and Henson,  1 97 0 ;  Stephens on , 1 9 8 4 ;  

S teph e n s o n  a nd W i n s o r ,  1 9 8 5 )  . I nc ompl e t e  s e l f - incompat i b i l i t y  and 

s e l f - s t e r i l i t y  are ma j o r  causes of abo rt ion in this spec ies ( S i low, 

1 9 3 1 ;  Seaney, 1 9 6 4 ;  Dobrofsky and Grant , 1 9 8 0 a , b ) . However ,  even when 

e a ch f lower is out c ro s sed a la rge propo rt ion of f lore t s  s t i l l  produce 

a b o r t e d  p o d s  ( S t ep h e n s o n ,  1 9 8 4 ) . Jo f f e ( 1 9 5 8 )  i n ve s t i g a t e d  t he 

e f fe c t s o f  po s s i b l e  c au s a l  f a c t o r s , i n c l u d ing bo r o n  t re a tment , 

phot ope r iod,  and t empe rature , on the abo r t ion o f  the f l owe r buds . 

None o f  the factors t e s ted we re found t o  s at i s fact o r i ly e xplain the 

c a u s e  of bud abo rt i o n . In a mo re recent . , ,  s t udy S tephe n s o n  ( 1 9 8 4 )  

cons i de red that t he a v a i l ab i l it y  o f  ma t e r n a l resou rce ( a s s im i l a t e  

supply)  p layed a k e y  r o le in regulat ing the abo rt ion o f  

inflore s cences . 

Abor t i on has a l s o  been reported to occur f requent ly at othe r  stage s  

of reproduct ive development . Seaney and Hens on ( 1 9 7 0 )  i n  t he i r  review 

of seed product ion of Lotus c ornicu latus ment ioned that only 4 0 %  of 

the 2 0 - 7 0  ovules in an ova ry deve lop int o mat u re s eeds . Stephenson 

( 1 9  8 4 )  repo r t e d  t h a t  only one of e v e r y  t h r e e  f l o we r s  p roduced a 

ma t u re f r u i t  a nd t h a t  t h re e  o f  every f ive which init i ated f r u i t s  

abo rted . He a l s o  di smis sed t h e  po s s ib i l i t y  o f  abort ion be ing caused 

by po l l in a t ion f a i lu re us ing cont rolled p o l l inat ion experiment s .  He 

s ugge s te d  that it wa s a l a c k  of a s s imi l a t e  s upp l y ,  r a t h e r  t h a n  a 

po l l in a t i o n  f a i l u re which l imited the rep roduct ive output in t h i s 

spec i e s . 
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1 . 6 .  Seed p roduction 

1 . 6 . 1 .  P o l l inat ion 

Lot u s  cornicu l a t u s  i s  prima r i ly c ro s s -po l l inated (Tome and Johnson,  

1 9 4 5 ) , b u t  c r o s s e s  between f l o r et s of an i n d i v i du a l  p l a n t  w e r e  

repo r t e d  t o  b e  a s  e f fect ive a s  c r o s s e s  bet ween plant s ( MacDo n a l d ,  

1 9 4 6 )  . Insects o f  t he Hymenoptera , pa rticula r ly t h e  la rge bumblebee , 

a re cons ide red t o  be 'the only e f fect ive po l l inat o r s ' ( Knut h ,  1 9 0 8 )  . 

Bade r  and Ande r s on ( 1 9 62b)  found that pol len-col lect ing bees a re mo re 

e f f i c ient than nect a r-co l l e ct o r s . The numb e r  of s eeds set p e r  pod 

increases with the number o f  visits to t he f loret by t he bee and the 

t ime s p e n t  b y  e a ch bee at the f l o re t  ( M o r s e ,  1 9 5 6 ) . Kub i s o v a -

K ropa lova and Nedba l ova ( 1 9 7 8 )  f ound t h a t  the po l l i n a t i on r a t e  by 

honey bee s  is h igh , with 3 - 6 f lowe rs po l l inated pe r bee pe r minut e . 

Mo r s e  ( 1 9 5 6 )  f ou n d  that a p o pu l a t i o n  o f  one bee p e r  0 . 9  M- 2  wa s 

s u f f ic ient f o r  a l l  f lowe r s  t o  be po l l inated . 

The s e l f -sterile cha racte r o f  birds f oot t re foil has been known f o r  a 

long t ime . As f a r  back a s  1 9 3 1  it was f ound found that in t he absence 

of insects only 8 . 7 - 3 0 . 3  seeds were obse rved per 1 0 0  f lowe r s  ( S ilow,  

1 9 3 1 ) . Even when f l owe rs we re a rt i f ic i a l ly s e l f -pollinated , the seed 

yield only increased to a maximum of 4 1 6  s eeds per 1 0 0  f lowe rs which 

i s  l e s s  t h a n  o n e - t ent h t h e  s e e d s  f o rmed a s  a r e s u l t  o f  c ro s s ­

p o l l i n a t i o n . S e a ne y  ( 1 9 6 4 )  obt a in e d  s im i l a r  indi c a t ions o f  s e l f ­

i n c omp a t ib i l i t y ,  ob s e rv i n g  o n l y  r a r e s e e d  f o rm�t i o n  i n  s e l f ­

p o l l inated f l owe r s . The exact me chan i s m  o f  s e l f - incompat ibi l it y  in 

bi rds foot t re f o i l  is s t i l l  unc lear at t he present t ime , a lt hough many 

r e s e a r c h e r s  h a v e  i d e n t i f i e d  t h a t  b o t h  m o r p h o l o g i c a l  a n d  
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phy s i o log i c a l  ba r ri e r s  a re invo lved ( Tome and Johnson,  1 9 4 5 ; Giles , 

1 9 4 9 ;  Brandenbu rg , 1 9 6 1 ;  Seaney, 1 9 6 2 ;  Miri a nd Buba r ,  1 9 6 5 ) . 

1 . 6 . 2 ,  Seed deve l opment 

D e t a i l e d  s t u d i e s  on s e e d  deve l opme n t  h a ve b e e n  c a r r i e d  out by 

Anderson ( 1 9 5 5 ) , Wiggans et a l . ( 1 9 5 6 ) , Winch ( 1 9 5 8 )  and Long et a l . 

( 1 9 8 9 ) . A f t e r  p o l l i n at i o n ,  pods deve l o p  r ap id l y  du r i ng t h e  e a r l y  

growth s tage and reached maximum length i n  about t h ree weeks . Another 

one wee k  o r  s o  w a s  needed f o r  t he p o d s  t o  a t t a i n mo rph o l o g i c a l  

mat u r i t y  when t he c o l o u r  o f  t he pod c h a n g e s  f rom g reen t o  l ight 

b rown , and f ina l ly dark brown . Seeds atta ined high germinab i l it y  when 

t h e  c o l o u r  o f  t h e  p o d s  i s  s t i l l  l i g h t  b r o w n . T h e  r a t e  o f  p o d  

deve l o pme n t  i s  a l s o  i n f l u e n c e d  by w e a t h e r  c o nd i t i o n s . Ande r s on 

( 1 9 5 5 ) , in I owa , found t hat 2 4 - 4 7  days we re needed f o r  the f o rmat ion 

o f  mat u re seeds f rom p o l l inat ion wh i l s t  Winch ( 1 9 5 8 ) , in New Yo rk,  

f ound that the s ame stage o f  deve lopment requi red 2 6 - 3 8  days . I t  is  

worth not ing the f i nding by Wiggans et a l . ( 1 9 5 6 )  that seeds mat u re 

7 - 1 0  days be f o re pod deh i s ce n c e , indi c a t ing a t ime a l l owance f o r  

ha rve s t ing s e e d  without s igni f i cant l o s s e s  caused by p o d  deh i s cence . 

1 . 6 . 3 ,  Seed yield and yield component s 

S e ed yield i n  a l egume i s  comprised o f  a s e r i e s  of yield component s 

w h i c h  i n  t u r n  a r e d e t e rm i n e d  b y  a c omb i n a t i o n  o f  p l a n t  a n d  

e n v i r o nme n t a l  f a c t o r s . Adams ( 1 9 7 5 )  d e s c r ibed a ge n e r a l  y ie l d  

c omponent s t ruct u re f o r  l egumes invo lving pods /plant , seeds /pod and 

we i gh t / s e e d . I n  Lotu s ,  b e c a u s e  of t he s pe c i a l  c h a ra c t e r  o f  t he 

i n f l o recence , mos t  resea rche r s  emphas i s e  the numbe r o f  i n f l o recences 
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a s  a mo r e  imp o r t a n t  yield component t h e n  t h e  numbe r o f  pods . The 

i n f l o r e s c e n c e s  ( umbe l s )  / p l a n t , p o d s / i n f l o re s c e nce , seeds /pod and 

we igh t / s eed a re c ommonly quoted a s  the ma in yie ld component s in this 

s pe c i e s  ( A l b r e c h t s e n  e t  g, 1 9 6 6 ;  D r o g omi r ,  1 9 8 1 ;  M o s ,  1 9 8 3 ;  

S t ephe n s o n , 1 9 8 4 ;  M c G r a w  e t  a l . ,  1 9 8 6 ) . Among the s e  f o u r  y i e l d  

c omp o n e n t s , n umb e r o f  i n f l o re c e n c e s  i s  t h e m o s t  f l e x i b l e  y i e l d 

c omponent , being s t rongly i n f luenced by environment a l  a nd gene t i c  

fact ors . The response o f  the se y i e l d  c omponent s t o  p lant popu lat ion 

de n s i t y  s h o we d  a de c l i nlnj o rde r o f  imp o r t a n c e  f r om i n f l o r�S(e n c e  

numbe r ,  t o  p o d  numbe r a n d  s e e d  numbe r .  S eed we ight w a s  the l e a s t  

t o  
sen s i t ive c omponentA p l ant popu l a t i on den s ity ( Pankiw et a l . ,  1 9 7 7 ;  

McGraw e t  a l . ,  1 9 8 6 ) . 

S e e d  y i e l d s  i n  L o t u s  c o r n i c u l a t u s  v a r y g r e a t l y  i n  d i f f e r e n t  

s ituat i on s . In S eaney and Henson ' s review ( 1 9 7 0) 50- 1 7 5 kg per hect a re 

was t he commonly h a rvested c omme r c i a l  seed yield . H ighe s t  yie lds o f  

200- 5 7 5 k g  c a n  o n l y  b e  obta ined o c c a s i ona l ly .  With more a ppropriate 

management techniques and mo re underst anding of the plant , t he seed 

yield i n  this spe c ie s  has t he potent i a l  t o  be greatly i n c rea sed . Seed 

y i e l d s  o f  3 0 8 - 6 03 k g / h a  w e r e  repo r t e d  in e xp e r imen t a l  t r i a l s  in 

United States of Amer ica and in C anada ( P ankiw et a l . ,  1 9 7 7 ;  McGraw,  

1 9 8 1 )  . Seaney ( 1 9 7 5 )  estimated that unde r opt imum condit i on s  in North 

Ame r i c a , potent i a l  seed yields of Lotus corniculatus ranged f rom 500 

to 1 000kg per hectare , whi le Turk ingt on and Franko ( 1 9 8 0 )  in Canada 

quot e d  a poten t i a l  s eed y i e ld of 6 7 5 - 1 1 2 5  kg per hec t a re . Howeve r ,  

beca u s e  o f  the p roblems o f  indeterminate f lowe ring behaviour and pod 

d e h i s c e n c e , a c t u a l  h a rv e s t e d y i e l d s  a r e o f t e n  mu c h  l o we r t h a n  

poten t i a l  yie ld . It should be particu l a r ly pointed out t hat , de spite 

the relat ively long history o f  s eed p roduct ion in this spec ies , h igh 
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yields are s t i l l  not cons istent ly and re l i ably obt a ined . Yea r-to-yea r  

va riat i o n s  in seed s e t  and harve s t  recovery o f  e eeds o ften cause wide 

d i f f e r e n c e s  i n  a v e r a ge s e e d  y i e l d s  a n d  v e r y  l o w  y i e l d s  ( be l ow 

50kg/ h a )  c a n  be commonly encountered ( Ande rson and Met c a l fe , 1 9 5 7 ) . 

I n  New Z e a l and the re a re no publ i shed pape rs cont a ining information on 

s eed y i e l d s  o f  L o t u s  c o rni c u l a t u s . Mo s t  yield data ha ve c ome f rom 

persona l c ommun i c a t ion with seed f a rme r s  and c once rned s c ient ist s . 

Seed y i e l d s  have been a roun� 2 00- 3 5 0kg / h a  in f a rme r s i t u a t ions and 

about 5 00kg / ha in re s e a r c h  t r i a l s . Ye a r l y  v a r i a t i o n  a r e c ommon , 

ma inly due t o  unsett led we ather condit ions ( Pe rsona l commun icat ion , 

Hare) . 

1 . 6 . 4 , Main obs t a c les for seed product ion and s eed yield 

The re a ppea r  t o  be t h ree ma j o r  ob s t a c les which severely l imit seed 

produc t ion in bi rds foot t re f oi l . F i rs t ly ,  its indet e rminate f l owe r ing 

habit r e s u l t s  in plant s  flowering ove r an extended period ( McGraw and 

Beu se l in ck ,  1 9 8 3 ,  Ke l ly ,  1 9 8 8 ) . Du ring f l owe ring young f l owe r buds , 

blooming f l owe r s , young pods , and mature pods ready to dehisce can 

be p re s e n t  s imu l t a n e ou s l y  o n  an i n d i v i du a l  p l a n t . T h i s  ma kes it 

ext reme l y  difficult to det e rmine t he co r re ct t ime to h a rve s t  the c rop 

f o r  t h e  re cove r y  of maximum s e e d  yie l d . Secondly, the pod de�rc ent 

n a t u r e  of t h i s  p l ant wo r s e n s  t h e  s it u a t i on o f  seed p r oduc t ion in 

bi rds f oot t re f o i l ,  p a rt icu l a r ly i n  dry envi r onment s ,  because of the 

heavy l o s s  o f  s eed f rom s h a t t e r ing a t  h a rve s t ing ( Buc kovic , 1 9 5 2 ;  

Metc a l fe e t  a l . ,  1 9 57 ) . I t  i s  pract ic a l l y  impo s s ible t o  recove r a l l  

pot e n t i a l  seeds because a c e rt a i n  po rt ion o f  seeds i s  unavoidably 

lost e it h e r  due t o  many immature pods being h a rvested o r  due to seeds 
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b e i n g  l o s t  t h r o u gh p o d  d e h i s c e n c e . T h i r d l y ,  t h e  a s s i m i l a t e  

p a rt it ioning r a t e  t o  reproduct ive growth i s  very l o w  i n  b i rds foot 

t re f o i l . At i t s  h ighe s t  p o int , which i s  du r ing the s e e d  f i l l ing 

s tage , only about 1 0 %  of a s s imilate is t r anslocated to seeds ( McGraw 

and Beuse l inck , 1 9 8 3 ;  McGraw et al . ,  1 9 8 6 ) . This cha racte r obviou s ly 

i s  not favou r f o r  high product ion o f  seed . 

1 . 6 . 5 , Management for seed product ion 

D u e  t o  i t s  s l o w e s t a b l i s h m e n t  a n d  n o n - a g g r e s s i v e g r o w t h ,  

e s t a b l i s hmen t  o f  a s a t i s factory l o t u s  p lant population i s  o f  prime 

impo rt ance in o rde r t o  achieve high seed yie lds . Seed f ie lds should 

be c a re f u l l y  p repa red be f o re s ee d  i s  sown ( S t i c k l e r a n d  Wa s s on ,  

1 9 6 3 ) , a n d  a ft e r  seedling emergence att ent ion should b e  pa rt icula rly 

p a i d  t o  t he n e e d  for s t r i c t  wee d  c o n t rol ( MacDoda ld, 1 9 4 6 ;  P arsons 

and D avi s ,  1 9 6 4 ;  Scholl and Brunk , 1 9 6 2 ;  Wyse and MCGraw, 1 9 8 7 ) . 

The s ubsequent management s t rategy a fte r succ e s s fu l  establishment and 

weed cont r o l  in birds foot t refoil ma inly a ims at ove rcoming the main 

obst acles t o  s eed p roduct ion , i . e . ,  the extended f l owe r ing pe riod and 

pod deh i s c e nc e . In o rde r t o  obt a i n  a mo re u n i f o rm and cont racted 

flowe ring pat t e rn ,  s eve ral cut t ing or clipping t reatment s have been 

inve s t igated ( Anderson and Met c a l fe , 1 9 5 7; Bade r  and Ande rson , 1 9 6 2 a ;  

W i n c h , 1 9 5 8 ) . H o w e v e r ,  n o n e  o f  t h e s e  h a ve been s uc c e s s f u l  i n  

achieving a h ighe r seed yield c ompa red w i t h  uncut cont r o l s  in a l l  

c i r c ums t a n c e s .  Winch ' s w o r k  ( 1 9 5 8 )  in New York s howed t ha t  while 

e a rly c lipping of plant s delayed s eed mat u r ity and evened t he t ime o f  

mat u r i t y  o f  t h e  c rop,  i t  did not nece s s a r i l y  result in h ighe r s eed 

yields . Later c l ipping in his s t udy s ignif icant ly lowe red seed yields 



3 2  

c omp a r e d  w i t h  u n c u t  p l a n t s . S im i l a r r e s u l t s  we r e  o b t a i n e d  by 

Ande r s on and Met c a l f e  ( 1 957 ) and by Bade r and Ande rson ( 1 9 6 2a ) , who 

showed that c l ipping at any t ime du ring the spring and early s umme r 

re s u l t e d  in dec re a s e d  seed y i e lds , c a u s e d  by the remo v a l  of e a rly 

growt h . Seaney ( 1 9 7 5 )  considered that c l ipping could be used to va ry 

timing of seed harvest , but pointed out that t he practice should not 

be gene r a l ly recommended or used by seed growers , pre sumbly because 

of t he l i ke l ihood of reduced seed yields . 

Rega rding t he p r ob lem of pod deh i s c e n ce , f requent obs e rva t i on o f  

c r op s  a n d  p r e c i s e  h a rve s t  t iming a re h i gh l y  r e c ommended ( Se a ney 

1 9 7 5 )  . Ande rson ( 1 9 5 5 )  reported that f o r  maximum seed yield,  the best 

t ime to ha rvest was when mos t  pods a re l ight green to l ight brown . 

MacDona ld and Winch ( 1 9 5 7 )  s ugge sted t hat ha rvest s hou ld begin when 

7 0 - 8 0 %  of the pods are l ight brown to brown in colour . Any de lay in 

cutt ing crops a ft e r  p ods a re c ompletely mat u re results in s ign i f i cant 

seed l o s s  f rom pod deh i s cence a nd seed s h a tte ring ( Ande rson , 1 9 5 5 ;  

Winch , 1 9 5 8 ) . The practice of carefu l ly obs e rving pod colour change s  

and cutt ing t h e  c rop i n  t h e  early mo rning when the re lat ive humidity 

is h igh � � recommended in a s im i l a r  c r op ,  e . g . ,  Lotus pedunc u l a t u s  

( Gr a s s lands Maku Lotu s )  and has proved succe s s ful in redu cing the pod 

dehi s cence problem in t h i s  spe(�€� ( Lanca s h i re and Gome z , 1 9 8 0 ;  Hare 

and Luc a s ,  1 9 8 4 ) . 

W i t h  increas ingly wide use o f  c hemi c a l s  i n  agricultural pract ice,  

there a re a l s o  seve ra l  opt ions o f  us ing plant growth regu lators ( or 

gro wth regulat o r - l i ke c hemica l s ) t o  man ipul ate the s t ructure of t he 

p l a n t f o r i mp r o v e d  s e e d  p r odu c t i on . C h e mi c a l s  s u c h  a s  A l a r  

( D amino z ide ) , CCC ( Chlormequat ) and PP 3 3 3  ( P a clobut ra z o l )  have been 
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s u c c e s s fu l ly u s e d  i n  s eed p r oduc t i o n  o f  s e v e ra l p a s t u re spe c ie s . 

The s e  chemi c a l s  h a ve been s hown t o  imp rove s eed yie lds d i rect ly by 

increas ing f lowe r numbe rs and poten t i a l  seed y ields o r  indirectly by 

altering fert i le s ho ot ( t i l le r )  product ion a nd f lowe r ing pattern t o  

fac i l it ate recove ry o f  maximum seed yield ( Hampton and Hebblethwa ite , 

1 9 8 5 a , b ;  Ma rsha l l  and Hide s , 1 9 8 6 ,  1 9 8 7 ) . The use of chemicals s uc h  

as herbicides , i n s e c t i cide s and pre-h a rve s t ing de siccant s have been 

s h o wn t o  be b e n e f i c i a l  i n  e n h a n c i n g b i r d s f o o t  t r e f o i l  s e e d  

product ion . Howeve r ,  the u s e  o f  plant growth regulat ory chemicals i s  

s t i l l  n o t  fully e xp lo red a nd the few re s u lt s obt a ined a re s t i l l  i n  

s ome doubt and c a nn o t  be u s e d  t o  ma ke gene r a l  rec ommendat ions for 

imp r o v ing seed p rodu c t i on in this p l ant . F o r  example , C l i f ford and 

H a re ( 1 9 8 7 )  c l a ime d  that growth regu l a t o rs such as Alar and P P 3 3 3  

great l y  i n c re a se s e e d  yield o f  Lotu s  pedunculatus in New Z e a l an d ,  

whi l s t  White e t  a l  ( 1 9 8 7 )  in U . S . A . , who s creened 1 2  chemicals in the 

g r e e n h o u s e  t e s t s  and app l i e d  4 o f  t hem i n c luding P P 3 3 3  i n  f ie l d  

t r i a l s ,  found that none o f  t hem were promis ing for use i n  enhanc ing 

b i rds foot t re f o i l  seed product ion . 

I t  i s  c ommo n t h a t  b i r d s f o o t  i s  g r o w n a l o n e  f o r  b e t t e r  s e e d  

p r o d uc t i on ,  b e c a u s e  o f  i t s l o w  c omp e t i v i t y  w i t h  o t h e r  s p e c i e s . 

H o weve r ,  t he r e  w a s  rep o r t  t h a t  g r o w i n g  b i rds f o o t  t re f o i l  w i t h  a 

companion gras s  could improve seed yield by prevent ing lodging, which 

s u b s t a n t i a l l y  i n c r e a s e d  r e c o ve r a b l e  s e e d  y i e l d  ( Ande r s o n  a nd 

Metc a l fe , 1 9 5 7 ) . 

Seeding rate , and s ubsequent ly plant popu l a t ion dens i t y ,  appea red to 

h a ve l i t t le e f fect on s e e d  y i e ld in b i rds foot t re f o i l . McGraw and 

Beu s e l inck ( 1 9 8 7 )  demo n s t rated t h a t  a w ide range o f  s eeding r a t e s  
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f rom 0 . 6 t o  9kg/ha ( e s tabl ished plant populat ion densities f rom 1 7  t o  

1 0 9  plant s m-2 ) r e s u l ted i n  s imilar seed y i e lds in four yea r s  o f  a 

f ive yea r experiment . Only i n  the first yea r  did the lowe st seeding 

rate ( 0 . 6kg/ha or 17  plant s m-2 )  outyie ld the h ighe s t  seeding rat e 

( 9 kg/ha o r  109 plants m-2 ) .  The experiment s howed that a lthough f i rst 

yea r  c rop exhibited a wide range of p lant populat ion dens ities a s  a 

result o f  dif ferent s owing rates , plant den s it ie s  in f o l lowing yea rs 

t ended t o  be evened, because some plant s in the h igh populat ion plots 

died due to severe inter plant compet it ion while plant numbe r s  in t he 

l o w  popu l a t ion p lot s inc r e a s ed due t o  reseeding f rom seeds shed in 

previous ye a r s . They further recommended use of a low seeding rate 

for seed product ion as long a s  a 1 5 - 2 0  plants m- 2  populat ion density 

could be achieve d . 

P lant s grown in wide rows ( 50cm row spacing ) were shown t o  be capable 

of p r o duc ing mo r e  seed t h a n  p lant s grown in n a r row rows ( 1 5 cm row 

( 1 177 )  
spac ing ) (Bratu e t  a l . ,  1 9 8 1 ) . Howeve r ,  work b y  Pankiw e t  a l . showed 

that h igh seeding rate and c l ose row s p a c i n� � had t he advant age of 

enabl ing the c rop to s upre s s  weeds f rom eme rgence and growth which 

c o u l d  seve r e l y  r e duce s e e d  y i e l d  of L o t u s  c o r n i c u l a t u s . Wo r k  by 

Mc Graw et a l . ( 1 9 8 6 )  showed that the opt imum p lant populat ion density 

requ i red for seed product i on was lower than that requ i red f o r  fo rage 

p rodu c t ion in b i rds foot t re f o i l ,  a p l a n t  popu lat ion dens it y  o f  1 9  

plants pe r squ a re met re . was able t o  achieve 90% o f  the h ighes t  seed 

yield level whi l s t  2 6 . 5  plant s pe r square met e r  was requ i red to reach 

t he s ame leve l o f  forage yield . 

Amon g  othe r c ommon a g r o nomi c p r a c t i c e s , i n s e c t  and weed c o n t r o l ,  

t ra c e  e lement app l i c a t i o n ,  and the u s e  o f  chemi c a l  de f o l iant s f o r  
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e a s y  ha rvest ing ( and the reby reduc ing seed los s )  have a l l  p roved t o  

b e  b e ne f i c i a l  f o r  s e e d  p r odu c t i o n  i n  b i rds f o o t  t r e f o i l  i f  u s e d  

proper ly (Wiggans e t  al . ,  1 9 5 6 ;  MacCo l l orn, 1 9 5 8 ; Ridgway and Gyr isco , 

1 9 5 9 ; B a de r a n d  Ande r s on , 1 9 6 2 a ;  

McGraw,  1 9 8 7 )  . 

P a n a it e t  � . , 1 9 7 9 ;  Wyse and 
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C HAPTER 2 :  CONTRIBUT ION O F  VEGETAT IVE GROWTH TO REPRODUCT IVE GROWTH 

2 . 1 .  Int roduct ion 

B i rd s foot t re f o i l  h a s  an i nde t e rmina t e  f lowe ring habit wh ich often 

r e s u l t s  i n  a l ong and s p o r adic f l owe r ing p a t t e rn . T h i s , t ogether 

w i t h  it s pod dehiscent behaviour ,  makes it dif f i cult to select the 

opt i mum t ime f o r  s e e d  h a r ve s t i ng ( S e a ne y  a nd Hens o n ,  1 9 70 ) . New 

f l owers , young pods and ripe pods a re often pre sent s imu ltaneously on 

plants at h a rve st . As a result , a cons iderable po rtion of the c rop ' s 

potent i a l  seed yield t ends t o  be lost , either due to high leve l s  o f  

immature s e e d  or p o d  deh i scence a t  ha rvest ( Seaney a n d  Hens on,  1 9 70; 

McGraw e t  a l ,  1 9 8 6 )  . To improve t h e  harvest able seed yield in Lot us 

c o rnicu l a t u s , knowledge o f  the cause o r  c a u s e s  o f  the p ro t ra cted 

f lowe ring pattern is needed . Whi le the protracted f lowe ring of this  

p l ant has  been men t i oned by previous resea rche r s  ( MacDonald,  1 9 4 6 ;  

Jo f fe ,  1 9 5 8 ;  Seaney and Hen s on ,  1 9 7 0 ;  McGraw a nd Beuselinc k ,  1 9 8 3 ;  

McGraw e t  al . ,  1 9 8 6 ) , there do not appea r t o  be any det a i led studies 

on this a spect o f  i t s  agronomic performance . 

I n  an i ndete rminate plant , a long f lowe ring per iod may be c aused by 

a n y  o n e  o f  a numbe r o f  f a c t o r s , i n c l u d i ng : ( 1 ) , t h e  s e que n t i a l  

devel opment o f  di f fe rent shoot o rde rs ( i . e . ,  ma in shoot s vs . lateral 

b ranche s )  ; ( 2) ,  the de l ayed deve l opment of f l owe r s  a l ong s tems in 

which t h e re a re seve r a l  vegetat ive nodes between succe s s i ve f l owe rs 

( s u c h  a s  i n  white c l ove r )  ( Th oma s , 1 9 8 7) and ( 3 ) , the s equen t i a l  

deve lopment o f  shoot s o riginat ing a t  d i f f e rent t imes wh ich may a l s o  

be r e spons ible f o r  c re a t ing a long f lowe r ing pe r i od . I n  t h i s  age 
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h i e r a r c h y ,  e a r l y  s hoot s a re o ft e n  t he f i rs t  t o  f lo we r  because o f  

t he i r  e arline s s  o f  f o rmat ion ( and often l a rge r s i ze )  whi l s t  f lowe r ing 

in l a t e  formed shoot s tends t o  be de l a yed, result ing in a long total 

f l o we r i ng du r a t i o n . Apa rt f rom t h e  e f f e c t s o f  any one o f  these 

cause s ,  it i s  a ls o  pos s ible that the e xtended f lowe ring period may be 

caused by a combinat ion of s ome or a l l  of these fact o r s . The pre sent 

s t udy e xam i n e d  t h e  re l a t ive con t r ibut i o n  o f  d i f f e rent s h oot age 

g r o up s , in t e rms of both numbe rs and reproduct ive capacity,  to t he 

i n f lorescence populat ion in Lotus c o rn iculatu s . 

2 . 2 .  Mate r i a l s  and methods 

T h e  L o t u s  c o r n i c u l a t u s  s e e d  used in t h i s  s t udy wa s an u n re le a s ed 

s e lect ion ( c ode number S 2 0 7 8 ) ,  supplied by the Grass l ands Divis ion o f  

t he Depa rtment o f  Sc ient i f i c  and I n dust ri a l  Re search (DS IR)  . The 

exp e riment was c a r r ied out f rom May 1 9 8 6  to February 1 9 8 7  at Mas sey 

Unive r s i t y ,  P a lme rston Nort h , New Z e a land ( 4 0 °s ,  1 7 S 0E ) . S eeds were 

s own i n  15 ems row directly into a cult ivated f ie ld of Tokomaru s i lt 
Loam ( ae r i c  f ragiaqu a l f ,  gleyed yel l ow-grey e a rt h )  

l o  t •  o n  2 6  Ma rch a t  a s eeding rate equivalent t o  1 . 7 kg/ha and emerged 

a b o u t  o ne mon t h  l a t e r . A b a s a l  a pp l i c a t i o n  o f  3 5 0 k g / h a  o f  3 0 %  

pot a s s i c  supe rphosphate was appl ied immediately prior t o  s owing . The 

p l a n t  p o pu l a t i o n de n s i t y  wa s 4 4  p l a n t s  m - 2  a t  t h e  e n d  o f  t h e  

e xpe r iment (mid Febru a r y ,  1 9 8 7 ) . 

P lant growth was measured by the monthly dry mat t e r  (DM) increase o f  

p l a n t  above-ground part s f rom 2 0  r andomly samp led p lant s dur i ng the 

e xperimenta l  pe riod . Leaf status was a s se s sed by c ount ing the number 

of l eave s per shoot a n d  by me a s u r ing lea f s i ze a n d  p ropo r t ion of 

d i f f e rent s ized leaves on shoot s bea ring 10 t o  20 nodes on 2 Decembe r 
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1 9 8 6 .  T h e  r e a s o n  f o r  choo s i n g  s h o o t s o f  t h i s  s i ze w a s  t h a t  mo s t  

f lowe r i n g  s hoot s we re i n  t h i s  c a t egory and because a shoot s t opped 

increas ing node numbe rs and inte rnode extensions when it f lowered . 

S t a rt ing on 1 0  May , 2 7  plant s were randomly se lected f rom t h ree 3 5  m2 

plot s . Al l new shoots formed in each month we re ident i f ied by t agging 

w i t h  c o l o u red p l a s t i c  r i n g s  t o  a l l o w  l a t e r  examin a t i on of s hoot 

popu l a t i o n  comp o s i t ion and f l owe r ing be h a v i o u r  in t h e s e  d i f fe rent 

aged s hoot groups ( P late 2 . 1 ) . A new s hoot was t agged when it had 

at l e a s t  one f u l ly unfolded lea f . Shoot age in this pape r re fers t o  

the mon t h  in w h i c h  t he s h o o t  w a s  t a gged ( i . e . ,  a shoot tagged in 

September is c a lled a Septemb e r  shoot ) . Shoot popu lat ion compos i t ion 

was e xamined on 15 Novembe r ( p re - f lowe ring stage ) , 15 December 1 9 8 6  

( p r e - p e a k  f l o w e r i n g  s t a g e )  a n d  1 5  J a n u a r y  1 9 8 7  ( p o s t - p e a k  

f l o w e r i n g )  . At e a c h  t ime , t h e  numbe r o f  s h o o t s i n  d i f fe rent age 

groups was reco rded . 

The n umbe r o f  i n f l o re s c e n c e s  i n  f u l l  b l o om p r oduced by groups o f  

d i f f e rent aged shoot s was reco rded eve ry 5 days ( w it h  the except ion 

o f  f i r s t  t w o  c o u n t i n g s ) d u r i n g  t h e  r e p r o d u c t ive s t age f rom 2 8  

N o v e mb e r 1 9 8 6  t o  2 1  F e b r u a r y 1 9 8 7  a n d  t h e  t o t a l  n u mb e r  o f  

inf lo re s cences per shoot wa s counted when the shoot ceased t o  p roduce 

mo re f l owe r s . I t  was obse rved that 2 - 4  days we re needed f o r  a new 

i n f l o r e s cence ( an inflorescence with only one ye llow f lo ret open)  t o  

reach f u l l  b loom ( a l l  f lorets open) a n d  another 2 - 4  days we re needed 

f o r  t h e s e  f l o r e t s to w i t h e r . T h e r e f o re , a 5 - d a y  i n f l o re s c e n c e  

c o u n t i n g  int e rv a l  avoide d  repeat o r  missed count ings . In o rde r t o  

i n ve s t igate f lowe r- c a r ry i ng c a p a c i t y  i n  d i f f e rent s h o o t  age group s , 

t h e  p o s it i o n  o f  t h e  f i r s t  i n f l o re s ce n c e  t o ' f o rm ,  t h e  n umbe r o f  
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inf l o re s cences per s hoot and the numbe r o f  f l o rets pe r i n f l o re s cence 

we re a l s o  recorded . 

Numb e r s  o f  in f l o r e s cences we re a l s o  reco rded on a unit a rea ba s is . 

All i n f l o rescences in seven one -squa re met e r  permanent quadrat s  were 

reco rded at f ive day i nte rva l s  as desc r ibed above , f rom the beginning 

o f  November 1 9 86 to mid February 1 9 87 .  

A f u r t h e r  3 0  p l a n t s  we r e  t a g g e d  mo n t h l y  f r om 2 0  May f o r  t h e  

mea su r ement o f  shoot g rowth and deve lopment i n  t e rms o f  increase i n  

inte rnode length a n d  node number ( P late 2 . 2 ) . Monthly deve lopment o f  

node n umb e r s  w a s  r e c o rded b y  examin ing the number o f  nodes between 

two d i f f e rent c o l o u red r i ng s  t a gged on s u c cess ive months . Monthly 

growth i n  inte rnode lengt h was det e rmined by me a s u r i ng the length 

between two succe s s ive rings mo re than one month a ft e r  tagging with 

the second ring . 

2 . 3 .  Results 

2 . 3 . 1 .  Shoot system 

B i rds foot t re f o i l  h a s  an a e r i a l  shoot s y s t em wh ich ma inly comp r i s e s  

o f  shoot s a r i s ing d i rectly f rom the c rown ( prima ry shoot s )  a n d  a few 

shoot s a r i s ing f rom nodes immediately above the c rown on the p r imary 

shoot s .  These t wo t ypes o f  shoot s behave s imi larly i n  t e rms o f  s i z e ,  

g rowth and f lowe r ing ( P late 2 . 3 )  so t h a t  t hey were te rmed a s  ma in o r  

c rown shoots i n  t h i s  study . The middle s e c t ion o f  each shoot u s u a l ly 

b e a r s  n o  b r a n c h e s . A l t h o u g h  a f e w  t i n y  l a t e r a l  b r a n c h e s  a r e 

occas ionally observed immedi ately below the f i rs t  i n f l o rescence , 



P la t e  2 . 1 .  L o t u s  cornic u l a t u s  p l a n t  s howing t agging 
t o  iden t i fy mon t h s  o f  shoot product ion 

P l a t e  2 . 2 .  Lotus c o r n i c u l a t u s  p lant show ing monthly 
t agging method f o r  a s s e s s i ng changes in 
node numbe r a nd shoot length 

4 0  
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thes e  l at e r a l  s hoot s behave rather l ik e  pedunc l e s  a s  they bear o n ly 

one o r  t wo l e a v e s . They a re e xtreme l y  sma l l  comp a red with the main 

s h o ot s ,  a l t h o u g h  t hey a re s t i l l  c a p a b l e  of  o c c a s s iona l l y  p rodu c ing 

i n f l o re scence s .  Late f o rmed shoot s bore no lateral  structure s . The 

' typi c a l '  p l a nt f rom this  experiment i l l u strated in P late 2 . 3  c le a rly 

s h o w s  that in Lotus c o r n i c u l a t u s  t h e r e  a re n o  l a t e ra l s t ru c t ure s 

w h i c h  s ub s t a n t i a l l y i n f l ue n c e  f l o w e r i n g  p a t t e r n ,  a n d  t h a t  t h e  

l e ng t h y  f l o w e r i ng p a t t e rn i s  d e t e r m i n e d  a lmo s t  ent i r e ly b y  t h e  

behaviour o f  the ma in s hoot popu l a t ion . 

Observation f rom a c l ipping t r i a l  a l s o  supports  this s ituation ( Table 

2 . 1 ) . T we l ve p l a n t s  w e re c l ipped on 7 O c t ob e r . Two mon t h s  a ft e r  

c l ipp i n g , t h e  c omp o n e n t s o f  t h e  s h o o t  p o p u l a t i o n  w e re e xamined . 

Immediat e ly a fter c l ipping a f l u s h  o f  sma l l  lateral s h o o t s  eme rg e d  

f rom mo s t  o f  the n o d e s  on t h e  c l i pped ma i n  shoot s . H owe ve r ,  these 

l at e r a l  s t ructu res  st opped f u rther devel opment , and g radua l ly wi lted 

and d i e d . D e s p i t e  s ome int r a  p l a nt va r i a t i on ,  t h e  r e s u l t s  c l e a rly  

s h o w  t he imp o rt a nce o f  ma i n  shoots  c ompa red with latera l branches ,  

w i t h  8 0 %  o f  s h o o t s  be ing ma in shoot s f rom t h e  c r own a nd o n l y  2 0 %  

b e i n g  s m a l l  l a t e r a l  branc h e s o n  1 5  D e c embe r .  T h i s  r e s u lt f u rt h e r  

r e f l e c t s  t h e  min ima l inv o lveme n t  o f  l a t e r a l  b r a n c h e s  a s  important  

c ont r ibutors t o  the  f lowe r ing pattern . 

Table  2 . 1 :  Effects  o f  C l i pping on S hoot Development 

No . shoots No . o f  newly eme rged shoots  o n : 
C li pped 1 5  Novembe r 1 5  Decembe r 

p Octobe r) ma in lat e ra l  ma in late ral  
T o ta l  8 4  9 9  6 7  1 1 8  3 1  
s h o o t s  
S h o o t s  7 . 0  8 . 3  5 . 6  9 . 8  2 . 6  
p e r  P lant 
S . E .  0 . 4 4 0 . 8 9  2 . 0  1 . 2 0 . 7 8  



Lotus cotniculatus L .  

P late 2 . 3 .  Lo tus cornicula tus L .  plant showing : 
( 1 ) , shoot s y s tem ma inly comprises s ho o t s  
f rom t h e  c rown a rea and immediately above 
the c rown 
2) , f lower buds , blooming f lower s , young 
pods , mature pods and shattered pods 
exi s ting on the plant s imultaneous ly 

42 
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2 . 3 . 2 .  P lant gene r a l  g rowth 

T h e  a b o ve - g r o u n d  g ro wth o f  b i r d s f o o t  t r e f o i l  f o l l o w s  a t yp i c a l 

s igmo'i d  c u rve in wh ich vigorous vege t a t ive growth s t a rt s  about mid 

Augus t  when tempe rature rises and las t s  unt i l  mid Janua ry of the next 

ye a r  w h e n  we a � h e r c ondit i o n s  b e c ame u n f avorable f o r  p l a n t  growth 

�nd Appendix 2 ) . 

( F ig u r e  2 . 1  \ P a rt i a l  g ro wt h o f  d i f f e rent p l a n t  p a r t s  shows that 

s h o o t  g r o w t h  i s  t h e ma i n  c o n t r i b u t o r  to t h e  i n c r e a s e  of  DM 

( p a r t i c u l a r l y  d u r i ng t h e l a t e  g r o w i n g  s e a s o n ) . Re p r o d u c t i v e  

s t ru c t u r e s  ( in c luding young f l owe r s , g reen pods a n d  mat u re pods ) 

r ep r e s en t  l e s s  t h a n  1 0 %  o f  t h e  a e r i a l  DM unt i l  very l a t e  in the 

s e a s on . 

I t  w a s  obse rved t hat f l owe r i n g  a c t u a l ly t e rminated the vege t a t ive 

deve lopment of individu a l  shoot s .  When a shoot bore i n f l o re s cence s ,  

i t s  apex gradu a l ly stopped f u r t h e r  deve lopment . The s h o ot t ip t u rned 

ye l lo w i s h ,  wi lted and SU bsequently died . This character is mo re l ike 

t h e  n a t u r e  o f  a det e rm i n a t e  f l o we r i n g  p a t t e rn . H o w e ve r ,  L o t u s  

c o r n i cu la t u s  could n o t  be c l a s s i f ied a s  b e i n g  a det e rminate p l a nt 

s i n c e  n e w  s h o o t s  c o n t i nu e  t o  eme r g e  a n d  f l owe r t h r o ug h o u t  t he 

r e p r o du c t ive s e a s on . M o r e  i mpo r t a n t l y  f rom t he p o i n t  o f  view o f  

mo rphogenes i s , flowe r buds initiate in the leaf axils  instead of at 

the t e rmin a l  s hoot apex . Such a cha racter botanic a l l y  de fines Lotus 

c o rn iculatus as an indetermin ate f lowe ring plant . 
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2 . 3 . 3 .  Shoot dynamics and t is sue turnove r 

The deve lopment o f  the p lant occurred in a ' cont inuous replacement ' 

manner .  Old shoot s tended t o  die s oon after new shoot s emerged and 

grew vigorou s l y  ( Tables 2 . 2  and 2 . 3 ) . Shoot growth rate (measured by 

inc rement s in node numbers and inte rnode length )  was g reat ly a ffected 

by s ho o t  a g e , a s  s hown by the f a c t  t h at i n  the s ame mont h ,  new 

s h o o t s  grew f a s t e r  than o l d  one s . We ather c ondit ions at different 

t ime s a l s o  a f fected shoot growth rat e , which was much greater in the 

s umme r than in the wint e r  and spring . The final s i ze o f  shoot s ,  a s  

mea su red b y  t o t a l  node numbe r a n d  f inal shoot lengt h ,  was n o t  s o lely 

dete rmined by shoot age . New shootS had a faster growth rat e ,  and 

o ft e n  eventu a l ly became la rger ( longe r )  than olde r shoot s even though 

t he latter may have had a longe r g rowth du rat ion . The l i fe span of 

shoot s f rom different age g roups also va r ied . Ea rly shoot s ( t agged in 

July and Augu s t )  often d i s appea red from the shoot popu lat ion due to 

t h e i r  s l o w  g rowth a nd subs equent repl a c ement by new s h o ot s . Late 

s hoot s ( t agged in Decembe r  a nd January)  had fewe r node s  and shorter 

inte rnodes at the f in a l  mea s urement ( 2 0  February)  because these two 

s h o o t  a ge g r oups ( p a r t i c u l a r ly J a nu a r y  s ho o t s )  we r e  s t i l l  in a n  

act ive growing st age a n d  had n o t  reached t he i r  f inal det e rminant s i ze 

( Tables 2 . 2 and 2 . 3 ) . 

The ' cont inuous replacement ' of older shoot s by newe r shoot s resulted 

in t h e  s h o ot p o pu l a t i on a t  mo s t  t ime s b e i n g  ma i n l y  c ompo s e d  o f  

' young' shoot s ( Table 2 . 4 )  At the f i r s t  observat ion ( 1 5 Novembe r ) , 

a l l  M a y  a nd June s ho o t s had a l re a dy died . The numb e r  o f  o lde r 

s u rviving shoot s dec l ined both in number and a s  a percentage of the 

t o t a l  shoot populat ion at di f fe rent observat ion t ime s ,  with new 



Table 2 . 2 :  Node development in di f f e rent shoot age groups 

SHOOT NUMBER OF NODES DEVELOPED IN THE PERIOD S  OF : TOTAL 
AGE 20/ 6 - 2 1 / 7 - 2 1 / 8 - 2 1 / 9 - 2 1 / 1 0- 2 1 / 1 1 - 2 1 / 12 - 2 1 / 1 - NO . OF 
GROUP 2 0 / 7  2 0/ 8  20/ 9 20/ 1 0  2 0/ 1 1  20/12  20/ 1 20/ 2 NODES 
JUN . 
SHOOT 
JUL . 
S HOOT 
AUG . 
S HOOT 
SEP . 
SHOOT 
OCT . 
S HOOT 
NOV . 
SHOOT 
DEC . 
SHOOT 
JAN . 
SHOOT 

1 . 6  1 . 8  

2 . 0 

3 . 4  

3 . 6  

3 . 8  

3 . 0  1 . 6  

4 .  4 1 . 4  

5 . 0 3 . 7  

5 . 9  6 . 3  

7 . 8  

0 

0 

3 . 8  1 . 2 

7 . 6  0 . 9 

8 . 5  1 . 9  

1 1 . 3  4 . 3  

9 . 2 

1 1 . 4  

1 1 . 4  

0 1 7 . 5  

0 20 . 7  

0 1 8 . 2  

0 1 5 . 6  

2 . 7  1 1 . 9  

5 . 2  5 . 2  

4 6  

N . B .  1 )  
2 )  

2 0/ 6 ,  2 1 / 7 , etc . repre s ent 2 0  June , 2 1  July,  e t c . respect ive ly . 
Dec . and Jan . shoots were s t i l l  increas ing in node numbe r 
at f inal obs e rvat ion date ( 2 0  Februa ry) . 

3 )  - : No data ava i lable because shoot s had not 
been formed or had s ubsequently died . 

Table 2 . 3 :  Monthly inc rease in inte rnode length 
in di f fe rent shoot age groups ( cm) 

SHOOT 
AGE 
GROUP 
JUL . 
SHOOT 
AUG . 
SHOOT 
SEP . 
S HOOT 
OCT . 
S HOOT 
NOV . 
S HOOT 
DEC . 
S HOOT 

INTERNODE LENGTH EXTEN S I ON IN THE PERIODS OF : 
2 1 / 7 - 2 1 / 8 - 2 1 / 9 - 2 1 / 10- 2 1 / 1 1 - 2 1 / 1 2 -
2 0/8 20/9 2 0 / 1 0  20/ 1 1  20/ 1 2  20/ 1 

0 . 7 6  0 . 90 1 . 1  0 . 50 0 

0 . 9 3  1 .  4 4  1 .  5 7  1 .  5 8  0 

1 .  2 8  2 . 4 2 2 . 6 3 0 

2 . 3 4 3 . 05 1 .  2 8  

2 . 1 1 1 .  7 3  

1 .  7 0  

F INAL 
LENGTH 

(cm) 

10 . 3  

2 2 . 5 4 

4 2 . 7 9  

4 6 . 6 1 

3 1 . 2 8 

1 5 . 6 4 
N . B .  1 )  2 1 / 7 ,  2 0/ B , e t c . represent 2 1  Ju ly , 2 0  August , etc . 

2 )  Nov . Dec . shoot s we re s t i l l  inc re a s ing i n  inte rnode length 
at f in a l  observat ion date ( 2 0  February) . 

3 )  f ina l length was the s um of the product s o f  
inte rnode l ength and node numbe r i n  each month 

4 )  - :  Data not ava i lable because shoots had not been 
formed or had subsequently died . 
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s hoot s p ro v iding the g r e a t e s t  p r opo rtion o f  t h e  s hoot popu l a t ion . 

The t h re e  ob s e rvat ion da t e s  i n  T ab l e  2 . 4  rep resent three diffe rent 

g rowth s t a ges --- onset of f l owe ring, pre-peak f l owe ring and po s t -

peak f lowering, respectively . At the latter two stages ( 1 5 Decembe r 

and 1 5  January) the newe s t  shoot s ( Novembe r and Decembe r )  represented 

more t h a n  one t h i rd and ne a r l y  two t h i rds of the shoot populat ion 

r e s p e c t i v e l y . T h e  o l de s t  s u r v i v i n g  s h o o t s ( J u l y )  h a d  a lmo s t  

dis appea red, represent ing only 0 . 3 % of the total shoot populat ion . 

August s hoots provided only 4 . 4 % of the shoot population a t  the final 

obse rvat ion on 15  Janua ry . 

Lea f  s t atus in di f fe rent s i zed s hoot s ( rep resent ing dif ferent ages ) 

be a r i n g  ten t o  t we n t y  node s s howed t h a t  t h e  numbe r o f  l e a ve s  pe r 

shoot i s  not a 1 : 1  l inear funct ion of t he numbe r o f  node s  pe r shoot 

s o  t h a t  o l d  s h o o t s ( s h o o t s  w i t h  l a r g e  n o de n umb e r s )  d i d  n o t  

n e c e s s a r i l y  h av e  mo r e  l e a v e s  t han younge r ones ( F igure 2 . 2 ) . The 

de a t h  of o l d  l e a ve s on the l o w e r  r e g i o n  o f  a s h o o t  pa rt i c u l a rly 

redu ced t he numbe r of l e a ves on ' o lde r '  s hoot s ,  r e s u l t ing i n  o l d  

s h o o t s  bea r ing s imi l a r  numbe r o f  l e a v e s  t o  t h o s e  o f  mo re vigo rous 

young shoots de spite the i r  greater number of node s per shoot . 

Because it w a s  the old l e ave s at the l ower sect ion o f  a shoot that 

d i e d ,  t he p r opo r t i o n s  of d i f f e re n t  s i z ed l e a v e s  on a shoot a l s o  

rema i ned s imi l a r  in a l l  shoots  me a s u re d . The re s u l t s  in Table 2. 5 

c l ea r l y  showed t h i s s ituat i o n  in t h a t  t he pe rcent a ge o f  d i f f e rent 

s i zed leave s i n  s hoot s with d i f fe rent node numb e r s  ( f rom 1 0  to 2 0 )  

remains not s igni f icant ly different when checked u s ing a Chi-Square 

e xaminat ion . 
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Table 2 . 4 :  Shoot s urviva l ,  numbe r o f  shoot s per plant and component s 
o f  the shoot populat ion at dif fe rent t ime s 

SHOOT AGE GROUPS SHOOTS 
JUL . AUG . SEP . OCT . NOV . DEC . JAN . TOTAL /P LANT 

NO . OF 
S HOOTS 
TAGGED 
ON 1 5  NOV . 

no . o f  
shoot s 
present 

42 

2 9  

6 5  1 2 2  1 2 6 

5 6  1 0 2  9 6  

% s u rviva l 6 9  8 6  8 4  76 
% in t ot a l  
shoot s 1 0 . 3  1 9 . 8  3 6 . 0  3 3 . 9  
populat ion 

ON 15 DEC . 
no . o f  
s hoot s 
present 

1 4  3 8  6 8  8 4  

1 3 2  

1 0 3  

% s urvival 3 3  5 9  5 8  6 7  78 
% in t o t a l  
shoot s 4 . 6  1 2 . 4  2 2 . 0  2 7 . 4 3 3 . 6  
populat ion 

ON 1 5  JAN . 
no . o f  
shoot s 
present 

2 3 0  5 6  74 8 3  

4 5 0  

4 3 8  

% s urviva l 
% in total 
shoots 

4 . 8  46  4 6  5 9  63  9 7  

0 . 3 4 . 4  8 . 2 1 0 . 8  1 2 . 2  6 4 . 1  
o ulat ion 

1 5 9  1 0 9 6  

2 8 3  

1 0 0  

3 0 7  

1 0 0  

6 8 3  

1 0 0  

9 . 8  

1 1 . 4  

2 5 . 3  

N . B .  - ;  dat a not available because shoot s had not been formed . 

Table 2 . 5 :  Numbers and pe rcent age s o f  d i f ferent s i zed leaves 
on d i f f e rent s i zed shoots 

Lea f  
s i ze -
Sma l l  leaf 
Medium leaf 
La rge leaf 
T ot a l  

Shoot s i z e  
1 0 - 1 3  nodes 
! 6 s hoots) 

4 1 1 %  
2 2  5 6 % 
1 3  33%  
3 9  1 0 0 %  

!no . of node s ee r s hoot) 
1 4 - 1 7  node s 1 8 -2 0  nodes 
!8 shoot s) !8 shoots) 

1 6  1 7% 1 1  1 5 %  
5 8  6 0 %  4 5  6 0 %  
3 2  3 3 %  1 9  2 5 %  
9 6  1 0 0 %  75 1 0 0 %  

N . B . : Leave s  were grouped into sma l l ,  medium and la rge 
leaves according t o  their leaf areas 
Lea f  a re a s ;  sma l l  leaf = 0 . 4 4 1  cm '2 / le a f  

medium lea f = 0 . 75 7  c m  2 / leaf 
la rge leaf = 1 . 1 1 5  cm 2 / le a f  

Ave rage 
! %) 
1 4 %  
5 7% 
2 9 %  

1 0 0 %  
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2 . 3 . 4 .  Flowe r - c a r rying abi l it y  o f  di f f e rent shoot age groups 

O l d e r  s h o o t s  b e a r  f l o we r s  at h i g h e r  n o de s  wh i l e y o u ng e r s h o o t s  

c ommence f lowe r ing a t  lowe r  nodes ( Table 2 . 6 ) . This  can be att r ibuted 

t o  t h e  e f f e c t s  o f  b o t h  

e n v i r o nme n t a l  c o n di t i on s  

s h o o t  a ge a n d  s h o o t  s i z e , a s  w e l l  a s  
\�ppendices 1 and 2 ) . 

for f l owe� E a r l y  s h o o t s ,  i n i t i a t ed 

be f o re t h e  c l ima t e  become s f av o r a b l e  f o r  f l owe r ing , h ave a l r e ady 

d e v e l o p e d  t o  a c e r t a i n  s i z e ( i n t e rm s  o f  n ode n umbe r s ) be f o re 

becoming f e r t i l e . L a t e  shoot s ,  o ri g i n a t ing under f avorable f lower -

i nduct ion condi t ions , become fert i l e  whi le s t i l l  compa rat ively young 

so bear fewe r nodes at f lowering . Neverthele s s ,  the numbe r of f lowers 

p roduced p e r  s h oot doe s not v a r y  g re a t l y i n  di f f e re n t  s h o o t  age 

g roups unt i l  Decembe r o r  January . S imilarly,  the numbe r o f  f lorets 

pe r i n f l o r e s ce n ce shows relat ively sma l l  change s  i n  a l l  s h o o t  age 

g roups except f o r  J an u a ry sho o t s  whe re a dec l ine i n  f lo r e t  numbe r 

o c c u r r e d ,  p re sumab l y  b e c a u s e  o f  t h e  o n s e t  o f  un f a vo r a b l e  w e a t h e r  

c ondit ions f o r  flower init iat ion . 

Table 2 . 6 :  F i r s t  f lowe r appea rance po s it ion and re lat ive f lowe r 
bea ring abi lity of shoo t s  f rom d i f ferent age g roups 

SHOOT 
GROUPS 

AUG . SEP . OCT . NOV . DEC . JAN . L . S . D .  
S HOOT SHOOT S HOOT SHOOT SHOOT S HOOT ( 0 . 0 5) 

f i rst f lowe r ing 
node 
no . of i n f l o r�scences 
per shoot 3 . 1  
no . o f  f lo re t s 
per i n f l o re s cence 
no . of s hoot s 
per plant ( x ) 1 

no . o f  i n f l o rescences 
1 . 1  

per plant ( y ) 2 2 . 7  
regres s ion 

2 0t h  

3 . 4  

5 . 7  

2 . 1  

4 . 6  

1 6t h  1 4t h  l O t h  

3 . 2  3 . 2  2 . 6  

5 . 9  5 . 9  5 . 2  

2 . 7  3 . 1  1 6 . 2  

1 2 . 0  1 0 . 3  2 5 . 9  

equ a t ion y = 9 2 . 6  + 1 . 3 5 x  r = 0 . 8 3 
N . B .  1 ,  ave rage o f  2 7  t agged p lant s on 1 5  January,  1 9 8 7 . 

9th 1 . 8 5 

2 . 0  1 . 6  

4 . 4  1 . 3  

5 . 8  

6 . 9  

2 ,  average o f  2 7  tagged plant s ,  t o t a l  inf l o re s cence s p roduced . 
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Alt hough s h o o t s produced an ave rage o f  about t h ree i n f l o r e s cence s 

( Table 2 . 6 ) ,  a fourth and even a f i ft h  inf l o re s cence i s  occas ion a l ly 

f o r m e d . I t  w a s  o b s e r v e d  t h a t  t h e  f l o r e t  n umbe r s  p r o d u c e d  by 

i n f l o r e s c e n c e s  at d i f f e r n t  p o s i t i o n s  a l o ng a s h o o t  was f a i r l y 

c o n s i s t e n t , o n l y  t h e  l a s t  i n f l o r e s c e n c e  ( t h e  f o u r t h  o r  f i f t h  

inflore s cence f rom the bot tom)  showing reduced f lo ret numbers ( Table 

2 .  7 ) . 

Table 2 .  7 :  Numbe r o f  f lo rets per inf lorescence at diffe rent 
posit ions a long a shoot 

I n f lo r . F i r s t  Second Third Fourth F i f t h  
12os it i o n  i n f lo r . inflo r . inflo r . inflo r . inflo r . 
Means 5 . 9 5 6 . 2 5  5 . 9 5 5 . 5 0 4 . 7 5  
S . E .  0 . 1 7 0 . 1 9 0 . 3 4  0 . 3 6  0 . 5 3  

E a r l y  i n f l o re s c e n c e s  be a r  mo r e  f l o ret s t h a n  late i n f l o re s cence s . 

W i t h i n  t h e  s ame s h o o t  a ge g r o u p  t h e r e i s  a t e ndency f o r  e a r l y  

i n f l o r e s c e n c e s  t o  p r oduce m o r e  f l o re t s t h a n  late i n f l o re s cence s . 

Howeve r ,  t h i s  s it ua t ion i s  not the c a se bet ween shoot age groups , 

s ince a t  t he s ame dat e  o f  obs e rvat ion, i n f l o rescences in ea rly shoot 

age groups did not necce s s a r i ly bear more f l o rets than inflore s cences 

in l a t e  shoot age g roups ( Table 2 . 8 ) . 

Table 2 . 8 :  Numbe r o f  floret s pe r inf lorescence in d i f fe rent 
shoot age groups a t  d i f fe rent t imes 

Obs e rvat ion Aug . Sep . Oct . Nov . Dec . Jan . 
date shoot shoot shoot s hoot shoot shoot 
1 3  Dec . 6 . 0  6 . 4  6 . 0  
2 8  D e c . 5 . 6  5 . 3  5 . 8  5 . 9  5 . 5  
1 2  Jan . 4 . 8  4 . 9  
2 7  Jan . 4 . 0  4 . 0  
L . S . D . !O . O S) 0 . 1 4 0 . 3 6  0 . 1 5 0 . 1 6  0 . 1 6 0 . 2 7  
N . B .  dat a not ava i l ab l e  b e c a u s e  s ho o t s  were i n f e rt i l e  
a lr ea dy ceas ed f lowering at t ime o f  obversation . 

o r  had 
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2 . 3 . 5 .  Cont r ibut i on o f  dif fe rent shoot groups t o  f lowe ring pattern 

The numbe r o f  inf lo rescences changed drama t i c a lly with t ime , showing 

a s h a rp f lower ing peak on 2 Janu a r y  and a sma l l e r  subs equent peak 

about 3 - 4  w e e k s  l a t e r  ( F i g u r e  2 .  3 )  T he t o t a l  f l owe r i n g  p e r i o d  

extended ove r a period o f  approxima t e ly t h ree months f rom t he end o f  

Novemb e r t o  t h e  e n d  o f  Februa ry . F l o we r i ng p a t t e r n s  o b t a i ned by 

count s o f  i n f l o re s cence numbe rs on t agged p lant s and in quadr a t s  a re 

a lmos t  i den t ical e xcept for a d i f fe rence i n  the magnitude o f  the t wo 

curve s . T h i s  imp l i e s  that the t agging ope r a t ion did not d i s rupt t he 

plant ' s ' no rma l '  f l owe r ing pattern . The t o t a l  f lowe ring pe r iod can be 

conven i e n t l y  divided into t h ree p a rt s  t o  de sc ribe the cont r ibut ions 

made by e a rly , intermediate and late f lowe r s . Flowe r s  f o rmed du ring 

a pe r i od o f  about 2 0  days ( f rom 1 8  Decembe r to 7 Janu a ry )  cont r ibuted 

over 7 0 %  of the t o t a l  inf l o re s cence popu l a t ion . 

E a r ly ( pre 1 8  Decembe r) and late r (post 7 January) f lowe r s  t oget he r 

cont r ibuted l e s s  than 3 0 %  o f  the f lowe r popu lat ion . T h i s  shows that 

a l t h o ugh bi rds f o ot t re f o i l  has a ve ry p r o t racted f lowe r ing period, 

mo s t  i n f l o re s c e n c e  numbe r s  a re c o n c en t r a t ed into a comp a r a t ive ly 

short pe r iod of 3-4 weeks . 

A l l s h o o t s  f r o m  d i f f e r e n t  a g e  g r o u p s  ( Augu s t  t o  F eb ru a r y )  a re 

imp o rtant i n  t h e i r  cont r ibut io n  t o  the long f lowe r ing period ( F igure 

2 .  4 )  . Although f l owe ring in each o f  t he seven shoot age groups did 

not l a s t  long ( o ften les s  than one month ) ,  the cumulat ive e f fect o f  
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AUG . SHOOT 

SEP . SHOOT 

OCT . S HOO'r 

NOV . S HOOT 

DEC . S HOOT 

Date 

JAN . S HOOT 

FEB . S HOOT 

TOTAL FLOWERING 

DURATION 

F IGURE 2 . 4 :  Flower ing du rat ion in each shoot age g roup and 
total f lowering durat ion o f  the plant s ,  showing an 
accumulat ive e f fect o f  different shoot age groups t o  
the lengthy f lowe ring pe r iod o f  Lotus corniculatus . 
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a l l  f l owe r ing s h o o t s  r e s u l t e d  in a lengt hy t ot a l  f l owering pe riod . 

H o weve r ,  s h oo t s  f rom d i f fe rent a ge g roups v a r i e d  gre a t ly in t he i r  

c on t r ibut i o n s  t o  the f l owe r popu l a t ions ( T able 2 . 9 ) .  Although a l l  

s e ven shoot age groups ( Augus t  t o  February)  made some cont r ibution t o  

t h e  f lowe ring pattern , only three g ro ups were ma j o r cont ributors to 

t o t a l  f l o w e r n umbe r .  O c t o b e r ,  N o v e mb e r  a n d  D e c embe r s h o o t s 

c ont r ibute d  more than 7 5 % o f  the t o t a l  inflo res cence population,  and 

t h e s e  s h o o t s cont r ib u t ed ne a r ly 9 0 %  o f  t h e  t o t a l i n f l o re s cence s 

p r e s en t  d u r ing a pe r i od o f  app r o x ima t e l y  2 5  days o f  mo s t  intense 

f lowering f rom 20 Decembe r to 11  Janua ry . Augu s t , Septembe r ,  Janua ry 

and Feb r u a ry shoot s made re l a t ive ly mino r cont ribut i o n s  to f lowe r 

n u mbe r s , b u t  w e r e  r e s p o n s i b l e  f o r  g r e a t l y  e x t e n d i ng t h e  t o t a l  

f lowe r ing period . 

Table 2 . 9 .  Cont ribu t ion o f  different shoot age groups t o  
total inf l o re s cence popu lat ion 

Month of Shoot Origin 
Date Aug. Se2 .  Oct . Nov . Dec . Jan . Feb . Sum % 
2 9  Nov . 0 1 5 0 0 0 0 6 0 
1 3  Dec . 1 6  1 7  2 3  2 0 0 0 5 8  3 %  
2 3  Dec . 2 8  4 4  1 2 1  8 6  8 0 0 2 7 9  1 8 %  
2 8  Dec . 1 4  3 7  8 4  1 0 3  1 7 7  0 0 3 1 5  2 0 %  

2 Jan . 1 1  2 2  8 0  8 1  2 8 9  0 0 4 8 3  3 1 %  
7 Jan . 4 4 1 1  6 1 4 0  1 3  0 1 7 8  1 1 %  

12 Jan . 0 0 0 0 3 3  1 6  0 4 9  3 %  
1 7  Jan . 0 0 0 0 1 0  1 8  0 2 8  2 %  
2 2  Jan . 0 0 0 0 1 3  4 1  0 5 4  3 %  
2 7  Jan . 0 0 0 0 1 6  4 3  0 5 9  4 %  

1 Feb 0 0 0 0 8 2 9  0 3 7  2 %  
6 Feb . 0 0 0 0 2 1 3  0 1 5  1 %  

1 1  Feb . 0 0 0 0 2 8 7 1 7  1 %  
1 6  Feb . 0 0 0 0 1 4 1 1  1 6  1 %  
2 1  Feb . 0 0 0 0 0 2 8 1 0  0 
Tot a l  7 3  1 2 5  3 2 4  2 7 8  6 9 9  1 8 7  2 6  1 5 8 4  
% 4 %  7 %  1 9 %  1 6 %  4 1 %  1 1 %  2 %  1 0 0 %  
N . B .  dat a f rom 2 7  t agged plants 
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2 . 4 .  D i s c u s s ion 

The des c ription of plant s t ructure in this s tudy has emph a s i zed the 

ove rwhe l m i n g  domi n a n c e  o f  ma i n  s h o o t s a r i s i n g  d i r e c t ly f rom the 

c rown ,  a n d  to a le s s e r  extent t h e  sma l ler numb e r  o f  shoots a r i s ing 

f r o m  n o de s  i mme d i a t e l y a b o v e  t h e  c r o w n , a s  c o n t r i b u t o r s  t o  

r e p r od u c t i ve g r o w t h . T h i s  e f f e c t  i s  re a s o n a b l y  s imi l a r  t o  t h a t  

p i c t u r e d  b y  MacDonald ( 1 9 4 6 )  a lt hough h e  d i d  s how mo re sma l l ,  but 

n o n - f l o w e r i n g  l a t e r a l  b r a n c h e s  a r i s i n g  f u r t h e r  up ma i n  s h o o t s . 

MacDona ld' s descr ipt ion ( 1 9 4 6 )  and t he st ruct u re shown in P l ate 2 . 2 

o f  t h i s  s t u dy both s upport the s ugge s t i o n  t h a t  l at e ra l  s t ru c t u r e s  

make n o  s ub s t ant i a l  cont r ibut i o n  t o  t h e  long f lowe r ing period . The 

p lant s t ruct u re found in this s t udy cont r a s t s  with the des c ript ion by 

Ne l s o n  a n d  Smith ( 1 9 6 8 a , b ) in which t h ey me n t ioned t h a t  branches 

arose ma inly f rom the upper axil l i a ry regions . 

T h e  p r e s e n t  r e s u l t s  o n  d r y  m a t t e r  ( D M )  d i s t r i bu t i o n  b e t w e e n  

reproductive growth a n d  vege t a t ive growth o f  t he aerial  pa rts o f  the 

p l a n t  a g r e e  w i t h  r e s u l t s  b y  p r e v i o u s  r e s e a r c h e r s  ( Mc G r a w  a n d  

Beu s e l inck , 1 9 8 3 ;  McGraw et a l . ,  1 9 8 6 ) . The s e  wo rke r s  emph a s i sed low 

a s s im i l a t e  pa r t i t i o n ing to reprodu c t ive g r owth a s  o n e  imp o r t a nt 

f a c t o r  l imiting the s eed p roduct ion o f  Lotu s  corniculatus . Although 

the s low down of DM a ccumulat ion in vegetat i ve p a r t s  was accompanied 

by the commencement of reproduct ive growth , i t  i s  unlikely that the re 

is a preferent i a l  t ranslocat ion of a s s imi l a t e  f rom vegetat ive growth 

to reproduct i ve growth ,  as s hown by the f a c t  that both vegetat ive and 

r e p r o du c t i ve g r ow t h  s l o w e d  down du r i n g  t he f in a l  s t a ge of p l a nt 

growth . I t  i s  l ikely that s uch a s lowdown i s  ma inly c aused by s l owe r 

a s s imi lat ion r a t e  caused by the ons et o f  unfavou rable envi ronment a l  
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c o nd i t i o n s  at t h e  e n d  of t h e  g r o w i n g  s e a s o n . In addi t i o n ,  the 

a ccumulat ion o f  a s s imilate in root s late in t he s eason may be another 

f a c t o r  reduc ing DM a c c umu l a t i o n  in the above -ground pa rtS. T h i s  

explanat ion i s  suppo rted by re s u l t s  of Smith ( 1 9 6 2 ) , Ne lson and Smith 

( 1 9 6 8 b ,  1 9 6 9 )  and H e i che l et a l . ( 1 9 8 5 )  wh o have repo rted that late 

a ut umn was the o n l y  s e a s o n  in wh i ch b i rd s f o ot t re f o i l  a c t i v e l y  

accumu lated root re s e rve s . 

T h e  p re s e n t  s t ud y  h a s  h i g h l i g h t e d  t h e  l e ng t h y  ( t h r e e  mo n t h s ) 

flowe r ing per iod i n  Lotus co rn iculatus L .  E xpe riments c onducted by 

Jof fe ( 1 9 5 8 ) and Mckee ( 1 9 6 3 )  have shown that Lot us c o rniculatus i s  a 

quant i t at ive l ongday plant , requ i r ing a 1 4 - 1 4 . 5  hou r minimum l ight 

p e r i o d  f o r  f l owe r i n g . I n  P a lme r s t on N o r t h ,  t h e  pe r i od f rom the 

be g i n n i n g  of N o vemb e r  to the be g i n n i n g o f  F e b r u a r y  me e t s  t h i s  

d a y l e n g t h  requ i r e me n t  f o r  f l owe r - indu c t i o n  ( Ge r l a c h , 1 9 7 4 ) . T h i s  

s ugge s t e d  f l owe r - i n duc t i o n  p e r i od a g r e e s  we l l  w i t h  t h e  o b s e rved 

f lowe r ing pa t t e rn s hown i n  F i g u re 2 . 3 whe re f lowe r ing began in mid 

Novembe r and f i n i s he d  in mid Februa ry . 

T h e  d e a t h  o f  o l d  s h o o t s w h e n  n e w  s h o o t s  eme r g e d  r e s u l t s  i n  a 

c o n t i nuous r e p l a cement shoot succe s s ion . Unde r f a v o r able f lowe r ing 

i n du c t i o n  w e a t h e r  condit i o n s  new s h o o t s  bec ome reprodu c t i ve very 

q u i c k l y  a f t e r  eme r g e n c e .  E a c h s h o o t  age g r o u p  i s  t h e r e f o r e  

re spons ible f o r  a pa r t i cu l a r  pa rt o f  t h e  t o t a l  f l owe r ing p a t t e rn . 

O lde r ( ea r l y  eme r ged ) s hoot s c on t r ibut e t o  t h e  e a r l y p a r t  o f  the 

f lowe r ing sequence while new repla cement shoots a re respons ible for 

s upport ing l a t e r  f lowe r ing . Although f lowering du rat ion in each shoot 

a ge g roup i s  r e l a t i v e l y  s h o r t  ( o f t en l e s s  t h a n  o ne mo n t h ) , t he 

cumu lat ive e f fect of a l l  flowe ring shoot s i s  s u f f i cient t o  s upport an 
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extended f l owe r ing pe r i od . Because thi s i s  a cont inuous p roce s s , the 

f lowe r ing period in Lotus c o rniculatus L .  appea r s  t o  last as long a s  

c l imat ic c ondit i o n s  pe rmit . The res u l t s  on plant f l ower ing pattern 

show t ha t  mo re than 7 0 %  o f  i n f lo rescences appea r within a period of 

l e s s  than one mon t h , re s u l t ing in a c o n t r a c t e d  peak of f l owe ring 

within a p rot r a c t e d  t ot a l  f lowe r ing pe r io d . Although seven monthly 

shoot age groups cont ribute t o  the total f l o wering period, only t h ree 

(Octobe r ,  Novembe r and December shoot s )  are sub s t ant i a l  cont r ibut o r s  

t o  t h e  t o t a l  f lowe r  populat i on . The profuse f lowering o f  shoot s f rom 

these t h ree monthly groups reinforces the impo rt ance of shoot s  f o rmed 

at t he s e  t imes a s  d i rect cont r ibuto rs t o  seed yield i n  t h i s  plant . 

The l o w  i n f l o r e s cence n umb e r s  du r ing the early stages o f  f l owe ring 

s imp l y  r e f l e c t  t h e l a c k  o f  s h o o t s a v a i l a b l e  a t  t h a t  t ime . The 

subsequent onset of unfavo rable light conditions ( le s s  than 1 4  hours 

p h o t o p e r i o d )  in e a r l y  F e b r u a ry d i mi n i s h e s  f l owe r i ng p o t e n t i a l , 

r e s u l t i n g  i n  l o w  i n f l o r e s c e n c e  n u mb e r s  i n  l a t e  f o rme d s h o o t  

popu l a t ions ( Janu a ry a nd Februa ry ) , desp ite t he fact that there a re 

plenty o f  sho o t s  ava i lable f o r  f lowe r ing du ring that t ime . 

T h e  r e l a t i v e f l o w e r b e a r i n g  a b i l i t y  i n  t e rm s  o f  n u mb e r o f  

i n f l o re s cences per shoot and numbe r o f  flo re t s  per inflo res cence in 

d i f f e rent s ho ot age g r o ups doe s not vary greatly compa red with the 

ext reme va r i a t i on i n  the numbe r of i n f l o re s cence s  p rodu ced w i t h i n  

d i f ferent s h o o t  age g roups . The s imila rity o f  lea f  s t a t u s  i n  shoots 

o f  d i f f e rent s i ze ( represent ing d i f f e rent age )  is  s t rong s uppo rt f o r  

t he s im i l a r i t y  o f  f l o we r be a r i n g  a b i l i t y  i n  d i f f e re n t  s h o o t  a ge 

groups . I t  i s  important t o  note that , rega rdles s  o f  the d i f fe rence in 

s h o o t  a g e , mo s t  f l owe r i ng s h o o t s  b e a r  a s imi l a r  l e a f  numbe r per 

shoot . I f  i t  is cons ide red tha t the reproduct ive growth o f  b i rds foot 
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t r e f o i l  i s  ma i n l y  s uppo rted by c u r rent p h o t o synthe s i s  i n s t e ad o f  

d r a w in g  r e s e r v e s f r om e x i s t i n g  veget a t i v e  s t a l k  ( Mc G r a w  e t � . ,  

1 9 8 6 ) , the s imi l a r  f lowe r bea ring abi lity i n  a l l  f l owe r ing shoot s may 

be wel l  expla ined by the fact that s imi l a r  leaf numbe r s  a re borne on 

a l l  flower ing shoot s .  The dec l ine i n  f lower bea r ing abi l i t y  on late 

shoot s ( Decembe r and pa rt icularly Janu a ry )  i s  l ike ly t o  be i n f luenced 

by the o n s e t  o f  s ubopt imum o r  i n a pp r op r i a t e  w e a t h e r c o n d i t ions , 

p a rt i c u l a r l y  daylengt h . Howeve r ,  the depre s s ion in t he numbe r o f  

i n f l o re s c e n c e s  i n  mid Janu a ry a n d  t h e  de c l i n e  i n  f l o w e r  bea r ing 

a b i l it y  in D e c embe r  s h o o t s may be i n f l u e n c e d  by a sho rt dro ught 

period in l a t e  Decembe r  and e a rly Janua ry dur ing this s tudy . 

V i r t u a l ly n o  s t e r i le sho o t s  we re p re sent dur ing the pe r iod o f  most 

p r o f u s e  f l o we r i ng in t h i s  s t udy, a r e s u l t  a l s o  repo rted by McKee 

( 1 9 6 3 )  and N i t t e r  and Kenny ( 1 9 6 4 )  I t  i s  there f o re rea sonable t o  

s ugge s t  t h a t  t h e  numbe r o f  shoo t s  represent s the numbe r o f  f e rt ile 

shoot s i n  each shoot age group . Table 2 . 6  also pre sent s a regress ion 

equat i o n  of i n f l o re s cence numbe r on sh oot number . Despite the fact 

t h a t  J a n u a ry s h o o t s  h a d  not yet f u l l y exp r e s s ed t h e i r  f l owe ring 

abi l ity s ince s uch shoots were too young f o r  f lowe ring at the t ime o f  

recording, the t rend obt a ined f rom the regres s ion clearly shows that 

the n umb e r o f  s h o o t s  p r e s en t  a t  f l o we r i n g  is t he most i mpo r t a nt 

s ingle f a c t o r  det e rmining the f lowe r ing pattern . The good f i t  o f  the 

regre s s io n  o f  the number of i n f l o re s cences on the numbe r of shoo t s  

( r= 8 3 . 3 % ,  T able 2 . 6 ) s upport s t h i s  point . 
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CHAPTER 3 :  REPRODUCTIVE DEVELOPMENT AND Y IELD COMPONENTS STUDY 

3 . 1 .  Int roduct ion 

Among the re s e a r ch on t he seed p rodu c t ion o f  b i rds foot t re f o i l ,  a 

n umb e r  o f  s t u d i e s  h a v e  b e e n  c o n du c t e d o n  i t s  s e e d  deve l o pme n t  

s e quence a n d  s eed y i e ld componen t s ( Ande r s o n ,  1 9 5 5 ; W i n c h , 1 9 5 8 ; 

Albrecht sen e t  a l . ,  1 9 6 6 ;  Mo s ,  1 9 8 3 ;  S tephenson,  1 9 8 4  and McGraw et 

a l . ,  1 9 8 6 ) . It is gene rally agreed that the numbe r of i n f l o rescences 

( o r  umbe l s ) is the mo s t  impo rt ant seed yie l d  det e rminant in va r i ou s  

s it uations ( Albrecht s e n ,  1 9 6 6 ;  Mos ,  1 9 8 3 ;  S t ephenson,  1 9 8 4  a n d  McGraw 

e t  g . , 1 9  8 6 )  . T h e  n u mbe r o f  p o d s  p e r i n f l o r e s c e n c e  i n  s ome 

s it uat i o n s  a l s o  ha s a role to play in de te rmin ing f in a l  seed yield 

( S tephe n s o n , 1 9 8 4 ) . Howeve r ,  p r e v i o u s  re s e a r c h  doe s n o t  i n c l ude 

i n f o rma t i on on t he changing p a t t e r n  of e a c h  s eed y i e l d  c omponent 

during the e xtended f l owering pe r i od of t h i s  plant . S i n c e  ha rve s t  

t iming i s  a n  imp o r t ant f a ct o r  a f fe c t ing t he recove ry o f  s eeds f rom 

the c ro p  ( du e  t o  i t s  inde t e rmina t e  growth habit and pod shatte r ing 

behaviour at mat u rity) , it i s  pert inent to know the chang i ng pat t e rn 

o f  each y i e l d  component , and p a rt icula rly,  t o  c learly de f ine the role 

o f  i n f l o re s cence n umbe rs on u l t imate seed yield . I t  was hoped t hat 

such a def inition would a s s i s t  in dete rmini ng the mos t  r e l i able index 

for dec iding bes t  harvest t ime . The prima ry object ive of t h i s  s t udy 

was t o  i nve st iga t e  the changing p a t t e rn o f  each seed yie ld c omponent 

du r ing t h e  f lowe r ing of Lot u s  c o rn i c u l a t u s  L .  

mos t  imp o rtant yield dete rminant s .  

and t o  i den t i fy the 
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3 . 2 .  Mate r i a l s  and Methods 

The e xpe r iment was ca rried out in the s ame f ie l d  a rea de s c ribed in 

Chapt e r  2 .  F lower deve lopment was mon i t o re d  by c a refully observing 

t h e  m o r ph o l og i c a l  a n d  c o l o u r  c h a n g e s  o n  t a gged f l o we r s . C o l o u r  

photographs we re a l s o  t aken regu l a r ly during t he observa t ion per iod . 

The f i r st p a r t  o f  t h i s  s t udy i n v o l ved i de n t i f ying i n f l o re s ce n c e s  

f o rmed a t  d i f f e rent t ime s by t agg ing the i r  peduncles with d i f fe rent 

co loured p l a s t ic r ings at 1 0  day int e rva l s  f rom 12 De cembe r 1 9 8 6  t o  

3 1  Ja n u a r y  1 9 8 7 . T h i s  t a gged p o p u l a t i on o f  a pp r o x ima t e l y 2 , 0 0 0  

i n f l o r e s c e n c e s  w a s  u s e d  t o  d e t e rmine t he t ime requ i r e d  f o r  t h e  

deve lopment o f  f lowe r s  o rigina t ing a t  d i f fe rent t imes and t o  examine 

t he chang i ng patt e rn of each seed yield c omponent . 

I n f l o re s cence numbe rs we re reco rded at 5 day inte rva l s  within e ight 

1m2 pe rma ne n t  qu a d ra t s . The f i ve day i n t e r v a l  w a s  de c ided a f t e r  

obs e rv i ng t h e  mo rpho logica l  and colour changes in f lowe rs and ensured 

that e a ch inflore s cence wa s not c ounted twice or mis sed . 

Numbe r s  o f  pods per inflore s cence wa s recorded eve ry 1 0  days f rom 2 0  

randomly s ampled umbel s  on t agged inf lores cences . Number o f  seeds pe r 

pod w a s  reco rded f rom 1 0 0  pods s amp led f rom tagged i n f l o re s c en c e s  

a l s o  a t  1 0 -day i n t e rva l s . Seed weight w a s  reco rded on a 1 0 0 0 - seed 

weight b a s i s  a t  seed moi s t u re content s wit h in the 6 . 8 - 7 . 5 % range in 

a ir -d r ie d  seed lot s which had been ha rve s ted at d i f f e rent t ime s . 

T h e  s e c o n d  p a r t  o f  t h e  s t u dy invo l v e d  i nve s t i g a t i o n  o f  t h e  seed 

deve lopment sequenc e ,  which was mea s u red by a s s e s s ing changes in seed 
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v i ab i l i t y ,  ge rminab i l it y  and ha rdseededne s s  u s ing s amples col lected 

at di f f e r e n t  t ime s a f t e r  f l owe r ing . On 18 January 1 9 8 7 ,  about 3 0 0  

f u l ly b looming f lowe rs we re t agged with f i ne pla s t ic r ings . F rom 1 8  

d a y s  a f t e r  t a g g i n g  ( da y s  a f t e r  f l owe r i n g ,  OAF ) , 4 0  p o d s  we re 

c o l l e c t e d  e ve r y  f o u r  d a y s  u n t i l  4 2  O AF f r o m  p r e v i o u s l y  t a gged 

i n f l o r e s c e n c e s . T h i s  a l l owed s e v e n  s amp l e s of pods of d i f fe rent 

matur i t y  levels (OAF ) t o  be harve s t ed . Seeds were removed f rom pods 

f rom h a l f  o f  e a ch s amp le imme d i at e ly a ft e r  c o l l e c t i on ,  and the i r  

germinab i l it y  t e sted . Germinat ion t e s t s  we re ca rried out according t o  

the I n t e rn a t iona l Seed Test ing As s o c i a t i on ( I STA) Ru l e s  ( 1 9 8 5 )  with 

four repl icates of 50 seeds . Viable seeds we re referred to a s  the sum 

o f  n o rma l s eedl ings , abno rma l seedl ings , f re s h  unge rminat e d  seeds and 

h a rd s eeds . The rema i ning pods f rom each sample we re kept in pape r 

enve l op e s  unde r ambient cond i t i o n s  f o r  a i r  drying . On 1 7  Ma rch a l l  

a i r  d r i ed pods we re t h re s hed a n d  t he s e e d s  w e r e  ge rmi n a t ed . Seed 

mo i s t u re content s were mea sured a ccording t o  the method prescribed in 

the I nt e rnat iona l Seed Test ing As sociat ion Ru les ( 1 9 8 5 )  . 

Numbe r s  o f  v i s i b l e f l o re t  p r i mo r d i a  a n d  numb e r  o f  f l o re t s  pe r 

i n f l o r e s c e n c e  w e r e  a l s o  r e c o r d e d  t o  a s s e s s  t h e  i m p o r t a n c e  o f  

reproduct ive abo rt ion a t  d i f fe rent f l o ret o r  pod deve lopment s t age s . 

On 8 May 1 9 8 7 ,  seeds f rom hand h a rve sted mature pods were tested f o r  

h a r d  s eed cont ent and seve r a l  methods were employed t o  examine the i r  

e f f ic iency i n  b reaking ha rdseededne s s . These methods included boi l ing 

w a te r  imme r s ion fo r 1 0  or 2 0  minutes p r i o r  to germi n a t ion t e s t  and 

s ee d  coat c hipping with a s c a lpel to ensure seedcoat rupture . 
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3 . 3 .  Res u l t s  

3 . 3 . 1 .  F lowe r and pod deve lopment 

Floral deve lopment was mea sured according to morphological and colour 

change s . I t  wa s obse rved that f o r  an ' ave rage' i n f l o res cence with s ix 

f loret s ,  i t  t ook about ten days f o r  the v i s ible f lora l primordia t o  

reach t h e  anthe s i s ,  and anothe r 2- 4 days f o r  a l l  florets t o  complete 

blooming . Floret s rema ined a t  t h i s  f u l l  bloom st age for only one o r  

two days ( the t e rm ' f lowe r ing'  u s ed i n  t h i s  cont ext r e f e r s  t o  t h i s  

s t a ge ) a n d  then the pet a l s  g r a du a l l y  w i l t e d . T h e  c o l o u r  o f  peta l s  

changed f rom b r ight ye l l ow a t  b looming t o  da r k -ye l l o w  a t  w i l t ing . 

P l a t e  3 . 1  shows t h e  changing f lo r a l  s equence w i t h  day 0 a s  f i r s t  

f l o re t  b looming and day 3 a s  the f lo ret w i lt ing s t age ( in f l o rescences 

used in t h i s  s tudy were t agged within these three days ) . Fou r or f ive 

days a f t e r  f lowe ring, young pods we re v i s ible eme rging f rom the cove r 

o f  t h e  keel peta ls . Pods deve loped rapidly t o  a maximum s i ze a t  about 

2 0  d a y s  a f t e r  f l o we r i n g  ( D AF ) . I n i t i a l  p o d  c o l o u r  w a s g r e e n ,  

g r a du a l l y  changing t o  purple g reen a t  about 2 0  DAF and f ina lly t o  

l ight brown a t  the ripe s t age 3 2  DAF . 

3 . 3 . 2 .  Change s in seed yield component s 

The change s i n  d i f ferent yield component s with t ime a re presented in 

F ig u r e  3 . 1 .  I n f l o re s ce n c e  n umbe r s  s howed a drama t i c a l ly changing 

p a t t e rn throughout the t h ree mont h  f l owe r ing period . A sharp pea k  o f  

f l owe r ing o c c u r re d  a t  t he beginn ing o f  Janua ry and t h e  numbe r o f  

i n f l o rescences then dropped r apidly . Number o f  pods per i n f l o re scence 

rema i ned rea s onably const ant dur ing the peak f lowe r ing period, but 
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f e l l  b y  app r o x i ma t e l y  5 0 %  i n  t h e  l a t e  f l o w e r i ng s e a s o n  ( e a r l y  

Febru a r y )  . T h i s  e f f e c t  w a s  a l s o  r e f l e c t e d  i n  a s imi l a r  p a t t e rn o f  

c h ange i n  f l oret numb e r s  per i n f l o re s cence ( F igure 3 . 2 ) . Number o f  

s eeds per p o d  a n d  1 0 0 0 - s eed we ight rema ined relative ly constant with 

o n l y m i n o r  f l u c t u a t i o n s  du r i n g  the e n t i re f l ow e r i n g  p e r i o d . By 

r e gr e s s i o n  a na l ys i s  i t  was f ound t h a t  the number of inf l o rescences 

per unit a re a  was the only s ingle factor det e rmin ing final seed yield 

( r = O . 97  a t  p=O . 0 1 )  . T h e  ca l c u l a t e d  f i n a l  s e e d  y i e l d ,  b a s e d  on the 

d a t a  i n  F i g ure  3 . 1  ( me a n s e e d  mo i s t u r e  c o n t ent 7 .  3 % )  w a s  about  

5 6 0 kg/ha . 

3 . 3 . 3 .  Abo rt ion at d i f fe rent st ages of f l ower deve lopment 

F l o r a l  a b o r t i o n  w a s  o b s e r v e d  a t  d i f f e r e n t  s t a g e s  o f  p l a n t  

r e p r o du c t i v e  growt h ( P l a t e  3 . 2 ( a - c ) ) .  P l a t e  3 . 2 a s h o w s  unopened 

inflorescences with one o r  more sma l l  f l o re t  buds abo rted . P l ate 3 . 2b 

s h o w s  a l a t e r  s t a g e o f  a b o r t i o n  w i t h  o ne o r  mo r e  open f l o re t s  

aborted . P late 3 .  2 c  shows nea r l y  mature umb e l s  with one o r  mo re pods 

aborted . Ent ire f l o ra l  bud abo rtion and seed abort i on in a pod were 

a l so  occa s i onally observed in t h i s  st udy . 

I n  o rd e r  t o  compa r e  a b o r t i o n  l e v e l s  du r i ng d i f f e rent st age s o f  

f loret and pod deve l opment,  the number o f  v i s ible f l o re t  buds , number 

o f  b l o oming f l oret s ,  a nd numb e r  of pods pe r i n f l o re s c ence ( umbe l )  

were recorded and c ompa red ( F igure 3 . 2 ) . The  base s c a l e  ( t ime axi s )  

w a s  ad j usted a ccording t o  t ime dif ferences  du r ing the developmental  

s equence o f  the three component s ( about 10  days from v i s ible  buds to 

b l ooming f lowers and 2 0  days f rom blooming f lowe rs  to  nea rly mat u re 

pods ) . I t  can be seen  that during the t ime f rom vis ible f l o r a l  bud 
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f o r m a t i o n  ( r e p r e s e n t i n g  p o t e n t i a l  p o d - b e a r i n g  a lJ i l i t y )  t o  t h e  

p r o d u c t i o n  o f  n e a r l y  m a t u r e p o d s  ( r e p r e s e n t i n g t h e  a c t u a l  p o d  

c a r ry i n g  ab i l it y )  t h e re w a s  a r e l a l i.ve l y  c o n s i s t e n t  o n e  pod l o s s  i n 

y i e l d  p o t e n t i a l  r e g a r d le s s  o f  t ime c o u r s e . T h i s  e f f e c t  i s  e i t h e r  due 

t o  the f a i l u re of f l o ra l  b u d s  to deve l O}l i n t o  lJ l o omi ng f l o re t s  or t o  

t he f a i lu re o f  b l o om i ng f l o re t s  t o  f o rm p o d s . I t  i s  i n t e re s t i n g  t h a t  

i n  t h e  e a r l y  f l ow e r i ng s e a s o n ,  t h i s  o n e  p o d  l o s s  wa s ma i n l y  d u e  t o  

t h e  a b o rt i o n  o f  f l o r a l  b u d s  w h i l e i n  t h e  l a t e  f l o we r i n g s e a s o n t h e  

l o s s w a s m a i n l y  d u e  t o  t h e f a i l u r e  o f  f l. o r e t s t o  f o r m p o d s  

s u c c e s s f u l l y .  

3 . 3 . 4 .  S e e d  de v e l o pme n t  a n d  t h e  q u a l i t y  o f  

d i f f e re n t  t ime s 

s e e d s  h a r v e s t e d a t  

T h e  t ime requ i re d  f o r  s e e d  deve l opme n t  w a s  r e c o rded f o r  e a c h  g roup o f  

t agged i n f l o re s c e nc e s .  T h e  r e s u l t s  o f  l ab o r a t o ry ge rmi n a t i o n  t e s t s  o n  

f re s h l y  h a r ve s t ed s ee d s  a re p r e s en t e d  i n  T a b l e  3 . 1 A .  B y  1 8  DAF a b o u t  

h a l f  o f  t h e  s e e d s  h a d  g a i n e d  v i a b i l i t y . T h e  p e r.- c e n t a g e  o f  v i a b l e  

s e e d s  i n c re a s e d  s t e ad i l y  t o  a max imum o f  a p p r o x i ma t e l y  9 5 %  a t  3 4  D AF . 

Abo u t  h a l f  o f  t h e  f re s h ly h a rve s t ed s e e d s  o f  l e s s  t h a n  3 0  D AF s h ow e d  

v i a b i l i t y  when t e s t ed f o r  g e rmina t i on immed i a t e l y  a f t e r  r emova l  f rom 

t h e  p l a n t . H o w e v e r ,  t h e s e  s e e d s  d i d  n o t  r e t a i n  t h i s  a b i l i t y  

f o l l o w i ng a i r  d r y i n g  ( T a b l e  3 . 1 8 ) . A f t e r  a i r  d r y i ng , o n l y  s ee d  l o t s  

w h i c h  h a d  b e e n  removed f rom p l a n t s  mo r e  t h an 3 0  DAF w e r e  c a p a b l e  o f  

r e t a i n i ng a h ig h  p e r c e n t a ge o f  v i a bi l i t y .  

D r i ed s e e d  b e g a n  t o  r e t a in v i a b i l it y app r o xima t e l y  2 2  DAF a n d  r e a c h e d  

m a x i m u m  v i a b i l i t y  1 2  d a y s  l a t e r . G e r m i n ab i l i t y ,  a s  s h o w n  b y  t h e  

p r o d u c t i o n  o f  n o rma l s e e d l i ng s , c omme n c e d  a t  2 6  D AF a n d  r e a c h e d  a 
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p e a k  a t  a b o u t  3 0  DAF . A s  a r e s u l t  o f  i n c r e a s e  i n  h a r d s e e d s , 

ge rminabi l i t y  dropped f rom 3 4  DAF . 

Table 3 . 1 :  Germination re sults  in  f re sh ly harve sted s eeds 
and s eeds a f t e r  a i r  dry ing 

DAF GERMINAT I ON 'rE S T  RESULT S ( % ) TOTAL 
No rma l Abnorma l Ha rd Fresh  Dead VIABLE 

s eedl ing seedling s eed unge rm .  s eed S EED ( % )  
A, F re shly ha rve s t ed s eeds 
1 8  0 0 0 4 2  5 8  4 2 

2 2  0 0 0 4 9  5 1  4 9  

2 6  2 8 0 5 1  3 9  6 1  
3 0  3 2  1 3  0 4 0  1 5  8 5  
3 4  4 0  1 5  0 4 0  5 9 5  

3 8  3 6  9 0 5 2  3 9 7  
4 2  3 9  5 0 5 4  2 9 8  
B ,  S eeds a f t e r  a i r  drying 
1 8  0 0 0 0 1 0 0  0 

2 2  0 0 0 8 9 2  8 

2 6  5 12  0 1 3  7 0  3 0  
3 0  2 8  1 8  1 6  1 4  2 5  7 5  

3 4  2 3  7 6 2  4 4 9 6  
3 8  2 3 8 5  0 1 0  9 0  
4 2  6 0 9 2  0 2 9 8  

S eeds o f  e a r ly f lowe r s  u s ua l ly requ i re d  le s s  t ime t o  reach mat u r ity 

(based on pod c o lour change ) ( Table 3 .  2 )  . Seed qua l i t y ,  i n  t e rms o f  

v i a b i l i t y  a n d  h a rds eededne s s ,  w a s  s im i l a r  among s eeds  p r o du c ed a t  

d i f fe rent t ime s ( Table 3 . 2 ) . The percent ages o f  viable seed rema ined 

high in a l l  s eed lot s . On ly the f i n a l  t wo l o t s  showed a sma l l  drop in 

v i ab i l i t y ,  but s t i l l  r e t a ined a c c e pt a b ly h i gh l e ve l s  ( 9 5 %  v i ab l e  

s e e ds ) . A l l  s e e d  l o t s  cont a i n e d  a h i gh pe rc ent age o f  h a rd seeds . 

S i n c e  g e r m i n a t i o n  t e s t s  w e r e  c o n d u c t e d  o n  t h e  2 6 t h  o f  Ma r c h , 

approxima t e l y  one month after the late  seed lots were c o l lect ed,  the 

lowe r leve l s  of hard s eeds in  late lot s may have re flected the  e f fect 

o f  incomplete  dehydra t ion prior to t e s t i ng . 



7 0  

T a b l e  3 .  2 :  Qua l i t y  o f  s eeds h a rve s t e d  a t  d i f f e r e nt t ime s 

HARVE S T  DAF GERM I NAT I ON T E S T  RE SULT S ( % }  TOTAL 
D A T E  N o rm .  Abn o rm . H a r d  F r e s h  D e a d  V I AB L E  

s e e d l . s e e d l . s e e d  u nge rm . s e ed S EED ( '� ) 
1 5  JAN . 3 2  1 0 9 9  0 0 1 0 0 
2 0  JAN . 1 0 9 8  0 .L 9 9  
2 6  JAN . 3 5  1 0  1 8 9  () () .1 0 0  
3 1  JAN . 5 0 9 5  0 0 1 0 0 

6 F E B . 3 7 4 0 9 5  0 1 9 9  
11 F E B . 1 0 8 6  0 1 9 9  
1 6  F E B . 4 0  1 2  0 8 6  () 2 9 8  
2 2  F E B . 1 0  0 8 5  () 5 9 5  

3 MAR . 4 0 1 1  1 8 3  () 5 9 5  

3 .  3 .  5 .  S e e d  do rma n c y  a n d  h a rdseed deve l opme n t  

T a b l e  3 . 1  a l s o  s h o w s  t h e  d e v e l o p m e n t  o f  p r i ma r y  d o rm a n c y  a n d  

h a r d s e e d e dn e s s  i n  b i r d s f o o t  t re f o i l  s e e d . F re s h l y  h a r ve s t e d  s e e d s  

c o n t a i n e d  n o  h a r d s e e d s . H o w e v e r ,  a b o u t  h a l f  o f  t h e  s e e d s  w e r e  

d o rma n t  a n d  w e r e  r e c o r de d  i n  g e rmi n a t i o n t e s t s  a s  i mb ib e d  b u t  n o n -

g e rm i n a t e d s e e d s  u n d e r  t h e  f r e s h  u n ge rmi n a t e d s e e d  c a t e g o r y . T h e  

p e r ce n t a g e  o f  do rma n t  s eeds rema i n e d  r e l a t i v e l y  con s t a n t  f rom 1 8  OAF 

t o  4 2  DAF' . T h e  ma j o r  i n c re a s e  in pe r c e n t age of viab l e  s e e d s  c ame f rom 

an i n c re a s e  in t he numb e r  o f  no rma l s e e d l i n g s . The d r y i n g  p r o c e s s  h a d  

a p r o f o u n d  i n f l u e n c e  o n  t h i s  s e e d  p r o p e r t y  i n  t h a t  d o rma n c y  h a d  

a l m o s t  c o m p l e t e l y d i s a p p e a r e d ,  w i t h  i n c r e a s i n g  l e v e l s  o f  

h a r d s e e d e d n e s s  de v e l o p i n g p r o g r e s s i v e l y  i n  a i r  d r i e d  s e e d  l o t s  

r e m o v e d  f r o m  p l a n t s  m o r e  t h a n  3 0  D A F . T h e  s e e d  s a mp l e  a t  4 2  D AF 

c o n t a i n e d  9 2 %  h a r d  s e e d s . At t h e  s a me t i me p e r c e n t a g e  o f  n o rma l 

s ee d l i n g s  f e l l  t o  a v e r y  l o w  leve l . 

B o i l i n g  w a t e r  s c a r i f i c a t i o n  s e e m e d i n e f f i c i e n t  i n  b r e a k i n g  

h a r d s e e de d n e s s  ( T a b l e 3 .  3 ) . T e n  m i n u t e s  i n  bo i l i n g  w a t e r  w a s  n o t  

s u f f i c i e n t  t o  s o f t e n  s ee d c o a t s ,  w h i l e  t w e n t y  minut e s  imme r s i o n  w a s 

t o o  s ev e r e  f o r  t h e  s e e d s  s i n c e  1 4 %  o f  t h e  s e e d s  we r e  k i l l e d  wh i l s t 
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6 0 %  o f  t h e  s e e d s  s t i l l  r em a i n e d  h a rd . H a nd c h ipp i n g  c omp l e t e l y  

remo v e d  t h e  h a rds e e de dne s s . Howeve r ,  a n  sma l l  inc rease i n  abno rma l 

seedl ings was brought about by t h i s  ope rat ion . 

Table 3 . 3 :  Ha rdseededness  and met hods o f  breaking hard s eeds 

Treatments 

B o i ling water 
10  minute s  
Bo i l in g  wa ter  
20  minutes 
Hand 
chipping 

Cont r o l  

N o rma l 
seedl ing 

1 4  

1 5  

8 6  

4 

3 . 4 .  D i s cu s s ion 

GERMINAT ION TEST  RESUL'l' S ( % ) ) 
Abno rma l 
s eedl ing 

3 

1 1  

1 1  

0 

Hard 
seed 

8 1  

6 0  

0 

9 5  

F resh 
u ngerm . 

0 

0 

0 

0 

Dead 
seed 

2 

1 4  

3 

1 

The prot racted f l ower ing pat t e rn and subsequent pod deh i s cence which 

occu r s  in bird s f o o t  t re f o i l  has  been ide n t i f ied by many resea rche r s  

a s  t h e  ma j o r  ob s t a c l e  t o  obt a i n i ng h igh s e e d  yield ( Buckovic , 1 9 5 2 ; 

Ande r s o n ,  1 9 5 5 ;  Ma cDona l d  and Winch , 1 9 5 7 ; Met c a l fe e t  � · , 1 9 5 7 ; 

S e a n e y  and H e n s on ,  1 9 7 0 ;  M c G r a w  a n d  B e u s e l i n c k , 1 9 8 3 ) . I n  s e e d  

produ c t i o n  pract ice these a spe cts  ma ke t h e  prec i se dete rminat ion o f  

t h e  c o r rect t ime t o  h a rve st t he c rop a n  impo rt ant management dec i s ion 

to  a c h ie v e  ma x i mum h a rve s t ab l e  s e e d . It  s e ems l o g i c a l  t h a t  mo r e  

info rmat i on on seed yie ld components  could a s s i s t  in det e rmining a 

s u i t able index f o r  deciding correct h a rve s t  t ime . The present study 

p ro vides informa t ion on changes in yield c omponent s dur ing the three 

month  f lowe ring p e r i od . 
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The re s u l t s  p re sented c l e a rly show that numb e r  o f  inflore scences h a s  

t h e  greatest influence on seed y i e l d  in Lot u s  c o rniculatus  L .  s ince 

the greatest f luctuat ion occurred in  this component during the whole 

f l o we r i n g  p e r i o d . O t h e r  comp on e n t s showed c ompa r a t i v e l y  sma l l e r  

c h a ng e s ,  and f l u c t u a t e d t o  a l e s s e r  e x t e n t . Reg r e s s i o n  a n a ly s i s  

c o n f i rme d t h a t  t h e  n umb e r  o f  i n f l o r e s c e n c e s  w a s  t h e  o n l y  f a c t o r  

h a v ing a s igni f icant c o r r e lat ion with f i n a l  s e e d  yield ( p=O . O l ) . The 

h i gh c o r r e l at ion c o e f f i c i ent between the s e  two pa ramete rs ( R= 0 . 9 7 )  

i n d i c a t e d  t h e  s t r o n g  de pende n c e  o f  s e e d y i e l d  o n  t h e  n umb e r  o f  

i n f l o re scence s . The s e  results  agree with those obt a ined by p revious 

r e s e a rche rs  ( Alb recht s en et a l . ,  1 9 6 6 ,  Mo s ,  1 9 8 3 ;  S t ephenson , 1 9 8 4 ;  

McGraw e t  a l . ,  1 9 8 6 ) . The cu r rent wo r k ,  a nd the re s u l t s  obt a ined by 

these  worke r s ,  cover a wide range of s ituat ions , inc luding diffe rent 

g e n o t yp e s ,  s e ve r a l  y e a r s  w i t h  an i d e n t i c a l  g e n o t yp e ,  d i f f e re n t  

m a n a gement s t r a t eg i e s ,  a nd d i f f e re nt c l imat i c  l o c a t i on s . D e s p i t e  

t h e s e  d i f f e rences a l l  o f  the s e  s t udies conclude t h a t  t h e  number of 

i n f lo re s cenc e s  i s  the mo s t  import ant s ingle seed y i e ld component in 

L o t u s  c o rn i c u l a t u s  L .  T h i s  s t r o ng l y  s u gge s t s  t h a t  t h e  n umbe r o f  

i n f l o r e s ce n c e s  c o u l d  we l l  b e  u s e d  a s  a guide l ine f o r  dec iding peak 

f l owe r i ng t ime and c o n s equ e n t l y  de c i di n g  c o r rect h a rve s t  t iming . 

App r oxima t e l y  3 0  t o  4 0  days a re requ i re d  f o r  b l ooming f l owe rs  t o  

deve l op into mature pods ready f o r  h a rve s t ing . I t  i s  recommended that 

h i ghe s t  r e c o v e ry o f  t he s e e d  in t he f i e l d c o u l d  be a c h i e v e d  by 

h a rve s t ing the crop about 35  days a fter maximum inf l o re s cence numbers 

a re o b s e rved . A s im i l a r  recommenda t ion was made by H a re and Lucas 

( 1 9 8 4 }  for  Lotus peduncul atus Cav . ( Gra s s l a nds Maku lotus ) . 
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The s e e d  y i e l d  c omponent v a l u e s  repo rt e d  i n  t h i s  s t udy a re c omp a r a b l e  

w i t h  o t h e r  r e p o r t s  f o r  t h i s  s pe c i e s  ( M a c D o n a l d ,  1 9 4 6 ; S e a n e y  a n d  

H e n s o n ,  1 9 7 0 ;  B r a t u  e t  � - , 1 9 8 1 )  T h e  c a l c u l a t e d  s e e d  y i e l d 

( 5 6 0 k g / h a )  b a s e d o n  t h e  v a l u e s  o b t a i n e d  i n  t h i s  s t u dy i s  a l s o  

c omp a r a b l e  w i t h  o t h e r  r e p o r t s ( S e a n ey a n d  H e n s o n ,  1 9 7 0 ;  McGraw and 

B e u s e l i n c k ,  1 9 8 3 ;  Wh i t e  et a l . ,  1 9 8 7 ) , but i s  c o n s i de ra b l y  h i g h e r  

t h a n  c omme r c i a l l y h a rve s t e d  s e ed y i e l d s  i n  N e w  Z e a l a n d  ( about 2 0 0 -

3 5 0 k g / h a )  ( p e r s . c omm . w i t h  g r o w e r s ) .  T h e  c a l c u l a t e d y i e l d  w a s  

c o n s i de red t o  b e  t h e  p o t e nt i a l  seed y i e ld i n  t h e  p r e s e n t  s t udy . T h i s  

p o t e n t i a l  y i e l d  a s s ume s t h a t  a l l  i n f l o re s c e n c e s  a r e ava i l a b l e  f o r  

h a r ve s t i n g  a t  one t ime . S u c h  a s it u a t i o n  i s  u n l i k e l y  b e c a u s e  o f  t h e  

i n d e t e rm i n a t e  f l o we r i n g  h a b i t  a n d  p o d  s h a t t e r ing b e h a v i o u r  o f  t h i s  

p l a nt . It s e ems l i k e l y  t h a t  i n  pract i c e , on l y  o f  t he s eeds 

p r o d u c e d  a r e  a c t u a l l y  r e c o v e r a b l e  d u r i n g  a o n c e - o v e r  ma c h i n e  

h a r v e s t ing o p e rat i on . A mo re rea l i s t i c c a l cu l a t i o n  w o u l d  s e em t o  be 

t o  o n l y  i n c l ude t h o s e  i n f l o re s cences p roduced in a p e r i o d  about 2 0 - 2 5  

da y s  d u r i n g  t h e  p e r i o d  o f  m o s t  i n t e n s e  f l o w e r i n g  f r om 2 0  D e c embe r  

1 9 8 6  t o  1 0  Janua r y  1 9 8 7 . Us i ng t h i s  v a l u e  t h e  c a l c u l a t e d  s e e d  y i e ld 

i s  a b o ut 4 2 0 k g / h a . S uch a s e e d  y i e ld i s  c o n s idered t o  be o b t a i n a b l e  

i n  p r a c t i c e  i f  s e e d  l o s s e s  c a n  be minimi z e d  du r ing t he h a rve st i n g  and 

c le a n ing p r o c e s s e s .  

R e p r o d u c t i ve a b o r t i o n s e e m s  t o  b e  a c ommo n  p h e n o me n o n  i n  L o t u s  

c o rn i c u l a t u s , part i c u l a r l y  a t  the f l o we r  bud s t a g e  a s  s h o wn by many 

w o r k e r s  ( G i l e s ,  1 9 4 9 ;  Buba r ,  1 9 5 8 ; Jo f f e ,  1 9 5 8 ;  S e aney a n d  Henson , 

1 9 7 0 ;  S t ep he n s o n ,  1 9 8 4 )  I n c omp l e t e  s e l f - i n c omp a t i b i l it y  and s e l f -

s t e r i l i t y  i s  o n e  ma j o r  c a u s e  o f  a b o rt i o n  i n  t h i s  spe c i e s  ( S i l o w ,  

1 9 3 1 ;  S e an e y ,  1 9 6 4 ;  D o b r o f s ky a n d  G r a n t , 1 9 8 0 ) . H o we ve r ,  even when 

e a c h  f l ow e r  is ou t c r o s s e d ,  a p r o p o rt i o n  of f l o re t s s t i l l  f a i l s  t o  
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de ve l o p  pods ( St ephen s on , 1 9 8 4 ) . Alt hough o ri ginally expla inable by 

Darwin ' s  the o ry o f  evo lut ion ( St ephenson and Wins o r ,  1 9 8 5 ) , the exact 

mech a n i sm of bud a b o r t i o n  is l a rgely u n c l ea r . Seve r a l  f actors  have 

been reported t o  c a u s e  reproduct ive abo rtion  in a wide range o f  plant 

s p e c i e s . The s e  i n c l u de ph o t o s yn t h e t ic  a c t i v i ty ( J o h n s t o n  e t  a l . ,  

1 9 6 9 ;  S chou et a 1 , . 1 9 7 8 ) , nut rient de f i c i enc i es (Gauch and D ugge r ,  

1 9 5 4 ) , c ompet i t i o n  be t ween vege t a t i ve and reproduc tive growth and 

w i t h i n  reproduct ive s t ructures  ( Throwe r ,  1 9 6 2 ;  B i omqu ist and Ku rst , 

1 97 1 ;  Kollman et a l . ,  1 9 7 4 ) . Gauch and Dugge r ( 1 9 5 4 )  suggested t hat 

b o r o n  de f i c iency i s  a p a rt i c u l a r l y  impo r t a nt cause  of  abo r t i o n  in 

f l ow e r s  and f ru i t s in va r i o u s  p l a nt s . Howeve r ,  Jo f f e ' s e xp e r iment 

( 1 9 5 8 )  d i s agrees  with this s ugge s t ion i n  L o t u s  c o rn iculatus . After 

exami n i n g  a l a rge  p r o p o rt i o n  of abo r t e d  buds p r e s e nt unde r both 

s u i t ab l e  and subopt imum photoper i ods , t empe r a tu re regime s and with 

and w it hout boron,  Joffe conc l uded that none of these factors caused 

bud a b o r t i o n . At o t h e r s t a g e s  o f  f l o r e t  dev e lopme n t , abo r t i on h a s  

a l s o  been reported t o  occur f requent ly . S e a n e y  and Hens o n  ( 1 9 7 0 )  in 

the i r  review o f  s eed product ion i n  Lotus  c o rnicu latus  mention that 

only 4 0 %  o f  the 2 0 - 7 0  ovules  in an ova ry deve lop i nt o  ma ture seeds . 

Comp a r able f igu res  were obt a ined i n  the p r e s ent s tudy ( 1 1 - 1 4  s eeds 

pe r pod) ( F igu re 3 . 1 ) . S tephenson ( 1 9 8 4 )  a l s o  repo rted that in  t h i s  

spe c i e s  only o n e  i n  e very t h ree f lowe r s  p roduces a mat u re f ru i t  and 

th r e e  of e ve r y  f i ve i n i t i a ted f ru i t s  a b o rt . He  a l s o  d i smi s s ed the 

po s s i b i l i t y  of a b o rt i on be i n g  c a used by p o l l ination f a i lu re ( us ing 

cont ro l led po l l in a t i o n )  and concluded that i t  occu rred a s  a result o f  

lack  o f  a s s imi late  supply . The present re s u lt s suppo rt h i s  conc l u s ion 

s i n c e ,  if  e x t e r n a l  f a c t o r s  s u c h  a s  u n f a v o u r a b l e  p h o t o p e r i o d ,  

tempe ratu r e ,  o r  p o l l ination p r oblems wer e  r e spo n s i ble f o r  the level 

of  a b o r t i o n ,  a b o r t i o n  rate w o u l d  l i ke ly to have been mo r e  h ig h l y  
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v a r i ab l e d u r i n g  t h e  l e n g t h y  f l o w e r i n g  p e r i o d . T h e  r e a s o n a b l y  

c o n s i s t ent ' one pod' l o s s  f ound du r ing the whole f l owe ring per i od in 

t h e  p r e s e n t  s t u dy mo r e  s t r o n g l y  imp l i c a t e s  t h e  r o l e o f  int e rn a l  

r e gu l at ing mechanisms . I t  i s  l i k e l y  the  ava i lab i l it y  o f  a s s imilate 

s upply acts as a key f a c t o r  l imit ing reproduct ive output . 'The precise 

regu l at in g  mechan ism ( s )  invo l ved,  howeve r ,  a re s t i l l  not c l e a r  f rom 

t h e c u r r e n t  s t udy a nd mo r e  r e s e a r c h  i s  n e e de d  t o  ide n t i f y t h e  

c a u s e ( s )  o f  t h i s  problem . 

S e e d s  o f  L o t u s  c o rn i c u l a t u s  subs t a n t i a lly g a i n  v i a b i l i t y  about 3 0  

DAF , w h i c h  i s  s imi l a r  t o  t h e  t ime reported f o r  L o t u s  pedu n c u l atus 

Cav . in New Z e a l and ( Ha r e  and Luc a s , 1 9 8 4 ) . At this st age the seeds 

r e t a i n h i g h  v i ab i l i t y  and re s i s t a nce to d r y i n g . 3 0  DAF s e ems an 

imp o rt ant t u rning po int in  s eed deve l opment . With freshly  ha rvested 

seeds h igh l eve l s  o f  n o rma l seedlings a re p roduced about this time . 

A l s o ,  a t r a n s i e n t , b u t  r e l a t i v e l y  h i gh p e r c e n t a g e  o f  a b n o rma l 

seedlings a re p resent a t  t h i s  st age . This sugges t s  t he p roduct i on o f  

inte rmediate types o f  seeds deve loped a t  t h e  interface  between non­

v i ab i l it y  and viab i l it y . The c o n s e quent reduct i on in pe rcent age o f  

abno rma l s e edl ings i nd i c a t e d  t h a t  seeds h a d  s u c c e s s f u l ly c ompleted 

t h e i r  dev e l opment , and o c c u r re� i n  e ithe r n o rma l s e e d l ing o r  f re s h  

u n g e rmi n a t e d  s e ed c a t e g o r i e s . T h e  deve lopment r e s po n s e s  o f  seeds 

a ft e r  a i r  drying showed a s imi l a r  t rend in t he percent age o f  viable 

seed . Ha rdseededne s s  began to  deve lop at 3 0  DAF . F rom this t ime the 

inc rease i n  the pe rcent age of h a rd seeds was  accompan ied by a rapid 

dec l ine in  norma l seedling numbe r s . 

T h e  r e s u l t s  o bt a i n e d  i n  t h i s  s t u dy a g r e e  we l l  w i t h  r e s u l t s by 

And e r s o n ( 1 9 5 5 )  who a l s o  found t h at about 3 0  days was n eeded f o r 
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Lotu s  c o rn iculatus seed to comp l e t e  i t s  deve lopment f rom p o l l inat ion 

t o  matu r it y . S imi l a r  re sult s we re obt a ined by Winch ( 1 9 5 8� Seaney and 

Henson  ( 1 9 7 0c Beu s e l inck and McGra w {l 9 8 ffi. However some variat i on wa s 

found i n  the t ime requi red t o  comp l ete s e e d  development i n  f lowe r s  of 

d i f f e re n t  t ime s of o r igin , w i t h i n  t h e  r a nge f r om 30 to 4 0  DAF 

E a r l y - f o rmed f l owe rs required f e we r d a y s  ( 3 2  days ) t h a n  l a te f l owe r s  

( 4 2  d a y s ) t o  c omp l e t e  the i r  fu l l  d e v e l o pme n t . Such re s u l t s  a gree 

we l l  w i t h  the r e s u l t s  by Witchwoot ( 1 9 8 7 )  on another Lotus species 

( Lo t u s  pe dunc u l a t u s  C a v . c v . G r a s s l a n d  M a k u )  g r o w n  i n  t h e  s ame 

e x p e r i m e n t a l  f i e l d ,  b u t  i s  t h e  r e v e r s e  o f  t h o s e  ob t a i n e d  b y  

Beu se l in c k  a n d  McGraw ( 1 9 8 8 )  who sugge s t  t h a t  fewe r days  a re needed 

by l a t e  f l owe r s  t o  complete seed deve lopment than by e a r l y  f lowe rs . 

S u c h  a n  oppo s it e  e f fe c t  might b e  e x p l a i n e d  by di f fe r e n c e s  i n  t h e  

e f f e c t  o f  t e mp e r a t u re on  r e p r o duct i v e  g ro wth . I n  B e u s e l i n c k  a nd 

Mcgraw ' s e xpe r iment , f l owe r s  u s e d  were fo rmed prior t o  the h ighe s t  

t empe r a t u re p e r i o d . As a r e s u l t , l a t e  f l owers had  a n  advant age by 

rec e i v ing highe r t empe ratures du ring pod deve lopme nt t han the ea rly 

f lowe r s . In the  pre sent study,  howe ve r ,  f l owers u s e d  we re f o rmed at  

o r  a ft e r  the period o f  highe s t  t emperature ( Appendi x :1 )  . I n  this  case  

e a r l y f l owe rs  h a d  a temperature a dvant age comp a red t o  l a t e  f l owers . 

Unde r h i gher t empe ratures f lowe r s  and pods presumably  develop f a s t e r  

and t h e re fore n e e d  fewer d a y s  t o  complete t h e i r  deve lopment . 

The p a t t e rn s  o f  seed vi a bi l i t y  and h a rdseed development obs e rved in  

the p r e sent s tudy a re s imi l a r  t o  the pattern s  de s c r ibed in  G r a s s l a nds 

Maku lotus  ( Lotus  peduncul at u s  Cav . ) ( H a re a n d  Luca s ,  1 9 8 4 )  and other 

f o r a ge l egume s such a s red a n d  wh i t e  c l o ve r  ( Hyde st � . , 1 9 5 9 ) , 

a p a r t  f r om s o me d i f fe re n c e s  i n  the  t ime o f  on s e t  a n d  du rat ion o f  

e a c h  s e e d  deve l opment st age . I"otus corniculatus s e e d  reached maximum 
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v i ab i l it y  about 3 4  DAF with pod c o l o u r  changing from da rk brown t o  J 
l ight brown a t  this s t age . I t  i s  s ugge s ted that pod colour could be 
----------------

u s e d  a s  a n  imp o r t a n t  g u i de f o r  de c i d ing h a rve s t  t iming . I n  t h i s  

rega rd , M a c D o n a ld ( 1 9 4 6 )  h a s  s ugge s t ed t h a t  ha rves t i ng s h o u ld be 

c a rr ied out when 7 0 - 8 0  of pods t u rn l ight brown . 

The seed c h ipp ing res ult s clea r ly s how tha t seedc oat impermeability 

is the ma i n  cause of ha rdseededne s s . Seedcoat impe rmeab i l it y  deve lops 

a round 30 DAF as shown by the increas ing percent age o f  h a rd seeds in 

d i f f e r e n t  s e e d  l o t s . D i f f e r e n c e s  i n  h a r d s e e d  l e v e l s  b e t we e n  

d i f ferent a g e d  seed l o t s  were n o t  t h ought t o  have b e e n  c a u sed by 

d i f f e rence s i n  the i r  mo i s t u re c o n t e n t  ( ra nge 6 .  9 - 7 . 1 % among seed 

lot s ) . I t  s eems mo re l i ke ly t h a t  d i f fe rences in h a rd seed leve ls 

were direct ly a s soci ated with the degree of complet ion of seed coat 

s t ruct u r a l  deve lopment depending on s eed age when removed f rom the 

p l a n t . T h i s  s u gge s t i o n  is suppo r t e d  by w o r k  by Wa t s on ( 1 9 4 8 )  who V 

showed t h a t  t h e  de ve lopment o f  depo s it s  o f  sube r i n  on the t ips of 

Ma lpigh ian ce l l s  acted a s  a ma j o r  barrier t o  seedcoat pe rmeab i lity in 

Lotus c o rn iculatus . 

The repo r t e d  percent age o f  h a rd s e e ds f o rmed in Lotu s  c o rn iculatus 

v a r i e s  w i de l y ,  ranging f rom 1 9 %  (Ma cDona ld, 1 9 4 6 )  t o  mo re than 9 0 %  

( B rown , 1 9 5 5 ) . Ha rve s t ing met hods and p o s t -ha rvest ing handl ing have 

both been s h o wn t o  inf luence t he pe rcentage of h a r d  seeds . I t  has 

been shown that the percentage o f  h a rd seeds is much higher when hand 

h a r ve s t e d  t ha n  whe n t he y  a re ma c h i n e  h a r ve s t ed ( M a cDo n a l d ,  1 9 4 6 ;  

B rown,  1 9 5 5 ) . The p re s ent s t udy s ugge s t s  t h a t  seed ma t u r it y  i s  a 

ma j o r  f a c t o r  a f fe c t ing the o c c u r re n ce o f  h a r d  seeds . I t  t he re f o re 

seems l ikely that other fact o r s  such as ha rvest ing met hod a nd t iming 
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ma y i n f l u e n c e  l e ve l s  o f  h a r d  s e e d  i n d i r e c t l y  b y  a f f e c t i n g  t h e  

relat ive p ropo r t i o n  o f  seeds with d i f ferent leve l s  o f  maturity ,  o r  by 

caus ing mechani c a l  damage t o  seedcoat du r ing ha rves t ing . The pre sent 

s t udy has s hown that  t he re is d i f f e rence  of  a few days be t ween the 

o c currence of h ighest seed viability  a nd h ighe st hardseededne s s . 

N o  resea rch  appe a r s t o  ha ve repo rted o n  seed dorman c y  ( ot h e r  than 

h a rds eededn e s s )  in Lotus c o r n i cu l a t u s . The present study , h oweve r ,  

h a s  shown t h a t  a short period of  pr i ma ry dormancy doe s exist  du ring 

seed deve l opment in t h i s  species . Wh i. le  the exact dormancy mechanism 

i s  not c l e a r  it may p o s s ibly be imp o s ed by s ome kind o f  inhibit o r  in 

t h e s e e d  o r  b e  s imp l y  a s o - c a l l e d  ' Ac qu i s i t i o n  o f  de s i c c a t i o n  

t o le ra nc e '  p o s t -matu rat i on s eed phenomenon a s  suggested b y  

and Bewley ( 1 9 8 6 )  wh ich occurs in many c e rea l s . The ch ipping o f  seed 

to remove h a rd s e ed d o rman c y  p r i o r  t o  a ge rmin a t i o n  t e s t  c l e a r ly 

a l l o w s  any  o t h e r  do rmancy me ch a n i s m  t o  be e xp o s e d . Comp a r  son o f  

g e rminat i o n  o f  unha rdened s e e d  a n d  c h i pped s e e d  ( T able 3 . 1 ) s hows 

t h a t the p r i m a r y  do rma n c y  exh i b i t e d  in f re s h l y h a r ve s t e d  L o t u s  

c o rniculatus seed is  short - l ived a n d  d i s a ppe a r s  soon a f t e r  s e e d s  a re 

dried . 

T h e  c u r r e n t  s t u d y  o n  t h e  c h a n g i n g  p a t t e r n o f  e a c h  s e e d  y i e l d  

c omponent s h ows t hat inflorescence numbe r i s  the mo st  va riable yield 

c omp onent du r in g  the l o ng f l owe r i n g  p e r i o d . The p r e s e nt r e s u l t , 

s uppo rted by results  by p revious researchers , sugge s t s  that t h i s  seed 

y i e l d  c omp o n e n t , be c a u s e  of i t s  f le x i b i l i t y ,  may b e  ame n ab l e  t o  

improvement b y  management st rategie s whi c h  a im t o  increase t h e  n umbe r 

o f  i n f l o re s cence s and consequent l y  increase  seed y i e ld in b i rd s foot 

t re f o i l . In t h e  p re v i o u s  chapt e r i t  w a s  s h o wn t h a t  t h e  numb e r  o f  
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i n f l o re s c e n c e s  w a s  c l o s e l y  depende n t  o n  t h e  numb e r  o f  shoot s a t  

f lowe r ing . This aga in s ugge s t s  that manipu l a t ion o f  shoot numbe rs i s  

a p romis ing approach f o r  improving seed y i e l d  i n  t h i s  plant . 

The a b o rt i o n o f  r e p r o duc t i v e  s t r u c t u r e s  a t  various  deve l opme nt a l  

s t a g e s  s ugge s t s  t h e re might b e  a shortage o f  a s s imi late supp ly for  

r e p r o d u c t i v e d e v e l o pme n t . T h i s  i s  l i k e l y  to  be  a r e s u l t o f  

compe t i t i on bet ween rep roduct ive growth and veget at ive growth . Such a 

hyp o t he s i s  a g r e e s w i t h  t h e  p r e v i o u s  s u gge s t i o n  that  o n e  way t o  

imp r o v e  s e e d  p r o d u c t i o n  i n  t h i s  p l a n t  m i ght be t o  reduce  t h i s  

compe t i t ion by remova l o f  late  formed shoot s . 
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CHAP TE R  4 :  S HOOT MANI P ULAT ION TO IMPROVE SEED P RODUCT ION 

4 . 1 .  Int roduct ion 

P revious resea rche� have shown that seed yield in Lotu s  corniculatus 

was ma inly dete rmined by t he number o f  inflore s cence s ( Albrecht sen et 

a l . ,  1 9 6 6 ,  Mo s ,  1 9 8 3 ;  Stephen son , 1 9 8 4 ;  McGraw e t  a l . ,  1 9 8 6 ) . Re sult s 

i n  Chapte r  3 o f  the present s tudy on seed yield components  agree with 

these previous f inding s , showing that the numbe r of i n f l o re s cence s is 

the mo s t  important seed yield component dete rmining final seed yield 

in L o t u s  c o rn i cul a t u s . Re s u l t s  i n  Chapt e r  2 o f  t h i s  s t udy have 

c l e a r l y  s hown that numb e r  o f  i n f l o re s cences i s  ma inly det e rmined by 

number  o f  shoot s r a t h e r  than by other  f a c t o r s  such a s  t h e  f l ower-

c a rrying a b i l ity of individu a l  shoo t s . The s e  re s u l t s  sugge st that 

m a n i p u l a t i o n  o f  s h o o t  n umb e r t h e r e f o r e s e ems  l i k e l y  t o  be a n  

import ant aspect f o r  improving seed product ion i n  Lot u s  corn i cu latus . 

Ce rt a i n l y ,  a high shoot population a t  f lowe r i ng seems a pre requ i s it e  

f o r  a h igh seed y i e l d  b e c a u s e  o f  t he s t rong re l i a n c e  o f  numbe r o f  

in f l o r e s ce nc e s  on numbe r of shoot s . The re s u l t s  i n  the previ ous 

Chapt e r s  clea rly show the i mport ant role that Oct obe r ,  November and 

pa rt i c u l a r l y  Decemb e r  ( l at e  s p r ing t o  mid s umme r )  s h o o t s  p l a y  a s  

d i rect  c o n t r i but o r s  t o  s eed yie l d . Howeve r ,  t he r e  a r e  pe rhaps 

r i s k s  in s imply conc luding that shoots originat ing du r ing these three 

months  a re mo re imp o r t a n t  than shoots f ormed in the autumn , wint e r  

a n d  e a r l y  spring in inf luencing s e e d  yie l d . E a r l y  s hoot s ,  a lthough 

t h e y  s h o w  a l e s s  imp o r t a nt d i r e c t  c on t r ib u t i on t o  f l ower ing and 
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t h e r e f o re seed  yield,  may h a ve a n  import ant role i n  s uppo rting the 

deve lo pment and growth of l a t e r  shoot s ( November and Decembe r  shoots 

i n  t h i s  s t udy ) . P a rt i cu l a r l y ,  spr ing s h o o t s  ( Augus t ,  S eptembe r  and 

O c t o b e r s h o o t s )  may h a v e  a p r e c u r s o r y  i n f l u e n c e  on t h e  f l u s h  o f  

N o vemb e r  a n d  D e cembe r s h o ot s .  S i n c e  a l l  s h o o t  a ge g r o u p s  f r om 

S e p t emb e r  t o  De cembe r h a ve a s imi l a r  f l owe r producing ab i l ity on 

i n d i v i d u a l  s h o o t s ,  i t  i s  p r e sumed t h a t  a h i gh s e e d  yie l d  c a n  be 

a c h i e v e d  a s  l ong as a h i g h  s h o o t  p opu l a t i o n  is a t t a ined at peak 

f loweri ng t ime regardl e s s  o f  s hoot age . 

L a t e  f o rmed shoot s ( January a nd Feb rua ry) , a l though they c ont r ibute 

a c o n s i de r a b l e  p o rt i o n  o f  t h e  t o t a l  s h o o t  p o pu l a t i o n , m a k e  a 

negligible c ont ribut ion t o  f l o we ring in the current year  because t hey 

eme rge t o o  l a t e  f o r  f l ow e r i n g . I n st e a d ,  l a t e  s hoot s may h ave a 

d e t r i m e n t a l  e f f e c t  o n  s e e d  y i e l d  s i mp l y  b e c a u s e  t h e y  g r o w  

s imu l t a neou s ly with  t h e  deve l opme nt o f  f lowe rs  ( o r  pods ) on  e a rly 

s h o ot s . Competit ion between reproduct ive growth in f lowering shoots  

and vegetat ive growth in late  f o rmed young shoot s i s  l i kely t o  occur 

a n d  p o s s ib l y  t h i s  compe t i t i o n  i s  impo rtant in a dve r s e l y  a f f e c t ing 

f i n a l  s ee d  y i e ld . I n  addit i o n ,  l a t e  f o rmed vege t a t ive s h oot s may 

i n c r e a s e  s e e d  c rop lodging p r ob lems which can seve rely a f fect seed 

y i e l d  i n  Lotus corniculatus  ( MacDona ld,  1 9 4 6 ;  Ande rson and Met c a l f e ,  

1 9 5 7 )  . Janua ry and February shoot s may there f o re be cons idered t o  be 

unde s i rable f o r  seed product i o n  in t h i s  specie s . T h i s  sugge s t s  t ha t  

o n e  m a n a g e m e n t  s t r a t e g y  w h i c h  c o u l d  b e  u s e d  t o  i mp r o v e  s e e d  

p r o duct ion would b e  t o  suppre s s ,  instead  o f  encouraging, late shoot 

g r o w t h  and de v e l o pme n t . A s y s t e ma t i c a pp r o a c h t o  imp rove  s ee d  

p ro duct i on might c ombine t he e f fect o f  man ipulat ing s hoot s t a tus  f rom 

t wo d i r e c t i o n s . E a r l y  i n  t h e p r e - f l o w e r i n g  s e a s o n i t  ma y b e  
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impo r t a n t  t o  e n c ou r a ge t h e  s h o o t  popu l a t ion  t o  a t t a i n  h igh shoot 

numb e r s . Subsequent l y ,  at a round pea k  f lowe r ing,  management might be 

impo s e d  to  t ry t o  prevent late shoot eme rgence or  t o  s uppre s s  late  

shoot  deve lopment to  a l l ow mo re a s s imi late  to  be  t ra n s located t o  the 

reproduct ive o rgans a l ready f o rmed on middle s e a s o n  shoots  ( Octobe r 

t o  D e c e mb e r )  r e s u l t i ng i n  a h igh a n d  c o n t r a c t e d  p e r i od o f  s e e d  

product ion . 

Ma n i p u l a t i on o f  t h e  ' c o n t i n u o u s  r e p l a c ement ' s h o o t  d ev e l opme n t  

patte rn c a rries  w i t h  it the r i s k  of runn ing out o f  s h o o t  s t o c k s  f o r  

f l owe r ing i f  e a rly shoot s die ( a s  happened natura l l y  i n  this  study) 

a n d  l a t e  s h o o t s a re p re v e n t e d  o r  s up p r e s s e d . H o w e ve r ,  s u c h a 

s it u a t i on i s  u n l i k e l y  to  o c c u r  i f  the c ont i n uou s eme rgence o f  new 

s h o o t s o c c u r s  at t h e  e x p e n s e  o f  t h e d e a t h  of o l d s h o o t s . T h e  

preve n t i o n  o r  s uppre s s ion o f  l a t e  s h o o t  f o rma t i on may improve the 

l o nge v i t y  and po s s ib ly t h e  repr o duct ive capacity o f  o lder s ho o t s . 

S u c h  a n  a s s ump t i o n  might a l s o  s u gge s t  t h e  p o s s ib i l i t y  t h a t  t h e  

f lowe r - c a rrying abil ity ( number o f  inflorescences pe r s h o o t  o r  numbe r 

of f lo re t s  pe r i n f l o rescence ) o f  e a rly shoot s could b e  enhanced . 

I n  t h i s  s t u dy a s e r i e s  of hand remova l t re atment s were de s igned to  

examin e  t h e  e f fe c t s  o f  remo v i n g  shoots  at  different t ime s on p lant 

growth and on f in a l  s eed y i e l d  in Lotus  corniculat u s . S ince  cutt ing 

is l i ke l y  to be the mo s t  c o nv e n ient  s h o o t  ma n ipu l a t i n g  method i n  

pract i c e , a number o f  cutt ing t re atments we re a l s o  i n c lu ded i n  this  

study w it h  spec i a l  interest i n  the e f fects  o f  t iming and i ntensity of  

cut t i n g  on seed  p roduct ion . 
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4 . 2 .  Mat e r i a l s  and Methods 

T h i s  e xp e r i me n t  w a s  c a r r i e d  o u t  ma i n l y  du r i n g  1 9 8 7 / 8 8  i n  a n  

e xpe r ime n t a l  f i e l d  a d j a cent t o  t h e  1 9 8 6 / 7 exper iment a l  a r e a  a t  the 

Seed Techno logy Center  { STC) . The t o t a l  a rea was about 6 0 0m2 , divided 

into 6 e qu a l  s i zed p l ot s . Seeds were direct l y  hands own into s o i l  on 9 

M a y  1 9 8 7  w i t h  8 0 cm in t e r - r o w  a n d  6 0 cm i n t r a - r o w  s p a ce . Each row 

c o nt a i n e d  1 1  p l a n t s inc luding two  bo rde r p l a nt s . He rb i c i des we re 

a pp l i e d  on 1 1  M a y  ( p r e -eme r ge n c e , ' Ro u ndup ' ( G l yph o s a t e ) at 2 kg 

a . i . / h a )  a n d  2 9  J u l y  ( i n t e r - r o w  p o s t - em e r g e n c e ,  ' P a r a qu a t ' 

( Gramoxone ) a t  1 %  rate ) for weed cont rol . 

O n  2 0 t h  o f  e a ch month f rom Augu s t  t o  N ovember  1 9 8 7 ,  n e w l y  eme rged 

c r own s h o o t s were  t a gged with  d i f f e rent c o l o u red p l a s t i c  r ings on 

e a ch of 27 p l ant s . A furthe r 9 p l a n t s  we re a l s o  t agged at the same 

t ime , and any newly eme rged c rown s h oot s a r i s ing a ft e r  t agging were 

remo v e d  by h a nd . Numbe r s  of t a gge d s h o o t s on t h e s e  p l a n t s  w e r e  

examined mont hly t o  a s se s s  the e f fe c t  of post  t agg ing s h o o t  remova l  

o n  shoot s u rviva l  and shoot branch ing beh a v i o u r .  

A further f o u r  hand remova l  t re a tment s we re c a r ried out at d i f f e rent 

p l ant deve l opment st ages t o  examine t he i r  e f fects on f l owe ring,  seed 

yield and y i e l d  component s .  The t iming o f  these four t re atments  were ; 

3 0  Oct ober ( pre -bud s t age , Hand 1 ) , 2 0  Novembe r (bud st age , Hand 2 ) , 

1 0  D e c emb e r ( e a r l y  f l o we r i ng , h a n d  3 )  a n d  2 5  D e c embe r ( p r e - p e a k  

f l owe r i n g ,  H a n d  4 ) . P e a k  f l owe r in g  occurred on 5 Janua ry . I n  t h e s e  

t reatme n t s  newly eme rged c rown s h oo t s  we re remove d  by h a n d  a t  the 

date of t re at ment and checked regu l a r ly a f t e rwa rds to e n s u re only  

those  s ho o t s e merged before t re atment rema ined . A l l  t re a tmen t s  were 
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rep l i cated t h ree t ime s ,  each  with n ine plant s . 

S ix cutt ing t reatments were ca rried out a t  t h ree d i f f e rent t ime s ( 2 8  

Octobe r ,  1 2  November  and 3 0  Novembe r )  with  two cutt ing leve l s  ( t o  1 / 3  

and 2 / 3  p l a n t  h e i ght ) . E xpe r iment a l  de t a i l s  a re presented in Table 

4 . 1 .  

Table 4 . 1 :  Exper imental Det a i l s : 

T reatment Time s o f  A£2J2l icat ion 
Hand 3 0  Oct . 2 0  Nov . 1 0  Dec . 2 5 Dec . 
removal ( 8 7 / 8 8 )  
Hand 8 Dec . 2 3  Dec . 3 Jan . 1 3  Jan . 
r emova l ( 8 8 / 8 9 )  
Cutt ing ( L )  
t reatment 1 

2 8  Oct . 1 2  Nov . 3 0  Nov . 

Cutt ing ( H )  2 8  Oct . 1 2  Nov . 3 0  Nov . 
t reatment 2 
N . B . : 1 ,  Cut t ing L t reatment ( Cut L 1 - 3 )  : plants cut to 1 / 3  o r iginal 

he ight . 
2 ,  Cutt ing H t reatment ( Cut H 1 - 3 ) : plant s cut t o  2 / 3  o r iginal 

height . 

I n f l o re s c ence numb e r s  and f l o ret numb e r s  we re reco rded in the s ame 

way a s  de s c r ibed p revious ly .  Pod numb e r s  pe r umbel and seed numbe r s  

pe r p o d  we r e  r e c o rded a f t e r  p l a n t s w e r e  h a n d  h a rv e s t e d  i n  e a r l y  

F e b r u a ry a n d  s e e d  ma s s  ( 1 0 0 0 - s e e d  we i gh t )  wa s me a s u re d  f o l l o w ing 

amb ient a i r  drying of seeds at room t empe rature for  approxima t e l y  one 

mont h . Seed  y i e l d s  were expre s s ed a t  mea n  seed moi s t u re content of 

1 0 . 3 % f o r  hand remova l  t re atments a nd 1 1 . 6 % f o r  cutt ing t r eatment s .  

On  2 5  Decemb e r 1 9 8 7  f ive p l a n t s  were s e l e c t e d  f o r  hand remova l o f  

f l owe r s . T h e s e  p l ant s we r e  kept i n  a ' non-f lowering'  state b y  h and 

remo v a l  o f  any  f l o w e r s  on t h e m .  At t h e  e n d  o f  t h e  e xpe r ime n t  ( 1 1  

Februa ry ) , numbers  o f  shoot s per  p lant i n  these  t reated p lants  were 

recorded and c ompa red with those in int act cont rol plant s . 



8 5  

T h r e e  c u t t i n g  t re a tme n t s  we r e  a l s o  c a r r i e d  o u t  o n  a s w a rd c rop 

l o c ated i n  D S I R ' s Ao r angi expe r imental  field 1 1  km f rom the STC s it e  

o n  a K a i r anga s i l t  l oam ( H o l ocene  s i l i c e o u s  s an dy a l l uvium s o i l )  . 

D e t a i l s  o f  t h e  exp e r iment a l  s it e  and management a re given in  T ab l e  

5 . 1  page 1 1 0 . P lant s were c u t  t o  1 / 2  o f  o rigina l he ight a t  each  o f  

t h e  di f fe rent dat e  ( 2 7  Octob e r ,  1 2  and 2 7  Novembe r ) . I n f l orescence 

n umbers , f loret number s  and f i n a l  seed yields were recorde d . 

I n  1 9 8 8 - 8 9  f ou r  hand removal t re a tment s were ca rrie d  out at the STC 

s it e  on 45 by 5 0 cm spaced plant s . Seeds we re s own i n  e a r l y  May 1 9 8 8 . 

T h e  timing o f  the f i r s t  t wo t re atments ove r lapped with the p revious 

y e a r ' s l a s t  t w o t r e a t me n t s  ( 8  De cemb e r ,  e a r l y  f l o w e r i ng and 2 3  

D e c ember ,  pre -pe ak f l owering)  . The last  t wo t reatme nt s were ca rried 

o u t  on 3 J a n u a r y  ( p e a k  f l o w e r. i n g )  a n d  1 3  J a n u a r y  ( p o s t - p e a k  

f l owe ring)  ( Table 4 .  1 )  . P lant s were harve sted on 2 February and seed 

yield was reco rded . 

4 . 3 .  Re sult s 

4 . 3 . 1 .  E f fe c t s  of shoot manipulat ion on shoot growth and deve lopment 

Result s in Table 4 . 2  show the e f fects  o f  removing newly eme rged c rown 

s hoot s o n  the surviv a l  of a l rea dy exist ing o lde r s hoot s . Remova l  of 

n e w  s h o ot s r e s u l t e d  in a lmo s t  a l l  of t h e  o ld s h o ot s s u rv iv ing t o  

f l owe r i n g  ( 2 0  D e c embe r  rep r e s e nt s p re -p e a k  f lowe r i ng ) . I n  int a c t  

c o nt r o l  p l a n t s ,  w h i c h  w e r e  a l l o w e d  t o  e xp r e s s  n o rma l ' c on t inued 

replacement ' growt h ,  o ld shoot s tended t o  die before flowe ring ( re f e r  

C h ap t e r  2 ) . U n l i k e  i n t a c t  c o n t r o l  p l a nt s ( p l a t e  2 .  3 ) , t h e  s h oot 

remova l t re a tmen t  g re a t ly c h a n ge d  t h e  p l ant ' s b r a nc h ing behaviou r ,  
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t h e  f e w  o ld s h o o t s  pre s e n t  f o rmi ng many we l l  de v e l oped l a t e r a l  

branches ( P l a t e  4 . 1 ) . 

Table 4 . 2 :  E f fe c t s  o f  New Shoot Removal on the Surviva l  o f  Old Shoot s 

Tag No o f  shoot s 
dat e  T r e atment t agged/plant 
2 0  Aug . c ont rol 1 2 . 8 1 

removal2 3 . 1 1 
2 0  S ep . c ont rol  3 . 5 9  

remova l 
2 0  Oct . c ont rol 

5 . 5 6 
8 . 8 1  

No . of t aqqed shoot s rema ining 
2 0  Sep . 2 0  Oct . 2 0  Nov . 2 0  Dec . 

2 . 6 6 1 . 3 7 1 . 0 7  0 . 3 0  
3 . 1 1  
3 . 5 9  
5 . 5 6  

3 . 1 1 
3 . 2 2  
5 . 4 4 
8 . 8 1  

3 . 1 1 
3 . 0 4 
5 . 2 5 
8 . 3 7 

3 . 1 1 
2 . 0 0 
5 . 2 5 
7 . 3 3 

% 
S u rviva l 

1 0 . 7 %  
1 0 0 . 0 % 

5 5 . 6 %  
9 4 . 4 % 
8 3 . 2 % 

r emoval 1 2 . 2 2 1 2 . 2 2 1 2 . 2 2 1 0 0 . 0 % 
2 0  Nov . cont rol 1 9 . 3 3 1 9 . 3 3 1 8 . 5 6 9 6 . 0 % 

remova l 2 8 . 6 7 2 8 . 6 7 1 0 0 . 0 % 
N . B .  1 .  Cont ro l : t agged plant s without removing newly eme rged shoot s 

a f t e rwa rds . Numbers  a re ave rages o f  2 7  plant s . 
2 .  Remov a l :  t agge d p l a n t s w i t h  a l l  s ub s e quent n e w l y  eme rged 

shoot s removed . Numb e r s  are ave rages of 9 plant s . 

4 . 3 . 2 .  E f fect o f  h and removing t reatment on f lowe ring pattern 

I n  1 9 8 7 - 8 8  the four hand remova l  t reatment s showed di f fe rent e f fects  

on  t h e  n umb e r  of  i n f l o r e s c e n c e s  p r o du c e d  a n d  t he t ime of  p e a k  

f l o w e r i n g . O f  t h e s e  f o u r t r e a t me n t s ,  t h r e e  i n c r e a s e d  t o t a l  

i n f l o r e s en c e  numb e r s  and t h e  i nt e n s i t y  o f  pe a k  f l o w e r ing ( F igu re 

4 . 1 ) . The f i rs t  t reatment ( 3 0  Decembe r )  a l s o  advanced peak f lowe r ing 

by app r oxima t e l y  1 5  days . Hand 3 ( 1 0  December }  is the t reatment which 

dec r e a s e d  the t o t a l  number o f  i nflore scences and i n f l o re s ence numbe rs 

at p e a k  f l owe r ing . The d i f f e r e nt r e s u l t s  f rom the f o u r  t re a tmen t s  

r e f l e c t  t h e  p l a nt ' s  respo n s e  t o  t h e  t iming o f  s h o o t  manipu l at ion . 

P l a t e  4 . 2 ( a - e ) s h o ws t h e  d i f fe r e n c e s  i n  p l a n t  s h o o t s t r u c t u r e  

c r e a t e d  b y  t h e  f o u r  t r e a t me n t s . I t  c a n  b e  s ee n  t h a t  t h e  f i r s t  

t re atment ( 3 0  Octobe r )  ( P l a t e  4 . 2b )  reduced plant ma i n  s hoot numbers 

but r e s u l t e d  in l a rge r ma i n  s h o o t s .  F l o w e r  c a r r y i ng a b i l i t y  of  

individu a l  s hoot s was great ly increased by the existence o f  many well  



P l a t e  4 . 1 .  P l a n t  s t ru c t u r e  a f t e r  new shoot remov a l  

( 2 9  N ovembe r 1 9 8 7 . Top : unt rea ted p l a n t ; 

Bot t om :  t re a t e d  p l a nt ) 
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P l a t e  4 . 2 .  ( Cont inued) 
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P la t e  4 . 2 .  ( Co n t inued) 



P l a t e  4 . 2 ( a - e ) . P l a n t  s hoot s t a t u s  in four hand remova l 

t reatments ( 6  Janua ry 1 9 8 8 )  
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developed l ateral  shoots  capable of  f l owering . 1 h e  f ewe r ma in s hoot s 

p r e s e n t wQ�e c ompe n s a t e d  f o r  b y  i n c r e a s e d  f l o w e r i n g  a b i l it y  o f  

individual  shoot s . As a result , the nurnber  o f  inflore s ences p roduced 

by t r e a t e d  p l a n t s w a s  e n h a n c e d . H o w e v e r ,  s u c h  a n  i n c r e a s e  w a s  

t emporary and t h e  patt ern o f  f lower ing returned t o  norma l a f t e r  pea k  

f l owe r ing a s  t h e  r e s u lt o f  running o u t  o f  reproduct ive capa c i t y  in 

t h e s e  bigge r s hoot s . The Hand 2 t rea tment ( 2 0  Novembe r )  was c a r r ied 

out 2 0  days later  than  the  Hand 1 t reatment by which st age plant s had  

p r o du c e d  mo r e  s h o o t s . A s  a r e s u l t , t h e  n umb e r of  i n f l o re s c e n c e s  

p roduced w a s  g re a t e r  than in  b o t h  t h e  H a n d  1 treatment a n d  t h e  int a ct 

control . The Hand 3 t reatmen t  ( 1 0  Decembe r )  had a d i f f e rent e f fect on 

t h e  plant . S ince t h e  e a r l i e r  two t re atment s we re c a r ried out be f o re 

f l owering,  shoot populat ion a t  those t ime s c ont a ined ma inly i n f e r t i le 

s h o o t s c a p a b l e  o f  b r a n c h i n g . H o w e v e r ,  b y  t h e  t i me t h e  H a n d  3 

t re a tment was c a r r i e d  ( at e a rly  flowe r i n g ,  1 0  Decembe r )  mos t  e x i s t ing 

s h o o t s h a d  b e c a me f e r t i l e a n d  w e r e  i n c a p a b l e  o f  n e w  b r a n c h  

p ro duc t ion . At t h i s  t ime t h e  remova l  o f  s hoot s s imp ly redu c e d  the 

numbe r s  ava i l ab l e  f o r  f l owe r ing and c o n s e quent ly reduced the numbe r 

o f  infl oresences f o rmed . The H and 4 t re atment , wh ich was c a r r ie d  out 

at the pre-peak f lowe r ing s t age ( 2 5  Decembe r )  when a l a rge numb e r  o f  

s hoot s h a d  a l r e a dy been p roduced ,  d i d  n o t  enhance s hoot  b r a n ch ing 

a b i l i t y ,  but s t i l l  resulted in  the product ion o f  more i n f l o re s cence s ,  

p o s s i b l y b y  r emo v i n g  c ompe t i t i o n f r o m  t h e  g r o w t h  o f  v e r y  l a t e  

vege t a t ive shoot s . Because a la rge shoot  popu lat ion a l r ea dy e x i sted 

a t  the t ime of  the  Hand 4 t re atment , t h i s  removal  o f  compet it ion and 

t h e re f o r e  p o s s ib l e  r e d i s t r ibut i o n  o f  a s s im i l a t e  t o  t h e  e x i s t i ng 

s hoot s may h a ve f ac i l itated improved reproductive growth on e x i s t ing 

f e rt i l e  shoot s . 
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4 . 3 . 3 .  E f fect o f  h a nd removal o n  seed y i e l d  components and seed y i e l d  

O t h e r  s e e d  y i e l d  c omp o n e n t s  ( numb e r  o f  f lo re t s pe r i n f lo re s cenc e , 

number o f  s ee ds pe r pod and seed we ight ) showed less s e n s i t ivity t o  

h a nd r e mo v a l t re a t me n t s t h a n  i n f l o r e s c e n c e  numbe r s . T h e r e  w a s  a n  

obvi ou s ,  but short p e r iod of inc rea se i n  f l o re t  numb e r s  i n  response 

t o  the f i rst three hand remova l t re a tment s .  This w a s  not a pp l i cable 

t o  the f ou r t h  t re at ment , which h a d  n ot been appl ied by t he t ime of 

t h e  f i r s t t wo r e c o r d i n g s  ( F i gu r e  4 .  2 ) . T h i s  i n c r e a s e  in f l o re t  

numbe r s  poss ibly o c c u r red due t o  an imme d i a t e  i n c re a s e  i n  a s s imi l ate 

s upply t o  f l owers by remova l o f  o r  reduct ion i n  the compe t i t ive pool 

o f  n e w l y eme rged s h o o t s .  I t  w a s  n o t e d  t h a t  i n  a l l  t re a t ment s t h e  

numbe r o f  f lo r e t s  ( and pods ) pe r in f l o re s cence w a s  s imi l a r  a t  p e a k 

f lowe r i ng ( 5  Janu a ry )  ( F igure 4 .  3 ) , implying t h at shoot man ipu l a t ion 

had l e s s  e f f e c t  o n  f l o re t  n umbe rs t h a n  o n  i n f l o r e s ce n c e  numbe r s . 

S eeds p e r  pod a n d  s e e d  we ight c omponent s s howed l i t t le d i f f e re n c e  

amo n g  t h e  t re a t me n t s a nd b e t w e e n  t h e  t r e a t men t s  a nd t he i n t a ct 

c ont r o l  ( F igures 4 . 4 , 4 . 5 ) . 

The H a n d  2 t re a tment ( 2 0  Novembe r ,  1 9 8 7 )  i n c r e a sed a ctua l  ha r ve s t e d  

s e ed y i e l d  by a b o ut 3 0 %  a s  a r e s u l t  o f  i n c re a s e d  i n f l o re s c e n c e  

a n d  f lo re t  numb e r s ,  b u t  t h e  o t he r t re a tment s showed n o  s igni f icant 

e f fe ct s ( p= 0 . 0 5 )  o n  s e e d  yield ove r the intact cont r o l  ( Ta b l e  4 . 3 ) . 

Table 4 . 3 :  Seed y i e ld i n  hand removal t re a tments 

Trea t . t ime y i e l d  Treat . t ime yie l d  

( 1 9 8 7 / 8 8 )  (g/plant ) ( 1 9 8 8 / 8 9 ) (g/plant ) 

Cont r o l  2 5 . 3  Cont r o l  2 9 . 4  

3 0  Oct . 2 8 . 1  8 Dec . 2 6 . 3  

2 0  Nov . 3 5 . 9
* 

2 3  Dec . 2 8 . 7  

1 0  D e c . 2 5 . 3  3 Jan . 2 8 . 7  

2 5  D e c . 2 7 . 7  1 3  Jan . 2 8 . 4  

L . S . D .  ( 0 . 0 5 )  6 . 0  NS 
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Potent i a l  and c a l c u l ated s e e d  yields we re e s timated by incorpo r a t i ng 

t h e  dat a  for e a c h  seed yield c omponent ( in f lorescence numbe r s ,  pod 

numb e r s  p e r  i n f l o r e s c e nc e ,  s e e d  numbe r s  p e r  p o d  a n d  s e e d  we ight ) 

obt a ined in t h i s  st udy . Potent i a l  seed yie lds were c a lculated us ing 

a l l  i n f lores cences  p roduced by p lant s t h roughout the e nt i re f lowe r i ng 

p e riod f rom e a r l y  December t o  e a rly February . C a lcu lated seed yie lds 

w e r e  d e t e rm i n e d  by u s i n g  on l y  t h e  i n f l o r e s c e n c e  n umb e r s  wh i c h  

app e a re d  du r i n g  t h e  2 5  day period o f  mo s t  intens ive f lowe ring . The 

t h re e  s e e d  y i e l d  a s s e s s me nt s ( P o t e n t i a l ,  c a l c u l a t e d and a c t u a l  

h a rvested yie lds ) a r e  pre sented i n  F igure 4 . 6 .  

I n  1 9 8 8 - 8 9  only s e e d  yield dat a were reco rded . None o f  the four hand 

remova l t reatment s inc reased o r  dec re a s e d  f in a l  seed yie lds (p=0 . 0 5 )  

( Tabl e  4 . 3 ) . 

4 . 3 . 4 .  Effect o f  f l ower remova l on vegetat ive growth 

T h e  e f f e c t s  o f  f l ower remova l on t h e  p l a nt ' s vege t a t ive growth i n  

t e rms o f  numbe r o f  shoot s p roduced du ring a pe r iod o f  f i ft y  d a y s  f rom 

2 5  D e c embe r  1 9 8 7  t o  1 1  Febru a ry 1 9 8 8  a r e  p r e s e n t e d  i n  T ab le 4 . 4 .  

P re v e n t i n g  r e p r oduct i v e  g r owth r e s u l t e d  i n  the  n umb e r  o f  s h o o t s  

p r oduced b e i n g  nea rly three t imes gre a t e r  than in the cont ro l . F lowe r  

r emova l did n o t  change p l ant growth habit . The shoot popu l a t i o n  was 

s t i l l  predomi n a n t l y  c omp o s ed o f  ma i n  s h oot s . The re were n o  obv i ous 

v i s ib l e  d i f f e re n c es i n  i n d i v i du a l  s h o o t  s i z e s  b e t w e e n  t h e  f l ow e r  

r emova l t reatmen t  and t h e  intact cont ro l . 
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Table 4 . 4 :  E f fect o f  flowe r removal on vegetat ive growth 

Cont rol Flowe r !j, d i f fe rence 
removing f rom Cont rol 

No . o f  s hoot s be fore 6 3 ( 3 . 5 ) 6 8  ( 5 . 5 )  + 1 1 2 %  
t re a tment ( 2 5  Dec . )  
No . o f  s hoot s a fter 80 ( 2 . 5 )  1 1 8 ( 5 . 3 ) + 1 4 9 %  
t re a tmen t  ( 1 1  Feb . )  
I n c r e a s e  i n  shoot 17 5 0  +2 9 4 %  
numbe r s  and % 2 7 %  7 4 % 
N . B . : f igu res in brackets a re SEs o f  the means . 

4 . 3 . 5 .  E f f e c t  o f  cutt ing t re a tment s  on f l owe r ing p a t t e rn and s eed 

y i e ld 

T h e  t ime a n d  h e i ght o f  c u t t i ng t re a tme n t s  h a d  a ma j o r  e f fect by 

removing a c omplete 'top'  sect ion o f  1 / 3  or 2 / 3  of the shoot canopy . 

T h e  r e s u l t s  o f  such ope r a t i o n s  on seed product ion a t  t h e  STC s ite 

we re not encou raging . None of the six cutt ing t reatments improved the 

n umbe r of i n f l o r e s c e n c e s o r  s e e d  y i e ld c o mp a red w i t h  t h e  u n c u t  

cont ro l . E a rly cutt ing ( Cut s 1 and 2 )  had less  h a rmful e f fect on 

f l o w e r i n g ,  b u t  neve r t h e l e s s  s t i l l s l ight ly r e du c e d  t he numb e r  o f  

i n f l o r e s c e n c e s  p resent a t  p e a k  f l owe r ing . Late cutt ings , howeve r ,  

we re p a r t i c u l a r ly det r i me n t a l ,  t h e  numb e r  o f  i n f l o re s ce n c e s  be ing 

g r e a t l y  reduced and peak f lowe ring de layed ( F igures 4 . 7 ,  4 . 8 ) Heavy 

cutt ing ( Cu t  L )  was mo re h a rmful than l ight cutt ing ( Cut H )  . At the 

Ao rangi s it e  a s imi la r  t rend in f lower ing p a t t e rn wa s f ound in the 

t h ree cut t ing t re atment s ( Figure 4 . 9 ) . 

D e s p i t e t h e f a c t  t h a t  f i n a l  s e e d  y i e l d  w a s  n o t  s t a t i s t i c a l l y  

d i f f e rent between t h e  c u t t i ng t reatmen t s  a n d  int a c t  cont rol , there 

w a s  a sugge s t ion that late cutt ings produced less  seeds ( Appendix 5 )  

MASSi_ r v �� IVERSilJ, 
LI BRARY 
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4 . 4 . D i s cu s s i on : 

The idea o f  young shoot removal comes f rom the concept o f  ' s ource and 

s ink '  dua l  r o l e s  of s ingle vegetat ive s t ructure s . In  soybean , Thrower 

( 1 9 6 2 )  demonst rated that young leave s  only imported a s s imi l a t e  ( s ink 

a c t ivity ) w i thout any export of a s s imi l a t e  ( s ource act ivity)  when t he 

l e a f  area wa s below 3 0 %  o f  its  f i n a l  mature s i ze . Young s hoots  a re 

a l s o  c o n s i d e r e d  t o  b e  n e t  i mp o r t e r s  o f  a s s i m i l a t e  w i t h o u t  

c on t r ibut i n g  t o  rep roduct ive g rowt h . Y oung s hoot s  may a l s o  h ave a 

d e t r imen t a l  r o l e  o n  o lde r s h o o t  l on g e v i t y  in Lot u s  c o rn i cu l a t u s , 

s ince o ld shoot s tend t o  die when new s hoot s emerge ( ch apt e r  2 )  . I t  

i s  a s sumed t h a t  young s h o o t  remo v a l  may not  o n l y  b e  b en e f i c i a l  in 

enhancing rep roduct ive growth on o l d  s hoot s but may a l so  in f luence 

the surviv a l  a nd othe r behaviou r ( such a s  branching ) of o ld shoo t s . 

R e s u l t s f r o m  t h i s  s t u d y  i n d i c a t e  t h e p o s s i b i l i t y  o f  s h o o t  

manipulat ion  be ing used  a s  a st rategy for improving seed production 

i n  b i rd s f o o t  t re f o i l . Shoot s t a t u s  i n  t h i s  spe c i e s  s eems r e a d i l y  

modi fiable i n  terms o f  l i f e  spa n ,  branching a n d  f l owering behaviou r . 

T h e  r e s u l t s  a l s o  r e v e a l  s ome a s p e c t s  o f  t h e  p l a n t ' s i n t e r n a l  

regu l a t o ry mechani sms . I n it i a l ly t he plant  shows a predomi nance o f  

n e w  s h o o t  g r o w t h  o v e r  o l d  s h o o t  m a i n t e n a n c e ,  re s u l t i n g  i n  a 

" cont inuous replacement ' system i n  which o l d  shoot s die when the  new 

s hoot s eme rge . The death o f  old shoot s is  l ikely to occur as a re sult 

o f  st rong c ompe t i t i o n  by new shoot s for  a s s imila t e ,  a s  sugge sted by 

the current resul t s  whe re remova l of new shoots greatly  ext ended t he 

l ife span and susta ined the f lowe r ing abi l i t y  of old  shoot s . 
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T h e  c ompe t i t i o n  w h i c h  o c cu r s  b e t w e e n  vege t a t i ve and reproduct i ve 

growth h ighl ights  t he principles o f  a shoot manipulat ion st rategy on 

s e e d  p r o duct i o n  i n  b i rds foot  t re fo i l . T h a t  the competit i ve ba l ance 

between vegetative and reproduct ive growth i s  adjust able i s  shown by 

t h e  f a c t  that dep r e s s ing vege t a t i ve g r o w t h  ( removing young shoot s )  

i n c r e a s e d  the  rep r o duct i ve output o f  o l d  s ho o t s ( f l ower  c a r r y i ng 

ab i l ity)  . Conve r s e l y ,  removing f lowe rs f rom o ld shoots encourages the 

eme rgence o f  new s h o ot s . S ince b i rds foot t re f oil has a l ong f lower ing 

p e r i o d  which needs  a s u s t a i ne d  s upp ly of s hoot s for f l owe ring,  the 

t ime at w h i c h  v e ge t a t i ve g rowth  is s upp r e s s ed in o rde r to a l l ow 

incre a s e d  reproduct i ve growth i s  a factor  wh i ch needs t o  be ca refully 

cons ide red . Too e a r l y  vegetative shoot depre s s ion i s  un suitable s ince 

i t  reduces the numbe r o f  shoots ava i lable f o r  f l owe ring . Although the 

f l ower  c a rrying a bi l it y  of t h e s e  indi v i du a l  s hoot s can be s l ight ly 

e nh a n c e d  by new s h o ot remova l ,  a s h o r t a ge of  s h o ot s ava i l ab l e  f o r  

f l o we r i ng nega t e s  t he e f fe c t s  o f  e nh a n c e d  f l ower c a r ry ing a b i l i t y  

( the Hand 1 t re a tment ) . Removing vege t a t i v e  compet i t i o n  at  t h e  pre­

f l o we r ing stage t o  encourage exist ing o l d  shoots t o  branch s eems t o  

be benef i c i a l  f o r  s eed product i on s ince i t  can provide mo re f lower ing 

s i t e s  ( t h e  H a n d  2 t re a tment ) .  H o w e v e r ,  vege t a t ive  s h o o t  remo v a l  

b e c ome s det r i me nt a l  i f  t h e  remova l ope r a t ion i s  app l ie d  w h e n  mo s t  

shoots  have a l r ea dy become fert i le a n d  the r efore incapable o f  further 

branching ( the Hand 3 t reatment ) .  

Anoth e r  important a spect o f  t he vegetat i ve remova l  idea i s  t o  reduce 

the c ompet it i o n  imposed by v e ry late f o rmed s hoot s which a re unable 

t o  f l o we r . S u c h  l at e  s h o o t  remo v a l  c o u ld b e  b e n e f ic i a l  f o r  s e e d  

p r o du c t i on i n  t h i s  spec i e s . T h i s  e f fe c t  i s  obviou s l y  s e e n  by t h e  

incre a s e s  in  f lo re t  numbe rs p e r  i n f l o r e s c ence which occurs f o l lowing 
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h a nd remova l t reatmen t s . I t  i s  perhaps surp r i s i n g  that  the  l a t e  shoot 

remova l t reatme n t  ( h and 4 t re a t me n t s in 1 9 8 7 / 8 8  a n d  hand 3 and 4 

t reatme n t s i n  1 9 8 8 / 8 9 )  did not  incre a s e  seed y i e ld .  This  may be due 

t o  t he incomplete ne s s  of remova l ope rat ions . Po s s ibly,  more f requent 

r emo v a l at  a n  e a r l i e r  s t a g e  of  s h o o t  deve l o pme n t  wou l d  be mo re 

bene f i c i a l ,  s ince by the  t ime a new shoot i s  of  suf f i c ient s i ze f o r  

h a nd r emova l  i t  i s  t o o l a t e  t o  a c h i e v e  t h e p ropo s e d  compe t i t ion  

r e l e a s e  e f f e c t . I t  s eems mo re l ik e ly that  a n  operat ion which  could 

ent i r e l y  p re vent t he i n i t iat ion o f  late buds in orde r t ha t  a s s imi l a t e  

c a n  be ent ire ly used  f o r  reproduct ive growth might be more e ffect ive . 

Neve r t he l e s s ,  t h e  obvi o u s  i n c r e a s e  in  f l o re t  numbe r fol l owing h and 

r emo v a l o f  s h o o t s s uppo r t s t he p r i n c i p l e  o f  t h e  v a l u e  o f  s h o o t  

manipul a t ion on seed  product ion o f  J.otus cornicula t u s . 

Cutt ing doe s not seem t o  be a suitable shoot  manipu l a t ion met hod for 

imp r o v ing seed p ro du c t ion i n  Lot u s  c o r n i cu l a t us . Becau s e  t he plant 

has  a domi n a n c e  o f  c rown s h o o t  g r owt h ove r l a t e r a l  s h o o t  growth 

( Ch a p t e r  2 ) , c u t t i ng s imp l y  remo v e s  s ome o l d s h o o t s w h i l e  young 

sho o t s cont inue t o  be p roduced f rom t he c rown a rea . Cutt ing doe s not  

promo t e  branching and doe s  n o t  appe a r  to  be e f f e c t i ve i n  reduc ing 

compet it ion for  a s s imi l at e  by non- fert i l e  l a t e  shoot s .  E a r ly cutt ings 

had l e s s  det r ime n t a l  e f fe c t s on seed y i e ld,  pre s umb ly because they 

a l l o we d  s u f f i c i e n t  t ime for plant g ro wt h r e cove r y . La t e  c u t t i n g ,  

howeve r ,  w a s  more  d e t rime n t a l  s i nce t he r e s u l t a n t  c r op h a d  fewe r 

l a rge  s ho o t s f o r  i n f l o r e s c e n c e  p rodu c t i o n  a t  p e a k  f l owe r i ng . The  

re su l t s  o f  t h i s  s tudy are  s uppo rted by  work of  p revious re s e a rchers  

( Ande rson and Met c a l f e , 1 9 5 7 ; Winch , 1 9 5 8 ;  B a der and Ande rson , 1 9 6 2 )  

w h o  h a v e a l s o  s h o w n t h a t  c u t t i n g  t r e a t me n t s h a v e  n o  o b v i o u s  

be n e f i c i a l  e f f e c t  o n  s e e d  p r odu c t i on i n  b i rds f o o t  t re f o i l . I n  a 
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r e c e nt s t u dy o n  a s imi l a r  s p e c i e s  ( G r a s s l a n d s  M a k u  L o t u s , Lotus 

pedunculatus  Cav . ) Hare ( 1 9 8 5 )  demonst rated that cutt ing is  gene rally 

det r iment a l  t o  s eed product ion regardless  o f  the t ime and severity o f  

de f o l iation . 

The resul t s reported in t h i s  chapt e r  support the p r inciple of s hoot 

manipu l a t i o n  f o r  enhanc ing s e e d  product ion in Lot u s  c o rn i c u l a t u s . 

Management methods should a im at  encoura g ing s hoot branch ing and/or  

r e du c i ng c ompet i t ion by l a t e  sea s on veget a t i ve growth . The results 

a l s o  show t h e  t iming of m a n ipu l a t i on of  s ho o t s  is  i mp o rt a n t  i n  

i n f l u e n c i n g  s h oot  b r a n c h i n g  be h a v i o u r . T o  e n c o u r a ge c r own s ho ot 

b r a n c h i n g ,  manipu l a t ion n e e d s  t o  be c a r r ied out be f o r e  t h e  s hoots  

becoming f e r t i l e . Cut t ing management , a s  imposed in  t h i s  s t udy , seems 

t o  be o f  l i t t le value  a s  a mana geme nt st r a t egy s i n c e  i t  doe s not 

p r omot e  the e f fects de s i red for  improving seed yield in t h i s  plant . 
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CHAPTER 5 :  EFFECTS OF P RE -PEAK F LOWERING S HOOT MANIPULAT ION O N  P LANT 

GROW'l'H AND SEED PRODUCTION 

5 . 1 .  Int roduct i on 

Re s u l t s f r om C h a p t e r  4 h av e  s ugge sted t h e  p o s s ib i l i t y  o f  a s hoot 

ma n i p u l a t i o n a p p r o a c h  f o r  i mp r o v i n g  s e e d  p r o du c t i o n in L o t u s  

corn i c u l atus . Howeve r ,  as  e f fect ive a s  t h e  hand remova l  o f  shoots may 

be , such an ope rat ion cannot be di rect ly u s ed in pract i c a l  s ituat ions 

for s e e d  p roduc t ion . As cutt ing t reatment s des cribed in the previous 

chapt e r  generally  fa iled t o  e l i c i t  the same encouraging r e spon s e s  as 

t h e  h a n d  remo v a l  t r e a t me n t s ,  t h e p re s e n t  c h a p t e r  e x a mi n e s  t h e  

p o s s i b i l i t y  o f  m a n i p u l a t i n g  s h o o t  p o p u l a t i o n  u s i n g  c h e mi c a l  

man ipu l at i on met hods a s  a potent i a lly useful  a l ternat ive approach . 

The p lant growth  regulator P P 3 3 3  [ ( 2RS , 3 RS ) - 1 - ( 4 -chlorophenyl ) - 4 ,  4 -

dimet h y l - 2 - 1 , 2 ,  4 -t r i a z o l - 1 - y l pent a n - 3 - o l , a l s o  known a s  C u  t a r ,  

p a c lobut r a z o l ,  p a r l a y ]  h a s  been shown t o  b e  s uc c e s s f u l  a s  a plant 

regu l at ing chem i c a l  f o r  i n c r e a s ing seed y i e lds i n  s e ve r a l  p a s t u re 

plant s . This  growth regulator  h a s  been s hown t o  a lt e r  p l ant st ruct u re 

by de c re a s ing a p i c a l  domin ance , promo t ing t i l le r ing o r  b r a n c h i n g ,  

i n c r e a s i ng a s s im i l a t e  t r a n s l o c a t i o n  t o  r e p r o du c t i v e t i s s u e s , 

p r e v e n t i n g  l o d g i n g  a n d  s y n c h r o n i z i n g  f l o w e r i n g  ( H a mp t o n  a n d  

H e bb l e t h w a i t e , 1 9 8 5 a , b ;  M a r s h a l !  a n d  H i de s ,  1 9 8 6 ,  1 9 8 7 ) . T h i s  

c omp o u n d  i s  a s o i l  a c t iv e , x y l em-mo b i l e c h em i c a l . I t  i n h i b i t s  

g ibbe r e l l i n  b i o s yn t h e s i s  ( S h e a r i n g  a n d  B a t c h , 1 9 8 2 )  I t s  ma j o r  

e f fe c t s  on p l ant s inc lude s h o r t e n ing t h e  int e rnode s a n d  promo t ing 
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lateral  branching . I t  was  cons idered t h at the branch-promotion  e f fect 

o f  t h i s  chemi ca l may have s ome bene f i c i a l  e f fect  on birds foot  t re f o i l  

s e e d  p r o du c t i o n  by i n c re a s ing  t h e  l a t e r a l  b r a nche s o f  t h e  c rown 

s h o o t s  and t he reby e n h a n c ing s ho ot f l owe r c a rrying ab i l it y . The 

pre s ent s tudy i nve st igated the va lue of P P 3 3 3  a s  a pre -pe a k  f lowe r ing 

growth r e gu l a t o r  t o  examine its e f fe c t  on s ho ot branching behaviou r  

and seed product ion in Lotus cornicu l a t us . 

5 . 2 .  Mate r i a l s  and Methods 

Expe riment s were  ca rried out ove r two succe s s ive growing s e a s ons  f rom 

Ma rch 1 9 8 7  t o  Ma rch 1 9 8 9 .  In 1 9 8 7 - 8 8  plants were grown at two s i t e s . 

T h e  f i r s t  s i t e ,  a t  t h e  S e e d  T e c h n o l o g y  C e n t e r ( S T C ) , M a s s e y 

U n i ve r s i t y ,  i nvo l v e d  s p a c e d  p l a n t s w i t h  a row w i dth o f  8 0 cm and 

int r a - ro w  s p a c ing of  6 0 cm .  T h e  s e c o nd s i t e , a t  t h e  Depa rtment o f  

S c ient i f i c  a n d  I ndu s t r i a l  Re s e a rch ' s  expe r imen t a l  f a rm a t  Aorangi  

invo lved a c rop grown in 6 0 cm rows  with  64  p l ant s per met re row . I n  

1 9 8 8 -1 9 8 9  t h e  expe r ime nt a l  f i e l d  wa s located a t  the S eed Techn o l ogy 

Cente r i nvo l vi ng spa ced ( 4 5  by 5 0 cm )  plants and s wa rd p lant s ( 4 5 cm 

w ide rows , 6 8  p lant s per met re row)  . No fert i l i zer o r  i rrigat ion was  

a pp l i e d  d u r i n g  the e xpe r ime n t a l  p e r iod . Manageme n t  and t re a tment 

det a i l s  a re p resented i n  Table 5 . 1 .  The t h ree app l i cat ion t imes in 

1 9 8 7 - 8 8  repr e sented the act ive veget a t ive growt h ,  p re - f l owe r ing bud , 

and onset o f  f l ower ing st ages . I n  1 9 8 8 - 8 9  the chemi c a l  was  app l ied at 

t h e  o n s e t  o f  f l o we r i n g  and t h e  p re - pe a k  f l o w e r i n g  s t a g e s . A l l  

t reatment s were rep l icated three t ime s i n  a Randomi zed Complete Block 

Des ign . 
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I n  1 9 8 7 - 8 8  i n f lore s cence numbe rs we re a s s e ssed a t  f i ve -day intervals  

f rom 4 Decembe r ,  1 9 8 7  to  24  Janua ry , 1 9 8 8  by c ount ing open f l owe r s  on 

2 7  individu a l  plant s in  the spaced c rop and by count ing open f lowers 

within a 1m2 pe rmanent quadrat for  each replicate in t he sward c r op . 

Number of  f l o re t s per inflores cence was a s sessed at 1 0  day intervals  

b y  count ing t h e n umbe r of  f l o re t s i n  3 0  i n f l o r e s c e n c e s  ra n doml y 

s e lected f r om e a ch repl icate  in  t he STC  s i te . At the  Aorangi s i t e ,  

t he number o f  f l orets  w a s  a s s e s sed once o n  1 5  January 1 9 8 8 . Numb e r  o f  

pods p e r  i n f l o r e s cence , number o f  seeds pe r pod, thous and- seed we i ght 

and seed yield were reco rded following hand h a rvesting f ive p l a n t s  at  

t he STC site  and h a rve s t ing all  plant s w i t h in a 0 . 6m2 quadrat a t  the 

Ao r angi s it e . S e e d  y i e lds were expre s s e d  a f t e r  amb i ent a i r  d r y ing 

w i t h  me an seed mo i s tu re conten t s  be ing 1 0 . 8 % and 8 . 5 % for STC s ite 

and the Ao rangi site s amp les respect ively . In  1 9 8 8 - 8 9 i n f l o r e s cence 

numbers , f l o re t  numbe rs and pod numbers ( a t  10 January)  were a s s e s sed 

i n  the same way a s  in the  1 9 8 7 - 8 8  s e a s o n . Seed yie lds were reco rded 

f o l l ow ing hand h a rvest ing all plant s w it h i n  two 0 . 5  by 0 . 5m2 quadrats  

f o r  e a c h  e xpe r iment a l  p l o t . H a rve s t  I nde x ( H I  = s e e d  we igh t / s t ra w  

w e i g h t ) w a s  c a l c u l a t e d  u s i n g  r e c o rded s e ed y i e l d s  a nd s t r a w  dry 

we i ght after  drying at  s o 0 c f o r  two days . 

I n  1 9 8 7 - 8 8 ,  c o mp a r i s o n s  were made between  unt reated c ont r o l  p l a n t s  

a n d  P P 3 3 3  t re a t e d  p l a n t s i n  t e rms o f  l e a f  c h l o rophy l l  c o n t e nt , 

photo synthe t i c  act ivit ies  and gene ral  plant  growth . 

C h l o rophyl l  c o n t e n t  w a s  me a s u red by t h e  method de s c r ibed by H o l d�n 

( 1 9 7 6 )  u s i n g  8 0 %  Ac e t o n e  as t he e xt r a c t i n g  s o l ve nt and a P U 8 6 0 0  

UV/Vis spect ropho t ometer f o r  measur ing s o lution opt i c a l  dens it y  ( OD )  . 
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T h e  r e s u l t s  were expre s s ed i n  mg c h l orophy l l  per gram fresh  t i s sue 

( mgChl /gFwt ) 

C omp a r i s on o f  phot o s yn t het i c  a ct i v i t i e s  w a s  made on f ive unt reated 

p lant s and f ive P P 3 3 3  t reated p l ant s on 2 Janu a ry 1 9 8 8 . For each o f  

t he f o l l o w i n g  me a s u rement s ,  1 5  s h oot s o f  s imi l a r  s i z e ( about 1 0  

n ode s 1  a nd bearing one o r  two open f lowe r s )  were used . 

( 1 )  S ho ot s t o  be used a s  c on t r o l s  we re c ut f rom the c rown and 

kept in  moi s t  da rk condi t ions  ( no phot o s yn thes i s ) . The se shoots  

w e r e  t e rmed CD for  unt r e a t e d  and P D  for  PP333  t reated p l ant s ,  

respect i vely . 

( 2 )  Shoots on p l ant s in the  f ie l d  were ringed ( t o  cut o f f  phloem 

t ra n s l o c a t i o n  b y  r emoving s k in t i s s ue s )  i mme d i a t e l y  above t he 

c r o w n  i n  o r d e r t h a t  t h e  a s s i m i l a t e  a c c u m u l a t e d  du r i n g  

p ho t o s yn t he s i s  w a s  ret a in e d  w i t h i n  t h e s e  shoot s . These plant s 

were left  in  the  f ie l d  f o r  phot osynt h e s i s  to take  p l ace . Aft e r  

s ix hours ' e xpo s u re to sun l ight the s e  s hoots  we re ta ken t o  t he 

laborat o ry f o r  me a s u ring leaf  dry mat t e r  i ncre a s e  compared with 

t he above de s c r ib e d  cont r o l s  ( CD a n d  PD )  . The s e  ringed shoot s 

w e r e  t e rmed C R  and P R  f o r  unt reated c ont rol and P P 3 3 3  t reated 

plant s ,  respe c t i ve l y .  

( 3 )  A furt he r 1 5  s h oot s were ringed a s  p re viou s ly de s c ribed and 

d ec a p i t a t e d  so t ha t  f lo we r s ,  f lo r a l buds and s h o o t  apex w i t h  

f o l d e d  l e a v e s  w e r e  r e mo ve d . Th i s  me a n t  t h a t  p h o t o s yn t h a t e  

p r oduced by t he shoots  c ou l d  not be t rans l ocated t o  other part s 

o f  t he p lant n o r  be used f o r  new growth ( sh oot apex and flora l ) . 
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A f t e r 7 - 8  h o u r s  i n  t h e  f i e l d  t h e  s h o o t s  w e r e  t a ke n  t o  t he 

l abo r a t o ry ( CRD and P RD f o r  cont r o l  a n d  P P 3 3 3  t reated p l ant s ,  

respect ively ) . 

( 4 )  I n  t he labo r a t o ry ,  2 0 s ma l l  piec e s  ( 0 . 1 4 6 cm2 in a re a ) o f  

l e a f t i s s u e  we r e  t a ke n  f r om e a c h  shoot t re a t e d  a s  de s c r ibed 

a b o v e , d r i e d  a t  1 0 3
°

c f o r  2 h o u r s , a n d  t h e n  w e i g h e d . 

Assim i l a t ion rate was  expre s s e d  in mgDM/ h r . ctrn2 . 

I n  t h i s  e xp e r i me n t  r e s p i r a t o r y  c o n s ump t i o n o f  a s s im i l a t e  w a s  

c o n s idered t o  b e  neg l ib l e  a n d  s o  w a s  omitted f rom t h e  calcu l a t ion . 

P h o t o s y n t h e s i s b y  s t em m a t e r i a l  w a s  a s s u m e d  t o  b e  u s e d  f o r  

ma i n t a ining inte rnode consumpt i on with n o  net import o r  export . Unde r 

t h e s e  a s s umpt ions the a s s im i l a t e  accumu l ated by l e a f  phot osynt hesis  

h a d  t wo s i n k  de st inat ion s , e ither t rans located t o  other p a rt s  o f  the 

p l an t  o r  u s e d  by new g rowth of  the apex ( including f l o r a l  g rowt h ) . 

T h e re fore , the  weight d i f f e rence bet ween the  leave s o n  t h e  s h oot s 

r e c e i ving l ight ( and no a s s imilate be ing t rans located nor u s ed by new 

g r o wt h )  ( CRD ) a n d  l e a v e s  o n  t h e  s h o o t s  kept  in d a r k  ( no p h o t o ­

s y n t he s i s ) ( CD )  repre s e n t s  t h e  t o t a l  a s s imi late a ccumulated b y  the 

l e ave s ( TA )  . If some of the a s s imi late was a l l owed to be u s ed by new 

g ro wt h ,  t he rema in ing portion ( t h e  d i f f e rence between CR and CD ) was 

t he n  con s idered to be t h e  a s s imi l a t e  retained in the leaves ( ARL) . 

T h e  d i f f e rence between t he T A  and t he ARL is  the portion u s ed by the 

a p e x  f o r  new growth . All the t hree re s u l t s  c an be expres s ed i n  t he 

f o l l owing e quat ions : 

( 1 ) , Tot a l  a s s imi lat ion ( TA ) : 

TA = CRD - CD ( P RD - PD for  P P 3 3 3  t reatment ) 
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( 2 ) , As s imilate reta ined i n  the  l ea ves ( ARL) : 

ARL = CR - CD ( PR - PO f o r  P P 3 3 3  treatment ) 

( 3 ) , As s imilate t ra n s l ocated f rom l eaves t o  apex ( ATA) : 

ATA = ( 1 )  - ( 2 )  = CRD - CR ( P RO - PR f o r  P P 3 3 3  t re atment ) 

Table 5 . 1 :  Exper iment a l  det a i l s  

1 9 8 7 - 8 8  
S o i l  t ype : 
Rep l i c a t e  s i ze 
S owing r a t e  
S owing d a t e  
Wee d  cont r o l  

Gra z ing : 
P P 3 3 3  a pp l icat ion : 

STC ( spaced plant s )  
Tokoma ru s i lt l oam 

9 plant s 

1 9  Apr i l  1 9 8 7  
'Ro undup' 1 p re - s owing 
' P a raquat 1 , a t  2 9  July 

N i l  

Ao ranqi ( swa rd plant s )  
Ka i ranga s i lt l o am 

3 by 5m2 plot  
1 . 0 5 kg/ha 
3 Apr i l  1 9 8 7  

' Tr i f l u ra l in 1 1 pre -s owing 
' 2 1 4-DB 1 1 a t  2 May 

Gra zed i n  2 3 - 2 5  Sep . 

D a t e ; 
Rat e ;  

Harve s t  dat e ;  
1 9 8 8 - 8 9 

3 0  Oct . 2 0  Nov . 1 0  Dec . 
lkg a i / ha 

1 6  Oct . 6 Nov . 2 6  Nov . 
lkg a i / h a  

Rep l i c a t e  s i ze 
S owing r a t e  
S owing d a t e  

2 Feb . 
STC ( spa ced plant s )  

5 plan t s  

2 4  March 

22 Feb . ( de l ay due to r a i n f 

STC ( sward plant s )  
3 b y  4m2 plot 

1 . 5kg/ha 
24 March 

Weed cont r o l  int e r-row cult ivat ion s ame a s  f o r  spaced plant s 
2 1 4 -DB1  a t  2 1  Sep . 

Insect  cont ro l Mave rik , a t  1 0  Dec . s ame as f o r  spaced plant s 
P P 3 3 3  a pp l ication : 

D a t e ; 
Rat e ; 

H a rve s t  date · 

N . B .  T re a t ment s a re 
t o  t h e  t ime o f  
a pp l icat ions 

14  Nov . 8 D e c . 
lkg a i / h a  
1 Feb . 

1 4  Nov . 8 D e c . 
lkg a i / h a  

1 Feb . 
t e rmed a s  PP 1 1  PP 2 1  • • • • • •  1 etc . ,  a c c o rding 
applicat i o n . Sma l l e r  numbers denote  e a r l i e r  

Compa r i s on s  o n  gene ra l growth wer e  made on the numb e r  o f  ma in shoots 

pe r p l a n t  and t o t a l  DM f r om e a c h of  6 p l a n t s f r om the unt r e a t e d  

c ont r o l  a n d  P P 3 3 3  t reatment a t  t h e  e n d  o f  the expe riment on 2 5  March 

1 9 8 8 . 

The examinat ion o f  the effect  o f  P P 3 3 3  in the sward s ituat ion a t  t he 

Aorangi s it e  invo lved samp l ing p l a nt s  a t  t he pre-pe a k  f lowe r ing s t age 

( 2 0  D e c embe r )  . A l l  p l an t s  in a 5 0 cm r o w  l e n g t h  w e r e  s amp l e d  i n  
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unt rea t e d  a n d  P P  3 3 3  ( second P P 3 3 3  app l i c a t i o n ,  6 Novemb e r )  t reated 

p l o t s . P l a n t s  p a r t s were  s e p a r a t e d  i n t o c a t e g o r i e s , i . e . ,  ma i n  

s h o o t s  ( MS ) , l e ave s o n  ma in shoot s ( M S L ) , reproduct ive s t ructures on 

ma i n  s h o o t s ( M S R ) , l a te ra l s h o o t s ( LS ) , l e a v e s  o n  l a t e r a l  s h o o t s  

( L S L ) , r e p r o d u c t i v e  s t ru c t u r e s o n  l a t e r a l  s h o o t s ( L S R )  a nd de ad 

materia l .  Mat e r i a l  i n  each category w a s  dried at  S 0 ° c f o r  f i ve days 

before we i gh i n g . 

I n  1 9 8 8 - 8 9 ,  c ompa r i s on w a s  made o f  s h o o t  l ength between unt rea t ed 

c o n t r o l  a n d  P P 3 3 3  ( f i r s t  P P 3 3 3  a pp l i c a t i o n ,  1 4  N ovemb e r )  t re a t ed 

plant s . P la nt s  wit h i n  a ha l f  met e r  l engt h o f  row we re samp led f rom 

each rep l i ca t e  and shoots were c la s s i f ied into four g roups acco rding 

to t he i r  n o de numbe r .  Th i rt y  s h o o t s  f ro m  e a c h  g roup we r e  used t o  

me asure s h oo t  lengt h .  

5 . 3 .  Re s u l t s  

5 . 3 . 1 .  E f f e c t  on p l a nt growth a n d  deve lopment 

The ma j o r  e f f e c t  o f  P P 3 3 3  w a s  t o  s ho r t e n  i n t e rn o d e s  and promot e  

l a t e r a l  b r a n c h ing i n  t h i s  s t udy ( P l ate 5 . 1 ) . PP3 3 3  t re a t e d  plants 

s h owed a mo r e  c omp a c t  r o s e t t e  f o r m  w i t h  s ho o t  i n t e rn ode s g re a t ly 

s hortened ( Table 5 . 2 ) . Shoot  branching abi l ity was obvious ly enhanced 

by P P 3 3 3  t re a t me n t , w i t h  c r o w n  s h o o t s  be a r i n g  m a n y  mo r e  l a t e ra l 

branches t han unt reated plant s Table 5 .  3 )  . Howeve r:· ,  numb e r s  o f  crown 

shoots we re reduced fol l owing the t reatment in spaced p l a nt s . Sward 

p lant s s howed a s im i l a r  branch enhanc ing response to P P 3 3 3  t rea tment . 

A l t hough n o t  s hown i n  t e rms o f  s h o o t  numbe r ,  t h e  re s u l t s  f o r  dry 

matt e r  ( DM )  d i s t r ibut ion among d i f fe rent p lant part s i n  Table 5 . 4  
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P l a t e  5 . 1 .  E f f e c t s  of P P 3 3 3  t re a tment I I  on p l ant growth 

and b r a n c h i ng ( 2 9  Novembe r 1 9 8 7 )  
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c l e a rly shows enhanced lateral  growth by P P 3 3 3  t re atment . De spite t he 

f a c t  t h a t  P P 3 3 3  t reated plant s  produced only h a l f  the amount of  ma in 

shoot ( MS ) DM c ompare d  with unt reated cont rol  p l a nt s ,  the amount s o f  

l a t e ra l s h o o t  ( IJS ) D M  produced we re a lmo s t  the  s ame in t he cont rol 

and P P 3 3 3  t r ea tment . The rat io  of l a t e r a l  s ho ot s to ma i n  s hoot s in  

P P 3 3 3  t re a t ed plant s is  a lmos t  double that  obt a ined in  cont rol  plant s 

( T able 5 . 4 ) . 

Table 5 . 2 :  Effect o f  P P 3 3 3  t re atmentl on shoot length ( cm)  
( S TC s i t e , sward plant s ,  1 9 8 8 - 8 9 )  

T reatment 
6 - 9  node s 

Cont r o l  3 0 . 8 

P P 3 3 3  2 3 . 1 * 

Treated a s  7 5 % 
% o f  cont rol  

Shoot  Cate o r  
1 0 - 1 3  nodes 1 4 - 1 7  node s 

4 6 . 7  6 0 . 9  

* 2 6 .  9 3 5 . 2  

5 7 %  

* 

1 8 -2 1 nodes 
7 5 . 5  

3 7 . 0 * 

* : S i gn i f i cant ly different with the c ont ro l a t  0 . 0 5 leve l . 

Table 5 .  3 :  E ffect o f  P P 3 3 3  t re a tment I I  on  p l a nt growth and branching 
( STC s it e , spa ced plant s ,  1 9 8 7 - 8 8 )  

Unt reated P P 3 3 3  T reated as  % 
c ont rol  t reated o f  con t r o l  

Number o f  c rown 
s hoot s ( 1 9  Dec . )  2 7 . 6  1 2 . 5 * 4 5 %  
Numbe r o f  lateral  
shoot s ( 1 9  Dec . )  1 1 . 5  3 3 . 5  * 2 8 3 %  
N umb e r  o f  crown 
shoo t s  ( 2  Feb . )  1 2 3  7 3  * 6 0 %  
P lant DM 
we ight ( 2  Feb . )  2 0 6  1 2 6 *  6 1% 
* :  S i gn i f ic ant ly d i f fe rent with  t he cont rol  at  0 . 0 5  leve l . 

Lea f c o l ou r  in  P P 3 3 3  t re a t e d  p l a n t s w a s  deep e r  a n d  da rke r than in 

unt r e a t e d  p l ant s . S ome pho t o s yn t he t i c  c h a r a c t e r s  of P P 3 3 3 t re a t ed 

p l a n t s  w e r e  me a s u r e d  ( 'f a b l e  5 .  5 ) . C h l o r o p h y l l  c on t e n t  i n  P P 3 3 3  

t re a t ed p l a n t s  w a s  not  s i gn i f i c a n t ly h ig h e r� Wh i l e pho t o synthet i c 

t i s s ue ( presented a s  lea f  dry mat te r ) , and particularly  the  rat i o  of  

l e a f / s t em,  in  P P 3 3 3  t re a t e d  p l a n t s  wa s enhanced c ompa re d  t o  

unt reat ed pl ant s ( T able 5 . 4 ) , neither t o t a l  a s s imi lat ion rate  nor the 
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pa rt i t i o ning o f  a s s imi l a t e  t o  t h e  ape x ( inc l u ding s ho o t  apex a nd 

reproduc t ive s t ructures ) o f  P P 3 3 3  t re a ted plants  showed supe rio rity 

over the  cont rol  p l ant s ( T able 5 . 5 ) . There was a tendency for PP3 3 3  

t re a t e d  plan t s  t o  show a l ower  tot a l  a s s imi lat ion rate t han c ont rol  

p lant s a lthough the diffe rence was not s ign i f icant . 

Table 5 . 4 :  E f fect o f  PP 3 3 3  on  plant dry matter  (DM)  di s t r ibut i on 
( Ao rangi s ite , sward plant s ,  1 9 8 7 - 8 8 )  

S amp l in g  Unt reated P P 3 3 3  Treated as 
C a t ego ry* Cont rol  t re a t ed % o f  cont rol  

* 
MS 1 5 0 . 9  7 4 . 2  4 9 %  
L S  1 5 . 8  1 5 . 4  9 8 %  
M S L  4 8 . 5  4 5 . 7  9 4 %  
L S L  1 3 . 2  1 9 . 9 * 1 5 0 %  
MSR 5 . 2  5 . 1  9 8 %  
L S R  2 . 3 3 . 5 * 1 5 2 %  
D EAD 6 . 6  2 . 6 * 4 0 %  
TOTAL 2 4 2 . 3  1 6 6 . 3 * 6 9 %  
L S /MS 0 . 1 1 0 . 2 1 1 9 1 %  
L S L / M S L  0 . 2 7  0 . 4 4 1 5 9 %  
Lea f  DM 6 1 . 7  6 5 . 6  1 0 6 %  
L e a f / st em 0 . 3 7  0 . 7 3 1 9 7 %  
N . B .  Key f o r  t he category : 

M S =ma in shoot s ;  LS=Late r a l  shoot s ; MSL=leave s on ma in shoo t s ;  
L S L=leave s o n  lateral  shoo t s ; MSR= reproduct ive s t ructures 
( open f lo we rs and young pods ) on ma in shoot s ; 
L S R=reproduct ive st ructur e s  on l a t e r a l  shoot s ;  
D E AD=dead mat e r ia l . 
A l l  we ight s expre s s e d  i n  g rams . 
* :  Sign i f i cantly dif fe rent with the cont rol at 0 . 0 5  leve l . 

T a b l e  5 . 5 :  E ffect of P P 3 3 3  on  photo synthe s i s  a nd a s s imilate  
dist ribut ion ( STC s it e ,  spaced plant s ,  1 9 8 7 - 8 8 )  

Unt rea t ed 
cont rol 

C h l o rophy l l  
c ontent 1 . 0 6mg / g . F Wt 
T ot a l  
a s s imilat ion  8 . 4 3mgDM/ h r . dm2 

Lea f  reta ined 
a s s im i l a t e  7 .  1 9mgDM/ h r . ctm2 

A s s imilate t o  
apex 1 . 2 4mgDM/ h r . dm2 

% r et a ined 
by leaf  8 5 . 3 % 
% t ra n s fe rred 
to apex 1 4 . 7 % 

P P 3 3 3  
t reated 

1 . 1 3mg/ g . FWt . 

6 . 6 8mgDM / h r . dm2 

5 . 4 lmgDM/hr . ctm2 

1 . 2 7mgDM/hr . ctm2 

8 1 . 0 % 

1 9 . 0 % 
N . B . : no s igni f ic ant d i f f e rence at  p=O . 0 5 . 
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5 . 3 . 2 , E f f e c t  o n  f lowe ring patte rn 

The effect  o f  P P 3 3 3  on  flowe r ing pa t t e rn showed s ome d i f f e rences at 

the two e xpe riment a l  s i tes ( spaced pl ants and swa rd s i t u a t i o n s ) . At 

the S TC s i t e , s paced p lant s t o  w h i c h  PP 3 3 3  had been appl ied s h owed 

enhanced b r a n c h in g  ( P late  5 .  1 )  . H owever the chemical did not a l low 

the produ c t i on of more i n f lo r e s ce nc e s  f rom l at e ra l  branche s .  Unde r 

t h i s  w i de p l a n t  s p a c i ng whe r e  p l a n t s  w e r e  a l l owed u n re s t r i c t ed 

growt h , t h e  a dvant age o f  imp roved l a t e r a l  branch forma t ion promoted 

by P P 3 3 3  w a s  c ount e racted by t he l a rger numbe r of fewer b ranched ma in 

shoots f o rmed on p l ants  in  t h e  u nt re ated cont ro l . As a re s u l t ,  the 

numbe r of in f lores cences produced in  P P 3 3 3  t reated and cont r o l  plants 

wa s s imi l a r ,  despi t e  some di f fe rences  in the t iming o f  peak f lowe r ing 

between t reatment s ( Figure 5 . 1 ) . In fact , the f i rst  P P 3 3 3  t reatment 

( 3 0  Oct obe r )  reduced the numbe r of i n f l o re s cences when compa red with 

the unt reated contro l .  

D i f f e re n t  r e s u l t s occu r red i n  s wa r d  plant s . All o f  the t h ree P P 3 3 3  

t re a t m e n t s a t  t he Ao r a n g i  s i t e  g re a t l y  i n c rea s e d t h e  n umb e r  o f  

infl o r e s cences and concent rated f l owering pattern ( F igure 5 . 2 ) . Ea rly 

app l i c a t ion ( 1 6  Octobe r )  advanced peak f lowe ring by about 1 5 - 2 0  days . 

Mid s e a s o n  app l i c a t i o n ( 6  N o vembe r )  re s u l t ed i n  a ' n o rma l '  but 

inc r e a s e d  f l owering pattern . Late app l i ca t i on ( 2 6  Novembe r )  resulted 

in  a s udden i n c re a s e  i n  i n f l o r e s c e n c e  numbe r s  a t  a l a t e  st age . In  

1 9 8 8 - 8 9 t h e f i r s t  P P 3 3 3  t r e a t m e n t  o n  1 4  N o v e mb e r ,  ( w h i c h  i s  

equ iv a l e n t  t o  t h e  t h i rd t re a tme n t  u s e d  i n  1 9 8 7 - 8 8 )  i n c r e a s e d  the 

numb e r  of  in f l o re s ce n c e s  but  t h e  s e cond appl i c at i o n  ( 8  D e c embe r )  

f a i le d  t o  do s o  ( F igure 5 . 3 ) . 
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F igure 5 . 1 .  Flowe r ing p a t t e rn 
P P 3 3 3  t re a tment s  
( STC s i te , spaced 

p 1 a n t s ,  1 9 8 7 / 8 8 )  

i n  

Figure 5 . 2 .  F lowering p a t t e rn i n  
P P 3 3 3  treatment s 
( Ao rangi s it e , sward 

plant s ,  1 9 8 7  / 8 8 )  

F i gure  5 . 3 .  F l owering pattern in 
P P 3 3 3  t reatme n t s  

( STC s i t e ,  sward 
pl ant s ,  1 9 8 8 / 8 9 )  
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5 . 3 . 3 . E f fects  on seed yield,  yield components  a nd seed qua l it y  

Numb e r  o f  f l o ret s p e r  i n f lo re s cence showed l i t t le response t o  P P 3 3 3  

app l i c a t ion ( F igu re 5 . 4 ) . I n  1 9 8 7 / 8 8 ,  changes i n  flore t  numbe r i n  t wo 

P P 3 3 3  a pp l i c a t i o n s  ( 2 0  Novemb e r  and 1 0  D e c embe r )  and the unt rea t ed 

cont r o l  we re mon i t o re d  du r i n g  a f o r t y  day p e r iod of mos t  intens ive 

f lowe ring f rom 15 Decembe r  1 9 8 7  to 25 Janu a ry 1 9 8 8 . F loret numbers in 

the t wo P P 3 3 3  t re a tmen t s  we re con s i stent l y  s im i l a r  t o  f l o ret numbe rs 

in untreated cont r o l  p l a n t s t h roughout the period ( Figure 5 .  4 )  . I n  

bot h  t h e  1 9 8 7 / 8 8  a n d  1 9 8 8 / 8 9  s e a s o n s ,  t he numb e r  o f  f l o ret s and 

numbe r o f  pods p e r inf lorescence a t  peak f l ov;e ring were r ecorde d  a t  

t h e  STC s i t e  ( Table 5 . 6 ) . I t  was found that  P P 3 3 3  t reatments had n o  

e f f e ct o n  t h e  n umbe r o f  f l o re t s  pe r i n f l o re s cence . Howeve r ,  t h e  

t re a t ment s event u a l l y  reduced the  numb e r  o f  pods per inflo re s cence 

p r o du c e d  f r om an e q u a l  n umbe r of f l o r e t s .  The ot h e r  two y i e l d  

component s ( s e e d  number per  pod and t ho us a n d  s eed weight ) showed n o  

s ig n i f icant d i f f e rences in response t o  t h i s  chemica l ( Appendix 6 ) . 

A t  t h e  A o r a n g i  s i t e i n  1 9 8 7 - 8 8 ,  o n l y  n umb e r o f  f l o r e t s p e r  

i n f l o r e s c e n c e  w a s  a s s e s s e d  o n  1 5  D e c e mbe r  1 9 8 7 . T h e r e  w a s  n o  

s ig n i f i c ant d i f f e rence between the unt reat ed cont rol  a nd any o f  the 

t re a tments  ( Table 5 . 6 ) . 

S e e d  yie lds showed diffe rent re sponses  t o  t he t reatment s a t  di f f e r ent 

s it e s  and w i t h  d i f ferent  a pp l i c a t i on t ime s ( Table  5 .  7 ) . In s p a ced 

p l a n t s  none o f  the  P P 3 3 3  t re atment s i n c r ea sed seed yield . Howe v e r ,  

in  swa rd c rops , a l l  o f  the P P 3 3 3  t re a tment s ,  except for  the  s ec ond 

app l icat ion in  1 9 8 8 - 8 9  season ,  inc rea sed s eed yield . T h i s  e f fe c t  wa s 
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we l l  c o r re l ated with the number o f  inflore scences produced o n  p l ant s 

in  d i f f e rent t re a tment s . 

Tab l e  5 . 6 :  Effect  of  P P 3 3 3  o n  f lo ret numbers and pod numbers 

Treat ment Spaced p l a nt Sward c rop 
T ime F lo ret No . Pod N o . Floret No . Pod No . 
1 9 8 7 - 8 8  ( S TC) (Ao rangi) 
Unt reated 6 . 0  4 .  6 5 . 5  na 
Cont r o l  
Vege t a t ive na na  5 . 3  na  
s t a ge 
P re -bud 5 . 9  4 . 0 * 5 . 4  n a  
S t age 
F lower 6 . 0  3 . 9 * 5 . 3  na  
C ommen c i n  
L . S . D . \ 0 . 0 5 )  N S  0 . 1 0  NS 
1 9 8 8 - 8 9  ( S TC) j S T C )  
Untreated 5 . 5  4 . 4  5 . 0  4 . 5  
c o n t r o l  
F lowe r 5 . 4  4 . 1 * 5 . 1  4 . 0 *  
c ommenc ing 
P re -peak  5 . 3  3 . 9 * 4 . 9  3 . 8 * 
F lowe r i n  
L . S . D .  ( 0 . 0 5 )  NS 0 . 2 4  N S  0 . 3 7 
N . B .  * . S ign i ficantly differe n t  from untreated control  a t  P = 0 . 0 5 .  I 

n a ; dat a  n ot available . 

Table 5 . 7 :  Seed yields and h a rves t  i ndex o f  P P 3 3 3  t re atment s 
i n  spaced plant s ( g/plant ) and in  sward p lant s ( kg/ha ) 

1 9 8 7 - 8 8  season  
Unt reated 

control  
Vegetat ive P re-bud F l ower 

Spaced 2 5 . 3  
plant s 
S wa rd 4 5 7  

lant s 

Unt reated 
cont rol  

Spaced 
p l a nt s 
Swa rd 
p l a n t s  

2 9 .  4 

4 6 1  

H a rve s t  0 . 0 6 4  
I ndex H I  

stage s t age Commenc . 
2 3 . 8  2 6 . 7  2 4 . 1  

5 8 4 * 6 3 2 * 6 1 0  
* 

1 9 8 8 - 8 9  s e a son 
F l ower P re -pe ak 

c omme nc . f lowe ring 
n a  2 0 . 9

* 

6 3 7
* 

4 7 3  

0 . 1 3 5  
* o . 1 o s * 

L . S . D .  
( 0 . 0 5 ) 

NS 

1 0 7  

6 . 4  

1 2 8  

0 . 0 3 0  

N . B . : * ;  S igni f icant ly di f f erent f rom the Cont rol  a t  P = 0 . 0 5 leve l . 
n a ; data not a va il able  
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Ha rvest Index ( H I )  was  also  a s s e s sed i n  the 1 9 8 8 - 8 9 sward e xp e riment 

( T able 5 . 7 ) . P P 3 3 3  t reatment s g r e a t l y  redu c e d  the s t r a w  w e i ght a t  

ha r v e s t , a n d  t h e r e f o re i n c r e a s e d  h a r v e s t  i n d i c e s r e g a r d l e s s  o f  

whe t h e r  t h e y  increased s e e d  y i e l d  o r  not . 

The re were no obvious e f fe ctS o f  t h e  c hemi c a l on seed qu a l it y  i n  te rms 

o f  v i a b i l i t y . S e e d  f r o m  a l l  t r e a t me n t s  s h o w e d  h i g h  l e v e l s  o f  

viab i l i t y  ( > 9 5 % )  ( Appendix 7 )  . 

5 . 4 .  D i s cu s s i on 

T h e  e f f e c t s  o f  PP 3 3 3  o n  b i r d s f o o t  t r e f o i l  w e r e  s i m i l a r  t o  t h o s e  

r e p o r t e d  i n  o t h e r  p l a n t s ( S h e a r i n g a n d  B a t c h ,  1 9 8 2 ;  H a mp t o n  a nd 

Hebblethwa i t e ,  1 9 8 5 a , b ; Ma r s h a l l  a n d  H i de s ,  1 9 8 6 ,  1 9 8 7 ;  C l i f f o rd and 

Hare , 1 9 8 7 ) , with obvious e f fe c t s  on  inte rnode s h o r t e n ing a n d  b ranch 

p r omot i o n . P P 3 3 3  t rea tment s did n o t  a pp e a r  to imp r o v e  t h e  p l a n t ' s 

as s imi la t i on e f f i c i ency o r  mo d i f y  a s s imi l a t e  part i t i on i ng i n  f avou r  

o f  r e p r o duct ive growt h . The o v e r a l l  e f f e c t  was a r e t a rdat i on o f  p lant 

growt h . I t  i s  i mp o rtant t o  n o t e  t h a t  P P 3 3 3  t re a tme n t  reduced the 

numbe r of pods pe r i n f l o re s ce n c e  f rom a n  e qu a l  numb e r  of f l o r e t s  pe r 

inf l o r e s ce nce ( Table 5 . 6 ) . C on s ide ring t h e  e f fect s o f  P P 3 3 3  o n  p l ant 

pho t o s yn t h e t i c  c h a r a ct e r ,  i t  s e e ms l i k e l y  t hat t h i s  may occur as a 

r e s u l t  o f  l a c k  o f  as s imi l a t e  supp ly t o  s upp o rt rep roduct ive g r owt h ,  

p a r t i c u l a r l y  w h e n  P P 3 3 3  t r e a t e d  p l a n t s p r o d u c e d  m a n y  m o r e  

i n f l o re s c e n c e s t h a n  unt r e a t e d  p l ant s ,  wh i c h  e v e nt u a l l y  r e s u l t ed i n  

mo re f l o r et s f a i l ing to deve l o p  int o ma t u r e  pod s . S u c h  a r e s u l t  i s  

cont ra r y  t o  results  by Hamp t o n  a n d  Hebb l ethwa ite ( 1 9 8 5 a ,  b)  w h o  found 

t h a t  P P 3 3 3 i n c r e a s e d  t h e  numb e r  o f  s e e ds per s p i k e l e t  i n  pe renn i a l  

ryeg ra s s . 
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I n  s u g a r  b e e t  Ja gg a rd e t  a l . ( 1 9 8 2 ) s h o we d t h a t  P P 3 3 3  i n c re a s e d  l e a f  

n u mb e r s  a n d  l e a f  t h i c k n e s s .  As a r e s u l t  o f  t h e t h i c k e n e d  l e a f , 

c h l o ro p h y l l  c on t e n t  a n d  p h o t o s yn t h e s i s  e xp re s s e d  in u n i t  l e a f a r e a  

w e r e  a l s o  i n c r e a s e d . Howeve r ,  pho t o s y nt h e s i s  e xp r e s s e d  pe r l e a f  a n d  

p e r  u n i t  we i g h t  o f  c h l o roph y l l  d e c r e a s ed f o l l o w i ng P P 3 3 3  t re a t ment . 

P P 3 3 3  a pp l i c a t i o n  a l s o  r e du c e d  l e a f a re a  b y  6 8 - 7 8 % . Ove r a l l ,  t he 

f in a l  y i e l d  o f  suga r beet ( bo t h  r o o t  a n d  t o t a l  b i oma s s )  w a s  reduced 

by P P 3 3 3  t r e a tme n t . Re s u l t s i n  t h e  p r e s e n t  s t udy g e n e r a l l y  a g re e  

w i t h  t h e s e  r e s u l t s ,  s ho w i n g  t h a t  P P 3 3 3  h a s  no obv i o u s l y  bene f i c i a l  

e f f e c t  o n  t he p l a nt ' s phot o s ynt h e t i c  ab i l it y . 

I n  t h i s  s t ud y ,  me a s u remen t s  on p l an t: p h o t o s y n t he s i s  c h a r a c t e r i s t i c s  

w e re b a s e d  o n  t he a s s umpt i o n  t h a t  l e a f  p h o t o synthe s i s  w a s  t h e  on ly 

s o u r c e  a c t i v i t y  w h i c h  i n f l u e n c e d a s s i m i l a t e  i m p o r t a t i o n  t o  

r e p r o d u c t i v e  p a rt s . R e s p i r a t o ry c o n s umpt i o n o f  a s s imi l a t e  a n d  s t em 

mat e r i a l  p ho t o s ynt he s i s  we re c o n s ide r e d  n e g l i g i b l e  or omi t t ab le s i n c e  

t he y  a re s u pp o s e d  t o  ope r a t e  i n  a p r op o r t i on a l  b a s i s  rega r d l e s s  o f  

t h e  d i f f e r e n t  s i z e s  o f  t h e  p l a nt s i n  unt r e a t ed c on t r o l  a n d  i n  P P 3 3 3  

t re a tmen t s .  Expe r iment s u s ing mo r e  s oph i s t i c a t e d  t e c h n i qu e s ,  s u c h  a s  

i s o t op e  l a be l l ing co2 f o r  mon i t o r i n g  a s s imi l a t e  t ra n s l o c a t i o n ,  wou l d  

s e em t o  b e  d e s i r a b l e  f o r  f u r t h e r  c o n f i rming t he r e s u l t s  o b t a in e d  i n  

t h i s  s t ud y . 

P o t e n t i a l  s e e d  produ c t i o n  i n  a p l a n t  i s  ba s i c a l l y  det e rm i n e d  by t wo 

f a c t o r s ,  t h e  s i t e s  a v a i l a b l e  f o r  r e p r o d u c t i v e d e v e l o pme n t  a n d  

a s s im i l a t e  s upp l y  f o r  r e p r o du c t i v e  growt h . The t wo ma j o r  e f f e c t s  o f  

P P 3 3 3  o n  s e e d  p r o du c t i o n  a r e s o m e w h a t  c o n f l i c t i n g  i n  b i r d s f o o t  

t re f o i l . Wh i l e  t h e  i n c r e a s e d  b r a n c h ing r e s u l t in g  f rom P P 3 3 3  t re a tme n t  
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may provide mo re s it e s  f o r  f l oweri ng ( t hus i n c re a s ing i n f l o re s cence 

numb e r s ) , the n e g a t ive  e f fe c t  o f  P P 3 3 3  o n  p l ant growth may l imit 

a s s imi l a t e  supp l y  f o r  rep r o du c t ive growt h . The r e f o r e ,  the va lue of 

P P 3 3 3  on  s eed p roduct ion may largely depend on the situat ion in wh ich 

the c rop is grown . I n  swa rds where a t ight ly c losed veget a t ive c anopy 

o c c u r s  a t  f l o w e r i n g ,  l a t e c r o w n  s h o o t  e m e r g e n c e  i s  g r e a t l y  

rest r i cted . I n  such s ituat i on s , enhanced shoot b ranching a s  a result 

o f  P P 3 3 3  t reat ment h a s  a great advant age i n  c reat ing more sites f o r  

f lowe r ing . The bene f ic i a l  e f fect o f  P P 3 3 3  i n  in c re a s ing seed yield 

in s u c h  c i rcums t ances  occurs  ma inly as  a res ult o f  inc reased number s  

o f  l a t e r a l  b r a n c h e s . I n  s p a c e d  p l a n t  s i t u a t i o n s  u n r e s t r i c t e d  

deve lopment o f  c rown shoots  o c c u r s  w i t h  f e w e r  l a t e r a l  b ra n c h e s  b e i n g  

formed . 'rhe increased l a t e r a l  b ran c h i n g  encouraged by P P 3 3 3  t reatment 

in swa rd grown p l ants  doe s  not occu r in spa ced plant s ,  and there f o re 

P P 3 3 3  t re a t me n t s a re n o t  a dv a n t a g e o u s  i n  p r o v i d i n g  i n c r e a s e d  

i n f l o re scences f o r  enhanc ing f inal s eed y i e l d .  

Re s u l t s  f r o m P P 3 3 3  a p p l i c a t i o n s  a t  d i f f e r e n t  s t a g e s  o f  p l a n t  

deve l o pmen t  i n  t h i s  s t u d y  s u gge s t  t h a t  e a r l y  a pp l i c a t i o n  ( du r ing 

a c t i ve vege t a t i ve growth up t o  the c omme ncemen t  o f  f l owe ring )  i s  mo re 

s u i t ab l e f o r  e nh a n c i ng s e e d y i e l d  t h a n  l a t e r  a pp l i c a t i o n . T h i s  

c omf i rms t h e  results  f ound i n  the hand remova l t reatment s ( chapte r  4 )  

wh i c h  shows  t h a t  s h o o t  manipul a t i o n  s ho u l d  b e  c a r ri e d  o u t  b e f o re 

shoot s becoming fert i le and incapab l e  o f  branching . Late a pp l i c a t ion,  

e ven though i t  may promo t e  a l a rger number o f  sma l l  l a t e ra l branche s ,  

i s  not ben e f i c i a l  i n  inc reas ing t he c u r rent yea r ' s s ee d  p rodu c t i on , 

s in c e  t h e  l a t e  s e a s o n  phot ope r i o d  doe s  n o t  a l lo w  t h e s e  sma l l  

b ra n c h e s  t o  b e c ome f e r t i le . V e r y  e a r l y  a pp l i c a t i o n  i s  a l s o  n o t  

r e commended s in c e  i t  may p revent p l a n t s  f rom reaching a reasonable 
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s i ze for  s eed p roduct i o n . S imi l a r ly ,  C l i f f ord and H a re ( 1 9 8 7 ) f ound 

t h a t  ea r l y  ( S eptembe r )  app l ic a t i on o f  P P 3 3 3  did not increase final  

s eed yie l d  in G ra s s l ands Maku lotus ( Lotus peduncu l atus . Cav . ) .  

T h e r e  a r e d i f f e re n t  o p i n i o n s  o n  t h e  v a l u e  o f  PP 3 3 3  a s  a p l a n t  

regulat o r  for  improving s e e d  yiel d .  I n c L e a s e d  s e e d  yie lds fol l owing 

P P 3 3 3  a pp l i c at: i on h a ve been repo r t ed in a numbe r of pasture plants  

i n c l u d i ng ryegra s s  ( H a mp t on a n d  H eb b l e t h w a i t e ,  1 9 8 5 a ,  b ) , w h i t e  

c l ove r ( M a r s h a l l  a n d  H i de s ,  1 9 8 6 ,  1 9 8 7 ) , L o t u s  c o rn i c u l a t u s  and 

Lotus pedunculatus  ( C l i f f o rd and H a re , 1 9 8 7 ;  H a mpton e t  a l . ,  1 9 8 9 ) . 

H o weve r ,  Wh i t e  e t  a l . ( 1 9 8 7 )  s imply e l iminated the u s e  o f  P P 3 3 3  i n  

b i rds f o ot t re f o i l  b y  s uggest ing that P P 3 3 3  h a d  a n  in j u rious e f fect on 

p l a n t  g ro w t h . Even in  c a s e s  w h e r e  i n c r e a s e d  yi e ld h a s  o c c u r r e d  

f o l lo w i ng P P 3 3 3  u s e ,  t he re i s  l it t le i n f o rmat ion on the mechani sms 

involved,  p a rt icu l a r ly on the phy s i o logic a l  e f f ect s o f  t h i s  chemic a l  

on  t h e  growth a nd deve lopment o f  plant s .  T h e  re sult s i n  t h i s  s t udy 

s h o w  t h a t  P P 3 3 3  d o e s r e t a r d p l a n t  g r o w t h .  H o we v e r ,  i t  a l s o  

e f f e c t i v e l y  p r o m o t e s  b r a n c h i n g  a n d  s o  i n c re a s e d  i n f l o r e s c e n c e  

numb e r s . P a r t i c u l a rl y  i n  t h e  mo r e  n o rma l ' s ward'  s i t u a t ions  unde r 

wh i c h  I, o t u s  c o rn i c u l a t u s  i s  c o mmo n l y  g r o w n  f o r  c omme r c i a l  s e e d  

product ion . P P 3 3 3  appe ars  t o  s how cons ide r a t e  promi se f o r  imp roving 

s e e d  yield in t h i s  s pecie s . T h i s  is p a r t i cu la rl y  t he c a se when t h e  

chemi c a l  i s  appl ied t o  p l a nt s f rom t h e  p re -bud t o  t h e  beginning o f  

f l owe ring s t a g e . S e e d  y i e lds obt a ined f rom such s ituat ions w e r e  i n  

e x c e s s  o f  6 0 0 k g / h a  ( a b o u t  4 0 %  o v e r  u n t r e a t e d  c on t r o l ) w h i c h  i s  

c o n s ide red t o  b e  h igh b y  c omme r c i a l  s e e d  p r oduct i o n  s t anda rds i n  New 

Z e a land . 
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B u l k y  v e ge t a t i ve ma t e r i a l s  a c c omp a n y i n g  r e p r o d u c t i v e  p a r t s  a t  

h a rve s t ing o ften  cause p r ob lems � 1 i c h  r e d u c e  s e e d  recove ry i n  pa s t u r e  

spe c ie s . Wigga n s  e t  � - ( 1 9 5 6 )  su gge s t e d u s i ng de s i c c a nt s t o  e a s e  

t h i s  p roblem i n  Lotus cornicn .l c1 t u s . Re s u l t s  f r om t h l o  s t udy s u g ge s t  

t ha t  P P 3 3 3  t re a tment may be a nothe r remedy f o r  t h i s  problem t h r o u g h  

i t s  e f f e c t  o f  redu c i ng v e ge t a t i ve g r o w t h  a n d  t h e r eby in c r e a s ing 

H a rv e s t  I ndex ( H I )  . 

R e s u l t s  f r o m  t h i s  s t u d y  s u pp o r t  t h e  s u g g e s t i o n  t h a t  a s h o o t  

manipulat i on app roa ch c a n  b e  advant ageous in  imp roving seed yie l d  and 

h ave demons t rated the potent i a l  of P P 3 3 3  as a plant growth regu lator 

f o r  man ipu l a t ing p re - f l o w e r ing shoot s t a t u s  i n  Lotus  c o rniculatus . 

A l t h o u g h  P P 3 3 3  h a s  s o m e  s i d e - e f f e c t s  o n  p l a n t  g r o w t h  ( e g . , 

r e t a rd a t i o n ) , i t s  ma j o r b r a n c h  p romo t i n g  a b i l i t y  s e ems t o  be a 

v a l u a b l e  c h a r a c t e r i s t i c  f o r enh a n c i n g  s e e d  y i e l d  i n  L o t u s  

c o rnicu l at u s . Howeve r ,  i n  u s ing t h i s  chemi c a l  for  seed p roduct ion in 

t h i s  s p e c i e s , c a re s h o u l d b e  t a k e n  t o  c o n s ide r t h e  t im i n g  o f  

a pp l i c a t i o n  and t h e  p l a nt popu l a t ion  s i t u a t ion . Be s t  re s u l t s  f r om 

app l i c a t i o n  of this  chemi c a l  a re l ikely t o  be achieved in a sward o r  

s p a c e d  r o w  s ituat i o n , t h e  chemi c a l  be ing a pp l i e d  b e f o re f lowe r ing 

when t h e  c r o p  h a s  a l a r ge p o p u l a t i on of  c r o w n  s h o o t s w h i ch a re 

c a p a b l e  o f  r e s p o n d i n g  t o  t h e c h e m i c a l ' s b r a n c h  s t i mu l a t i n g  

characte r i s t ics . 
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CHAP TER 6 :  EFFECT O F  POST-PEAK FLOWERING S HOOT MAN I PULAT I ON O N  SEED 

PRODUCT ION 

6 . 1 .  Int roduc t i o n  

A s  d i s c u s s e d  i n  p r e v i o u s  c h a p t e r s , b o t h  p r e - f l owe r i n g  a n d  po s t ­

f l owe r ing s h o ot popu l a t i o n s  a re l i k e l y  t o  a f fect seeding potent i a l  

a n d  u lt imat e s ee d  y ie ld in  L o t u s  c o r n i c u l a t u s . The p r e s e n c e  o f  a 

l a rge n umber o f  shoots at f l owe r ing i s  obviously impo rtant , s ince the 

n umb e r  o f  f e r t i l e  s h o o t s a n d  s ub s e q ue n t ly t h e  numb e r  o f  i n f l o ­

r e s c e n c e s  a re we l l  c o r r e l a t e d  w i t h  f i n a l  s e e d  y i e l ds . T h e  study 

rep o rted i n  c hapt e r  5 has shown the promis ing e f fect s o f  P P 3 3 3  a s  a 

p r e -p e a k  f l o w e r i ng s h oot  m a n i pu l a t ing c hemi c a l  o n  imp r o v i ng s eed 

y i e l d  i n  t h i s  p l a n t . P e r h a p s  a s  i m p o r t a n t , h o w e v e r ,  i s  t h e  

pot ent i a l l y  negat ive e ffect o f  the continued product i o n  o f  new shoot s 

a f t e r  p e a k  f l o we r ing . T h i s  p o s t - f l owe r ing ' f l u s h ' o f  n e w  s h o o t s  

appe a r s  t o  provide an intense l y  competit ive ' s ink ' f o r  a s s imilate and 

may there f o re be cons idered t o  be ' unde s i rable ' on p l ants being grown 

f o r  seed p roduct ion . It is a s sumed that  dep re s s ing such l a t e  s hoo t s  

a ft e r  pea k  f l owe ring may b e  an  equ a l ly important management app roach 

f o r  e n h a n c i n g  s e e d  y i e l d  in L o t u s  c o r n i c u l a t u s . S t u d i e s w e r e  

t h e re fo re c a rr i e d  o u t  t o  i n v e s t i g a t e  t h e  e f fe c t  o f  t wo d i f f e rent 

c hemi c a l s  ( Nort ron and F a t a l  Supe r )  a pp l i e d  at d i f f e re n t  t ime s t o  

a s s e s s  t h e i r  e f fect ivenes s  a s  post -peak f lowe ring s hoot manipulating 

c hemica l s  for  enhanc ing seed p roduct ion in t h i s  spec ie s . 

N o r t r o n  ( 2 -e t hoxy-2 , 3 - d ihydro , 3 -dimethyl  ben z o fu r a n - 5 -y l  methane 
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su lphonate ,  a l so kn own a s  Etho fume s a t e ,  T ramat ) i s  a herbi c i de which 

inhibits  m i t o s i s  in act ively g rowing young t is sues . The in i t i at ion o f  

n e w  s h o o t  p r imo r d i a  i n e vi t a b l y  i n v o l ve s c e l l  d i v i. s i on w h i l e  the 

g rowt h of  o lde r s h o o t s  occu r s  ma inly  t h rough ce l l  e n l a rgement . This  

c hemic a l  was  s e l e c t e d  f o r  t h i s  experiment in an att empt t o  prevent 

late new s h o ot eme rgence without h a rming t he growt l1 of a l re ady f o rmed 

older s h o ot s . 

Fatal S up e r  ( fatty a lcohols , p rima ry l i nea r a lcoho l s  o f  c h a in lengths 

c 6 -c 1 2 ) i s  a ' s u c k e r  k i l l e r '  wh i ch h a s  been s u c c e s s fu l l y  used in 

t ob a c c o  c rops f o r  cont ro l l ing l a t e r a l  buds ( sucke r s ) ( St e f fens and 

S e l fmann , 1 9 8 2 ;  O ' Connor ,  1 9 8 4 )  S ince t h i s  chemica l  i s  known t o  be 

p a r t i c u l a r l y  i n j u r i o us  t o  y o u n g  p l a n t  t i s s u e  w i t h  l i t t l e or no 

h a rmful e f fects  on  o ld t i s sue , i t  was s e l ected for use  i n  t h i s  st udy 

in an a t tempt t o  de st roy late-fo rmed shoots . 

6 . 2 .  Mat e r i a l s  and methods 

E xpe r iments we re carried out du ring 1 9 8 7 - 8 8  at the same locat ions a s  

d e s c r ib e d  i n  C h apt e r  5 .  T h e  f i r s t  s i t e ,  a t  t h e  S e e d  Technol ogy 

Cen t re ( ST C ) , Ma s s ey Un i ve r s i ty ,  invo lved spaced p lants  with a row 

width of 8 0 cm and int r a - row spa c ing o f  6 0 cm . The second s it e , at the 

Depa rtment of S cient i f ic a nd Indu s t r i a l  Re sea rch ' s  expe r imental  f a rm 

a t  A o r a ng i ,  invo lved a c rop grown i n  6 0 cm rows  w i t h  6 4  plants per 

met r e  o f  r o w . At neith e r  s it e  was f e rt i l i z e r  or i r rigat ion app l ied 

dur ing the experiment a l  p e r i o d . The two chemic a l s  ( Nort r on and Fatal 

S u p e r )  w e r e  a p p l i e d  t h r e e  t o  f i v e  t i m e s at d i f f e r e n t  p l a n t  

deve l opment  s t ages a t  e a c h  s it e . Management and t re atment det a i l s  

a re p resented i n  Tab l e  6 . 1 .  A l l  t reatments  at e a c h  s it e  were 



T able 6 . 1 :  E xperimental det a i l s 

S o i l  type : 
STC (s ite 1) 

Tokoma ru s i lt loam 
9 p lant s 

Ao rangi (site 2) 
Ka i ranga s il t  loam 
3 by 5m2 plot . 

1 . 0 5 kg/ha 

127 

Repl icate s i z e  
Sowing r a t e  
Sowing dat e  
Weed cont r o l  

9 May 1 9 8 7  
' Roundup ' , pre-sowing 
' P a raqua t ' , 2 9  July 

N i l  

3 Apr i l  1 9 8 7  
' T r i f lu r a lin ' , pre-sowing 
' 2 ,  4 -DB' , 2 May 

Gra z ing : Grazed in 2 3 - 2 5  S e p . 
Nort ron app l i ca t ion 

Date ; 2 5  Oct . 1 5  Nov . 5 Dec . 
Rate ; 1 %  s o lution 

2 0ml /plant 

27 Oct . 1 7  Nov . 7 Dec . 
2 . 5 % s o lut i on 

Fatol app l i cat ion 
Date ; 2 Nov . 2 2  Nov . 

1 2  Dec . 2 Jan . 2 Jan .
* 

3 0 0  l i t res / ha 

6 Nov . 2 6  Nov . 
2 1  Dec : 

Rate ; 3 %  so lut ion 3 %  s o lution 
2 0ml / plant 3 0 0  l it re s / h a  

* 
2 1  Dec . 

H a rve s t  d a t e ;  2 Feb . t o  9 Feb . 2 2  Feb . ( de lay due to r a in ) 

N . B .  1 ,  F o r  e ach s it e ,  t reatment s  a re t e rmed Nortron 1 ,  Nort ron 2 ,  
. . . . . .  F a t o l  1 ,  F a t o l  2 ,  e t c . ,  a c c o rding t o  t he t ime o f  
app l i cat ion ; sma l ler numbe r s  denote ea r l ier appl i c a t ion . 

* . . 
2 ,  F a t o l  4 , 1 . 5 % rate,  double volume o f  appl1ca t 1on� . 

r e p l i c a t e d  t h r e e  t ime s i n  a r a n domi z e d  c o mp l e t e  b l o c k  de s i gn . 

Inflores cence numbers we re a s se s s e d  at f ive -day int e rva l s  by count ing 

open f l owe r s  on nine plant s in e a c h  replicate at the STC s ite ( s ite 

1 )  and by c ount ing open f lowe r s  w i thin a 1m2 pe rmanent quadrat for 

each rep l i c ate a t  t he Ao rangi s it e  ( s ite 2 )  . The numbe r of f l o ret s 

per in f lo re s cence was a s ses sed a t  1 0  day intervals by count ing f l o ret 

numbe r s  in 30 i n f lores cences randomly se lected from each replicate at 

s it e  1 .  At s it e  2 ,  the numbe r o f  florets was a s s e s sed once at the 

po s t -pe a k  f l owe r i ng s t age on 1 5  Ja n u a r y  1 9 8 8 . Numbe r of pods per 

i n f l o r e s cence , numbe r o f  seeds pe r pod , t hous and- seed we ight and seed 

y i e l d  we r e  r e c o rded f o l l o w i n g  hand ha r ve s t i ng of 5 s paced p l ant s 

( s i t e  1 )  o r  f o l lowing t h e  h a rve st ing o f  a l l  p l a n t s  w i t h i n  a 0 .  6m2 

qua d r a t  ( s it e  2 ) . Seed y i e lds were e xp res sed a t  mean seed mo i s t u re 

conte n t s  o f  1 0 . 7 % and 8 . 4 % f o r  s ites 1 and 2 respect ively . 
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6 . 3 .  Results  

6 . 3 . 1 .  Effect  o n  p l ant growth and deve l opment 

Nort ro n  had a s t rong inh ibit o ry e f fect  o n  t h e  eme rgence of new shoot s 

a r i s ing f r om t h e  c rown ( P l a t e  6 . 1 ) N o r t ron- t re a t e d  p l ant s s h owed 

d i s rupted g r o wt h  and de ve l opment , the p ro du c t i o n  o f  c rown  s h o o t s  

be ing much reduced f o l lowing app l icat ion . Already-formed shoot s a l s o  

s h o w e d  i n j u ry s ympt oms wh i c h w e r e  r e a d i l y  s ee n  a s  a t w i s t ing o r  

f o l d i n g o f  t h e  s h o o t  a p i c e s  a n d  f l o r a l  buds . Le a f  t i s s u e  bec ame 

s l ight ly ye l l ow and f l owe r coro l l a s  o cc a s i ona l l y  showed a purp l e - red 

c o l ou r a t i o n . As we l l  a s  inhib i t ing s h o o t  g rowth and de ve l o pme n t , 

N o r t ron  a l s o  h a d  a n  i n j u r i o u s  ' he rb i c i da l '  d i s t o r t i n g  e f f e c t  o n  

f lowe rs ( P la t e  6 . 1 ) . 

The e f fect o f  F atal  S uper was t o  c a u s e  'burn i ng'  sympt oms t o  appear  

1 -2 days a ft e r  app l i c a t ion ( P la t e  6 .  2 )  . Young sho o t s  a ppea red to  be 

part icul a r l y  sensit i ve t o  the chemic a l . Leaves on young shoot s f i rst 

w i l t ed ,  a n d ,  f i n a l l y ,  the ent i re s h o o t  e t i o l ated and d ie d . O lde r 

shoots were  le s s  s e n s i t ive t o  F a t a l  S upe r and often showed nonoo r only 

s l i ght l y  i n j u r ious  s ympt oms . F l owe r s  showed no v i s ible s ymptoms of  

i n j ury . This  chemic a l  tempo ra r i ly cont rolled the eme rgence and growth 

o f  young s h oo t s  H o weve r ,  s ince  F a t a l  S uper  i s  a c o n t a c t  " sucke r 

k i l le r ' , i t s  e f f e c t  i s  rapid but s h o r t  l ived . S e ve r a l  d a ys a fter 

t reatme n t  new  sho o t s  eme rged f r om t h e  c rown on  pl ant s wh ich  had been 

p revious ly t reate d . The use of this  chemica l was e f fect ive i n  k i l l ing 

young vegeta t ive shoots  pre s ent at the t i me of app l icat i o n ,  but was 

of onl y  l imited value in  cont r o l l in g  regrowth of  new shoot s .  



P l a t e  6 . 1 . E f fe c t s  o f  N o r t ro n  t rea tment on plant gro w t h  
( 2 9  N ovembe r 1 9 8 7 )  

1 2 9  



P l a t e  6 . 2 .  E f fec t s  o f  F a t a l  Super t reatment on p l a n t  

g ro w t h  ( 2 9  November 1 9 8 7 ) 

1 3 0  
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6 . 3 . 2 .  E f fect on f l owe ring pattern 

A t  b o t h  s i t e s  t he n umb e r  o f  i n f l o re s c e n ce s  p r o du c e d  i n  N o r t r o n  

t r e a t m e n t s w a s  g e n e r a l l y  l o w e r t h a n  i n  u n t r e a t e d p l a n t s  a nd 

f luctuated great ly,  pa rt icularly at the STC s it e  ( F igure 6 . 1 ) . Ea rly 

t re a t ment ( l a t e  O c t obe r )  h a d  l e s s  h a rm f u l  e f f e c t s on f l owe r i ng ,  

p r ob a b l y  be c a u s e  app l i c a t i o n  w a s  m o r e  remo t e  f r om t h e  t ime o f  

intens ive f lowe r ing ( ea rly January ) , a l lowing p lants a longer pe r iod 

o f  recovery g rowth fol l owing inj ury . Lat e r  app l i c ations (mid Novembe r 

and e a r ly Dec embe r )  s howed very obv i o u s  e f fe c t s  on f lowe r ing , the 

n umb e r  o f  i n f l o re s cences dropping s ign i f icant l y  f o l lowing chemic a l  

appl icat ion ( Figure 6 . 1 ) . 

At the Ao rangi s ite a l l  t hree Nortron t reatment s reduced the numbe r 

o f  i n f l o r e s c e n c e s  p r o d u c e d  du r i n g  t h e  e a r l y f l o we r i n g  s e a s o n . 

Howeve r ,  p lant s i n  the f i rst two t re atments eventua l ly recove red f rom 

i n j u ry and a t  p e a k  f lowe r ing the n umbe r of inflo re scences in these 

two t reatment s was s imi l a r  t o  the unt reated control ( F igure 6 . 2 ) 

As a l ready ment i oned, F a t o l  Supe r t re a tment s had no e f fect ive l ong 

t e rm e f fe ct i n  cont r o l l ing the cont i n uous emergence o f  new shoot s ,  

although t re atment did not appa rent l y  h a rm reproduct ive s t ructures on 

o l d  s h o o t s .  C o n s e qu e n t l y ,  f l o w e r i n g p a t t e r n  w a s  n o t  g r e a t l y  

i n f l ue n c e d  b y  Fa t o l  S upe r t re a tment ( p a rt i c u l a r l y t he t wo e a r ly 

t re atment s )  . At the STC s ite t reatment s 1 ,  2 and 4 s l ightly i n c reased 

inf l o rescence n umbers at peak f lowe ring,  but t reatment 3 reduced the 

number of i n f l o rescences ( F igure 6 . 3 ) . At the Ao rangi s it e  t reatment 

3 a l s o reduced the numbe r of i n f l o re s cences p resent in s w a rd plants 

dur ing late f lowering ( F igure 6 . 4 ) . T r eatment 2 incre a s ed t he numbe r 
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Figure 6 . 1 .  Flowering pat t e rn in Nort ron t reatment s  
( STC s ite,  spa ced plan t s ,  1 9 8 7 / 8 8 )  
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F igure 6 . 2 .  F l ower ing pattern i n  Nort ron t reatments 
(Ao rangi s i t e ,  swa rd plant s ,  1 9 8 7 / 8 8 )  
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F igu re 6 . 3 . F lowe r ing pat t e rn in Fat o l  S upe r t reatment s 

( S TC s i t e ,  spaced p l ant s , 1 9 8 7 / 8 8 )  
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F igu re 6 . 4 .  F l ower ing pattern in F a t o l  Super t reatments 

( Aorangi s it e , sward p l ants , 1 9 8 7 / 8 8 )  
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o f  i n f l o re s cence s , the rema in ing t wo t re a tments showing n o  obvious 

e f fec t s  on f lowe r ing pattern . 

6 . 3 . 3 .  E f fects on seed yield c omponent s 

At t h e S T C  s i t e ,  t h e  numb e r  o f  f l o re t s a n d  numbe r o f  pods p e r  

i n f l o re s cence we r e  a s s e s s e d  i n  f o u r  t re atment s ( No rt ron 2 ,  3 and 

F a t a l  2 ,  3 )  du r i ng the p e r i o d o f  mo s t  i n t e n s e  f lowe r ing f rom 1 5  

December 1 9 8 7  t o  2 5  January 1 9 8 8 . Wh ile Nort ron t reatments obviously 

redu ced t h e  a b i l it y o f  inflores cences to bea r f l o re t s  ( F igu re 6 . 5 ) ,  

Fat a l  Super t reatment s gene ra l ly inc reased the numbe r o f  f l o rets pe r 

in f l o re s cence ( F i g u re 6 .  6 ) . I n  o rde r t o  c a l c u l a t e  p o t ent i a l  seed 

yie l d  and to comp a re the e f fects o f  d i f fe rent t reatment s ,  seed yield 

component s ( us ing f l o ret numbe r s  per i n f l o rescence pre sent at pea k  

f lowe r ing on 5 January) a re presented in T a b l e  6 . 2 . Numbe r o f  pods 

pe r i n f l o rescence were recorded once on 22 Februa ry and we re f ound t o  

s h o w  s im i l a r  t re a tment re spon s e s  t o  f l o ret pat t e rn s . Howeve r ,  p o d  

numb e r s  were app roxima t e l y  2 0 - 3 0 %  lower than t h e  number o f  f lo ret s 

pe r i n f l o resc ence . The othe r two yie l d  component s ( seed numbers per 

p o d  a n d  t h o u s a nd s e ed we i g h t ) s h owed n o  s i gn i f i c a nt d i f f e rences 

b e t we e n  t he c h em i c a l  t re a t me n t s a n d  t he u n t r e a t e d  c on t r o l  ( T a b l e  

6 .  2 )  . 

At t h e  A o r a n g i  s i t e , t he numb e r  o f  f l o re t s per i n f l o re s cence w a s  

a s s e s s e d  o n l y  o n  1 5  D e c e mb e r  1 9 8 7 ,  t h e r e w a s  n o  s i g n i f i c a n t  

d i f f e re n ce bet ween t h e  un t re a t ed c on t r o l  a n d  a n y  o f  t h e  chemi c a l  

t re atment s . 



C) () 8 ., 
! 
.Q -.E 

.... I) 
a. 

i 0 
-= 
0 
� 
E :J c 

0 
} 
E :J 
c 

F i gure 

1 3 5 

8.0 

7.0 I 
I I 

6.0 

5.0 

o Control 
� Nortron 2 

----

I --r·-·-- -.-----....--·--. l> Nortron 3 
15 Dec. 25 Deo. 5 Jan. 16 Jan. 25 Jan 

6 .  5 .  Changes in f loret numbe rs in No rt ron 
t reatment s with t ime ( S TC site , 1 9 8 7 / 8 8 )  

8.0 

I 
I I 

7.0 I 

o Control 
� Fatol 2 

0.0 -t.----.-----..----------..1--___,1..-----.1 l> Fatal 3 
15 Dec. 25 Deo. 5 Jan. 15 Jan. 25 Jan. 

F igure 6 . 6 .  Changes i n  f l o ret numbe rs in Fatol Super 
t reatments with t ime ( STC s ite,  1 9 8 7 / 8 8 )  



Table 6 . 2 :  Seed yield component s ( STC s i t e )  

T reat ment 

Cont r o l  
No rt ron 1 
No rt ron 2 
No rt ron 3 
Fat o l  1 
Fat o l  2 
Fat o l  3 
F at o l  4 

I n f l o res cence No . 
Tot a l  2 5  days + 
2 4 1 6  1 5 1 0  
2 1 0 9  1 4 2 0  
1 7 0 6  
2 4 6 0  
2 7 9 3  
2 5 7 1  
2 2 0 9  
2 7 3 9  

1 1 7 7  
1 2 1 0  
1 6 6 7 
1 5 0 7  
1 3 2 1 
1 6 2 2  

F loret s /  
I n f l o r . 

6 . 0 0 
na 

5 . 6 2
* 
* 

5 . 4 9 
na 

6 . 3 6  
* 

6 . 3 8 * 

na 

Pods / 
inflo r . 

4 . 5 8 
na 

4 . 1 2 
* 

4 . 1 6
* 

na 
4 . 9 4 

* 
* 

4 . 7 7  
n a  

Seeds/ 
Pod 
1 3 . 8  
1 3 . 8  
1 5 . 1  
1 3 . 3  
1 1 . 6  
1 2 . 9  
1 4 . 2  
1 2 . 3  

1 0 0 0 - Seed 
we ight 

1 .  3 5  
1 .  3 0  
1 .  3 7  
1. 5 4  
1 .  3 2  
1 .  3 6  
1 .  2 7  
1 .  3 7  

F at o l  4 *  n a  na na na 1 3 . 1  1 . 2 5 
N . B . : * ;  Sign i f icantly different f rom t he Cont ro l at P = O . O S .  

1 3 6  

+ ;  I n f l o rescences b l o s s oming dur ing t he 2 5  days o f  mo s t  intense 
f lowe r ing (peak f lowe r i ng + 12 days ) . 

n a ; dat a  not ava i l able . 

6 . 3 . 4 .  E f fect s on Seed yield and seed qua lity 

S e e d  y i e l d  data a t  t h e  t w o  s i t e s  a re p r e s ented i n  Table 6 . 3 .  I n  

spa ced plant s at the S T C  s i t e ,  none o f  t h e  th ree Nort ron t reatment s 

i n c r e a s e d  s e e d  y ie l d . H oweve r ,  i n  t he swa rd at t he Ao rangi s i te , 

e a r l y  Nort r o n  t re atmen t  ( 2 7  Oct _Q .be r )  s ign i f i c ant ly increased seed 

y i e l d  by about 3 5 % . The reve r se e f fect occurred in the F a t o l  Supe r 

t re a tment s .  Late applicat ions o f  Fat o l  S upe r t o  spaced plants at the 

S T C  s it e  inc reased seed yie l d ,  but e a rly appl icat ions to the spaced 

p lant s and a l l  applicat ions at the Aorangi s wa rd p lants resulted in 

n o  i n c rease in seed yield . 

T ab l e  6 . 3 :  Seed yields i n  Nort ron and Fatol s uper t reatment s 

T reatment Seed yield Seed yie ld 
STC �g/Elant) Ao rangi �kg/ ha) 

C o nt r o l  2 5 . 3  4 5 7  
Nort ron 1 2 5 . 4  6 5 4 * 

N o r t ron 2 2 5 . 2  5 0 0  
Nort ron 3 2 2 . 4  4 5 8  
F a t o l  1 2 6 . 0  4 6 4  
F at o l  2 2 3 . 2  5 3 4  
F a t o l 3 2 9 . 8

* 
4 5 9  

F a t o l  4 3 4 . 6 * na 
F a t o l  4 *  3 5 . 4 * 4 5 5  
L . S . D .  (0 . 0 5) 3 . 8  1 0 7  
N . B . : na ; dat a  not ava i l ab l e . 
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The t w o  chemic a l s  u sed i n  t h i s  s t udy h a d  n o  det r ime n t a l  e f fect on 

seed viability,  despite the fact that No rt ron had an obvious visible 

e f fect on plant growt h . Seed f rom a l l  t reatments showed h igh leve l s  

o f  v i a b i l i t y  > 9 5 % ) , a l t h ough m i n o r  d i f fe r e n c e s  e x i s t e d  i n  the 

percent age of h a rd seeds and n o rma l seedlings ( Appendix 7 ) . 

6 . 4 .  D i s cu s s ion 

The i n j urious e f fects o f  Nort ron on plant growth reduced its va lue a s  

a plant regu lator for manipulat ing shoot status in bi rds foot t re fo il . 

No r t r o n  i s  a s o i l  conduc t e d ,  s l ow a c t ing chemica l .  S eve ra l weeks 

f o llowing app l icat ion were needed be f o re its e f fect s on plant growth 

be c ame vis ible . E a r l y  appl i c a t i o n  ( p r i o r  to the f l owe r -bud s t age ) 

s e emed mo re s u i t able t h a n  l a t e  a pp l i c a t i o n  i n  ma n ip u l a t ing p la nt 

s t ructu re f o r  improved seed product ion . The directly i n j u r ious e f fect 

of t h i s  chemic a l  on f lowe rs may negate its shoot man ipulat ing e f fect s 

i f  i t  is app l ied at a late s t age when plant reproduct ive growth has 

a l re a dy c omme nced . Alt hough th i s  chemical may have othe r bene f it s ,  

( such a s  weed cont rol ) ,  i t  appe a r s  t o  o f f e r  little va lue f o r  use in 

p o s t -peak f l ower ing shoot manipu lat ion . 

I n  the spaced p lant s it u a t ion a t  t he STC s it e ,  none o f  the Nortron 

t r e a tme n t s  i mp r o v e d  s e e d  y i e l d ,  ma i n l y  a s  a r e s u l t o f  reduced 

i n f l o rescence numbe rs f o llowing chemical appl ication . Howeve r ,  early 

a pp l i c a t i o n  o f  this  chemic a l  r e s u lted in y i e ld enhancement i n  the 

swa r d  s it u a t ion . At t he Ao rangi s it e  the fact that Nort ron t re atment s 

2 a nd 3 d i d  not outyield t he unt reated cont rol i s  exp l a ined by the 

f e w e r  i n f l o re scence s p r oduced in t hese two t reatment s ,  pos s ibly due 
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t o  the inj u rious e f fect o f  t he chemica l . Howeve r ,  a higher seed yield 

w a s  r e c o r d e d  in t h e N o r t r o n  1 t r e a t me n t . I t  i s  p o s s i b l e  t h i s  

i n c r e a s e d  s e e d  y i e ld o c cu r red t h r o ugh a c omb i n e d  e f f e ct o f  t h i s  

c h em i c a l  o n  p l a n t  g r o w t h a n d  w e e d  c o nt r o l . I t  w a s  obse rved t h a t  

p l a n t s i n  t h e  Nort ron t reatmen t s  w e r e  compa rat ive ly f ree o f  weeds 

( pa rt i cu l a r ly white c love r )  . Although Nort ron was i n j u r ious t o  plant 

growt h ,  the e a r l iest ( 2 7  Octobe r )  applicat ion actua l ly did not a f fect 

p l a n t  f l o we r i ng beha v i o u r  at the t ime of mo s t  inte n s e  f lowe r ing . 

P resu�bly th i s  t iming a l lowed plant recove ry be f o re f u l l  f l owe ring o f  

the c rop ( ea r ly Janua ry ) . This i s  shown b y  t he fact  that t h e  numbe r 

o f  i n f l o re s cences p roduced at p e a k  f lowe r ing in t h i s  t reatment was 

s im i l a r  to that produced i n  unt reated plant s ,  de spite a reduct ion in 

i n f l o re s cence number s  du ring e a r ly f l owe ring . 

The e f fe c t  o f  Fat a l  S upe r wa s c l e a re r . This  chemica l s imu lated the 

e ffects of hand remova l t re atment s des cr ibed e a r l ier in chapt e r  4 and 

appea rs t o  show cons ide rable promise in the man ipu lat ion of the post­

pea k  f lowe ring shoot popu l a t ion . Howeve r ,  t he fact that i t  has only a 

s h o r t t e rm e f f e c t , wh i c h  v i s i b l y  d i s a p pe a r e d  w i t h i n t e n  d a y s  

f o l l o w i n g  a p p l i c a t i o n ,  s u g ge s t s  t h a t  a s i n g l e  a p p l i c a t i o n  i s  

i n s u f f i c ie n t  t o  a c h i e ve l o ng t e rm adva n t a ge s  i n  c o n t r o l l ing the 

c o n t i n u i n g  eme rge n c e  of new s ho o t s . E a r l y a pp l i c a t i o n  ( p re -p e a k  

f l owe ring)  o f  t h i s  chemi c a l  i s  obviously not approp r iate s ince i t  may 

s imp l y  r e d u c e  s h o o t  n u mb e r s  a v a i l a b l e  f o r  f l o w e r i n g . P o s t -p e a k  

f l o we r i n g  a p p l i c a t i o n , h o w e v e r ,  i s  l i k e l y  t o  b e  b e n e f i c i a l i n  

r e du c i n g  c ompet i t i o n  f o r  a s s imi l a t e  by l a t e  eme rged s ho ot s . The 

increased f l o ret /pod numbe rs per inflore s cence f o l lowing Fatal Supe r 

a pp l i c a t i o n  po s s i b l y  i n d i c a t e s  a c ompe t i t i o n  r e l e a s e  e f fect . The 

i n c re a sed seed yields obt ained f o l lowing the two l a t e  applicat ions at 
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the STC s i t e ,  in pa rt ic u l a r ,  sugge s t  Fatol S upe r might be o f  va lue a s  

a p l a n t  g r owth regu l a t o r  f o r  redu c i ng po s t - f l o we r i ng ve ge t a t ive 

shoot c ompet it ion in Lotus c o rniculatus . 

At t h e  Ao r angi s i t e  t h e re were p roblems w i t h  s p ray app l i c a t ion o f  

t h i s  c hemi c a l  in e n s u r ing it pene t r a t ed t h e  veg e t a t ive c a nopy a n d  

r e a ched t he s it e  o f  a c t i v i t y  a t  the c rown whe re new shoot s arise . 

Beca use o f  i t s  cont act -act ion , Fatol Supe r s o l u t i on mus t  dra in down 

t h e s t em t o  r e a c h  t h e y o u n g  vege t a t i v e  c r o w n  s h o o t s .  At pe a k  

f lowe r ing , swa rd c rops o f  Lot us corn i culatus have a la rge vegetat ive 

c anopy wh i ch e f fect ive l y  preve n t s  or rest rict s s pray penet rat ion t o  

t he c rown . T h i s  t ight ly c lo s e d  canopy a t  t h e  A o r a n g i  s it e  pe rhaps 

a c c ou n t ed f o r  the f a i l u re of t h i s  chemical t o  cont rol late shoot s . 

I t  was a l s o  observed at t he Ao rangi site that unde r a lmos t  ent i re l y  

c losed canopy condit i ons very few new shoot s we re fo rmed natu ra l ly i n  

the h e a v i l y  shaded c rown a re a  during t h e  post -peak flowe ring period . 

The d i f f e rent re spon s e s  f rom F a t o l  Supe r app l icat ion a t  d i f f e rent 

t ime s a nd unde r d i f f e rent c r opping s i t u a t i o n s  s ugge s t s  t h a t  t h i s  

chemi c a l  i s  only l i ke ly t o  b e  advant ageous f o r  post -peak f lowe ring 

s h o o t  c o n t r o l  in c r o p s  g r own in w i de r o w s  whe re a dequ a t e  s p r a y  

pene t r a t ion t o  t h e  c ro wn i s  mo re read i l y  p o s s ible . I t s  s h o r t  t e rm 

a c t i on a l s o  ma k e s  r e pe a t  a pp l i c a t i o n  n e ce s s a ry .  Neve rt h e l e s s  t he 

improved seed yie l d  a s s ociated with late app l i c at ions at the STC s ite 

demons t rates the potent i a l  o f  t h i s  chemic a l  for achieving bett e r  s eed 

p ro du ct ion in Lotu s  c o rnicu latus , part i c u l a r l y  when c rops are grown 

at low shoot den s i t i e s  
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Re s u l t s obt a ined i n  t h i s  chapt e r  sugges t  the pos s ib i l it y  o f  a late 

s h o o t  m a n i p u l a t i o n  a pp r o a c h  f o r  i mp r o v i n g  s e e d  p r o du c t i o n i n  

B i rd s f oo t  t refo i l ,  a lt hough there i s  muc h  mo re resea rch needed t o  be 

done on t h i s  sub j ec t . The u s e  of Fata l  S upe r ,  particu la r l y  l a t e  in 

t he s e a s on and at l o w  plant popu l a t i o n  de n s i t i e s  l o o k s  p r om i s ing,  

de s p i t e  the f a c t  t h a t  the r e  a re phys i c a l p r ob lems in u s ing t h i s  

chemi c a l  a t  h i gh p l ant popu l a t ions o r  i t  m a y  b e  unnece s s ary . The 

re s u l t s  a l s o  sugge s t  potent i a l  in the u se of Nort ron app lied at the 

early p lant growth s t age ( p r i o r  t o  f lowe r bud stage ) , provided it i s  

app l i e d  e a r ly e n o u g h  t o  a l l o w  p l a n t s  t o  recove r f rom i t s  i n j u r ious 

effects  on plant g r owth and f l owe r ing . 
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CHAP TER 7 :  GENERAL D I SCUS S ION AND CONCLUS I ON 

T h e  p ro t r a c t e d  f l o w e r i n g  c h a r a c t e r i s t i c  w h i c h  r e s u l t s  f r om t h e  

inde t e rminate growth habit o f  Lotus c o rn i culatus has been a focus in 

d i s c u s s i n g  f a c t o r s  re s p o n s i b l e  f o r  i t s  p o o r  s e e d  p r o d u c t i o n 

( M a c D o n a l d ,  1 9 4 6 ;  S e aney a n d  He n s o n ,  1 9 7 0 ;  MC.. G r a w  e t  a l . ,  1 9 8 6 ,  

1 9 8 6 ) . Re sult s i n  the present study comf i rmed that f l owe ring in this  

plant o f t en o c c u r s  over a period of  mo re than t wo months du ring a 

t h r e e  y e a r  e xp e r i m e n t a l  p e r i o d . T h e  e x t e n d e d  f l o we r i n g pe r i o d  

rep o rt e d  in t h i s  s t udy i s  c omp a r a b l e  t o  t h a t  de s c r ibed by o t h e r  

re s e a rch repo r t s  ( Jo f fe ,  1 9 5 8 ;  McGraw a n d  Beuse l i nck , 1 9 8 3 ) . 

De s pite the f a c t  t h a t  the prot r a c t ed f l o we r ing cha r a c t e r  o f  Lot u s  

c o rn iculatus h a s  been con s i stent ly ment ioned b y  previous resea rche rs 

( MacDonald,  1 9 4 6 ;  J o f f e ,  1 9 5 8 ;  Seaney a nd Henson,  1 9 7 0 ;  McGraw and 

Beuselinc k ,  1 9 8 3 ;  McGraw et a l . ,  1 9 8 6 ;  Beu s e l inck and McGraw,  1 9 8 8 ) , 

t h e r e a pp e a r t o  b e  n o  d e t a i l e d  s t u d i e s  w h i c h  h a v e  a c t u a l l y 

i n v e s t i g a t e d  t h e  c a u s e  o r  c a u s e s  o f  t h i s  f e a t u r e o f  p l a n t  

development . Re s ul t s in t h i s  s t udy ind i c a t e  that Lot u s  c o rn iculatus 

h a s  a s pe c i a l  c h a r a c t e r i s t i c  s i n c e  a l o n g  f l o we r ing pe r i od i s  

s u s t a i n e d  b y  a c o n t i n u a l  i h o o t s u c c e s s i o n  r a t h e r  t h a n  b y  a 

c on t inuation o f  f l owe r ing a l one . S ome o t h e r  l egume s s u c h  a s  white 

c l o ver form f l owe r s  cont inuou s ly a long f e rt i le stolon s . Such plants 

exhibit a long f l owering period because t h e re can be a va r i able de lay 

in t he number of vege t a t ive node s between any two s ucce s s ive f lowe r  

b u d s  ( Thoma s ,  1 9 8 7 ) . I n  Lot u s  c o r n i c u l a t u s  s t ems d o  n o t  p roduce 

veget a t ive nodes between succe s s ive f lowe rs . Also, each s hoot bea rs 

only a limited numbe rs o f  f lowers ( usua l ly 3 - 5 ) , all o f  which b loom 
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within a compa r a t ive ly short pe riod . I t  i s  c le a r  that in this  plant , 

f lowe r i n g  du r a t i o n  on individua l s h oo t s  i s  not respon s ible f o r  the 

l o n g  f l o we r i n g  p e r i o d . P r o t r a c t e d  f l o w e r i n g  i s  c re a t e d by t h e  

cont i nuous s h o o t  succe s s io n  i n  t h a t  o l d  s hoot s die when new shoot s 

a re f ormed and become f e rt i le rapidly . This is a cont inuous p roces s ,  

w h i c h  p r o v i de s n e w  s h o o t s  f o r  f l o w e r i n g  u n t i l  e n v i r o nme n t a l  

c o n d i t i o n s  ( da y l e n g t h  i n  p a rt i c u l a r )  a re no l o nge r s u i t able f o r  

f l o r a l  init i a t i on o r  f l o r a l  deve lopment . Although b i rds foot t re fo i l  

i s  b o t a n i c a l l y c l a s s i f ie d  a s  a n  i nde t e rm i n a t e  p l a n t  be c a u s e  i t s  

reproduct ive deve lopment a l  sequence ( f l owe r b u d  init iation)  i s  f rom 

t h e  b a s e  t o  t h e  a pex a l o n g  a s h o o t , t h e  f l ow e r i n g  beha v i o r  o f  

individual shoots i s  mo re dete rminate s ince only limited numbers o f  

f l o w e r s  a re p ro du c ed a n d  a s h o o t  c e a s e s  g ro w t h  a f t e r  i t  f l owe r s . 

Howeve r ,  the deve lopment o f  the shoot system in Lotus c o rniculatus i s  

inde t e rmin a t e , s ince t he p roduct ion o f  new shoots i s  a cont inuous 

process which s u s t a ins the lengthy f lowering pe riod . F o r  t h i s  rea s o n ,  

t h e  manipu l a t i o n  o f  s ho o t  s t a t u s  s e ems t o  b e  a mo s t  r e a l i s t i c 

approach in a t t empt ing t o  imp rove seed product ion in t h i s  plant . 

I n  t h i s  s t u dy a n  e f f o r t  w a s  m a d e  t o  i n ve s t i ga t e  t h e  r e l a t i v e  

imp o r t ance o f  d i f ferent s eed y i e l d  c omponent s in det e rmini ng f in a l  

s eed yield ( i . e .  inflorescence numbe r s ,  numbe r of f lo ret s ,  pods per 

i n f l o rescence , numbe r of s eeds per pod and seed weigh t ) . A regres s ion 

t echnique was u s ed to ident i fy the re l a t ionships between seed yield 

a n d  each of these yie ld component s . The 1 9 8 6 / 8 7 s tudy was c a rried 

o u t  o n  i n t a c t  p l ant s ( no t re a tment s  impo s e d )  . Reg re s s io n  r e s u l t s  

i ndicate t h a t  t h e  number o f  i n f l o re s cences i s  t he only f a c t o r  having 

a s ignificant c o r re l a t i o n  with f i n a l  seed yield ( chapt e r  3 )  . In the 

1 9 8 7 / 8 8  s t udy , data on seed yield and yield c omponent s we re c o l lected 
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f rom p l a n t s  s u b j e ct e d  t o  v a r i o u s  t re a tments ( i ncluding f o u r  h a nd 

remo v a l t re a tme n t s ,  s i x chem i c a l  a pp l i c a t i o n s  and one u n t r e a t ed 

cont r o l )  f o r  mul t iple regre s s ion a n a lys i s  ( Append�X 8 ) . Res u l t s  in 

both 1 9 8 6 / 8 7  and 1 9 8 7 / 8 8  show that the number o f  inflore scences ( pe r  

u n i t  a rea o r  pe r p lant ) i s  t h e  mo s t  impo rtant component det e rmining 

f i n a l  s e e d  y i e l d . T h i s  a g r e e s  w e l l  w i t h  s imi l a r  f i n d i n g s  by 

Alb recht sen , 1 9 6 6 ;  Mos ,  1 9 8 3 ;  Stephenson,  1 9 8 4 ;  McGraw et a l . ,  1 9 8 6 .  

Howeve r ,  by u s in g  c a l cu l ated pot en t i a l  yield dat a ,  the regre s s ion 

r e s u l t  o b t a i n e d  i n  1 9 8 7 / 8 8  a l s o  s h o w s  t h a t  numb e r  of p o d s  pe r 

i n f l o re s cence c a n  have s ome , a lthough l e s s  impo rtant , inf luence in 

det e rmining f in a l  seed yield . This agree s with resu l t s  by S tephenson 

( 1 9 8 4 )  and McG r a w  et a l . ,  ( 1 9 8 6 )  who have s hown that i n f l o re s cence 

number is t he greatest , pod number and s eed numbe r inte rmediat e ,  and 

seed weight the least sensit ive yield c omponent affected by cultural 

pract ices . 

S i n c e  v i r t u a l ly no s t e r i l e  s ho o t s  e x i s t  u n de r f l owe r i n du c t i o n  

weather condit ions ( a  result a l s o  repo rted b y  McKee ( 1 9 6 3 )  and Nitt e r  

a n d  Kenny ) ( 1 9 6 4 ) ) ,  and individu a l  s h o o t s  f rom di f f e rent age g roups 

have s imi l a r  f lower bea r ing abi lity,  it is sugge sted that t he number 

o f  s h o o t s p re s e n t  at t h e  t ime o f  mo s t  p ro f u s e  f l owe r i ng is an 

imp o rt ant f a c t o r  inf luencing f ina l seed yield in Lot us corniculatus 

( Chapter 2 ) . The ana lys i s  of seed yield components also j u s t i f ies the 

s h o o t  man ipu l a t ion s t ra t egy as a l i k e l y  met hod f o r  improv ing seed 

p roduct ion i n  this species . 

The t wo s hoot manipulat ion approaches u sed in this s tudy d i f f e red in 

t he i r  emph a s i s  o n  shoot status and were seemingly contradict o ry . P re ­

p e a k  f lowe ring shoot manipulat ion a imed at encouraging t he p roduct ion 
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o f  a n  inc re a s e d  popu l a t ion o f  s i t e s  o n  shoo t s  a t  f l owe ring , while 

e f fo r t s  t o  man ipulate t he po st pea k - f lowe ring shoot popul a t ion a imed 

a t  depress ing the product ion of l a t e  shoot s which were i ncapabl e  o f  

f lowe r ing, but which we re l ikely t o  act a s  a s t rong compet i t i ve s inks 

f o r  a s s im i l a t e  t o  t h e d e t r i me n t  o f  a s s i m i l a t e  a v a i l a b l e  f o r  

repr oduct ive g rowth . 

A s e r i e s  o f  h a n d  remov a l  t rea tmen t s  ( c hapt e r  4 )  we re de s igned t o  

examine t h e  po s s ib i l i t y  of t hese t wo approache s . Re s u l t s  f rom these 

hand remova l t reatme n t s  in spaced p l a n t s  exp l o ited t h e  c oncept of 

s ho o t  man i p u l a t i o n  as a mean s of imp r o v i n g  s e ed y i e l d  i n  Lot u s  

corniculatus and showed that both o f  these approaches have potent i a l  

f o r  imp roving seed y i e lds . T h e  res u l t s  have shown that s h o o t  s t a t u s  

in t h i s  p lant i s  readily adjustable in t e rms o f  l i fe span , b ranch ing 

behaviour and f l owe r bea ring abi l it y  by shoot manipulat ion . 

C u t t i ng t re a tme n t s  ( mechan i c a l  t opp ing ) ,  rega rdle s s  o f  t iming a n d  

seve ri t y ,  proved t o  b e  unsuitable a s  s hoot man ipulat ion methods f o r  

e n h a n c i n g  s ee d  y i e l d ,  s ince c u t t ing w a s  ine f fect ive i n  i n c rea s ing 

shoot branching abi l it y  o r  ' releas ing' compet it ion f rom late s hoot s . 

These f indings agree we l l  with result s by p revious workers ( Anderson 

a n d  Met c a l f e ,  1 9 5 7 ; Winch , 1 9 5 8 ; B a d e r  a n d  Ande r s o n ,  1 9 6 2 ) . The 

gene ra l l y  l owe r seed yie lds obt a ined f rom the cut t ing t reatments used 

in t h i s  s t udy further di scou rage the u se o f  cutt ing a s  a pract i c a l  

method f o r  imp roving seed product ion i n  t h i s  p lant . 

A m o r e  p r a c t i c a l  a p p r o a c h  w a s t o  u s e  c h e m i c a l s  f o r  s h o o t  

manipu l a t ion . P P 3 3 3  was se lected a s  a p re-peak flowe r ing manipu l a to r . 

This  chemic a l  appe a r s  to be ve ry succe s s f u l  in imp roving s eed yield 
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i n  swa rd s it u a t i ons t h rough i t s  e f f e c t ivene s s  i n  promot ing lateral 

b r a n c h i n g  o n  ma in s h o ot s ,  a re s u l t  a l s o  repo rted by Ma r s ha l !  and 

H ide s ( 1 9 8 6 ,  1 9 8 7 ) i n  white c l o ve r . A s  a r e s u lt of the enhanced 

b ranching a b i l i t y  f o l l owing P P 3 3 3  a ppl i c a t i o n ,  mo re i n f l o re s cences 

were fo rmed which eventua lly cont r ibuted to an increased seed yield . 

I t  a ppe a r s  t h a t  t h e  mo s t  app r op r i a t e  a pp l i c a t i on t ime f o r  t h i s  

chemi c a l  s ho u ld b e  before the ma j o r ity o f  shoot s be come fert i le in 

o r de r t o  a ch ieve m a x i mum b r a n c h  e nh a n c e me n t  and m a x imum f l ow e r  

numbers a t  p e a k  f l ower ing . Nea r ly a 4 0 %  increase in f inal s e e d  yield 

was obt a ined cons i st ently in two ye a r s ' experiment s when P P 3 3 3  was 

app l ied during the pe riod f rom the p re-bud to early- f lowering s tage . 

L a t e r  a pp l i c a t io n ,  and the app l i ca t ion o f  t h i s  chemi c a l  t o  widely 

spaced p l a n t s s howed l i t t le v a l ue i n  i n c re a s ing seed y i e ld . P P 3 3 3  

a p p l i c a t i o n  w a s  f o un d  t o  h a v e n o  b e n e f i c i a l e f f e c t s  o n  p l a n t 

p h o t o s y n t h e t i c  a c t i v i t y  a n d  a s s i m i l a t e  p a r t i t i o n i n g  f o r  s e e d  

product ion i n  Lot u s  cornicula t u s . A n  obvious growt h reta rding e f fect 

wa s f ound in PP 3 3 3  t reated plant s . It s eem l i kely that t h i s  e f fect 

i n f l ue n c e d  t he p e r cent age o f  ope n f lo we r s  deve l o p i ng i n t o  ma t u re 

pods . Th i s  result i s  contrary t o  results by Hampton and Hebblethwaite 

( 1 9 8 5 a ,  b )  who f ound that P P 3 3 3  i n c r e a s e d  the numbe r of s eeds per 

spikelet i n  pereni a l  ryegra s s . Ve ry early application o f  P P 3 3 3  is not 

r e commen d e d  s in c e  i t s  g rowt h r e t a rdant e f fect ma y p revent p l a n t s  

deve loping t o  t he i r  f u l l  s i z e  a t  f l owe r ing . 

The t wo chemi c a l s  chosen f o r  post -peak flowe r ing shoot manipulat ion 

( No rt r o n  a n d  F a t o l  Supe r )  showed diffe rences in t h e i r  e f fect iveness 

o f  shoot c ont ro l ,  e f fects on plant growth and du rat i on o f  the shoot 

c o n t r o l . N o r t r o n  s e emed t o  be va r i ab l e  i n  i t s  e f fe c t ivene s s  in 

cont ro l l ing late shoot s . The fact that increased seed yield was only 
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obt a ined f o l l owing e a rly app l i cat ion o f  t h i s  chemica l sugge s t s  that 

N o r t r o n  m a y  h a ve a r o l e  i n  imp r o v ing seed p rodu c t ion t h rough an 

e f f e c t  on p re-pe a k  f l o we r i n g  s h o o t  ma n i pu l a t i o n . I t s  be n e f i c i a l  

e f fect i n  man ipu l a t ing s t ru c t u r e ,  howeve r ,  might be nega ted by its  

in j u r i o u s  e f f e c t  on plant growth a nd,  pa r t i c u l a r l y  on f l owe r ing . 

These e f f e c t s  a re pa rticularly seve re i f  the chemica l i s  appl ied too 

l a t e  w h e n  p lant s a re beginn ing to f lowe r or f lowe ring . An obse rved 

weed c o n t r o l  e f f e c t  may a l s o  p a r t i a l ly a c count f o r  i t s  s u c c e s s  in 

incre a s ing seed yield when applied e a rly . 

F a t a l  S up e r  h a d  a mo re de s i r a b l e  l a t e  s hoot cont r o l  e f f e c t . T h i s  

c h e m i c a l  s imu l a t e d h a n d  r em o v a l  t r e a t me n t s a n d  s u c c e s s f u l l y 

cont r o l l e d  l a t e  s e a son growth o f  young s hoot s .  Post-pea k  f l owe ring 

app l i c a t i o n  o f  F a t a l  S upe r s i gn i f i cant l y  i n c re a s ed s e e d  y i e l d  in 

spaced plant s .  Howeve r ,  in s wa rd plants i t  showed only l imited value 

a t  h i g h  p l ant popu lat ions which a t ight l y  c l o sed canopy rest ricted 

the pen e t r a t ion o f  the chemi c a l  t o  the plant c rown . S ince few shoot s 

eme rged naturally at the c rown i n  plants grown in ' t ight ' canopies , 

t h e  c o n t r o l  o f  n e w  s h o o t s  i n  t h i s  s i t u a t i o n s e e m s  l a r g e l y  

unnece s s a ry . 

This s t udy has clea rly shown that shoot manipulation i s  e f fect ive in 

improving seed yield in Lotus corniculatu s . Howeve r ,  qu ite d i f f e rent 

e f fe c t s on seed yield we re achieved f o l l ow ing the use o f  t he t h ree 

chemic a l s . Thes e  d i f ferences occu r red ma inly t h rough the i r  e f fects on 

plant b ranching behaviou r ,  and on t he d i f feren t i a l  respons e  by plant s 

t o  chemica l s  a c c o rding t o  t ime o f  app l icat ion and p lant dens ity . I t  

i s  n o t  s u rp r i s ing t h a t  d i f fe r e n t  yie l d  responses were obt a ined i n  

each o f  t h e  t h ree chemica l t reatments and even i n  di f fe rent t iming o f  
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app l i c a t i o n  a t  t h e  two expe r i me n t a l  s i tes . The chemi c a ls u sed have 

mo re t h a n  one e f fect on p l a nt growth and de ve l opment . P P 3 3 3  had a 

b e n e f i c i a l  b r a n c h  p r o mo t i n g  a n d  de t r ime n t a l  g r o w t h  r e t a rding 

e f f e c t s .  No rt ron had a growth distort ion e f fect a s  we l l  a s  i t s  shoot 

man i pu l a t i ng and weed c on t r o l  e f f e c t s . F a t o l  Supe r a c h i eved i t s  

bene f ic i a l  e f fect o n  seed produ c t ion t h rough k i l l ing young vegetat ive 

sho o t s during the late s e a s on . When appl ied dur ing the e a rly plant 

grow t h  s t age a nd under h igh p lant popu lat i on den s it i e s , F a t o l  Supe r 

i s  o f  l i t t l e o r  no va l u e  in e nh a n c i n g  s e e d  y i e l d . Howeve r ,  when 

a pp l i e d  a t  p e a k f l o we r i n g  t o  s p a c e d p l a n t  i t  a pp e a r e d  h i g h l y  

suc c e s s ful i n  increas ing seed yield, a l though i t s  sho rt term ef fect 

may n ec e s s i t a t e  repeat app l icat ions a t  about 1 0 - 1 4  day interva l s  to 

ens u re l onge r t e rm cont rol of l ate f o rmed shoot s . 

The success o r  not of chemi c a l s  on enhancing seed yield was a f fected 

by b o t h  plant g rowth s t a t u s  a s  we l l  a s  by t he chemi c a l . This s t udy 

h a s  c le a rly s hown that imp roved seed yie lds can be obt a ined only in 

s i t u a t i o n s  w h e re the b e n e f i c i a l  p o t e n t i a l  o f  t h e  c h e mi c a l  i s  

m a x im i z e d  a n d / o r  t he d e t r im e n t a l  e f f e c t s  o f  t h e c h em i c a l  a r e 

min imi zed . S t udies concerned with these a spec t s  wou ld appe a r  t o  be 

u s e f u l  and potent ially rewa rding areas of fut u re resea rch . 
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Appendix 1 .  Daylength c hange a t  P a lme r ston Nort h ,  New Zea land 
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Appendix 2 .  Mont h l y  tempe rature change at P a lme rston North , 
New Zea l and ( so i l s u rface dai l y  average t empe ratu re )  



e 
g 
-
a; 
't: 
·a; 
a: eo 

40 

- .-.----.---. I 
May August 

I I I 
November 

. ...--.,.--. . .--...... ---.--. 
February May 

1 7 1 

0 1988-89 

+ 1967-BB 
c 1986-87 

Appendix 3 .  Monthly r a in f a l l  at P a lme rston Nort h ,  New Z e a l and 



Appendix 4 :  Seed yield and yield component s ( STC s ite,  1 9 8 6 / 8 7 )  

Taggi ng Harve s t  I n f lor . P ods / Seeds / 1 0 0 0 -Seed Seed 
date date numbe r s /m2 infl o r . f20d weight yie ld !g)  
1 2 / 1 2 1 3 / l  3 0  4 . 5 5 1 3 . 5 5 1 .  37 7 . 0 8 
1 9 / 1 2  2 8 / 1  8 4  3 . 9 8 1 2 . 6 1 1 .  32 7 . 7 9  
1 / 1  5 / 2  1 5 2  4 . 5 5 1 4 . 1 1 1 .  2 9  1 2 . 5 9 
1 1 / 1  2 0 / 2 3 4  2 .  97 1 2 . 2 4 1 .  33  1 .  6 4  
2 1 / 1  3 / 3  1 8  2 . 6 4 1 4 . 2 7 1 . 2 8  0 . 8 7 
3 1 / 1  1 2 / 3  3 5  2 . 3 2 1 1 . 5 4 1 .  3 4  1 .  2 6  

Appendix 5 :  Seed yie lds o f  cut t ing t reatent s o n  spaced 
plant s ( g/plant ) and swa rd plants ( kg / h a )  

STC s ite Cutt ing t ime 
( spaced Uncut On 2 8 th On 1 2 t h  On 3 0 th 

Qlants) cont rol Oct obe r Novembe r Novembe r 
Cut ( h )  3 5 . 7  3 6 . 7  3 8 . 1  2 6 . 1  
Cut !L) 3 1 . 3  3 3 . 6  2 6 . 1  
Ao rangi s ite Cutt ing t i me 
( sward Uncut On 2 7 th On 1 2 t h  On 2 7 th 

.12lants) cont r o l  Octobe r Novembe r Novembe r 
4 5 7  4 0 3  4 7 8  4 1 3 

N . B . : no s igni f icant dif f e rence at p=O . O S .  

1 7 2  
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Appendix 6 :  Seed yie ld and yield components ( STC s it e ,  1 9 8 7 / 8 8 )  

T reatment I n f l o rescence Pods per Seeds pe r 1 0 0 0 -seed Seed 
Numbe r Inflo r . P od We ight (g) Yield 

Cont rol 1 9 4 6  4 . 5 0 1 4 . 5 0 1 .  3 4 7  1 1 4 . 9 8 
Cont rol 2 3 6 1  4 . 57 1 2 . 3 4 1 .  2 4 9  1 2 0 . 8 4 
Cont rol 2 9 42 4 .  67 1 4 . 5 6 1 . 32 7  1 4 3 . 7 2 
Hand 1 1 8 6 1  4 . 57 1 1 . 9 7 1 . 4 1 6  1 1 9 . 9 3 
Hand 1 3 3 0 9  4 . 8 0 1 1 . 7 7 1 .  4 0 4  1 7 7 . 4 2 
Hand 1 3 0 1 3 5 . 2 0 1 5 . 2 4 1 .  3 6 9  1 2 3 . 4 9 
Hand 2 2 6 1 6  4 . 3 0 1 5 . 3 2 1 . 4 5 6  1 5 6 . 7 9  
Hand 2 2 7 4 3  3 . 7 7 1 3 . 8 7 1. 3 2 2  1 7 5 . 7 4 
Hand 2 3 1 0 0  5 . 4 3 1 1 . 7 8 1 . 5 0 2  2 0 5 . 2 8  
Hand 3 1 8 0 8  4 . 7 0  1 3 . 67 1. 3 8 7  1 2 7 . 6 8 
Hand 3 2 4 4 5  4 . 4 3 1 2 . 4 5 1 .  3 0 5  1 2 9 . 8 1 
Hand 3 2 2 9 8  3 . 9 0 1 0 . 6 8  1 .  3 8 1  1 0 4 . 2 1 
Hand 4 1 9 9 9  4 . 3 0  1 3 . 9 3 1 . 4 6 5 1 1 0 . 3 1 
Hand 4 3 2 3 6  4 . 6 0 1 3 . 2 2 1 .  3 1 7  1 4 2 . 1 2 
Hand 4 3 5 0 1  4 . 5 3  1 4 . 1 4 1 .  3 9 3  1 6 2 . 9 8 
pp 2 2 7 4 1  3 . 4 7 1 1 . 6 7 1 . 3 5 0  1 4 3 . 8 5  
p p  2 2 2 3 5  4 . 2 0  1 3 . 7 4 1 . 4 7 9  1 2 0 . 4 4 
pp 2 2 9 4 4  4 . 2 0  1 4 . 0 3 1 . 1 5 9  1 3 6 . 9 5 
p p  3 2 8 2 8  4 . 0 3  1 2 . 6 3 1 . 4 0 4  1 3 0 . 9 1 
pp 3 3 0 3 5 3 .  7 3  1 3 . 2 4 1 .  3 6 5 1 2 1 . 2 5 
p p  3 2 5 9 0  4 . 0 0 1 1 . 5 7 1 . 1 4 5  1 0 9 . 6 3 
Nort ron 2 1 2 7 8  3 . 8 0 1 7 . 0 0 1 .  3 6 6  8 5 . 5 8 
Nort ron 2 1 6 6 4 4 . 4 3 1 6 . 7 8  1 .  2 0 1  1 1 0 . 9 5 
Nortron 2 2 1 7 7  3 . 9 3 1 1 . 4 2 1 . 4 3 8  1 8 0 . 1 1 
Nortron 3 2 1 0 0  4 . 1 0 1 2 . 0 1  1 .  5 4 0  1 2 0 . 4 2 
Nortron 3 2 0 0 5  4 . 3 7 1 4 . 5 3 1 .  3 7 3  1 0 4 . 9 6 
Nort ron 3 3 2 7 2  4 . 0 0 1 3 . 3 7 1 .  3 6 9  1 1 0 . 6 0 
Fatol 2 2 7 3 1  5 . 1 0 1 4 . 4 6 1 . 3 57 1 4 8 . 6 3 
F at o 1  2 2 4 02 4 . 9 7 1 1 . 1 9 1 .  5 0 6 9 5 . 5 0 
Fatol 2 2 57 9  4 . 7 7 1 2 . 9 8 1 . 3 6 1  1 0 5 . 0 5 
Fatol 3 1 9 0 8  4 . 8 7 1 3 . 1 9 1 .  2 7 4  1 4 7 . 4 0 
Fatol 3 2 632 4 . 8 0 1 4 . 2 6  1 . 1 4 4  1 6 8 . 0 6 
Fatol 3 2 0 8 8  4 . 6 3 1 5 . 0 6  1 .  3 1 3  1 3 1 . 6 3  
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Appendix 7 :  Seed qua l ity a s s e sment { 1 9 8 7 / 8 8 ) 
{ Seeds f rom different t reatment s )  

T re a tment No rma l Abno rma l H a rd Fresh Dead Viable 
seedl ing Seedl ing seed ungerm .  seed seed 

At STC s ite 
Con t r o l  1 0 9 9  0 0 1 0 0  
P P 3 3 3  4 7  9 1 4  0 0 1 0 0  
Nor t ron 2 7 3 7 0  0 0 l O O  
F a t a l  2 5  1 7 3  1 0 1 0 0  
At Ao rangi s ite 
Cont rol 3 9  1 5 3  2 2 9 8  
P P 3 3 3  3 7  2 5 7  1 3 9 7  
No r t ron 3 2 0 6 7  1 0 1 0 0  
Fatal 2 7  2 7 0  1 0 1 0 0  
N . B . : { Germinat ion test : TP , 2 o0c , 5 0  seeds , 4 replicates s )  
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Appendix 8 :  Rregress ion ana lys is f o r  seed yie l d  and yield components 
( raw data in Appendix 6 )  

A, Dependant v a r i able Y = actual ha rve sted seed yie lds 
C o r relat ion coe f f i c ient (r) of seed yield (Y) vs . 

Var iables Xl X2 X3 X4 
S ingle 
Variable 
Two 
Va r iable s 

Three 
Va r i able 

Four 
Va r iable s 

Xl 
X2 
X3 

X ' X 
x l , x 3 

X2, X3 

r=0 . 3 0 4  r=0 . 0 4 3  r=0 . 0 3 5  

r=0 . 3 2 2  
r=0 . 0 8 5  

r=0 . 3 2 7  

r= O 

r=0 . 3 2 2  
r=0 . 3 0 6

* 

r=0 . 0 9 0  
** 

r=0 . 3 2 7  

B ,  Dependant va r iable Y = ca lculated potent i a l  yie lds us ing 
seed yield component s . 

Co rrelat ion o f  seed yield (Y) vs . 
Va r iable s 
S ingle 
Va r iable 
Two 
Va r iables 

Three 
Va r i able 

Xl 
X2 
X3 

X ' X 
x l , x 3 

X2, X3 

r=0 . 6 1 
X3 X4 

r=0 . 3 3 r=0 . 0 2 r=0 . 0 3 

r=0 . 8 3 r=0 . 7 4  
r=0 . 3 4

* *  

r=O . 9 2  
r= 0 . 8 3 
r=0 . 3 7 

* * *  

Four 
Va r iables 

*** 
r=0 . 9 9 

N . B .  1 .  Y = Seed yie lds 
2 .  x 1 i n f l o re scence numbe r s ; 

x2 = pod numbers per inf lores cence s ; 
x 3 = seed numbers per pod ; 
x 4 = 1 , 0 0 0  s eed we ight ; 
* * *  * * *  

3 .  and represent 0 . 0 5 ,  0 . 0 1 and 0 . 0 0 1  s igni f icant 
leve l s ,  re spect ively 

Regres s ion procedure : 
S tep 1 :  s ingle vari able --- obt a in ing s ingle variable c o rrelat ion 

c o e f fecient s ( r ) by regre s s ing dependent va r iable Y against 
each i ndepentent viriable x 1 , x2 , x 3 and x4 . 

Step 2 :  t wo va riables --- obt ain i ng two variable correlat ion 
c o e f fecient s ( r ) by reg re s s ing dependent variable Y against 
c ombination o f  independent v a riables o f  x1x2 , x 1x 3 , x 1x 4 , 
x2 x3 , x2x 4 , and x3x 4 each t ime . 

S tep 3 :  t h ree variables --- obt a in ing three variable c o r re la t ion 
c o e f fecient s ( r )  by regres s ing dependent va r i able Y against 
combinat ion o f  independent va riables x1x2x3 , x 1x2 x 4 , x 1x 3x 4 , 
and x2 x3x 4 e ach t ime . 

Step 4 :  f o u r  variables --- obt a i n ing four va riable c o r re l a t ion 
coe f f ecient ( r ) by reg re s s ing dependent va r iable Y against 
c ombinat i on o f  dependent v a r i able s x 1x2 x3x 4 . 
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