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ABSTRAC T  

The p r e s ent s t udy e x amined t h e  e ffect of management s y s t ems , p ar t i cul ar l y  

cl osi ng dat e and paraquat app l i ca t i on, o n  t h e  vege t a t i ve and r e product i ve 

morphol ogy of'Gr a s s l and s Hui a' whi t e  clover (Tri fol i um repens L. ) ove r  

two succe s s i ve y e a r s  i n  a fi e ld mi x e d  (gra s s  and clover ) sward s i t uat i on. 

More d e t ai l e d  s tudi e s  i nvolv i ng two di f fe rent genoty p e s  of 'Gr a s s l ands 

Hui a' whi t e  clover grown i n  monocul ture were al so carri ed out to e x am i ne 

the e f fect s of cut t i ng and paraquat app l i cat i on. 

The mi x e d  sward s t udi e s  cl ear l y  showe d  t h at N ovember closing d at e s  

r e s u l t e d  i n  h i gh e s t  s e e d  y i e l d s. I n  gr a s s/clover swards the clos i ng 

of crQp s i n  November accomp ani ed by p araquat s pray i ng to remove gra s s  

comp e t i t i on e i t h e r  i n  mi d Oct obe r or at clos i ng ,  enhance d seed y i e l d. 

Lat e r  grazi ng and s p r ay i ng was d e l e t e r i ou s  t o  s e e d  y i e l d  unle s s  c l i m at i c  

condi t i ons al l ow e d  cont i nued vege t at i ve grow t h  into December. I n  t h i s 

lat t e r  cas e  s p r ay i ng i n  November and clos i ng i n  December gave h i gh s e e d  

yi e l d s .  Tr e atment s i nvol v i ng closing i n  Se p t ember and October and 

spray i ng 30 day s  before , at clos i ng or 30 day s  a f t er closi ng ,  alway s 

gav e l e s s  s e e d  y i e l d  t han November t r e atme nt s spray e d  30 day s be fore or 

at closing t i me. 

Closing t i m e  and s p r ay i ng t i me had a mar k e d  e ffect on seed y i e l d  component s. 

The mos t cons i s t ent and major ef fect of c l os i ng and s p r aying t r e atment s 

i n  t h e  two m i x e d  sward experiment s was on i nf l ore sce nce number s. O t h e r  

component s such a s  s e e d  s e t ,  s e e d  weigh t ,  and f l or e t  numbers w e r e  not 

cons i st ent l y  i nf l uenced by management but di d v ary according to e nvi ron­

men t a l  condi t i ons. 

Studi e s  on the e f fect s of cut t i ngs and p ar aquat ap p l i cat i on on p l ant 

s t ructure and on s e e ding pot ent i al and y i e l d  of 'Gr a s s l ands Hui a' whi t e  

clove r  cl e ar l y  showe d t h a t  t here i s  a p a r t i t i oni ng between v e ge t at i v e  

grow t h  and r e product i ve d e v e l opment. The v e ge t a t i v e  proce s s  w a s  charac­

t eri s e d  by a h i gh p ercent age of t h e  nod e s  on mai n  s t olons formi ng l at eral 

s t olons i n  t h e  wi nt e r  and ear l y  s pri ng. R e product i ve deve l opment i n  l at e  

spr i ng and summe r  showed t h a t  approxi mat e l y  80% o f  i nf l ore scence s were 

forme d  on mai n s t o lons . High e s t  i nf l ore scence number s  were p roduced 

from nodes forme d  i n  Octobe r and Novembe r , a l t hough f l oral i ni ti at i on 

s t ar t e d  duri ng l a t e  wint e r  (August ) .  The two genot y p e s  used i n  t h i s 

s t udy show e d  consi derabl e vari a t i on i n  r e l at i on t o  reproduct i ve d e v e l op­

ment . Di f ference s of 47% i n  i nflore scence number s , 25% i n  s e e d s  p e r  

f l or e t  and 13% i n  s e e d  w e i gh t  w e r e  obs e r v e d  between genotype s. 



The e f fe c t s of defoli at i on by cut t i ng i nvolved a re ducti on i n  stolon 

e l ongat i on and a gener a l  i ncr e a s e  i n  l at eral s t ol on product i on ,  

part i cul a r l y  when t ermi nal bud s w e r e  a l so removed. Both l i gh t  and 

he avy cut t i ng t r e atment s r e sul t e d  i n  s e e d  yi e l d s  whi ch were 70 to 90 
kg/ha l e s s  t han the 657 kg/ha produce d by uncut p l ant s. The e f f ect of 

p araquat app l i cat i on was al so d e t rimental to s e e d  yi e l d , mai nly t hrough 

a di rect e ffect on whi t e  clover morphology. A l though p ar aquat reduce d  

t h e  amount o f  l at eral branchi ng on t h e  main s t olon t h e  de s t ruct i on of 

s t ol on t i s sue by t h e  h erbi ci de r e duce d p l ant r e covery and r e su l t e d  i n  

a s e e d  y i e l d  o f  onl y  392 kg/ha compare d  wi t h  657 kg/h a from unspray e d  

p l ant s. Thi s  e f f ect was mos t  pronounce d  in pure swar d s  of whi t e  clover 

and was l e s s  obvious when the gra s s  component of a mi x e d  sward provi d e d  

some prot ect i on for t h e  whi t e  clover by re ducing t h e  e x t ent o f  di rect 

cont act wi t h  t h e  herbi ci de. 

Some pot e nt i al are a s  for future r e s e arch and t h e  p ot e nt i al for whi t e  

clover s e e d  producti on i n  Colombi a are also di s cu s s ed. 
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1 

INTRODUCTION 

White clover has a world wide distribution. It is agreed that the 

plant is indigenous to all the countries of Europe and many parts of 

Asia and Africa (Daday 1958) . The species also became naturalized 

in Mongolia, China, Japan, and as European man colonized other temperate 

regions of the world it became distributed throughout the United States, 

Canada, and South America ( Brougham d af 1978) . The species also 

occurs wild in high altitude areas near the equator such as Colombia, 

and Hawaii (Thomas 1982a) . 

As one of the most important pasture plants, white clover is necessary 

in the sward for two reasons. First, and most importantly in the 

farming system, is its ability to fix atmospheric nitrogen through 

symbiosis with root nodule !?U.zo£..-ium bacteria (Martin 1960) . In New 

Zealand, for instance, white clover is capable of fixing up to 500 

kgN ha/annum (Sears 1945) in a mixed sward. This nitrogen becomes 

irrunediately available for clover growth, and ultimately available for 

associated grass growth through the excretion of nitrogenous compounds 

from nodules of clover, the decay of clover root nodules and aerial 

plant parts 

of grazing 

advantages 

or through fertility recycling in the urine and faeces 

animals (Butler d a£ 1959) . Secondly, white clover has 

over grass in terms of quality for animal feeding. In 

general, it has less fibre than grasses, and a higher ratio of soluble 

and insoluble carbohydrate as well as higher protein content (Minson 

d af 1964) . These factors result in more milk production and animal 

growth on clover dominant pasture than grasses dominant ones (Johns 

1966) . In addition, white clover has roughly double the mineral content 

of grasses, especially magnesium and calcium, both of which are 

necessary for grazing animals. It also has a high level of digest­

ibility (Raymond and Spedding 1 965) which is retained over the growing 

season. In this respect it is superior to grasses or other legumes 

such as red clover or lucerne. 
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The most common method of establishing white clover for seed involves 

sowing a simple mixture of 22 kg/ha of ryegrass and 3 kg/ha of clover 

with the aim of harvesting both for seed in successive years (Scott 

1973 ) .  Usually, ryegrass is taken in the first year and white clover 

in the second year after sowing ( Shillito 1974 ) .  For the success of 

this method in terms of white clover seed production the levels of 

nutrients, the ryegrass cultivar in the sward and the intensity of 

grazing should be kept in mind to obtain high seed yield. Besides 

these factors, the time of the last grazing, or cutting, and/or 

dessication with paraquat as a means of reducing or eliminating 

competition from ryegrass should be carefully controlled. In general, 

farmers close their swards early in order to ensure enough vegetative 

bulk to facilitate harvesting of the crop. However, research by the 

Grasslands Division of the Department of Scientific and Industrial 

Research in New Zealand has shown that, with adequate soil moisture, 

deferring closing to mid November gives highest seed yields (Clifford 

1980 ) . 

The seed production capacity of white clover is the combined result 

of a number of morphological and structural changes which are strongly 

influenced by seedcrop management practices. In New Zealand, white 

clover seed production is complicated by the dual purpose use of the 

white clover plant involving the production of herbage for animal 

feeding and the production of seed in the same farming year. The 

different crop management systems used by farmers in New Zealand are 

capable of effecting vast differences in seed yields gained depending 

on the system chosen. Such variable seed yields suggest the need for 

more knowledge of plant reaction to management, particularly grazing 

management, and the spraying with herbicide for grass control, on both 

vegetative and reproductive structure and development of plants. 

The development of the inflorescence in white clover is usually 

determined by responses to local conditions of temperature and photo­

period, and knowledge of these environmental responses is necessary 

to manage the paddock correctly for seed production. Management should 

be based on a knowledge of the time of inflorescence initiation and 

of management practices which ensure maximum seed yields. 
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The present study was divided in three parts. The purpose of the first 

part (first two year experiments) was to determine, in a mixed sward, 

the effect of the time of cessation of grazing (closing date) and 

paraquat spraying on: 

a) the botanical composition of the sward 

b )  the vegetative growth of white clover 

c) the development of inflorescences and the effects of seed yield 

components on the resultant yield of seed. 

In the second study, carried out on white clover alone, more emphasis 

was placed on the vegetative and reproductive pattern of growth and 

development in two different genotypes. 

Finally, in the last experiment, the effect of different intensi ties 

of defoliation on white clover reproductive development and seed yield 

was investigated. In particular three aspects of defoliation which 

were studied: 

a) the effect of the severity of defoliation on white clover seed 

production under field conditions 

b )  a comparison of the responses of paraquat spraying and cutting 

treatments on white clover 

c) the reaction of two different genotypes to different defoliation 

treatments. 

• 



CHAPTER 

REVIEW OF LITERATURE 

The amount of information on white clover is voluminous. For this 

reason, this review concentrates on aspects considered to be relevant 

to the present study. In addition to a general description of the 

plant, particular emphasis is given to vegetative and reproductive, 

structure and development and to seed crop management practices, 

including defoliation and paraquat effects, on white clover seed yield. 

A - General Description of White Clover 

White clover <lu/-oliwn /l.epen,�;, L. ) is a legume which belongs to the 

sub-family Papilionoideae of the family Fabaceae. It is an excellent 

pasture legume, growing wild or cultivated in all temperate climates 

where there is enough moisture. Its ability to draw on and fix nitrogen 

from the air makes it an ideal plant for use in almost all pasture­

improvement programmes (Jolly 1957) . In addition to the stimulus which 

it can give to the grasses in the sward, white clover itself makes 

a valuable and direct contribution to the total production of the 

pasture (Bean 1978) . It stops growing when hot and dry weather sets 

in, but usually revives when conditions become favourable (Turner and 

Begg 1978) . It is preferably used for grazing but in some cases is 

cut for hay or silage (Whyte e1 af 1953) . 

There are many cultivars of white clover. These are classified into 

three main groups according to leaf size (Langer 1973) . 

1) Small Leaved Types 

These are very prostrate and have been selected from cultivars 

existing in old pastures (e. g. 'Kent wild clover' and ' S- 1841) . 

They are very hardy, but remain small even when under favourable 

growing conditions. Thus they do not stand up to grass competition 

when nitrogen fertilizer is used or when conservation cuts are 

taken. Their real value is in tightly grazed swards, conditions 



of low fertility and at high altitudes {Langer 1973) . 

2) Medium Leaved Types 
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This is the most important type used in New Zealand {e. g. ' Grass­

lands Huia ') . However, leaf size is not a consistent 

characteristic in the field, because if these cul ti vars are used 

in a sward that is regularly and tightly grazed, leaf size will 

become quite small {Davies and Levy 1931, Corkill 1952) . 

3) Large Leaved Types 

' Ladino' clover is the best known cultivar with large leaves, 

although it is not used widely in New Zealand {Leffel and Gibson 

1955) . 

From these three general types of white clover the most important in 

New Zealand is 1Grasslands Huia' . This cultivar is the highest 

producing legume which is available for use where grazing is continuous, 

and where annual rainfall is 640 to 760 mm per year, with no prolonged 

(3 weeks or more) summer soil moisture deficit (Langer 1973) . The 

cultivar ' Grasslands Huia' was known as New Zealand white clover prior 

to 1964. Developed from ecotypes found in the country by the D. S. I.R. , 

this culti var is the keystone on which pastoral production in New 

Zealand is based (Jolly 1957) . For this reason a background of the 

characteristics of this cultivar is worth considering in some detail. 

Leaves in white clover are characteristically trifoliate (Gibson and 

Hollowell 1966) . Leaflets are elliptical to broadly ovate or ovate 

to almost heart shaped. The leaflet margin varies from entire to 

serrated. Leaflets are pinnately veined, with prominent midribs on 

the lower surface and glabrous, and always have a mark usually seen 

as a white to light green crescent appearing as an inverted V on the 

upper surface (Crowder 1960) . The amount and distribution of red 

pigment (anthocyanin) in the leaflets range from a total absence to 

an almost complete coverage of the leaf (Thomas 1985) . 

In white clover, the fruit is a small oblong pod with slight constrict­

ions between seeds and usually containing two or three seeds per pod 

(Clifford 1980) . Thousand-seed weight is 0. 60 - 0.65 g {Clifford 1979) . 
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B - Vegetat ive Morphology and Growth 

Whi te c l ove r  i s  a s tol oni f erous l egume whi ch b e have s more l i k e  an 

annual than a p erenni al ( Hol l owe l l  1966) under U. S. condi ti ons. In 

white clover plant s  i t  i s  pos s i b l e  to recogni ze two s tage s of growth , 

vege tati ve growth provi d i ng the basi c s tructure from which reproduct i ve 

growth deve l o p s .  

Vegetative growth can be di vided i nto two systems ( Chow 1966) . the 

pr imary system wh i ch includes the growth and development of the tap­

root , pr imary stem and ma in stolons , and the secondary system which 

inc lude s the adventitious roots , axillary buds , and late ral buds , 

branches and stolons ( Chow 1966, Thomas 1985) . 

The primary stem of white clover i s  short and contains a number of  

internode s .  I ts ax illary buds give r i se to stolons six or eight weeks 

after germination ( Leffel and Gibson 1975) , and elongation of the 

pr imary stem stops,  or is limited , after stolon growth begins ( Chow 

1966) . 

Stolons deve lop radially from the pr imary stem to a maximum number 

of ten , even though it theoretically has the capacity to produce an 

inf inite number of them ( Chow 1966) . These stolons constitute the 

main stolons which later produce a secondary stolon system which has 

the capac ity to lead an independant existence after the first  system 

has rotted arrl died ( Chow 1966) . 

1 - Stolon Structure and Growth 

Wh ite clover has a procumbent solid stolon whi ch is the basic structure 

of the plant (Wi lliams 1983) . It consists of a series of  internodes 

( larger than those of the primary stem)  separated by node s which form 

as a result of growth at the api cal bud ( Williams 1983) . Each node 

bears a leaf , two root pr imordia and an axil lary bud ( during vegetative 

growth ) which can grow into a late ral stol on ( Daday 1958, Crowder 1960, 

Le f fel and Gibson 1975) . Stolons vary greatly in size depending on 

the cul ti var . Stolons can grow inde finite l y  at their tips, achieving 

physical independance when the main sto lon decays ( Erith 1924, Beinhart 

ei ai 1963, Harvey 1970) . 



1 

Any par t i cular par t  of the stolon does not appea r  to survive longer 

than one year ( Be inhart ei af 1963 ) • McCree and Through ton ( 1 966 ) , 

working wi th ' Gras s lands Hui a ' white c lover , found tha t  stolons began 

to die a f ter three months under contro l l ed environmenta l condi t ions . 

Norma l l y  rooting occurs at the nodes which causes the development of 

bra nche s f rom the axi l lary buds . In this wa y an old white clover plant 

con s i s t s  of severa l stolons of various origins and of different deve lop­

menta l and chronologica l ages . Thi s  can create a problem when 

attempt i ng to identi f y  the d i f f erent kinds of stolons on one plant . 

To overcome th is probl em Thomas ( 1985 ) suggested that each pl ant shoul d  

b e  divided into a series of categories , i . e .  ma in stolon , axi l l ary 

bud , l ateral branch, and latera l stolon . The de finitions adopted by 

Thomas ( 1 98 5 )  are presented be low and are shown diagramatica l ly in 

F igure 1 .  

Ma i n  Stolon : A stolon which bears ( or has produced ) at least 8 l eaves 

with unfolded leaf l ets a l ong its mai n  axi s and whi ch possesses 

adventi t ious roots at one or more nodes or at its base . 

A xillary bud : A vegetative shoot in a leaf axi l whi ch has produced 

fewer than two leaves with unfolded lea f le t s .  

Latera l Branch : Any vegetati ve axi l lary outgrowth which has produced 

two or th ree l eaves with an unfolded lea f l et . The api cal bud of such 

a branch conta i ns an active mer istem. 

Latera l Stolon : A latera l branch growing from a ma in stolon , or from 

a nother latera l s tolon , whi ch has produced 3 or 4 leaves with unfolded 

l e a f l e t s  and has a stem which,  from its ba se to the node of attachment 

of its youngest leaf wi th unfolded lea f lets is  at least  twi ce as long 

as the s t ipules of i ts subtending lea f or has produced 5 - 7  l eaves with 

unfolded lea f lets or has produced more than 7 leaves with unfolded 

l e a f l e t s  but has developed no adventitious root system . 
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Figure 1 :  Vegetative a nd f lora l parts of a white clover pl ant 

MS = ma in stolon, LS = Lateral stolon, LB = Lateral branch 
Pe = Petiole, P = Pedunc le, I = I n f lorescence, AB = Axi l lary 
bud, S Stipules, RT = Root tip, TB = Termina l bud, R = Root 
1 to 8 = node number with unfolded l eaves ( Thomas 1985 ) 

According to Thomas ( 1 985 ) ,  a ma in stolon a lway s  has, by virtue of 

its root system, the capacity to be se l f - supporting for mineral 

nutrients and water immediately  a f ter it has been severed from its  

parent stolon, whi l e  a lateral stolon does not necessa r i l y  have thi s  

capacity.  

Sto lon growth results f rom the activity of an apical bud cons i st ing 

of severa l young leaves enc losed in a stipu l ar sheath of the youngest 

vis ible leaf ( Thomas 1 980a ) .  I ts elongation depends on temperature 

and l ight intens ity providing • other factor s a re not l imiting ( Widdup 

1980 ) . Mitche l l  ( 1 956, a, b)  and Be inhart et af. ( 1 963 ) showed that 

the optimum temperature for stolon growth in white clover is 2 0°C -

2 8 ° C wi th little stolon el ongation be low 5°C .  Thomas ( 1980a ) h a s  a l s o  

i ndicated that the increase in s tolon length was sma l ler dur ing the 

winter in comparison wi th spring and s ummer, when the temperature 

increa sed .  
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Light i ntens ity main l y  inf luences the s i ze of the stolon and shows 

a strong i nteraction wi th temperature . Thus , Mitche l l  ( 19 5 6a , b )  

obtained a dif ferent reaction on stem elongation when he compared the 

e ffect of shading at two different temperatures ( 2 2°C and 1 2 ° C ) . Whi l e  

stem elongation was reduced by shading to about 20% o f  that recorded 

under ful l dayl ight intens ity at 2 2 ° C ;  at 1 2 ° C some shaded stolons 

grew longer than unde r ful l l ight condition s .  Widdup ( 1980 ) a l so 

concluded that longer stolons general l y  were associated wi th less l ight 

i ntensi ty in the canopy at a given temperature . 

2 - Branch i ng 

D i f ferent rate s  of branching in white clover have been detected between 

and within cultivar s . Thus , Wi ddup ( 1980 ) determined that ' Kent ' , 

' Huia ' , and ' Russ ian ' clovers produced more branches than ' Spani sh ' 

and ' Ladino ' c lovers in cool and cold envi ronments . He i ndicated that 

under control led environment condit ions , there i s  an i nverse re lation­

ship between stolon growth and stolon number .  These factor s are 

control led genetical l y  and are strongly modif ied by environmenta l 

conditions , espec ial ly by temperature . Simi lar results we re obtained 

by �Vi l l iams and Hoglund ( 1 9 78 ) , when they compared Spanish and New 

Zealand white clovers . Be inhart e.i af ( 1 963 ) and Gibson and Hol lowe l l  

( 1 966 ) a l so state that these d i fferences between cultivars may be 

genetic i n  or igin . 

An inverse l i near re lationship has been estab l i shed between temperature 

and branching f requency in whi te clover ( Be i nhart 196 3 ) . At 1 0 °C ,  

branches  emerged from 7 1 %  of a l l  node s ,  whi l e  at 30 °C only 14%  o f  node s 

developed branches .  Mi tche l l  ( 1 956b ) obtai ned simi lar resul t s  with 

New Zealand whi te clovers when he found that branchi ng was stimulated 

by both short days and low temperatures . Be inhart d al. ( 1963 ) al so 

not iced that i n  spaced plants of ' Ladino ' white clover branching 

frequency was greates t  in the spring and early  summer but decreased 

later i n  the summer and again i ncreased in the autumn as a result of 

the development of tertiary branches .  Decrea sed summer branching did 

not appear to be caused by l imi ted carbohydrate supply because branchi ng 

increased in autumn dur i ng a period characteri sed by a dec l i ne i n  sugar 
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concentration . These changes in branching could be explained as a 

result o f  an i ncrease in f lowering during the summer . Thi s  i s  due 

to competition wi th branches for places of f lower forma tion , s ince 

the development of a f lower head and a branch cannot occur at the same 

node ( Thomas 1 9 80a ) .  In fact , the devel opment of flower heads during 

the s ummer provides a new s ink source which might be expected to be 

undergoing rapid ce l l  division and to have high metabolic rates which 

may inhibit branch formation ( Harvey 1970 ) . 

Another environmenta l factor which a f f ects the rate of branching i s  

l ight intens ity ( Be i nhart 1963 ) .  H igh l ight intens ities i ncrease 

branchi ng and together with low temperatures produce maximum deve lopment 

of new stolons ( Be inhart et a£ 1963 ) .  Thus , in a clover plant growing 

at l ow temperatures , any practice which a l lows a deeper penetration 

of light into the canopy wi l l  promote the deve lopment of new s to lons . 

Thi s  e f fect has been a l so clearly shown by Brougham ( 1 958 ) and by 

Davidson and Birth ( 1 972 ) in work with subterranean clover . Haggar 

et af ( 1 96 3 ) , working wi th ryegra ss and white clover swards , encouraged 

v igorous stolon bra nchi ng after close de foliation . However , once the 

canopy closed as a result of regrowth , shading between plants resulted 

in reduction of l ight intensity wh ich in t urn reduced stolon forma tion . 

After comple te shading , severa l of the newly ini tiated stolons died 

out . Thi s  e f f ect continued to occur whi l e  new stolons and the ir l eaves 

were shaded ( Hunt 1 968 ) . 

3 - Lea f and Petiole  Growth 

Leaves of whi te c lover are located behind the apex of any stolon where 

they are encl osed in the stipular sheath of the youngest v i s ible lea f . 

Each apical bud normal ly conta ins 6 or 7 l eaf pr imordia giving 

approximate ly equa l rates of leaf  initiation and emergence ( Thoma s 

1980a ) .  I n  thi s  way each t ime a new leaf primordium forms at the apica l 

mer istem, the oldest l eaf  within the apical bud emerges through its 

enc losing st ipular sheat..F-t to become visible as the younges t  lea f .  'rhus , 

growth occurs f i r st in the l ea f  blade s ,  then petioles , a nd f ina l l y  

the stem internodes ( Mi tche l l  1955 ) .  
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The rate of initiation of new leaf pri mordia at the api cal mer istem 

is mainly dependent on temperature and to a les ser extent on day length , 

but it remains constant within each genotype ( Thomas 1980a , b ) . On 

the other hand, pet iole elongat ion and rate o f  leaf unfolding i s  

determi ned by the light intensity through the clover canopy ( Brougham 

1 9 5 8 ,  1 962 ) .  

Temperature aff ects the process of cel l divi s ion in the l eave s ,  so 

that an increase of 6°C in temperature from winter to spr i ng results 

in  an e ight fold increase in the rate of  cel l ular activity ( Mi tche l l  

1956b ) . Similar results have been obtained by Thomas ( 1980a ) in  natural 

env ironments with whi te clover . He found that leaves were init iated 

at a maximum rate of about two per week under summer growi ng conditions 

but in winter the rate dropped to about one every two or three weeks , 

with the rate o f  leaf emergence paral l e l l ing these changes . 

Studies made by several authors ( Mi tche l l  and Lucanus 1960 , Brough am 

1 9 6 2 ,  Beinhart ei a1 196 3 ,  Car l son 1 966 and Widdup 1980 ) have a l so 

shown the strong e f fect of temperature on l eaf deve lopment . Thus , 

for any particular stolon , at optimum temperatures ( 20°C - 2 5°C ) , the 

rate of l eaf appearance is about 1 . 5  leaves per we ek whi le at 

temperatures of 5°C - 8°C this rate s l ows to 0 . 3  - 0 . 6  l eaves per week . 

Under moi sture stress and high temperature conditions the rate of leaf 

appearance fal l s  from 1 . 4  to 0 . 6  l eaves per week ( Beinhart et af 1963 ) .  

4 - Root Growth 

Whi te clover develops a primary taproot whi ch may grow to a depth of 

one metre or more but whi ch die s  be fore or dur i ng the second year of 

growth of the plant (We stbrooks and Tesar 1 9 5 5 ) .  Thi s  taproot deve lop­

ment occurs in addition to the adventitious root developed in the 

branches . In thi s  way ,  perennial ity of c lover eventual ly depends on 

the adventi tious root system f rom the nodes of stolons and on the 

proportion and rate of axi l lary buds deve loping into sto lons rather 

than into f l owers ( Gibson 195 7 ) . Nodules are present on the root s 

of the clover as a result of the symbios i s  between the hos t  plant and 

the soi l bacter ium Rhizo�um �itofi ( Le f f e l  and Gibson 1 97 5 ) .  



C - Reproductive Morphology and Growth 

1 - I n f l orescence Structure and Growth 

In white c lover , each inflorescence is a round ish 

close l y  crowded f lorets , each of which is borne on 

The number of  f lorets per head ranges from 50 to 100 

1 2  

raceme bear ing 

a short pedice 1 • 

or more with the 

oldest at the base and the youngest at the apex ( Metca l f e  and Elki; n 

1980 ) . F l orets are predominate l y  white , sometimes with a pinkish hue 

( Gibson and Hol lowe l 1 966 ) . Each f loret is a compl ete f lowe r with 

a calyx of f ive sepal s ,  a corol l a  of f i ve petals ( 2 wings , 2 kee l s  

and 1 s tandard ) ,  10 diade lphus stamens and a carpe l ( Le f f e l  and Gibson 

197 5 ) . 

Flowe r i ng heads are produced on peduncles somewhat l onger than the 

pet iol e  of leaves and it takes about one week for a l l  f lorets to develop 

( Le f f e l  and Gibson 197 5 ) . According to Dessureaux ( 19 5 1 ) in ' Ladino ' 

c lover the number of  ovules per f loret ranges from 2 . 4  to 6 . 4  and number 

of seeds from 0 . 5  to 4 . 3  with an average of 2 . 4 .  Rambert ( 19 7 7 ) found 

that two to four ovules begin development along the placental r idge , 

which may produce two to four seeds . Thomas ( 1981a , b )  pointed out 

that , in  ' Grass lands Huia ' white c lover , some f lorets may produce up 

to s ix ovules and the rate at whi ch these ovules develop into seeds 

is dependant on envi ronmental conditions . The development of the 

inf lore scence in white clover f o l l ows a series of spec i fic  steps and 

may have a range of requi rements , even within a variety,  in terms of 

dayleng th , temperature , and l ight intensity ( Cooper 1 96 0 ,  Bean 19 7 8 ,  

Thomas 1 980a, b ) . A knowledge of  envi ronmental responses i s  important 

for the prediction of flower ing behaviour as we l l  as seed yields in 

di f f erent c l imates and lati tude s .  

Inf lorescences in white clover form at the stolon ape x .  In vegetative 

plants the youngest axi l lary bud appears in the axi l of  the third oldest 

leaf primordium at the apex of a stolon .  With the transi tion to the 

reproduct i ve state , a bud f orms in the axi l  of the youngest l eaf 

pri mordium ( Thomas 1980a ) . This precocious axi l lary bud then grows 

into a s eedhead primordium which usua l l y  emerges f rom its stipu lar 

sheath a few days after the emergence of its subtendi ng leaf ( Thomas 
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196 lb, 1 980a ) . The subsequen� behaviour of the stolon tip according 

to Thomas ( 1980a ) varies with the genotype of the plant and with 

environmental condi tions . He states that in some plants precocious 

axi l lary b uds form with every l eaf primordium init iated once the 

reproductive state is reached . However, more o ften, the formation 

of precoc ious axi l l ary buds at one node is fol l owed by the formation 

of two or three l eaf primordia wi thout buds . This sequence may be 

repeated f or three or more cycle s .  I n  al l cases, flowers form onl y  

i n  a lateral, axi l lary pos i t ion and the api cal mer i stem of the stolon 

always remains vegetative ( Thomas 1980a ) . The fi rst sign of the onset 

of f l ower i ng i s  the formati on of double r idges . No e l ongation of the 

api cal dome is detectable before such a stage is reached ( Thomas 1 961b ) . 

I t  could be expected that on any stolon at the time of trans ition to 

the reproducti ve phase, every vegetative axi l lary bud at each node 

of the stolon has the potential to produce an axi l lary bud at the time 

of i ni t i ation of its next leaf pr imordium .  However, this does not 

happen . The initiation of inf lorescence primordia occurs only at 

the terminal apical meri stem on main stol ons and on elongating lateral 

branches ( Thomas 1 980a, b ) . I t  seems that a correlation exists wi thin 

the plant, which prevents axi l l ary buds within the apical bud and at 

the node s immediate ly basal to it from forming inf lore scence primordia . 

Even the youngest axi l lary buds ini tiated at the stolon apex just before 

its transition to the reproductive s tate always remain vegetati ve 

( Booysen and Laude 1 964a ) . 

2 - Factors whi ch Af fect I n f lorescence Deve lopment 

Cooper ( 1960 ) catalogues white clover as a long day plant wi th no winter 

chi l l i ng requirement . However, later studi es of f l ower i ng behaviour 

with New Zealand white c lover have shown it to be a short- l ong day 

plant at temperatures between l 5°C and 2 5°C ( Thomas 1961a ) . When 

trans f erred from cold short days to warm long days ( 2 1  °C )  each stolon 

on plants of ' Gras s lands Huia ' wh ite clover immediately initiates one 

inf lore scence primordium in the axi l of the next leaf primordium formed.  

Thi s  reproductive node i s  commonly fol lowed by  the formation of  two 

or three vegetative node s before a second inf lorescence primordium 



i s  i ni ti ated. A third ( and frequently f inal ) i n f lorescence is then 

initiated following the production of a f urther two or three non­

f lowering nodes ( Thoma s 196 la ) .  The pattern of  flowering produced 

is thu s  most frequently a sequence of three flower heads each of whi ch 

i s  separated f rom the next by two or three non- f lower ing node s .  

Under New Zea land condi tions the time o f  flower initiation and emergence 

i n  d i f f erent clones of ' Grasslands Huia 1 white cl over indicates that 

plants initiate inf lorescences in the cool and short days of wi nter , 

sta rti ng in May or June . Two clones ( A  a nd C )  behaved as  short-long 

day plant s ,  initiating inflorescences in November or December i n  

response to long days , but tending to stop when days were longest 

( Thoma s 197 9 ) . Norris ( 1984 ) found that most of  his cultivars initiated 

f l ower s  under 1 2 ,  14 or 16 h day lengths . These corre spond to natural  

daylengths found in southern Br i ta i n  in mid-March , mid-Apri l  and mid­

May ,  re spective l y .  Those c lones of  ' Grasslands Huia ' that ini tiate 

i n f lore scences in wa rm and long days do so for approximately 3 weeks 

and then i n itiation stops . Exposure of these non- initiated plants 

to a period of short days enables them to init iate inf lorescences aga i n  

when transferred ba ck into long days . For thi s reason they have been 

termed short- long day plants ( Thomas 196la ) .  A simi lar cessation of 

inf lore scence initiation in long days has been shown for plants growing 

in the field in arctic Norway and in southern England ( Thoma s 1 980b , 

1981a ) .  

I n  other work,  Thoma s ( 1982 ) studied the f lowering behaviour of 9 l ine s 

of white clover f rom dif ferent latitude s ,  g rowing under natural  

conditions in Palmerston North . The results obta i ned i n  thi s  

compa rative i nvesti gation showed that a l l  l ines exhibited a direct 

response to low temperatur e ,  initiating i n f lore scence s  in coo l short 

days , whereas in most l i nes no inf lorescence i nitiation occurred at 

the same daylength in wa rm cond itions . 

Bas ed on these distinction s ,  Thomas ( 1982 ) d ivided whi te clover into 

2 broad groups , which corre lated with the i r  latitude of origi n .  The 

f irst g roup consi sted of plants ori ginating f rom h igher lati t ude s ,  

whi ch were character i sed by the i r  late initiation o f  i nf lorescences 
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i n  direct response to cool conditions and strong initiation i n  natural 

long days and continuous l i ght . The second group consisted of plants 

with a l ow l atitude or igin , such as a ' Spani sh ' l ine , and c . v .  

' Louisiana ' ,  which init iated in florescences much earlier that did plants 

in the high latitude group . Low temperature pretreatment tended to 

strongly promote the initiation of inf lorescences in subsequent warm 

short days within this group . In addit ion , the plants tended to 

initiate poorly in natural l ong days and conti nuous l ight with the 

excepti on of ' Louis iana ' ,  which ini tiated strongly in November . 

' Gras s l ands Huia ' has been cata logued by Thomas ( 1982 ) as an 

intermediate type between these two 

inf lorescences ear l ier in the autumn 

groups , 

( typical 

because it  initiates 

of the high l at it ude 

group ) but does so poor ly when transferred from natural long days to 

continuous l i ght . However , it  does initiate in response to natural 

long days in November . 

Some authors have found that white c lover plants under long days require 

a mi n imum night temperature to f l ower . Thu s ,  Roberts and Struckmeyer 

( 1 938 ) reported that whi te c lover flowered in long days when a minimum 

night temperature of 1 3 °C to 18 °C prevailed ,  but did not f lower i f  

night temperature s were 2 1 ° C or 2 4 ° C .  Later , Britten ( 1960 ) in  Hawai i ,  

found that some clones of white c lover under natural daylength remai ned 

vegetat ive at a continuous temperature of 2 3 ° C ,  but they f lowered i f  

they were grown at a 2 3 ° C day temperature and 8 °C n ight temperature . 

Light intensity has also been shown to be an i mportant factor affecting 

the amount of f lowering of whi te clover . However , few studies have 

been done in thi s area . Zaleski ( 1970 ) , working with ' S -100 ' white 

clover under cont ro l l ed conditions , indi cated that one of the most 

important factors determining the initiation of  floral pr imordia and 

inf lore scence formation is the amount of l ight avai l able at the s tolon 

leve l .  He does not explain how the l ight i ntensity may affect f lower 

initiat ion or the number of i n f l ores cences formed . Howeve r ,  it  has 

been suggested that plants growing under a canopy rece ive mainly far ­

red l ight , which causes more stem elongati on,  but less branching . 

There fore , the plant has less potential s ites for f lower development 

( Sa l i sbury and Ros s  197 8 ) . 



16 

D - Effect of F loweri ng on Vegetative Growth 

Thomas ( 196a c , d )  has shown that ther e  is no reduction in leaf s i ze 

as socia ted with the production o f  f l ower heads . On the cont rary,  a 

s l i ght increa se in the rate of leaf g rowth has been recorded with the 

beg inni ng of f l ower initiation . Booysen and Laude ( 1964b )  have 

indicated that the basal internodes of first  formed flowers are longer 

tha n the average a nd those produced immediate ly apica l l y  tend to be 

shorter . The nature of internodal response to inf lorescence initi ation 

s uggests a gibbere l l in mechanism, as since gibberellic acid is known 

to promote stem e l ongation and is genera l ly cons idered to occur i n  

highest concentrat ion in young rapidly growi ng ti ssues such as  

dif ferentiating and developing reproductive buds ( Leopold and Kreidemann 

197  5 )  • 

The only clear e f f ect of flower production on white clover growth i s  

a reduc tion in the number o f  branches because a flower head and a branch 

cannot both develop in the same axi l l ary bud . Thus , each node can 

produce a branch or a f lower head but never both ( Zaleski 1 9 70 ) . I n  

thi s way,  a plant i n  whi ch many nodes do not initiate f lowe r heads 

has in theory much more capacity for regrowth f rom the younger regions 

of its stolon than those with mor e  f lower heads . Gibson ( 19 5 7 ) 

con f irmed these resul ts , when he f ound that persistence of ' La dino ' 

clover wa s related to flowering intens ity and duration of i n f l orescence 

initiation . Ba sed on his results , more intense flowering c lovers showed 

lower persistance than weaker ones . Simi la r l y ,  strains that stopped 

inf lorescence init iation earl ier in the growing season per s i sted better 

than strains  wh i ch continued to i ni tiate f lowers f ree l y  r ight into 

the hot and dry period .  

E - Seed Structure and Development 

The seed of white c love r ,  as in other leguminous plants , i s  es sentia l ly 

devoid of endospe rm and con sists o f  a seed coa t that surrounds a large , 

we l l  deve loped embryo ( Gunn 1981 ) .  The seed is smal l ,  approximate l y  

1 5 40 per gram , and i s  heart shaped or ova l  ( Langer 1 9 7  3 ) .  The seed 

coat is mar ked with an oval  hilum or seed scar ( Leffel and Gibson 1975 ) .  
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At one end of the hi l um i s  the micropy l e ,  a tiny hole formed b y  the 

integuments during seed development . The tip of the hypocoty l -radicle 

axi s is located be low the micropyle . At the other end of the hi l um 

is the raphe , a sma l l  groove extending to the cha laza , the point at 

whi ch the integuments were attached to the ovule proper .  When the 

funiculus separates from the seeds , the hi l um shows the central scar 

wh ich i s  formed by pa renchyma tissue ( Gunn 1981 ) .  

The seed coat has three dist inct l ayers : epi dermi s ,  hypodermi s and 

an inner parenchyma layer ( Figure 2 )  ( Polhi l l  1976,  Gunn 1981 ) .  The 

seed coat may be impermeable caus i ng hard seed, which may pa ss intact 

through the digestive tract of the gra zing animal , thus a l l owing 

re seedi ng a nd spread of  the species ( Le ffel  and Gibson 1 97 5 ) .  'rhe 

embryo cons i sts of two cotyledons , a plumu le with two pr i mary l eaves 

and a radic le . 

a b 
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Figure 2 :  a )  Externa l and interna l morphol ogy of a legume seed 

b )  Anatomic features of a legume seed coat ( Gunn 1981 ) 
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Whi te clover seeds vary in colour and are usua l l y  ye l low, green , some ­

times reddi sh and become browni sh or black with age or weathering ( Scott 

197 3 ) .  Seed development commences soon a fter fert i l i za tion when the 

fert i l i zed egg is surrounded by a ce l l  wa l l .  Then fol lows a series 

of ce l l  divi sions resulting in the formation of a mass of cel ls ,  which 

deve lop ul timately into the rudimentary plant , or embryo , of the mature 

seed . Th i s  seed in turn develops into the mature plant a fter 

germination ( Bhatnagar and Joh r i  1 9 7 2 ) .  

Va r ious phys iologica l ,  biochemi ca l ,  and morphol ogical changes accompany 

thi s development which finishes with the atta inment of maximum seed 

dry we ight . Thi s  point has been ca l led ' physiological maturity ' .  

At thi s  stage the seed a l so exhibits maximum v igour and viabil ity 

( Andrews 1966,  Popi nigi s 1977 ) .  

In  s everal 

( Hyde 1 9 5 0 ,  

studies on seed devel opment in both grasses and legumes 

Hyde R.i a£ 1959,  Gri f fith d a£ 1967 , H i l l  197 1 ,  Popinigis 

197 7 ,  and \'hn Pe 1978)  most attent ion ha s been pa id tb two ma in pha ses 

of seed development v i z .  the rel ationship of moi s ture content to dry 

we ight a nd the deve lopment of viable seed f rom the time of anthe s i s  

to seed maturity . Hyde ( 19 50 ) cons idered that three stages c a n  be 

common l y  r ecognized in the deve lopment of white clover seed after 

pol l ination . 

1 - The Growth Stage 

Thi s stage occupies a per iod of 10 days a fter po l l ina tion and dur ing 

thi s  time there i s  a rapid increase in seed we ight . The growth rate 

of  the ovule i s  logarithmic a nd is presumably determined by the rate 

of  ce l l  di vision in the embryo and seed coa t .  The seed moi sture content 

is h igh a nd constant at approximately 79% of the f resh we ight . The 

seed during thi s  f i rst period is non-viabl e .  

2 - The Stage of  Food Reserve Accumulat ion 

Thi s  second stage takes up a period of 10 to 14 days fol lowi ng the 

f i r s t  stage or 20 to 24 days after po l l ination . I t  is characteri zed 

by a constant rate of growth and is pre sumably determined by the rate 
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at which food reserve s can be transferred from the pa rent plant to 

the seed . The dry we ight of the seed during this stage increases about 

three times , reaching a maximum at the end of the per iod . The actua l 

amount o f  water in the seed decreases s l ight l y ,  but seed moi sture 

content changes from 79% to 6 3% .  At the end of this stage the seed 

is structural l y  complete and attains total viabi l i t y  and vigour . 

3 - The Ripening Stage 

Thi s  stage lasts three to seven days from the compl etion of the second 

stage . During thi s  period the seed dries out rapidly and shrinks in 

s i ze .  The dry we ight changes very l i ttl e ,  but the fresh we ight fal l s  

t o  less than hal f  a s  the moisture content decreases from 6 3 %  t o  1 0 % ,  

the seed fina l l y reaching equi l ibri um wi th the re lative humidity o f  

the surrounding environment . The t ime required for thi s  stage i s  

strongl y  dependant o n  weather conditions i n  the f i e ld ( De l ouche 1 980 ) . 

The mai n  modi f i cations whi ch occur during seed maturity include 

var iation in seed moisture content , seed s i ze , seed weight , seed colour , 

hard seededness , and seed biochemical composition . 

In genera l ,  the rate and extent of moi sture content change varies with 

species and stage of seed development ( Hyde 1 9 5 0 ,  Hyde e:t a£ 1959 , 

H i l l and Watki n  197 5 ,  Cope l a nd 1976,  and Popinigis 197 7 ) , but is l ittl e 

a f f ected by temperature ( Austin 197 2 ) .  

Accordi ng to Popinigi s  ( 1977 ) the moisture conte nt in the seed i s  a 

very important 

harvest timing . 

grass species , 

and percentage 

of harvesting 

Popinigis 1 97 7 )  

parameter f or determining seed maturity a nd correct 

Thus , H i l l  and Watkin ( 19 7 5 ) ,  working wi th di f f erent 

presented a ' drying curve ' ,  which used moi s ture content 

of v iable seed yield indicators to forecast the time 

to attain maximum viable seed . De louche ( ci ted by 

indicates that it is ne cessary to know the number o f  

days required from anthesis  to the atta inment of equ i l ibr i um moi sture 

content in d i f ferent crops in orde r to deve l op a programme for 

determi ning correct time of harvest and the use of harves ting machi nery . 
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However , in  whi te clover crops it i s  di f ficult to determine 

physiol ogical maturity prec isely because 

indeterminate type of f lower ing resulting in 

maturity within the crop ( Zaleski 1 970 ) . 

F - Seed Yield Components and Seed Qua lity 

the plants 

a wide range 

have an 

o f  seed 

Seed yield is bui l t  up from several yield components which in turn 

are det ermined by a combination of plant and environmenta l factors . 

The seed production capacity of white clover represents the cumu l at i ve 

express ion of four pr incipa l  components :  number of f l orets per head; 

number o f  flower heads per uni t  area or per plant ; number o f  seeds 

setting per floret , and seed we ight ( Za leski 1 9 6 1 ,  196 4 ,  1 9 7 0 ,  Haggar 

ei ai 1 96 3 ,  Van Bogaert 197 7 ,  C l i f ford 1 9 7 7 ,  1 9 7 9 ,  1980 , Thoma s 1 980a , 

1981a , b , c ,  1982 , Nor r i s  1 984 ) . These components a l l  di f fer in the i r  

relative contribution t o  tota l seed yield and change with the genetic 

variab i lity within the species , as  we l l  a s  with the envi ronmenta l 

condit ions ( Zaleski 1 961 , 1970,  Thomas 1 980a , 1981a , b, c , 1 982 ) . Huxley 

et ai ( 1 9 7 9 )  reported that the ma j or components of yield in whi te clover 

were the number o f  inf lores cences per un i t  area and seed we ight which 

accounted for 4 0 . 3 %  a nd 58 . 6% of the diversity in seed yield 

respectively.  According to the se workers the number of  seeds per f loret 

( seed set ) made a comparatively negl igible contribution to seed yie l d  

and wa s independant o f  inf lorescence number . Zaleski ( 1 961 , 1 9 70 ) , 

Gaspar et ai ( 1 98 1 )  and Haggar et ai ( 196 3 )  in determined white c lover 

corre lation coe f ficients between seed yield and associ ated chara cters 

and found that seed yield wa s positive l y  correlated with seed set , 

heads pe r branch , branches per plant a nd seed weight and negatively 

cor related wi th f l ower i ng date ( early-f lowe ring resul ted in less  seed 

product ion ) .  In th i s  context , the number of florets per head wa s o f  

relatively little sign i f i cance ( Za le ski 1 9 6 1 ) .  Seed set wa s determined 

by the number of ovules per f loret,  fert i l ity of po l l en and embryo 

sac and poll ination ( Thomas 1980a ) .  These factors can al l be a f f ected 

by cl imati c conditions (Win Pe 1 978 ) . 
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From a n  agronomic point o f  view, seed s i ze and seed weight are important 

because they are c l osely as soci ated with seed viabi l i ty and seed vigour . 

Severa l author s have invest igated thi s  relationship. For example ,  

Eri ckson ( 1 946 ) reported a def inite relationship between seed s i ze 

and germinat ion i n  

leve l o f  emergence 

the soi l .  He found with 1 ucerne seeds that the 

only one lenth that of of the sma l lest seed was 

the largest seed . However , De louche ( 1 980 ) , working with crimson c l over 

( 7�itolium inc�aium ) found that the emergence percentage of seed l i ngs 

from intermediate s i zed seed wa s highe r than from the l argest or 

sma l l e s t  seeds . Other authors have found that seed size has l i t t l e  

e f f ect on germination . Thus , Black ( 1 956 ) , in work with subterranean 

c lover , reported that germination percentage wa s uni form amongst 

di f ferent seed s i ze groups . Vaugham and De louche ( 196 8 )  wor king with 

whi te c lover , red c l over , and crimson c lover found no c onsi stent 

re l ationship between seed s i ze and viabi l ity . S imilar results were 

found by Gas par d ai!. ( 1 98 1 ) in the same species . According to them 

each species rea cted somewhat di f f erentl y  and there wa s a l so cons ider-

abl e  var i ation wi thin individua l seed lots . However,  they f ound that 

intermediate to l arge si zed seeds we re higher in germination than sma l l  

seeds and also  noted that an increa se i n  seed size was ac companied 

by a n  increa se in seedl ing vigour . The se observations corroborate 

data presented by other authors. Black ( 19 56 ) Beveridge and W i l s ie ( 1 959 ) 

Va ugham and De louche ( 1968 ) f urther stated that heavy seeds maintained 

viabi l ity longer than l ight seeds . Va ugham and De louche ( 1968 ) f ound 

s im i l a r  resul t s  for white clover seeds and other legume s .  Hyde ( 1950 ) 

indica ted that the we ight of white c lover seedl ings wa s directly 

proportiona l to ini  tia 1 seed we ight . I n  more recent exper iments with 

whi te clover and other legume s ,  Ga spar d af ( 1981) a l so found tha t  the 

proport ion of abnorma l seedl ings wa s not a f fected by seed s i ze and 

that a negative correlation exi sted between the number of dead seeds 

a nd s eed we ight . 

Colou r  changes duri ng seed developmen t  are an indication of maturity 

a nd may be he lpful in determi ning the proper time for harvesting the 

crop. In  grasses , for instance , car yopses wi thout green pigme ntation 

are cons idered mature , a l though in some gra sses physiolog i c a l  maturity 

is obtained when the seed coat i s  st i l l  green . In legume s ,  changes 



from green to ye l l ow seed coa t colour have been found to be a good 

visual indication of seed maturity ( Jol ly 1957 , and Scott 1 97 3 ) . 

Vaugham and De l ouche ( 1 968 ) and Hyde eL al ( 1 959 ) reported tha t  colour 

cha nges in white cl over seeds commence about 18  days after po l l ination 

and tha t ye l l ow seeds give better germination than green or brown 

seeds . Simi l a r  results we re obta i ned by West and Harr i s  ( 1 963 ) in 

whi te c lover who s uggest that changes in seed coat colour f rom ye l l ow 

to red denotes a l oss of viabi lity of seeds . Another seed character­

i st ic which is re lated to seed maturity i s  hard seedednes s .  Thi s i s  

the condi tion of the seed coat o f  ripe seed wh ich prevents the uptake 

of water and gases and inh ibits germination . According to Hyde ( 1950 ) 

hard s eeds f i rst appear in seed sampl e s  col l ected 1 2  days a fter 

f lower i ng and the proportion increases wi th advancing age at har vest , 

unt i l  on the 2 5th day 96% of viable seeds a re hard. These re sults 

indicate that mos t  clover seeds whi ch ripen on the plant deve lop a 

hard seeded c ondition and that this plays an important rol e  in  the 

natura l regeneration of whi te c lover in the f i e l d .  

Under commercial seed production condit ions , the hard seed percentage 

cha nge s wi th envi ronmenta l conditions ( Za leski 1970 ) . In genera l ,  

the dr ier the atmos phere in which the seeds ripen the greater the amount 

of ha rd seed produced . Thus , seed ripened at a relat ive humidity of 

70%  a l l  acqui red the abil ity to germi nate within 5 months ,  whi l e  those 

ripened at 30% r e l ative · humdity sti l l  showed 97% hard seededness after 

1 8  months ( Hyde 1950 ) . Therefore , i t  i s  possible that white c lover 

seeds which r ipen in humid weather or beneath dense f o l iage wi l l  

germinate faste r ,  whereas seeds ripening under dry conditions may rema i n  

dormant for longer periods due to hard seedednes s .  

According to Hyde ( 195 0 ) , there are three important aspects o f  seed 

qua lity whi ch ma y be a f fected by the stage of seed development . These  

inc lude viabi l ity,  seedling vigour and storage l i f e . Hyde �t al ( 1959 ) 

f ound that seeds of dif ferent species initia l l y  acquire the abi l ity 

to germinate at the beginning of  the food accumul ation stage . However , 

f u l l  germination capacity may not be a chieved until the a tta i nment 

of seed maturi ty . Hyde d af ( 19 5 9 ) a l so pointed out that the lack 

o f  seedl ing v igour f rom immature seeds wa s due to i nadequate f ood 
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reserves a t  the ear l y  deve loment stage . Another important a spect 

of qua l ity in seeds is the abi l ity to retain germination capa c i ty during 

storage . Hyde ( 1950 ) found in white c lover that seeds harvested at 

dif ferent stages of maturity and stored under more adver s e  conditions 

( 36°C and 70% relative humidity ) than those norma l ly encountered in 

a seed store began to dec l ine in germinating capacity a fter onl y  one 

month . The rate of decl ine wa s greater in extremely inunature seed , 

and wa s progressively s l ower wi th samples of increasing age at harvest . 

From al l po ints of view mature seed proved to be better than inunature 

seed . Thi s , of course , is not surpr ising beca use it has been shown 

tha t seed viabi l i ty and vigour both increa se to the ir hi ghest level 

when the seed is fully  mature and at maximum dry we ight . Seed harvested 

whi le sti l l  inunature has not reached maximum dry weight . As a resu l t ,  

it lacks a n  adequate supply o f  food reserves and hence h a s  a shortened 

storage l i f e .  

G - Seed Crop Management 

1 - Seed Production 

Whi te c l over needs favourable c l ima tic conditions for seed production 

whi ch inc l udes a dry period dur ing the latter part of January and first 

days of February to faci l i tate harvesting and adequate moi sture during 

a utumn , winter and spri ng to promote the ne cessary vegetative growth 

( Ca lder 1 941 , Leitch 1949 , Jol l y  1 9 5 7  and Scott 1973 ) .  Most suitabl e 

soi l types can vary but medium s i l ty loams where irrigation i s  ava i l able 

are l ikely to be the most suitable for seed production ( Scott 197 3 ) . 

Le i tch ( 19 4 9 ) state s that in some seasons heavy soi l s  can give exce l l ent 

crops , but if  rain fal l s  in December or January seed yie lds decreas e  

signi f i cant l y  due t o  the excess ive vegetative growth o f  grasses and 

clover , which prevents the format ion of inf l orescences ( Za leski 1 9 70 ) . 

On lighter soi l s  good yields can be obta ined in sea sons when crops 

on hea v ier soi l s  are ruined because of too much moi sture . 

Seed production is a l so inf luenced by the indeterminate nature of the 

plant ' s  reproductive habi t ,  which is under both geneti c  and 

env ironmental control . 
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Severa l agricultural techniques have been deve loped f or successful 

whi te clover seed production ( Ha ggar 1 961 , Zaleski 196 4 ,  Scott 197 3 ,  

C l i f ford 1 979,  1980 ) . Gene ra l l y  these highl ight the importance of 

proper e stabl ishment , management and harvesting techniques . Some of 

the mos t  important recommendations are dis cussed in th is section . 

The re are three ma in methods used to establish white clover for seed 

in New Zea l and ( Scott 1973 ) .  The common practice in the first method 

is to sow a cereal ( usua l l y  wheat or barley ) in late autumn-winter 

and establ ish the white clover at 3 kg per ha the fo l lowing spring . 

Howeve r ,  white clover often fa i l s  to establ ish ,  and th is is clearly 

rel ated to competition between the cover crop and the clover . Crop 

specie s ,  particularly cerea l s ,  have larger seeds , higher growth rate s ,  

ta l ler shoots and deeper root systems than white c l over and are there­

fore able to compete more succe s s ful l y  than clover for soil nutr ient s 

( except nitrogen ) and moi sture . Because of their greater stature they 

a l so shade the clover and reduce its growth ( Scott 1 9 7 3 ,  Bean 1978 ) . 

The s econd method involves sowing whi te cl over a l one as  a spec i a l i st 

seedcrop . The legume is ra ther s l ow to establ i sh and may ea s i ly become 

invaded by weeds , as  we l l  a s  providing very l itte autumn or winter 

gra zing ( Scott 1 97 3 ,  Bean 197 8 ) . However , seed yields are often higher 

where cl over is sown alone than in a mi xture wi th perennial ryegrass . 

The l atter method can reduce white clover seed y ie lds by between 35  

and 4 4 %  ( Za leski 1964 ) . 

The third method involves probably the most common techniques for 

estab l i shing whi te clover for s eed production, i . e .  the sowing of a 

s imple mi xture of ryegrass and whi te clover with the a im of harvesting 

both species for seed in succes s ive years ( Jo l l y  1957 , Scott 1 97 3 ,  

Bean 1 9 78 ) . I n  the first year the management of the pa sture is directed 

towa rds ryegras s  seed product ion , whi le in the next sea son or two the 

area i s  managed to secure a white clover seed crop ( F lay  1943 ) .  Under 

thi s  system it is nece ssary during the f irst year to provide a more 

len ient type of grazing in ear l y  spring to promote ryegras s  growth 

and to keep the white clover in check . Al though on mos t  occa s ions 

the relatively l imited amount of white clover in the sward in the first 

harves t  doe s not present a problem ( Ca l der 1941 , Scott 1 9 7 3 ,  Bean 1978 ) . 
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I n  the second harvest year the area i s  managed to sui t  the cl over , 

involving much heavier grazing in winter and spring to keep the ryegras s  

in  check and to encourage the clove r to dominate ( Calder 1 9 4 1 , Jol l y  

1 9 5  7 ,  Scott 197 3 )  • The seed mixture o f  ryegra s s  and white c l over may 

be either broadcast or dri l led, depending on c l imate and situation , 

the dr i l l tending to be used where condit ions are dry at the time of 

sowing . Norma l l y ,  white c lover sown in autumn doe s not produce a great 

dea l  of seed in the f i r s t  year unl e s s  the weather is exceptional .  

The best crop i s  us ua l l y  obta ined at the second harvest ( Scott 1973 ) .  

From the point of view of establ i shment either spri ng or ear l y  autumn 

sowing i s  satis factory ( Ca l der 1 941 ) . 

The management of white c lover seedcrops aims at encourag ing vigorous 

pla nt g rowth and strong root development during autumn , winter and 

spr ing . Foliage growth is kept under control by de fol iation unti l 

the f lowe r heads begin to appear .  At this stage the pl ants expend 

the ir energy on seed rather than leaf  production ( Harvey 1970,  Scott 

1 9 7 3 ) . The common management system that ha s been used in New Zealand 

for many years consi sts of the control of growth of the sward in the 

a utumn by even grazing to about 1 . 2 5 - 2 . 5  cm.  La ter , the growth i s  

a l l owed to recover , and then gra zed aga i n ,  leaving about 1 . 2 5 - 2 . 5  cm 

of growth to go into the winter . If some growth occur s during winter 

the area can be grazed l enient l y  by catt le or sheep .  In spr ing the 

a rea should be grazed closely dur ing the f l ush of growth and kept 

rea sonably short unti l the middle or end of October or even into 

November in some seasons , depending on weather conditions . General l y ,  

the area should be cl osed for a seed crop when the first f l ower heads 

begin to appear ( Ca lder 1 94 1 ,  Smith 1 94 2 ,  Scott 1 97 3 ) . In more recent 

s tudies  C l i f ford ( 197 7 ,  1 9 79 ) , working with ' Grassl a nds Huia ' and 

' Gr a s s l ands Pita u ' white c lover stands on a moi s ture retentive s i l t  

l oam s o i l  i n  Canterbury , found that over 

c losing resul ted in highest seed yield.  

marked l y  reduced seed yie l d .  

two seasons mid-November 

Clos ing l ater than thi s 

I t  ha s also been sugges ted that spraying the swa rd with herbi cide can 

check gra s ses more eff iciently than grazing or cutt ing , thus produci ng 

better domi nati on by the c l over . Several herbi c ide s have been eval uated 

during dif ferent seasons of the year . For instance , da lapon 
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26  

4 -amino p h e n y l  
b y  contro l l ing 

occur when they 

are appl ied on a short pasture where the clover is not protected by 

the grass canopy ( Murtagh 1 97 7 ,  Haggar and El l iot 1 978 ) . In New Zealand 

and the United Kingdom carbetamide ( Q-�-ethy l - 2 - ( phenyl carbamoyloxy ) 

propionamide ) and propryzamide ( 3 , 5 -dichloro-�- ( 1 , 1 -dimethylpropynyl 

ben zamide ) have been used as gra s s  suppre s sant herbicides during the 

winter or early spring wi thout damage to the white clover ( Wa smuth 

and Mi les 197 2 ,  Soper and Hutch inson 197 4 ,  Haggar and Oswa ld 1 97 5 ,  

Haggar and Squires 1 97 9 ,  Haggar and Ba stian 1980 ) .  Paraquat ( 1 , 1 1 -

dimethy l - 4 ,  4 1  - bipyridy l i um ion ) is a common herbi cide that has been 

advocated for selective control of grasses in  white clover seed crops 

and for induc ing legume dominance in pa sture swa rds ( Blood 196 2 ,  Sharp 

1�68 , Za leski 197 0 ,  C l i f ford 1980 ) . Scott ( 1973 ) s uggests the 

appl ica tion of pa raquat in late September or ear ly October . He 

recommends grazing the swa rd unti l mid-September followed by spraying 

with pa raquat in early October . He does not recommend appl i cation 

later than thi s  time because paraquat may damage or depress whi te c l over 

regrowth and subsequent f lowe ring . He a l so found that paraquat 

appl ication under coo l conditions reduces the recovery of clover plants 

and may ser ious ly a f fect seed yields . 

Soi l type has a strong influence on the length of time in the spr ing 

dur ing which the c rop can be grazed . Seedcrops grown on land with 

a good suppl y of moi sture and nutrients can be c losed or spra yed later 

than those on light dry soils . In genera l ,  the recommendation is to 

c lose the area ear l y  rather than too l ate ( Jo l ly 19 5 7 ,  Scott 197 3 ,  

C l i f ford 1980 ) . 

Seed ripeness in white clover is usua l l y  de f ined by farmers in terms 

of seed colour a nd con s i stency . White clover crops are ready for 

harvest when seeds are hard and bright ye l low in col our with 80% o f  

inf lorescences having turned brown ( Za l eski 1 9 7 0 ,  Scott 1 97 3 ) . However , 

the optimum time to cut clover for seed is more di fficult to determine 

s ince f lower ing takes place over a long pe r iod and i s  dependant on 

weather conditions . I n  New Zealand, peak f l ower ing normal l y  occurs 
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between the second week of December and the first week of  January and 

seed harvesting is usua l l y  done at the end of January or in February 

( C l if ford 1 980 ) • The idea l weather for harvest i ng is hot a nd dry 

without heavy winds to scatter the cut materia l .  Rain during harvesting 

can seriously reduce seed yield and decreases the qual i ty of the seed . 

Approximately 1 5  2 1  days o f  dry weather be fore threshing the seed 

would be ideal for the ha rvesting of white clover seed ( Jo l l y  1 95 7 ) . 

I n  New Zealand both swa th - and direct methods can be used for 

harvesting whi te c lover seedcrops . In swath harvesting the crop is 

cut wi th a mower , the swath a l l owed to dry and a side rake or hay rake 

used to draw the crop into wi ndrows . After natural drying , the crop 

is picked up and threshed . In direct harvest ing , the proces ses of 

cutting a nd combining are performed together at a l ater stage of crop 

maturity ( Scott 197 3 ) . In recent years chemical  sprays with paraquat 

or diquat whi ch des sicate the foliar parts have been wide l y  used. 

Thi s  has �rea tly faci l i ta ted the harvesting of whi te clover ( Leonard 

196 4 ,  Logan a nd Arnst 1974 ) .  Seed germi nation is not affected as a 

result of such dessicat ion ( Deakins and Osmrod 1956 ) . 

Another important practi ce to increa se white c lover seed production 

is by placement of beehives in the seed crop . White clover is a se l f  

ste r i l e  plant requiring cross pol l i nation before i t  can set seed 

( Chapman and Ca rter 1 976 ) . Pol l ination i s  more straight forward than 

in red c lover , as the tripping mechanism is s imple to operate and 

the coro l la tube short so tha t it may be visited by honey or bumble 

bee s ,  both being genera l l y  success ful  i n  achieving pol l ination ( Win 

Pe 1 97 8 ) . As  a resul t o f  a survey Haggar d a£ ( 1 96 3 ) found that 

beehives in c lose proximi ty to a field of white c l over could increase 

seed set and seed yield by 20 - 40% . They recommend one beehive for 

every 1 . 2  - 1 . 6  ha of crop , but New Zea land results  s uggest that one 

beehive per 3 . 2  ha is ample ( Pa lmer d a£ 1962 ) .  In general , placement 

of beeh ives in the vicinity of seedcrops improves seed yie l d  as a result 

of better pol l i nation and seed setting . 
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2 - Ef fect o f  Defoliation on Vegetative Growth , Reproduct ive Growth and 

Seed Product ion 

De foliation is considered to be a disturbance to norma l pl ant develop­

ment and is de fined as a remova l of any part of t h e  p lant ( Harris 

197 8 ) . The amount o f  de fol iation may be considered i n  terms of  

frequency, intensity and timing . ' Frequenc y ' can be de fi ned as  the 

time interval between successive de foliat ions ; ' intensity ' a s  the 

proport ion removed at a particular de fo l iation ; and 1 t iming ' as  the 

number of de fol iations carried out in relation to the deve lopmenta l 

phases of plants and the season of the year ( Harris 197 8 ) . 

De fol iation may occ ur as a result of gra zing , 

some environmenta l fa ctors , e . g .  ha i l , wind, 

cutting , he rbi cides or 

etc . However , onl y  the 

first three wi l l  

cattle or sheep 

be discus sed . Gra zing is made by anima l s ,  gene ra l l y  

a nd i s  characteri zed by a spatial heterogenity o f  

remova l i n  both vertica l and hori zontal dimens ions . In genera l ,  anima l s  

graze from the top to bottom of the sward and in patches , whi ch leads 

to unevenness in  the sever ity of remova l  both within and betwee n  pl ants . 

In addition sel ecti vity results in the preferential consumpt ion of  

young l amina be fore other plant parts ( Watkin and elements 1 9 7 8 ) . 

Cutting and spray ing dif fer from gra zing in the greater uniformity 

of remova l or destruction of plant material  on a single  occasion 

( Rol ston and Chu 1976 ) . Another di f ference between gra zing and cutting 

or spraying i s  that grazing causes more pro l i f i c  branching as a result 

of apex remova l ( Harris 197 8 ) . 

A number of workers have reported decreases in dry matter with more 

frequent and intens ive de fo liations ( Al cock 1964 ) . In fact , de fol i ation 

induces a carbon shortage in plants s ince the remova l of transpiring 

photosynthetic t i s s ue impa irs assimi late production . Th i s  causes a 

redistr ibut ion of ene rgy and nutrient sources in plants and a f fects 

root activity ( Davidson and Birch 197 2 ) .  At the same time , the remova l 

of termina l buds in var ious developmenta l stages creates a new pattern 

of bud dominance ( Ta i nton and Booysen 1 96 3 )  whi ch af fects vegetative 

growth , reproduction and plant survival of  white clover as  we l l  a s  

swa rd str ucture ( Ta i nton 1 9 7 0 ,  Harris  1 9 7 8 ,  Chapman 1983 ) .  Thi s 
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suggests that the termina l bud exerts an i nhibi tory influence on some 

latera l buds preventi ng thei r  development . The reason for thi s  pattern 

of growth ha s been explained by ear l y  work in the f i e ld of  api ca l 

dominance , as a result of an inadequate s upply of ass imi l ates to the 

buds ( Loeb cited by Phi l l ips 1 969 , Goebel ci ted by Pascoe 1 97 3 ) . Later , 

Ph i l l ips ( 1969 ) s tated that indole a cet i c  acid ( !AA ) formed i n  the 

apex wa s involved in preventing nutrients from reaching the axi l lary 

buds , possibly by inhibi ting va scular connections . Re growth fol l owing 

grazing in white clover is characteri zed by an increase in the 

development of axi l lary mer i stematic zone s fol lowed by an increase 

in the number of  branches and leaves per unit area of the sward 

( Brougham 1966 ) • I n  the same wa y,  the regrowth of clover after cutting 

or spraying is  fo l lowed by an increase in the number of latera l buds 

and branche s ,  which leads to an increa s e  in the number of l eaves 

( Davidson 1969 , Rol ston and Chu 197 6 ) . 

In genera l ,  c lose grazing by sheep in a ryegra ss and white c lover sward 

encourages vigorous stolen branching in the clover ( Haggar et af 1 963 ) ,  

but once the canopy closes during regrowth , shading results i n  a 

reducti on of l ight , which in turn decreases new stolen formation 

( Za leski 197 0 ) . After complete interception the death of new 
. 

l ight 

initiated stol ons starts and continues as new stolons and the ir l eaves 

become progress ive l y  shaded ( Hunt 1968 ) . De fol iation of the c lover 

plant af fects not only branch number s  but a l so branch growth . For 

exampl e ,  Mitche l l  ( 1 956a ) in work on white clover seedl ings found poor 

stolen e longat i on with de fo l iated plants . Thi s  effect wa s greater 

with an increase in temperature . 

The inf l uence o f  de fol iation on lea f  growth has been studied extensively 

for many year s . I n  a pure white clover sward, de fol iation caused a 

decrease in lea f deve lopment and the ce i l i ng leaf area index ( L . A . I . )  

occurred twenty days later than in unde fol iated swa rds ( Brougham 1 958 ) . 

Similar resul t s  we re obtained by Mitchel l  ( 1956a ) in white clover under 

a control led environment and at a temperature of 2 2 ° C .  He found tha t  

de fol iation retarded the weekly rate of  leaf appearance from 1 .  3 to 

1 per week . When de fol iation wa s stopped e ach succeeding leaf increased 

in a rea at a rate simi lar to that of non-defol iated seed l i ng s .  The 
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pattern of leaf  growth after defo l i ation wa s expl a i ned by Carl son ( 1 966 ) 

as  an e f fect of growth regu lating substance s ,  which may i n f l uence 

metabol ite uti l i zat ion a fter de fo l iation or ma i nta in l ow leve l s  o f  

endogenous activities , which may decrease the production of  metabo l ites 

by the developing leaves . Petiole length and we ight are a l so severe l y  

reduced by defol iation ( Mi tche l l  19 56a , Brougham 1958 , Carlson 1966 ) 

a l though they gradua l ly i ncrease during regrowth . However,  Pascoe 

( 1 9 7 3 ) found s ign i f icant dif ferences in petiole length and we i ght 

depending on the frequency and intensity of de fol iation .  

The general e f fect o f  de fol iation on root growth of wh ite clover i s  

to reduce root elongat ion a s  we l l  a s  root we i ght ( Mitche l l  1 956b , 

But ler et af 1959 , Evans 1 9 7 3 ) . It  ha s a l so been reported that severe 

de foliation causes a signi f icant decrease in nodule number and change s 

in nodule col our ( Butler et af 1959 , Chu 1971 ) .  I n  young white c lover 

plants Evans ( 1 973 ) observed a decrease in the re l a tive rate of nitrogen 

ass imi l ation of roots compa red with non-de fol i a ted plants . 

I n  view of the prostrate growth form of whi te c lover it  might be 

expected that the e f fect of  de fol i ation woul d  be ma inly to remove leaf  

This i s  i n  contra st to the e f fect 

the damage to shoot api ces may be 

( 1 963 ) showed that cont i nuous grazing 

with l itt l e  damage to shoot apices . 

on more upr ight spec ies i n  whi ch 

cons iderable . Thu s ,  Haggar et af 

by sheep duri ng spr i ng increased the number of  inf l orescences and f ina l 

seed yie ld i n  white c l over . C l i f ford ( 1 980 ) a l so found that , with 

adequate soi l moi sture , frequent grazing unt i l  mid-November gave the 

best ba l ance between f lowe r head number a nd seed yield,  as we l l  a s  

the maximum concentrat i on o f  heads i n  compar i son with ear l ier c l os i ng 

dates . He a l so observed that ear l ier clos i ng res ulted in loss of ear l y  

formed heads through deter i oration under the canopy , whi le later c l os i ng 

resulted in a much larger percentage of  heads supported by short s ta l ks 

whi ch we re subsequently  l ost at harvest . Cl i f ford ( 19 7 9 ) in other 

experiments pointed out that de fo l iat ion a fter mid-November caused 

dra stic reduct ions in head numbers and no improvements cou l d  be obtained 

by irriga tion . These i nvestiga tions a l so showed that the greater rate 

of i nflorescence production wa s probably due to a greater degree of  

branching in de fol i ated swards . Th is resulted in a higher number o f  



3 1  

shoots apices being availab le for inf lorescence production . I n  the 

same way it wa s shown that de foliation during advanced flowe ring sharply 

reduced i n f l orescence density and consequently seed yie lds . Simi lar 

results were found by Ross i ter ( 1 961 , 1972 ) ,  Coll ins and Aitken ( 1 970 ) , 

Hagon ( 19 7 3 ) ,  and Col lins ( 1 97 8 ) , which clearly confirm that frequent 

de fol iation enhances branching a nd inf lore scence number in subterranean 

clover . However , it is pos sible that de fol iation a l so causes a faster 

rate of  l ea f  and inf lore scence production on i ndividual branches . 

Thi s e f fect has been reported by Ro ssiter ( 19 7 2 ) for infrequentl y  

de fol iated swards . 

In whi te clove r ,  more recent work by Thomas ( 198l b )  has i ndicated that 

late de fo l i ation ( e . g .  mid-November )  de layed f l owe ring and inf lorescence 

formation . He a l so reported that de foliation had a st imul atory e f fect 

on inflorescence 

long days . This 

init iat ion in plants that had stopped initiation in 

e ffect has been previously observed in ' Gras s lands 

Huia ' white clover grown in control led environments ( Thoma s 1 979 ) . 

Zaleski ( 1961 , 1970 ) studied the e f fects of de foliation on seed product­

ion in a pure stand of white clover and reported that the total number 

of inflorescences formed under di f f erent cutting treatments appeared 

to be a f f ected by the season more than by any other character . I n  

wet sea sons the lowest number of  heads were produced i n  compa ri son 

with dry seasons . Wet weather condit ions resulted in lush vegetative 

growth and sprouting of seed , which caused an extreme l y  low yie l d  of 

seed o f  poor qQa l it y .  Za l e s ki ' s  exper iments pointed out that the 

highest numbers of inf lores cences we re obta ined in l ate defol iated 

treatme nts , and the lowest number s in unde fol iated 

a l so found that the ma in e f fect of de fol iation wa s 

treatments . He 

on the number of  

f lower heads produced . Simi lar results have been obta i ned in New 

Zea land by C l ifford ( 1 9 7 7 ,  1 9 79 , 1 980 ) us ing ' Grass lands Huia ' white 

clover . He  found a greater amount of inflorescences and seed set when 

the last de foliat ion wa s made dur ing mid-November .  Ear l ier closing s  

resulted in loss o f  ear ly formed heads , whi le late closings re sul ted 

in inf l orescences being lost by removal during de fol iat ion . 
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H - Paraquat Properties 

As paraquat wa s the herbicide appl i ed in these studies a br i e f  review 

of its properties wi l l  be described . Paraquat is norma l l y  employed 

as a dichlor ide salt and is the he rbic ide wi th most wide -spread use 

in agricul ture ( Harpe r and Harvey 1 9 78 ) . It is a bi pyridy l i um non­

se l ective weed k i l ler with rapid des s icant action ( Blood 1962 ) .  

Although transported to a l imited extent in the xylem ( Ba l dwi n 196 3 ,  

S l a de and Bell 1 966 ) it i s  not metabo l i ca l l y  degraded by plants ( Akhavei n  

a n d  Lins cott 1 968 ) . Irrevers ible adsorpt ion of the herbi c i de on soi l 

col loids and clay minera l s  ensures that res idues i n  the soil  are not 

ava i l able for root uptake . However , some uptake can occur in peat 

and other soi l s  where paraquat is  weakly adsorbed to organ i c  component s 

and strong adsorpti on on inorganic so i l  components occurs more s lowl y  

( Bu rns and Audus 1 9 70 ) . 

Perennial  plants wi th stolons or underground organs , a l though 

susceptible to top-ki l l  by paraquat ,  genera l ly regrow from the base 

( Br ian ei al 1958 ) . Thi s  can be attri buted not onl y to the i nherent l y  

l ower toxicity of  thi s  compound in non-photosynthet i c  ti ssues but also  

to  its  very l imi ted movement out of the fol iage ( Ba ldwi n  196 3 ,  Summers 

1980 ) . This l ack of translocat ion would appear to be a n  important 

factor for white c l over tol erance a nd recovery from paraquat appl ication . 



CHAPTER I I  

EFFECTS O F  CLO S I NG DATE AND TIMING O F  P A RAQUAT APPLI CATION ON 

VEGETAT I V E  AND REPRODUCTIVE G ROWTH O F  HUIA I N  MIXED SWARDS 

A - F I ELD EXPERIMENT 1982 - 1983 

1 - I ntroduction 
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In spec ies with a determinate growth pattern the onset of reproduct i ve 

growth genera l l y ma rks the cessat ion o f  active vegetative g rowth . 

I n  white c l over , howeve r ,  the plant ' s  i ndetermi nate growth habit 

results in a ct i ve vegetative growth continuing during reproducti ve 

deve lopment . Th i s  partition ing of vegetative and reproductive growth 

compl icates management dec i s ions for c l over seed production . The 

a i m  of the present f i e ld experiment wa s to study the e f f ects o f  

di fferent c l os ing dates and the timing o f  paraquat appl icat ion on 

the vegeta tive and reproductive growth of ' Grass lands Huia ' white 

c l over growing in a mixed sward with ryegrass .  

2 - Ma t e r i a l s  a nd Me t hods 

a - Exper imental s i te and fie ld procedures 

Th i s  exper iment wa s conducted in 1 9 8 2 / 8 3  on the Pa sture and Crop 

Re sea rch Un i t ,  Ma s sey University. The soi l type wa s a Tokomaru s i l t  

loam , o f  moderate ferti l ity ( Appendi x 1 ) . Deta i l s  of the preva i l i ng 

temperature , precipi tation , wind speed and soi l mo isture content are 

pr esented in Appendi ces 2 and 3. 

The swa rd wa s a ' Grasslands Hu ia ' whi t e  c love r :  ' Gras s l ands Ruanui ' 

pe renn ial  ryegrass a ssoc iation in its  second year from sowing , with 

a ba lance of approximate l y 20% white c lover and 80% gra s se s . Pr ior 

to the commencement of the experiment , the field had been gra zed with 

sheep whenever the herbage reached a he i ght of 10 20 cm.  The 

res idua l herbage fol lowing gra zing wa s approximately 1 .  5 2 .  5 cm 

in height . The last prepa ratory grazing wa s completed on 1 August 



33a 

1 982 . The exper imenta l area had received a spring appl ication o f  

200 kg/ha o f  30% pota s s i c  superphosphate pr ior to the beginning o f  

the experiment . 

The experiment uti l i sed a spl it -pl ot de s ign wi th the ma in plots for 

grazing dates , subplots for time of paraquat appl ication , and three 

repl ications . The a reas per repl icate , ma i nplot , and subplot were : 

384 m2
, 96 m

2
, and 2 4 m

2 
( 8  x 3 m

2 ) ,  respect ive l y  ( Figure 3 ) .  

Grazing started in mid-August , and continued at fortnight l y  interva l s  

involving two or three days at each gra z i ng time until the required 

dates of  c los ing were reached • .  The c losing dates chosen were 1 5  

September ,  1 5  October , 1 5  November and 1 5  Decembe r .  After each grazing,  

a l l  rema i ning herba ge wa s cut wi th a rotary mower to a he i ght of  2 . 5  cm 

a nd the cut mater i a l  removed f rom the plot s . 

Three t ime s of paraquat application were compared : v i z .  

before c l os ing , a t  c los ing , and 3 0  day s  a f ter closing . 

30 days 

The l a s t  

graz ing in  treatments de s i gnated ' at clos i ng ' in  fact involved c l os ing 

7 days be fore spray appl icat ion on 1 5  October , 15 November or 1 5  

December . Th is wa s necessary to a l low s u f f i cient regrowth a fter 

grazing to provide suff i cient green ma te r i a l  for improved pa raquat 

e f fectiveness . Th i s  gave a tota l of 16 treatments ( 4 c l osing dates 

x 3 par aquat appl i cat ions plus a contro l plot wi thout herbic ide ) with 
1 

three repl icates whi ch gave a total  of 48  plots ( Table 1 ) .  Paraquat 
2 

wa s appl ied at the rate of  300 g a i  per hectare plus 0 . 5% of  s urfacant 

wi th wa ter at a vo l ume equiva lent to 2 50 1 /ha . Spraying wa s carried 

out using a knapsack sprayer with one TJ . 8003 fan nozzle at a pre s s ure 
2 

of approximate ly 1 . 3  kg/ cm ( Pl ate 1 ) .  Two beehives were placed a t  

each s ide o f  the f i e l d  experiment . 

1 200 g / l  a . i .  of bipyr idy l i um present at dichloride salt in  the 
form of aqueous concentra te . 

2 ' Shel l Super Spread ' conta ining 30% active alkylphenol ethylene 
oxide condens ate , i n  a l iqui d non ion i c  form . 



Plate 1 :  Knapsack spra yer used for pa raquat appl icat ion 
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- 3m- Rep I Rep I I  Rep I I I  
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D D 
Beehive Beeh ive 
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Closing Time Spraying Time 

Septembe r ( s )  August ( A )  

October ( 0 )  September ( s )  
November ( N )  October ( 0 )  

December ( D )  November ( N )  

December ( D )  

Wi thout herbi cide ( Wh )  

Figure 3 :  Tr ial Layout . Field e xpe riment 82/83  



P l ate 2 :  Portable shea ring machine used i n  cutt ing 

treatments 
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During the f l ower ing period, a l l  treatments were sprayed wi th ma l athion 

to control insect s ,  particularly Aphi� spp . , whi ch causes severe damage 

to buds , flowers and pods . To avoid bee death the entrance to each 

hive wa s blocked with rol l ed newspaper immediately pr ior to spraying 

in the evening . The newspaper wa s removed 1 2  hours after spraying . 

Ta ble 1 :  Treatments used and the i r  i dent i f ication 198 2 / 8 3  

Closing Date Time of paraqua t appl ication 
Treatment 

Ident i f i cat ion 

1 5  September 30 days be fore c losing s - A 

At c los ing s - s 
30 days after c losing s - 0 

Without herbi cide s - Wh 

1 5  October 30 days before c losing 0 - s 

At c losing 0 - 0 

30 days af ter c los ing 0 - N 

Wi thout herbi cide 0 - �lh 

1 5  November 30 days be fore c losing N - 0 

At c los ing N - N 

30 days after c los ing N - D 

Without herbi cide N - Wh 

1 5  December 30 days be fore c losing D - N 

At c losing D - D 

30 days after c los ing D - J 

Without herbi cide D - Wh 

b - Pl ant mea surements and stati s t ical  ana l y s i s  

At 1 5  

quadra ts 

day interval s  a fter the complet ion of each treatment two 
2 

( 0 . 2 5  m ) were cut to ground level using a ' Sunbeam ' portable  

shearing machine ( Pl ate 2 ) . Sampl i ng wa s continued unt i l  two weeks 

be fore seed harvest . The sampl es were weighed and s ubsampl es ( 200 g )  

taken f or botani ca l  analys is . Herbage wa s dried at 8 0 ° C in an a i r  

oven t o  constant dry weight ( approximately 24 h ) .  The e f fect of  
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t reatme n t s  on swa rd compos i t i on a nd wh i te clover conte n t  wa s determined 

by d i s s e c t i ng the he rbage subsamp l e s  i nto four components i . e . wh i t e  

c l over , g ra s s ,  dead ma ter i a l  a nd weeds . Each compone n t  wa s ca l cu la ted 

on a dr y m a t t e r  pe r un i t  area ba s i s . The l e a f a r e a  of the c l ove r 

d S  a l so mea s ured , us i ng an automa t i c  lea f area meter ( Ha y a s h i  Denko , 

Mode l AA M - 7 ) . 

t:ve ry 3 0  days a f t er the compl e t i on of each t r eatment , two qua dr a t s  

( 1 0  x 25  cm ) we re d u g  f rom t h e  f i e l d .  T h e  so i l  was removed by wa s h i n g  

d l lu the s t o l on s  w e r e  s e pa r ated f rom t h e  rest o f  the veget a t i v e  ma ter i a l .  

S t o l on samp l e s  we r e  we i g hed , a nd subsamp l ed ( 200 g )  to determine the 

numbe r of nod e s  a nd termi na l buds . The s t olon s ub s ampl e wa s 
2 

used tu e s t i mdte the number u f  nude s / dm , and the number of termi na l 

- I 2 
buds dm • 

The n umbe r  o f  w h i t e  i n f l o r e s c e n c e s  wa s r ecorded i n  t wo quadrat s  

( 0 . 2 5 2 ·m ) per plot eve r y  f i ve da y s . These v a l ue s  a l l owed the pe a k  

f l owe r i n g  da te of the p l o t s  to be d e t e rmi n ed . 

Seed y i e l d  wa s de termi ned by h a r v e s t i ng four quadr a t s  ( 0 . 2 5 2 
m ) pe r 

p l ot at 2 5 ,  3 0 ,  3 5  a nd 40 da y s  a f te r  pea k  f l owe r i ng . At each seed 

h d r v e s t  da te , seed y i e l d  per un i t  a r ea and seed y i e l d  components w e r e  

me a s ured . These i n c l uded the tot a l  number of i n f l or e s ce nces per un i t  

a r ea , n umber J f  f l orets pe r i n f l orescence , number o f  s eeds pe r 

i n f l or e s c e nce , numbe r of seed s pe r  f l oret a n d  1000 seed we ight . 1000 
s e e d  wei g h t  w a s  d e t ermi n e d  b y  c oun t i ng and w e i ghi n g  two l o t s o f  1 00 
s e e d s  at e ac h  h arv e s t  time . The num b e r  o f  s e e d s  per i n f l o r e s c e n c e  a n d  

s e e d s  p e r  f l o r e t  w e r e  c al c ul a t e d  f rom t h e  s e e d  yi e l d  and seed y i e l d  

componen t s  a c c o rdi ng t o  t h e  fo l l ow i n g  formu l a :  

s eed s s e t / f loret 

Where SY Seed y i e ld i n  g / m
2 

1 000 x S Y  
SW x N I  x NF 

SW 1000 seed we ight in g 

NI = Tota l  n umber of i n f l or e scences at each harvest 

NF Tota l n umbe r of f l o r e t s  a t  each h a r vest 
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In order to determine the germinat ion percentage , four repl i cates 

o f  50 seeds from each treatment were germinated on top of paper and 

covered with a f lat plastic l i d .  They we re kept in a cabinet at a 

constant temperature of 20 °C under continuous ligh t .  Seedling counts 

were made at 4 and 7 days according to the ISTA Rul e s  ( 1976 ) . Hard 

seeds remain ing at the end of the test we re scari f ied , germinated and 

f i na l l y  the percentage of each seed or seedl ing category wa s calculated 

i .  e norma l and abnorma l seedl i ngs , and hard, fresh ungerminated and 

dead seeds . 

Data f or most characters were a nalysed according to the procedure 

of a spl it-plot de si gn ( Mead and Curnow 1983 ) and a l so by regression 

ana l y s i s  ( Draper and Smith 1981 ) u s ing Genstat ( Al vey et a£ 1981 ) .  

3 - Re sults 

a - Ef fect of treatments on dry we i ght of grass and dead matter 

Ta bles 2 a nd 3 show the changes in dry we ight of the grass and dead 

ma tter components in swards depending on the time of c los i ng and 

spraying .  Because between repl i cate variat ion wa s extremely h igh 

( C . V .  % up to 1 20 % ) no statistical  ana l y s i s  wa s performed for these 

variables . Neverthe l es s ,  some interesti ng trends we re observed . 

Al l plots sprayed with paraquat at 0 . 3  kg ai . / ha showed a reduced 

leve l of gras ses between 7 0% and 100 % ,  compared to the control plots 

( wi thout herbicide ) .  I n  genera l ,  greater grass control was obtained 

in sprayed plots which were c losed i n  November or December . Th i s  

suggests  paraquat i s  a n  important and e f fective management too l  by 

a l lowing more space for white clover to grow.  Treatments wi thout 

herbicide showed l ower gra s s  dry we ights at the l ater c los i ng t imes . 

S Wh plot showed the h ighe st dry we ight of gra s s , fol lowed by 

0 - W h  and N - Wh plots and the lowe st grass dry we i ght wa s present 

in D Wh plot s .  In th i s  way ,  grass competition in pl ots wi thout 

paraquat wa s more severe in September and October tha n  in November 

and December . Treatments sprayed 30 days after closing showed higher 

grass dry we ight than those sprayed at clos ing time or 30 days before 

clos i ng ( with the except ion of 0 - N treatment ) .  I n  genera l ,  in the 



Treatments 1 - 1 0  1 5 -10  1 - 1 1  1 5 - 1 1  

S - A 8 . 2 7 3 . 89 4 . 56 26 . 6 3 
s - s 1 . 09 5 . 04 2 . 8 7 6 . 7 6 
s - 0 58 . 6 1 52 . 46 
S - Wh 50 . 3 5 1 1 2 . 08 1 98 . 0 2 282 . 39 

0 - s 3 . 66 26 . 7 1 
0 - 0 4 . 1 5 15 . 39 
0 - N 
0 - Wh 4 1 . 2 4 174 . 52 

N - 0 
N - N 
N - D 
N - Wh 

D - N 
D - D 
D - J 
D - Wh 

Da te of Sampl ing 
day-month 

1 - 1 2  1 5 - 1 2  

1 .  2 6  o . oo 
28 . 1 9 4 . 00 
42 . 66 93 . 6 5 

460 . 6 5 639 . 6 3 

51 . 95 0 . 43 
7 2 . 07 7 4 . 5 6 

0 . 74  2 . 4 5 
288 . 90 31 1 . 5 7 

0 . 8 7 0 . 00 
o . oo o . oo 

1 9 . 25  62 . 56 

1 - 1  

8 . 6 7 
2 6 . 00 
9 7 . 00 

4 1 2 . 6 7 

9 . 00 
1 3 . 00 

1 . 6 7 
44 3 . 3 3 

1 6 . 00 
1 . 6 7  

1 8 . 6 7  
1 30 . 3 3 

5 . 00 
4 . 00 

62 . 00 

1 5 - 1  

0 . 32 
16 . 48 

20 . 2 5 
14 . 0 3 

0 . 96 

4 . 2 1 
4 . 00 

1 9 . 9 3 
144 . 48 

2 . 00 
9 . 00 

88 . 00 

Table 2 :  Effect of c losing t ime and paraquat treatments on gra ss dry we ight ( g /m
2

) 1 982 - 1983 

1 - 2  

2 . 88 
1 9 . 40 

2 . 08 
0 . 5 3 

2 8 . 40 

6 . 00 
0 . 00 
o . oo 

90 . 00 

1 5 - 2  

1 9 . 36 

4 . 2 1 

1 5 . 09 

3 . 00 

o . oo 

liS 0 



Date of Sampl ing 
day - month 

Treatments 1 - 1 0  1 5 -10 1 - 1 1  1 5 - 1 1  1 - 1 2  1 5 - 1 2  1 - 1  1 5 - 1  

S - A 0 . 0  1 . 1  1 . 9  14 . 4  2 5 . 9  1 5 . 8  8 . 7  2 7 . 5  
s - s 1 7 . 9  1 . 8  0 . 7  7 . 4  2 7 . 2  46 . 7  1 4 . 7  2 4 . 1  
s - 0 81 . 5  3 7 . 7  1 3 . 8  30 . 3  19 . 0  40 . 4  
S - Wh 0 . 1  0 . 2  0 . 9  28 . 3  5 2 . 2  78 . 4  90 . 7  

0 - s 3 . 5  3 . 4  1 2 . 1  26 . 8  1 7 . 0  3 5 . 8  
0 - 0 4 2 . 6  1 0 . 1 8 . 8  10 . 0  1 4 . 0  64 . 1  
0 - N 81 . 1  4 7 . 1  10 . 7  3 7 . 7  
0 - Wh 2 . 3  3 . 4  14 . 6  2 3 . 6  7 2 . 7  

N - 0 8 . 3  2 . 0  8 . 0  1 5 . 1  
N - N 7 . 9  7 . 5  8 . 3  1 4 . 1  
N - D 81 . 7  7 7 . 2  
N - Wh 2 . 4  4 . 6  8 . 7 4 3 . 4  

D - N 4 . 0  1 8 . 1 
D - D 3 7 . 3  5 . 3  
D - J 
D - Wh 4 . 3 38 . 9  

Tabl e  3 :  Effect o f  c losing time and paraquat treatments on dead rratter dry weight ( g /m
2

) 1 9 8 2 - 1983 

1 - 2  

29 . 5  

2 5 . 3 
3 0 . 2 

2 7 . 3  
1 4 . 7  
24 . 6  

1 2 . 8  
1 4 . 9  
96 . 2  
2 5 . 3  

1 5 - 2  

7 2 . 1  

5 1 . 8  

54 . 1  

45 . 1  

4 4 . 6  
2 1 . 1  

101 . 9  

il>-
1--' 
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f i r s t  treatments ( S  - 0 ,  N - D and D - J ) , grasses continued growing 

fol l owi ng the last grazi ng unti l paraquat applicat ion , 30 days after 

c losing . In other treatment s ,  grasses were contro l l ed before ( 30 

days ) or at the same time sheep were removed from the f ie l d  causing 

l e s s  competi tion to the clover . Paraquat wa s less  e f f ective in S -

0 ,  N - D and D - J treatments due to the denser canopy formed by the 

grasses , which reduced the level of control of these species . 

Tota l dead matter dry we ight leve l s  were genera l l y  l ow in most clos ing 

time and spra ying treatments . The exception occurred in plots which 

we re not sprayed unt il  30 days after clos ing ( S - 0 ,  0 - N ,  N - D ,  

a n d  D - J ) , where the dry we ight of dead material tended t o  be higher 

than in other treatments .  I n  a l l  plots with zero pa raqua t ,  the amount 

of dry we ight of dead mater ial  wa s l ow 1 5  days a fter c l osing , 

increa sing later due to the death of the bottom l eaves of the species  

pre sent in the sward . 

b - Ef fect of treatments on white clover dry we ight 

The results 

dry we ight , 

means . 

presented in Table 4 show the 

. I 2 
. ln g m at 2 weekly lnterva l s .  

changes i n  total c lover 

The values are repl icate 

The growth of clover compr ises two phases in a l l  treatments , except 

for D N ,  D - J ,  and the un sprayed control treatments . I n  plots 

c l osed in September ,  wh ite clover matter accumulat ion increased over 

the first 10 - 1 2  weeks .  One probable explana tion of this increa se 

is tha t immediate l y  fol l owing the de struction of  plant t i s sue by 

pa raquat appl ication , there wa s a strong reduction in ryegra s s  density.  

The decreased competition on the white c lover,  occ urred through the 

creation of more space for its growth and deve lopment . As growth 

i ncreased, the percentage of ground covered by the c l over plant also 

i ncreased, so that by the l Oth or 1 2th week it i s  l i kel y  that maximum 

absorption of l i ght energy wa s obta i ned. Subseque nt l y ,  growth rate 

e ntered a second phas� characterised by reduced dry ma tter accumul ation . 

I t  i s  possible that the decomposit ion of plant t i s s ue s  in the lowe r 

l ayers of  the canopy could have infl uenced clover dry we ight , a l though 



Treatments 

S - A 
s - s 
s - 0 
S - Wh 

0 - s 
0 - 0 
0 - N 
0 - Wh 

N - 0 
N - N 
N - D 
N - Wh 

D - N 
D - D 
D - J 
D - Wh 

1 - 1 0  

7 8 ± 8 . 0  
2 5 ± 5 . 2  

3 4 ± 4 . 0  

1 5  - 1 0  

1 1 2 ± 1 2 . 0  
6 7 ±  9 . 3 

3 9 ±  8 . 5  

1 - 1 1  

2 0 6 ± 2 5 . 7  
1 20 ± 2 1 . 7  

2 7 ±  4 .  5 
8 7 ±  3 . 5  

5 7 ±  5 . 1  

1 8 ±  2 . 1  

1 7 ±  4 . 2  

1 5  - 1 1  

2 2 1 ± 2 7 . 6  
1 7 5 ± 26 . 5  
1 0 9 ± 1 7 . 2  

5 9 ±  6 . 4  

1 2 5 ± 1 7 . 9  
5 8 ±  6 . 1  

3 9 ±  8 . 6  

Date of Sampling 
day - month 

1 - 1 2  

2 5 6 ± 1 5 . 3  
1 86 ± 26 . 7  
1 3 7 ± 1 9 . 5 

49 ± 1 1 .  0 

1 7 2 ± 30 . 4  
1 1  7 ± 2 1 . 4 

2 3 ±  8 . 6  
4 4 ±  8 . 8  

1 5  - 1 2  

2 6 7 ± 30 . 9  
2 8 2 ±4 6 . 1  
1 8 4 ± 2 9 . 1  

4 8± 1 1 .  0 

2 7 7 ± 4 6 . 7 
1 86 ± 1 9 . 7  
1 4 5 ± 1 6 . 8  
106± 1 2 . 1  

1 05 ± 1 8 . 4 
1 0 7 ± 1 4 . 4  

4 9 ±  6 . 7  

1 - 1 

2 5 7 ± 3 6 . 8  
2 3 7 ± 3 4 . 9  
2 07 ± 2 8 . 0  

5 4 ± 1 2 . 0  

2 9 5 ± 4 6 . 0  
2 2 6 ± 4 4 . 5  
1 9 2 ± 1 5 . 5  
1 1 7 ± 1 6 . 9  

1 9 9± 2 2 . 8  
1 4 4 ± 2 5 . 9  

9 2 ± 1 7 . 4  
9 4 ± 1 4 . 0  

1 1 4 ± 2 4 . 9 
5 4 ±  8 . 0  

5 0 ±  6 . 5  

1 5  - 1 

1 9 2 ± 2 9 . 9  

5 6 ± 1 7 . 0  

3 1 9± 3 3 . 0  
2 7 8 ±4 2 . 6  
2 3 0± 3 9 . 3. 

2 6 7 ± 4 7 . 8  
2 1 5 ± 3 5 . 0  
1 4 9 ± 2 1 . 7  
1 4 9 ± 2 1 . 3  

2 5 1 ± 2 0 . 1  
98± 1 9 . 2 

9 1 ± 20 . 2 

1 - 2 

1 4 9 ± 2 6 . 6  
1 9 7 ± 2 3 . 8  

2 0 6 ± 3 4 . 2  

1 99 ± 2 3 . 4  
1 8 9 ± 2 2 . 9  

1 9 5 ± 2 6 . 1  
1 6 4 ± 1 6 . 6  

8 2 ± 1 2 . 7  
9 7 ± 20 . 1  

Table 4 :  Ef fect of closing t ime and paraquat treatments on white clover dry wei ght ( g /m
2

) ( ±  standard errors ) 

1 98 2  - 1 9 8 3  

1 5  - 1 2  

7 8 ± 1 0 . 4  

1 40 ± 3 0 . 5  

1 09 ± 1 5 . 7  

1 90 ± 2 1 . 9 
1 4 2 ± 34 . 6  

9 4 ± 2 5 . 5  

""" 
w 
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other factors s uch a s  a l im i t i ng s uppl y o f  p l a n t  nutr ients or wa te r 

i n  th e soi l cou ld have a l so a f f ected dry ma tter product i on .  I n  fact , 

soi l ana l y s i s  o f  the expe r i menta l a rea i nd i ca ted l ow amounts o f  

ca l c i um, magne s i um ,  a nd potas s i um ,  a l though other e l ements s uch a s  

i ron and ma nganese were con s ide rab l y  above t h e  de s i red l eve l ( Appendi x  

1 ) .  The soi l moi s t u r e  con tent ( Append i x  3 )  taken eve r y  1 5  days i n  

each p l o t  a l so showed a de c rea se o f  5\ o r  6 %  between December 1 5t h  

a nd January 15th for p l ots cl osed i n  September a nd spra yed i n  August 

or Se ptembe r ( S - A a nd S - S ) . In the plots c l osed . in September 

a nd s prayed in October ( S  - 0 )  a decrease i n  c l over dr y we ight did 

not occur dur i ng the e xpe r i me nta l pe r i od .  Th i s  may ha ve r e f lected 

the i ncrea sed mu l c h of dead mate r i a l  produced by the ryegra s s  a f te r  

the a ppl i ca t i o n  o f  pa r aqua t ,  which may have reduced s u r face wa t e r  

e v a po r a t i o n . Th i s  e f � e c t  cou l d  have been i�portant de spi te the fact 

that soi l mo i s t ure content was simi l a r  in a l l treatments i n  December 

a nd J a nua r y .  

P l ots c l os ed i n  Septembe r w i t hout herb icide a ppl i c a t ion ( 5  - Wh ) showed 

a s l i ght r i se i n  c l over dry we ight for fou r weeks , f o l l owed by a mor e  

r a p i d  increase i n  we ight dur i ng the n e x t  two wee ks . A f t e r  t h i s  pe r i od ,  

w h i t e  c lover dry we ight decreased a nd l a t e r  rema i ned more o r  l e s s  

con s t a nt unti l t h e  p l o t s  were ha rves ted i n  J a n uar y .  A compa r i son 

o f  the amount of g rowt h i n  the cont rol plots cl osed in September (S -

Wh ) d nd the r ema i n i ng three t r eatme n t s  c l o sed in t he s ame month 

i nd i ca ted tha t t he con t ro l  o f  grasses f o l l ow i ng spra y i ng with pa raquat 

in a m i xed g r a s s : c l over swa rd i nduces more pro l i f i c  regrowth and 

dev e l o pme n t  of the c l over . Simi l a r l y ,  p l ot s  c l osed i n  Octobe r , 

November or De cember a l so showed two phase s of req rowt h .  The f i rs t  

pha se wa s characte r i sed b y  a rapid i ncrease i n  c l over dry we ight . 

Th i s was f o l l owed by a second growth phase i n  wh i c h there wa s genera l l y 

a r e d u c t i on i n  c l o v e r  w e i ght . The S - 0 and 0 - S t reatme n t s , 

( t reat ment c l o s e d  i n  S e p temb e r  and s p r ay e d  i n  O c t o be r  an d 

c l o s e d  i n  O c t o b e r  but opray e d  i n  S e p t emb e r ) were the o n l y  

o n e s  w h i c h  c o n t i n u e d  t o  s h o w  a r i s e  i n  d r y w e i g h t  d u r i n g  t h e  

e x p e r i m e n t , w i t h  t h e  e x c e p t i o n o f  0 - Wh t re atme n t . I t  i s  al s o  

i mp o r t ant t o  n o t e  t h at mo s t  o f  t h e s e  t r e atmen t s  r e a c h e d  t h e i r  maxi mum 

dry w e i g h t  by J anuary 1 5 t h , wi th t h e  p o s s i b l e  e x c e p t i on of t h e  0 - s ,  
N - D ,  D - D an d D - J t r e atme n t s . The s o i l mo i s t ur e  c o n t en t  d a t a 

s hows that l ow avai l ab i l i t y of wat e r  by 1 F e b r u ary Goul d h av e  limi t e d  
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f urther clover dry matter production during the second phase of growth 

( Appendix 3 ) . Unsprayed plots closed in October , November or December 

( 0 - Wh, N - Wh , D - Wh ) showed a continuous increase in clover dry 

weight wi th t ime . 

c - Ef fect of treatments on white clover lea f area index 

The e f fects of dif ferent treatments on leaf  a rea i ndex ( LAI ) are 

presented in Table 5 .  For S - A,  S - S ,  0 - S and 0 - 0 treatment s 

( plots c losed in September and spra yed i n  August or September a nd 

plots cl osed in October and sprayed in September or October ) the LAI 

of wh ite clover 60 days a f ter the last grazing reached ce i l i ng va lues 

of approximate l y  4 . 5 ,  4 . 1 ,  3 . 4  and 3 . 6 ,  respective l y .  Therea fter , 

unt i l  the end of the exper iment , onl y  sma l l  changes occurred , with 

the exception of 0 0 t reatment , whi ch showed a strong reduction 

in thi s var i able i n  February 1 5t h .  Howeve r ,  the LAI of the S - 0 
treatment ( plots clos ed in September and sprayed in October ) reached 

a maximum of  2 . 4  n inety days a fter par aquat appl i cation . Thi s  

dif ference could be due to the shading produced by the mu l ch of dead 

grass l e f t  after par aqua t appl icat ion . Thi s  mul ch is l i ke l y  to have 

i ntercepted a lmost a l l  the incident l ight ene rgy . The same t rend 

can be observed in the unsprayed plots closed in September ( S - Wh ) , 

where the first rea ction of  the c lover plant wa s to i ncrease its  LAI 

to a peak va lue of 1 . 8 .  Therea fte r ,  competition between the clover 

plant and the companion grasses caused a reduction in leaf area inde x .  

The plants in the N - 0 plot ( treatment closed in November and sprayed 

in October ) a l so obta ined maximum LAI 6 weeks after closi ng . Th i s  

point ma y not have been reached i n  the N - N treatment be fore mea sure­

ment wa s di scontinued . The data suggest tha t maximum lea f area index 

is rea ched l ater when the last grazing or spraying is de l ayed .  However , 

plots grazed or sprayed i n  December apparently  did not have time to 

subsequent ly reach a ma ximum LAI value .  Thus , plants i n  D - N and 

D - D t reatments showed a rapid rise i n  LAI dur i ng the f irst  30 days , 

but on ly a sl ight changer a fter this t ime . 



Date of Sampl ing 
day - month 

Treatments l - 10 15 - 10 1 - 11 15 - 1 1  1 5  - 1 2  1 5  - 1 

S - A 1 . 9±0.  70 2 . 7±0 . 40 4 . 4 ±0 . 3 0 4 . 5 ±0 . 4 5 3 . 9± 0 . 30 3 . 9±0 . 3 5 
s - s 0 . 7±0. 1 5  1 . 7±0 . 2 5 2 . 9 ± 0 . 3 5  4 . 1 ±0 . 4 5 4 . 0±0. 86 4 . 0 ±0 . 5 2 
s - 0 0 . 8± 0 . 29 1 . 1 ± 0 . 10 2 . 0± 0 . 20 2 . 4 ±0 . 36 
S - Wh 1 . 0±0. 1 5  1 . 3 ± 0 . 2 1  1 . 8± 0 . 29 0 . 9±0 . 1 5 0 . 3 ±0 . 06 

0 - s 1 . 6± 0 . 1 0  2 . 5 ±0 . 3 2 3 . 4 ±0 . 3 8 3 . 3 ±0 . 46 
0 - 0 0 . 6±0 . 0 5 1 . 3 ±0 . 06 3 . 6 ±0. 38 3 . 5 ±0 . 4 1 
0 - N 3 . 3 ± 0 . 39  3 . 2 ±0 . 3 1 
0 - Wh 0 . 5 ± 0 . 06 0 . 9±0 . 1 0 1 . 3 ± 0 . 20 

N - 0 2 . 1 ± 0 . 31  3 . 4 ±0 . 4 5 
N - N 1 . 9 ±0. 2 1  3 . 8 ±0 . 4 5 
N - D 1 . 6±0 . 3 1 
N - Wh 1 . 0 ±0. 20 1 . 1 ± 0 .  20 

D - N 2 . 4 ±0 . 3 1 
D - D 1 . 0 ±0 . 2 5 
D - J 
D - Wh 1 . 2 ±0 . 2 6 

Table 5 :  Effect of  c losing time and pa raquat treatments on white clover LAI ( ±  standard errors ) 1 982  - 1983 

1 5  - 2 

0 . 8 ±0. 1 5  

1 .  8±0 . 30 

1 . 4 ±0 . 2 5 

2 . 4±0 . 36 
1 .  3 ± 0 .  21  
1 . 3 ±0 . 2 5 

.1:> 
0:\ 
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The LA! of the 0 - 0 ,  N - 0 and N - 0 treatments wa s very low by 

February 1 5th . Th is decrease i n  LA! may be attributed to the low 

avai lable water s uppl y  during February,  when the moi sture content 

in the soi l f e l l  to between 7 %  and 9 % .  The results a l so indicate 

that pl ants in 0 - N and 0 - 0 treatments show a rapid rise in  LAI 

during the first 30 days , but on ly a s l ight change subsequent l y .  

A comparison o f  the treatments involving di f f erent c losing dates and 

spraying time s showed that treatments rece iving more grazings and 

which were closed later in the season tended to have a lower LA! than 

plants receiving fewer grazi ngs and closed earlier. Thus , S - A a nd 

S - S t reatments showed the highest va l ues of LAI , followed by treat­

ment s c losed a nd sprayed in October where spraying coincided with , 

or preceded , a November clos ing . 

d - Ef fect of treatments on number of node s and terminal  buds 

2 
Month ly records of the number of node s and termina l buds per dm are 

shown in Table s  6 a nd 7 .  No ma jor d i f ferences occurred between 

treatments sprayed with pa raquat at a l l  clos i ng dates . However , there 

wa s a tendency for treatments closed in September to form fewer node s 

f i fteen days a f ter closing,  compared to s imi lar treatments involving 

later closing date s .  Th is dif ference might occur because treatments 

closed in September and sprayed with herbi cide produced denser canopi es 

than treatments closed later ( October , November and December ) • Thi s  

might cause a higher leve l o f  decay in branches under the canopy as  

a result of lowe r l ight intensity at the level of  the stolons , and 

there fore , 
2 

dm , wa s 

fewer nodes/uni t a rea . The number of termina l buds per 

initi a l l y  high in a l l  treatments be fore fa l l ing in January 

and February. Thi s  reduct ion during the summer might be a reaction 

to prevai l ing high tempera ture s and low soi l moisture contents . I t  

i s  a l so likely to be associated with the shading effects o f  increas ing 

dry we ight and LAI prev iously de scribed . Te rmina l buds are perhaps 

poor �y pla ced in the competition for l i ght , moisture and nutr ients 

under these condit ions . Fewer termina l buds were present in February 

in a l l treatments . 



Date of Sampling 
day - month 

Treatments 1 - 10 1 - 1 1  1 - 1 2  1 - 1 

S - A 390 ± 79 . 6  539  ± 1 2 3 . 0  581 ± 49 . 3  594 ± 1 2 7 . 7  
s - s 392 ± 68 . 5  5 3 1  ± 1 50 . 0  555  ± 1 2 2 . 5  585 ± 88 . 1  
s - 0 416 ± 7 1 . 5  646 ± 1 1 4 . 5  639 ± 1 2 1 . 0  
S - Wh 299 ± 7 5 . 0  4 1 1  ± 7 7 . 5  299 ± 41 . 0  104 ± 2 5 . 0  

0 - s 645 ± 66 . 1  698 ± 7 1 . 6  695 ± 81 . 1  
0 - 0 505 ± 1 1 4 . 9  509 ± 78 . 7  434  ± 77 . 3  
0 - N 563  ± 74 . 9  5 59 ± 93 . 1  
0 - Wh 4 2 2  ± 100 . 7  440 ± 77 . 0  

N - 0 643  ± 1 46 . 5  672  ± 1 20 . 7  
N - N 5 3 3  ± 101 . 6  674 ± 94 . 9  
N - D 447 ± 61 . 9  
N - Wh 4 2 1  ± 65 . 1  526 ± 87 . 3  

D - N 672  ± 1 2 7 . 1  
D - D 587 ± 85 . 2  
D - J 
D - Wh 5 1 6  ± 92 . 6  

Table 6 :  Ef fect of c losing time and paraquat treatments on the number of nodes/dm
2 

( ±  standard error s ) 

1 98 2  - 1983 

1 - 2 

208 ± 44 . 1  

376 ± 5 2 . 5  
593 ± 63. 5 

6 5 5  ± 9 5 . 0  
682 ± 1 1 2 . 5  
474  ± 76 . 2  

572  ± 86 . 5  
4 2 3  ± 70 . 4  
4 1 5  ± 76 . 2  
459 ± 78 . 1  

::. 
a; 



Date of Sampl ing 
day - month 

Treatments 1 - 1 0  1 - 1 1  1 - 1 2 1 - 1 1 - 2 

S - A 6 8  ± 7 . 8  85 ± 1 3 . 5  7 5  ± 1 5 . 3  5 2  ± 1 5 . 3  
s - s 5 2  ± 1 2 . 5  8 3  ± 1 4 . 7  7 3  ± 1 4 . 6  3 5  ± 8 . 0  
s - 0 38 ± 7 . 4  8 7  ± 6 . 2  5 7  ± 7 . 7  9 ± 1 . 5  
S - Wh 3 9  ± 7 . 6  39 ± 8 . 6  1 8  ± 5 . 5  7 ± 2 . 1  

0 - s 1 0 2  ± 2 5 . 9  106 ± 2 2 . 6  8 7  ± 1 6 . 2  
0 - 0 54 ± 8 . 6  86 ± 1 6 . 2  4 9  ± 8 . 5  2 0  ± 2 . 5  
0 - N 6 7  ± 1 2 . 6  5 3  ± 8 . 5  2 3  ± 2 . 1  
0 - Wh 5 7  ± 8 . 9  5 7  ± 7 . 7  1 7  ± 2 . 5  

N - 0 94 ± 2 5 . 3  9 1  ± 2 7 . 8  4 7  ± 6 . 2  
N - N 8 2  ± 1 4 . 5  1 0 2  ± 2 3 . 8  5 4 ± 1 4 . 7  
N - D 7 2  ± 1 2 . 5  3 7  ± 1 9 . 1 
N - Wh 5 7  ± 1 2 . 1  6 4  ± 8 . 5 

D - N 1 0 1  ± 2 1 . 5  4 0  ± 3 . 7  
D - D 1 0 7  ± 2 2 . 5  4 4  ± 8 . 5 
D - J 3 3  ± 2 . 8  
D - Wh 89 ± 1 3 . 5  2 8  ± 3 . 1  

2 
Table 7 :  Ef fect of c losing t ime and paraquat treatments on the number of termina l buds/dm ( ±  standard errors ) 

1 9 8 2  - 1 98 3  

*"" � 
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e - E f fect of treatments on the date of  pea k  f lowering 

The progress of  f l owe ring was observed to determine the t ime of peak 

f lowe r ing in the f i e ld ( Table 8 ) . The se observations we re necessary 

to a s sess the date on which maximum f l ower s  we re present in the crop . 

I n  most treatments it wa s found that a de lay in clos ing time de layed 

peak f lowering , whi le paraquat treatments did not have the same e f fect . 

Within late c losing date s ,  paraqua t appl ication had l es s  e f f ect on 

the date of peak f lowering . In fact , with December c los ing , peak 

f l owe r i ng occurred on the same date in a l l  paraquat treatment s ,  whi l e  

wi th September clos ing there wa s a dif ference of 2 9  days among them . 

I t  wa s also observed tha t weather conditions ( e specia l l y  rain ) caused 

ma jor  variation in the f lowering behaviour of white clover plants 

causing the product ion of several peak s .  

f - E f fect o f  treatments o n  seed yield a nd yield component s 

The e f fects of time of cl osing and paraquat appl ication on seed yield 

per unit area ( kg/ha ) are shown in Table 9 .  Because of the s imi larity 

of  response i n  each treatment across four harve sting date s ( 2 5 ,  3 0 ,  

3 5  a nd 4 0  days after peak f lowering ) ,  on l y  the re sults taken 3 0  days 

a f ter pea k f l owering are spec i f i ca l l y  di scussed .  Clos i ng t ime wa s 

responsible for ma jor di f ferences in the seed yield va lues obta i ned . 

S i gn i f icant di f f erences ( p < 0 . 0 1 ) occurred between treatments closed 

in September and October compa red wi th pl ots cl osed in November and 

December . 

The dif ferences i n  seed yield between paraquat sprayed t reatments 

we re relative l y  sma l l , ( a  maximum of 3 0  kg/ha ) but the control plots 

( without herbic ide ) gave extreme l y  low s eed yields at a l l  harvesting 

dates ( 45 kg/ha in compar i son wi th paraquat appl ication at closing 

time which gave a seed yield of 141 kg/ha . ) 

The i nteraction between gra zing time and spraying time for a l l  harvest 

dates wa s high l y  signi f i cant . Highest seed yields we re secured from 

S - 0 ,  0 - 0 ,  N - 0 ,  N - N ,  N - D ,  D - N and D - D treatment s .  

Pa raquat 

treatment 

s pra yed 

( cl osed 

plots closed in September showed that the 

in September and sprayed i n  October ) ,  

s 0 
gave a 



Treatments 

S - A 

s - s 
s - 0 

S - Wh 

0 - s 
0 - 0 

0 - N 

0 - Wh 

Date 
day-month 

2 7  1 2  

3 1  1 2  

2 5  1 

2 5  1 1  

2 7  1 2  

2 5  1 

1 0  1 

2 9  1 1  

Treatment 
Year 

82 N - 0 

8 2  N - N 

8 3  N - D 

8 2  N - Wh 

8 2  D - N 

8 3  D - D 

8 3  D - J 

8 2  D - Wh 

Date 
day -month 

2 5  1 

1 5  1 

2 5  1 

2 7  1 2  

2 5  2 

2 5  2 

2 5  2 

2 0  1 

Year 

83 

83 

83 

82 

8 3  

8 3  

8 3  

8 3  

Table 8 :  Ef fect of c los ing t ime and paraquat treatments o n  the date of peak f l owering 1 982 - 1 98 3  

r.J'l 
...... 



HARVESTING 

Da�s a f ter Eeak f lowering Da�s a f ter Eeak flower ing 

Closing Time 

Mid-September 
Mid-October 
Mid-November 
Mid-December 

Signi f i cance 

LSD 5 %  
1%  

S . E . D .  ± 

Treatments 

S - A 
s - s 
s - 0 
S - Wh 

N - 0 
N - N 
N - D 
N - Wh 

Signi f i cance 

LSD (  a )  5 %  
1 %  

S . E . D . ( a )  ± 

LSD ( b )  5 %  
1 %  

S . E . D . ( b )  ± 

2 5  

86 . 5  
67 . 1  

1 46 . 2  
1 3 5 . 8  

* *  

39 . 2  
59 . 2  
16 . 0  

88 . 7  
101 . 6  
1 55 . 7  

0 . 2  

2 2 7 . 5  
1 4 1 . 5  
1 79 . 6  

36 . 0  

* *  

5 1 . 7  
70 . 0  
2 7 . 0  

60 . 8  
8 7 .' 8  
2 5 . 1  

30 3 5  

7 8 . 1 7 8 . 8  
7 3 . 1  67 . 8  

1 4 2 . 4  1 46 . 2 
1 3 7 . 9  1 2 7 . 4  

* *  * *  

2 2 . 3  34 . 1  
3 3 . 7  5 1 . 6  

9 . 1 1 3 . 9  

82 . 0  8 7 . 8  
89 . 5  89 . 2 

1 40 . 0  1 3 6 . 8  
0 . 7  1 . 2 

1 8 5 . 6  2 2 3 . 3  
1 56 . 7  1 3 9 . 1 
1 7 5 . 2  1 6 2 . 7  

49 . 2  59 . 7  

* *  * 

36 . 0  50 . 9  
5 2 . 0  69 . 2  
1 6 . 0  25 . 5  

31 . 2  5 7 . 4  
4 3 . 9  83 . 0  
1 5 . 1  24 . 7  

40 Paraquat Treatments 

66 . 1  30 days before clos ing 
70 . 7  At cl osing 

1 2 3 . 4  30 days af ter c losing 
106 . 8  Without herbi cide 

* *  Sign i f i cance 

29 . 6  LSD 5% 
44 . 9  1 %  
1 2 . 1 S . E . D .  ± 

Sign i f icant Interact ions 

76 . 5  0 - s 
79 . 9  0 - 0 

107 . 0  0 - N 
0 . 9  0 - Wh 

1 48 . 1 D - N 
1 5 8 . 7 D - D 
1 50 . 0  D - J 

3 7 . 1  D - Wh 

* *  

2 5  30 35 40 

1 40 . 3  1 3 2 . 8  1 3 2 . 5  107 . 3  
1 3 7 . 1  1 4 1 . 2  1 46 . 0  1 1 9 . 2  
1 19 . 2  1 1 2 . 2  10 7 . 4  99 . 3  

29 . 0  4 5 . 4  5 3 . 2  41 . 2  

* *  * *  * *  * *  

25 . 8  1 5 . 6  2 5 . 4  21 . 7  
35 . 1  21 . 2  3 4 . 6  29 . 5  
1 2 . 6  7 . 5  1 2 . 4  10 . 5  

3 5 . 5  49 . 4  4 7 . 8  63 . 5  
1 50 . 4  1 54 . 3  1 3 7 . 8  1 1 5 . 8  

7 8 . 5  85 . 0  7 8 . 3 98 . 1 
4 . 1  0 . 5  7 . 3  5 . 3  

2 49 . 5 202 . 1  1 7 1 . 2  1 4 1 . 3  
154 . 8  1 7 4 . 5  2 1 7 . 7  1 2 2 . 4  

63 . 2  48 . 7  5 1 . 9  4 2 . 2  
7 5 . 9  1 26 . 2  1 60 . 5 1 2 1 . 4  

49 . 2  ( a )  When compar ing means with di f f erent l evels of ma in-
7 1 . 1  plots 
21 . 9  

4 3 . 4  ( b )  When compa ring means with the same l eve l s  o f  ma in-
59 . 0  plot 
21 . 1  

Table 9 :  Ef fect of closing date and time of paraquat application on seed yield per unit a rea ( kg/ha ) at each harvest 1982 - 1983 

"" 
""'' 
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s i gni f i cantly h igher p < o .  0 1 . ) seed y ie ld than the other two 

t reatments c losed in September and s prayed i n  August or September ,  

( S  - A a nd S - S ) . I t  wa s a l so i nteresting that seed yield f rom S - 0 
plots wa s similar  to other high yie lding treatments which wer e  sprayed 

l ater ( except D - N ) . Similar l y ,  compari sons between treatments c losed 

i n  October shm-1ed that 0 0 ,  ( closed i n  October and sprayed i n  

October ) ,  wa s the highest seed yie lding treatment wi th a n  advantage 

in yie ld of 6 7 %  and 4 5 %  over the other two treatments closed in October 

and sprayed in September or November ( 0 - S a nd 0 - N ) . 

Considering the timing of paraquat appl i cation in November c losed 

treatment s ,  hi ghest seed yie lds were obta ined in N - 0, ( closed i n  

November and sprayed in October ) ,  fol lowed b y  N - D and N - N ( c losed 

in November a nd sprayed in November or December ) treatments . 

latter two treatments were simi l a r . 

These 

Paraquat t reatment s assoc iated wi th a December closing t ime showed 

that the D - N and D - D ( c losed in December and sprayed in November 

or December ) treatments had a considerably higher seed yield than 

the D - J ( c l osed in December and sprayed in January ) treatment and 

the unsprayed contro l plot ( D  - Wh ) .  In genera l , a l l  plots that were 

not s prayed with pa raquat ( S  

s i gni f icantly low seed yields . 

Wh , 0 Wh , and N Wh ) gave 

The one exception wa s the D Wh 

treatment ( pl ots gra zed unt i l  December but without any paraquat 

appl i cation ) ,  where a moderate y i e ld of 1 2 6  kg/ha wa s obta ined. 

In genera l ,  late grazing to December resulted in less competition 

by grasses and there fore rea sonable white clover seed y ields were 

obtained .  November appl icat ion o f  paraquat gave the highest yield,  

but late clos ing , particularly in December still gave h igh seed yie lds 

provided paraquat appl icat ion wa s appl ied at or be fore closing . 

Within  t rea tments involv ing paraquat appl i cat ion and gra z i ng a wide 

variat ion i n  seed yield occurred ( 49 to 202 kg/ha ) .  Al though the 

poorest yie lds were very low by commercial standards the best 

treatments produced yie lds which a re cons idered to be commercia l l y  

acceptable , fa l l ing within the ave rage range of 1 20 - 1 90 kg/ha quoted 

by Hampton and Scott ( 198 3 ) . 
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Th is t endency towa rds low s eed yie lds in a l l  treatments could be partly 

attri buted to heavy ra in and strong wi nds during the ma i n  flowe r ing 

pe riod . Such condit ions would be likely to inhibit pol l inat ion and 

we re observed to i ncrease sprouti ng of s eeds in the inflorescence . 

Paraquat s pra yed treatments c l osed i n  September a nd October 

subsequent l y  produced exce s s ive vegetative recovery growth . I n  

addit ion , heavy r a in dur ing December resul ted in the ma j ority of 

inf l orescences ( mainly brown f l ower heads ) becoming lodged and a large 

proport ion of seeds sprouted in the inf lorescence a s  a result of the 

wet conditions . 

I t  wa s a l so intere sting to note tha t  the lowe s t  seed yield wa s obtained 

at the harvest made 40 days after peak flowering compared with the 

rest of the harvest ing times ( 2 5 ,  30 and 35 days a fter pea k  flowe r ing ) .  

Th i s  might occur because the peduncle of the inf lorescence , when mature,  

is  brittle and the inf lore scences might shed unde r the  canopy and 

de cay or seed may sprout in the head . 

Since ma jor  differences i n  seed yield occurred as a result of both 

graz ing and spraying treatment s ,  further investigat ion wa s carried 

out to determine the e f fect of these treatments on the components 

wh ich i n f luenced seed y i e l d .  Five seed yield components ,  
2 

inf loresce nce numbers/m , number of fl orets per inf lorescence , number 

of seeds per f loret , 1 00·J se<;>d we ight , and number of seeds per uni t  

a r e a  we re examined.  

2 
I n f l ore scence numbers/m at ha rves t  

The mea n  number of tota l inf lorescences at the t ime of harvest i s  

shown i n  Table 1 0 .  The number o f  inf lorescences at a l l  harvest dates 

wa s consi derably a f fected by spraying time , but not by the time of 

graz ing . The control plots ( wi thout paraquat ) ,  whe re a relatively 

l ow c lover dry we ight and low LAI had been obta i ned , produced fewer 

( 2 05  2 75 )  inflorescences /m
2 

• Conversely,  in plots where pa raquat 

wa s appl i ed 30 days before c losing or at  closing,  the number o f  

i n f lorescences/m
2 

wa s s igni f i cantly P < 0 .  0 1  ) h igher than i n  other 

treatments ( 4 62  - 7 1 7 ) . P l ots sprayed 30 days after the last graz ing 

( S - 0, 0 - N ,  N - D anq D - J )  were sign i f icant l y  di f ferent from 



HARVESTING 

Da�s a fter Eeak flower in9 Da�s a fter Eeak f lowerin9 
Closin9 Time 

Mid-September 
Mid-October 
Mid-November 
Mid-December 

Signi ficance 

LSD 5% 
1%  

S . E . D . ± 

Treatments 

S - A 
s - s 
s - 0 
S - Wh 

N - 0 
N - N 
N - D 
N - Wh 

Signi ficance 

LSD ( a )  5%  
1%  

S . E . D .  ± 

LSD ( b )  5 %  
H 

S . E . D . ± 

2 5  

4 5 5  
409 
631  
585  

N . S .  

69 . 8  

685 
636 
492 

7 

7 5 6  
6 7 7  
683 
410 

* *  

2 1 2 . 0  
306 . 2  

94 . 2  

1 50 . 6  
2 04 . 7  

7 3 . 1  

30 3 5  

3 5 5  298 
3 5 3  293 
561 5 7 2  
496 468 

N . S .  N . S .  

59 . 3  62 . 0  

496 391 
488 3 5 3  
4 26 4 3 2  

1 3  16 

642  664 
592 5 3 1  
629  664 
382  430  

* *  * *  

1 54 . 0  1 98 . 0  
2 2 2 . 0  286 . 0  

68 . 6  87 . 8  

82 . 4  148 . 0  
1 1 2 . 0  201 . 0  

39 . 8 7 1 . 7  

40 Paraguat Trea tments 

295 30 days be fore c los ing 
304 At closing 
493 30 da ys after clos ing 
3 38 Without herbicide 

N . S .  Signi ficance 

LSD 5% 
1 %  

7 0 . 2 S . E . D . ± 

Sisnif i cant I nteractions 

404 0 - s 
4 30 0 - 0 
329 0 - N 

1 5  0 - Wh 

533  D - N 
554 D - D 
528 D - J 
354 D - Wh 

* *  

2 5  30 3 5  

7 1 7  5 7 6  500 
616 547  484 
4 7 3  397 384 
2 7 5  2 4 5  268 

* *  * *  * *  

7 5 . 4  41 . 0  7 4 . 2  
1 02 . 5  5 5 . 7  100 . 8  

36 . 6  1 9 . 9 3 5 . 9  

5 4 2  479  377  
461  4 50 408 
589 4 4 3  3 4 7  
. 4 2  41  40  

-

883 688 567 
691 661 643 
1 2 8  9 1  93  
640 545  568 

182 . 0  ( a )  When comparing mea ns with dif ferent l eve l s  of 
263 . 0  ma inplots 

81 . 0  
( b )  When comparing mea ns with same leve l s  of ma in-

96 . 2  plots 
1 30 . 8  

46 . 7  

Table 1 0 :  Ef fect of closing date and time of paraquat appl i cation on the tota l number o f  inf lores cences/m 
2 

present at each harvest 1 982 - 1983 

40 

462 
445  
318  
205  

* *  

48 . 0  
65 . 2  
2 3 . 4  

468 
3 5 3  
3 6 3  

34 

441 
441  

53 
416  

l11 
l11 



the 

of 

unsprayed contro l 
2 

i n f l orescences/m 

treatments . 

treatment and produced 

compa red with ear l i er 

5 6  

a n  intermed iate number 

sprayed or unsprayed 

The interactions for tota l number of inflorescences/m
2 

were sign i f icant 

at each harve sting time . An exami nation of re sults obta ined during 

the s econd harvest ( 30 days a f ter peak f lowering ) indicated that 

cont rol plots showed a sign i f i cant reduct ion in inflores cence numbers , 

wh ich wa s greater with early c losing . The ma in except ion occurred 

1.n the control pl ots closed in December .  The D - J treatment also  

gave very low 
. 2 

numbers of 1.nflorescence s/m ( 9 1  128 ) beca use some 

of them we re removed during the last gra zing and others were destroyed 

by the applicat ion of paraquat . 

Floret s  per inf lorescence and seed per floret 

Ten white inf lorescences taken f i ve days a f ter peak flowering we re 

selected at random from each treatment and the mean number of f l orets 

counted . The res ults in Ta ble l l  show that ne ither closing time nor 

spra y i ng trea tments had any s i gni f icant e f fect on the number of f l orets 

per i n f lorescence . On l y  the unspra yed control plots showed a 

s i gn i f icant reduct ion in  f l oret numbe rs per i n f l ores cence compared 

with the rest of the trea tment s .  No interacti ons . were signi f ican t .  

Ana l y s i s  o f  vari ance o f  mean seed s e t  pe r f loret ( number o f  seeds 

per f lore t )  ( Table 1 2 )  indicates that c losing time , spraying treatment 

and c lo s ing x spraying treatment interactions we re a l l  highly  

s igni f i ca nt . Plots closed in December gave the highest seed set /f loret 

( 1 .  7 20 ) , whi l e  ear ly c los ing ( September )  resul ted in f l orets with 

lowe s t  seed set ( 0 . 608 ) . In genera l ,  late clos i ng tended to result 

in mor e  seeds being formed per f l oret . 

At e a ch harve st time , spraying a l so infl uenced the number of seeds 

set per floret . Control plots ( no paraquat ) and plots sprayed either 

30 days be fore c l os ing or at  closing did not differ significantly 

from each other . Howeve r ,  plants from these treatments produced fewe r 

seeds / f loret than pl ants i n  plots sprayed 30 days after c losing time . 
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Table l l : Effect of c los i ng date and t ime of par aquat appl i cation on 
the number of f lorets per inf lore scence at peak f lowe r ing 
1982 - 198 3 .  

Mid - September 

5 4  

Sign i f icance 

S . E . D .  ± 

30 days before 
closing 

5 5  

Sign i f i cance 

LSD 5 %  
1 %  

S . E . D .  ± 

Closing t ime 

Mid - October 

4 7  

N . S .  

2 . 2  

Mid - November 

54 

Paraquat treatments 

At clos ing 

5 5  

* *  

4 . 2 4 

5 .  7 7  

2 . 1  

30 days a fter 
c losing 

52  

Mid - December 

50 

Without 
herbi cide 

44 

The c l osing t ime x spraying i nteract ions i ndicated signif icant 

re spon ses betwe en treatments . Genera l l y ,  plants closed and sprayed 

in November or December had a s igni f i cant ly h igher seed set i n  

compa r i son t o  pl ants c losed in September o r  October ( wi th the except ion 

of S - 0 and 0 - 0 treatments ) .  Both of these treatments were de layed 

in the i r  peak f lowe r ing to 25 January when the condit ions we re 

apparently more favourabl e for pol l i nat ion and seed set . 

The present study showed a mi nimum seed set of 0 . 1  s eeds/ f loret with 

a mean va l ue of approximately l s eed per flore t .  These values are 

much lowe r than the 2 seeds per f loret obtained by C l i f ford ( 1 979 ) . 

Th i s  wa s probably a re f l ec tion of the strong winds and excess ive 

r a i nf a l l  dur i ng the f l ower i ng per i od .  I t  i s  l ike l y  that these 



HARVESTING 

Days a fter peak flowering Days a fter peak f l owering 

Closing Time 

Mid-September 
Mid-October 
Mid-November 
Mid-December 

Sign i f i cance 

LSD 5 %  
1 %  

S . E . D . ± 

Trea tments 

S - A 
s - s 
s - 0 
S - Wh 

N - 0 
N - N 
N - D 
N - \vh 

Sign i f i cance 

LSD ( a )  5 %  
1 %  

S . E . D . ± 

LSD ( b )  S%  
1 %  

S . E . D . ± 

2 5  

. 608 

. 69 3  

. 8 2 4  
1 . 100 

* 

. 2 4 5  
N . S .  
. 1 001 

. 620 

. 66 3  
1 . 04 3  

. 1 07  

. 95 0  

. 9 3 7  

. 980 

. 4 3 0  

* *  

. 4 0 5  

. 586 
. • 1802 

. 3 56 

. 4 84 

. 1 7 30 

30 

. 67 6  

. 8 3 1  

. 859  
1 .  307 

* *  

. 1 44 

. 2 18 

. 0 587 

. 60 3  

. 7 03 
1 . 107  

. 2 90 

. 9 3 7  

. 9 2 7  

. 9 3 7  

. 6 3 7  

* *  

. 3 28  

. 4 7 4  

. 1 4 5 8  

. 3 1 8  

. 408 

. 1 5 4 3  

3 5  

. 662 

. 940 

. 8 70 
1 .  4 2 7  

* *  

. 1 58 

. 2 40 

. 0647 

1 .  543  
. 91 3  

1 . 1 2 0  
. 3 90 

1 . 007  
. 960 
. 7 7 3  
. 7 4 3  

* *  

. 38 3  

. 5 54 

. 1 704 

. 3 7 5  

. 5 09 

. 1 821 

40 

. 6 72  

. 9 3 3  

. 8 1 5  
1 .  7 20 

* *  

. 381 

. 5 7 7  

. 1 556 

Paraquat Treatments 

30 days before cl osing 
At c los ing 
30 days a fter c losing 
Wi thout herbi cide 

S igni f i cance 

LSD 5% 
1 %  

S . E . D . ± 

2 5  

. 0 70 

. 8 5 2  
1 .  206 

. 5 3 2  

* *  

. 1 78 

. 2 4 2  

. 0865 

30 

. 7 2 4  

. 9 1 7  
1 .  3 1 5  

. 7 1 7  

* *  

. 1 5 9  

. 2 1 6  
• 0 7 7 1  

3 5  

1 . 009 
1 . 0 3 9  
1 .  3 28 

. 8 5 2  

* *  

. 1 8 7  

. 2 5 5  

. 0910 

Sign i f icant Interactions 

. 70 3  

. 6 3 3  
1 . 007  

. 3 4 3  

. 8 3 3  
1 . 047  

. 930 

. 4 50 

* *  

. 867 
1 . 2 5 2  

. 3 852  

. 8 38 
1 . 1 39 

. 4069 

0 - s 
0 - 0 
0 - N 
0 - Wh 

D - N 
D - D 
D - J 
D - Wh 

. 3 3 7  
1 . 06 7  

. 660 

. 7 10 

. 893  

. 7 40 
2 . 140 

. 6 2 7  

. 460 
1 . 1 8 3  

. 86 3  

. 81 7  

. 89 7  

. 85 7  
2 . 3 5 3  
1 . 1 2 3  

. 5 50 
1 .  203  
1 . 04 3  

. 96 3  

. 9 3 7  
1 . 080 
2 . 3 7 7  
1 . 3 1 3  

( a )  When compar ing means with di f f erent l eve l s  of 
ma inplots 

( b )  l'lhen comparing means with the same leve l s  of 
ma in plots 

Table 1 2 :  Ef fect of closing date and time of pa raquat appl i cation on the seed numbe r per f l oret pre sent at 
each harvest 1982  - 1983  

40  

. 7 56  

. 9 36  
1 .  7 1 2  

. 7 3 3  

* *  

. 41 9  

. 5 69 

. 20 3 5  

. 5 7 3  
1 . 140 
1 . 167  

. 85 7  

• 9 1 3  
. 9 3 7  

3 . 7 4 7  
1 . 28 3  

lTl 
CO 
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condit ions encouraged vegetative growth of the clover and di scouraged 

e f fective pol l i nation and seed set . During thi s  year wind-run wa s 

h igh throughout the exper iment unt i l  February and ra infa l l  in Decembe r  

and January ( per iod o f  maximum f l owering i n  whi te clover ) wa s also 

high with 9 2  mm more precipitat ion than the twenty-year average 

( Appendix 2 ) . 

Seed We ight 

The 

and 

re s u l t s  of 

spra ying 

1000 seed we ight measurements show that 

time s igni f i ca ntly a f f ected s eed we ight 

clos ing 

( Table 

time 

1 3 ) . 

The 1 000 seed we ight f rom November and December 

than f rom the September c l os ing at a l l  harve s t  

closings wa s higher 

date s .  S i gnificant 

d i f f erences a l so occurred between September and October closings at 

the f i rst ha rves t  25 days a f ter peak f l owering . October and November 

c l osings we re only s igni f i cantly different a t  the s econd harves t . 

Clover plot s  which had been sprayed with paraquat ul timate l y  produced 

heavier s eeds than treatments wi thout herbi cide . The d i f ference s 

within paraquat trea tments were highly  sign i f i cant at a l l  four harvest 

dates . 

The interactions of c los ing time and spraying time were not 

s i gni f i cantly dif ferent for the harvest made 35 days a fter peak 

f lower ing but we re highly signi f i cant ( P  0 . 01 )  a t  other harvest 

time s . Eight treatment s ( S  - 0 1  0 - 0 1  N - 01  N - N 1  N - D 1  D - N 1  

D - D and D - J )  1 produced seeds wi th a 1 000 seed we ight of more than 

S . Og ;  with lightest seeds occurring in inflorescences from the S - Wh 

treatment s .  The rema i ning treatments formed s eed with ' i ntermediate ' 

seed we ights . However 1 even the heavies t  seeds we re l ighter than 

the 1 000 s eed we ight of 0 . 6  g de scribed by Clif ford ( 1 97 9 )  in  h i s  

experiments with this spec ies . A compar i son of treatments at  any 

one clos ing time s uggested that gra s s  competi tion had a ma jor ef fect 

on the production of lighter white clover seed . 



HARVESTING 

Days after Eeak flowerin9 Days after Eeak f l ower i n9 

Closin9 Time 

Mid-September 
Mid-October 
Mid-November 
Mid- December 

S i gn i f i cance 

LSD 5% 
1 %  

S . E . D . ± 

Treatments 

S - A 
s - s 
s - 0 
S - Wh 

N - 0 
N - N 
N - D 
N - �'ilh 

Sign i f i cance 

LSD ( a )  5 %  
1 %  

S . E . D .  ± 

LSD ( b )  5 %  
1 %  

S . E . D .  ± 

2 5  30 

. 3 4 8 2  . 4 286 

. 4 290 . 4628 

. 46 3 2  • 507 1 

. 5082 . 5 2 58 

* *  * *  

. 0408 . 0 2 2 5  

. 06 1 8  . 03 4 1  
. 1 6 6 . 09 1  

. 34 7 3  . 4 268 
• 4 1 96 . 4 5 9 5  
. 5 1 66 . 5088 
. 1 093 . 3 196 

. 5 3 2 4  . 5 5 3 3  

. 44 7 2  . 50 4 8  

. 49 1 0  . 54 4 6  

. 3 8 2 2  . 42 5 6  
* *  * *  

. 1 0 7 5  . 04 5 6  

. 1 5 5 3  . 06 5 9  
4 7 8 . 2 202 . 89 

. 1 0 6 5  . 04 30 

. 1 4 4 7  . 05 8 5  

. 5 1 7  . 2 0 8  

3 5  4 0  Paraguat Treatments 2 5  30 35  

. 4 1 7 6  . 4 599 30 days be fore c losing . 4 490 . 49 2 7  . 50 3 8  

. 4 7 4 7  . 48 4 7  At c l os ing . 4 950 . 5 1 5 2  . 5 1 98 

. 5 1 3 4 . 5 4 0 2  30 days a fter closing . 48 4 9  . 5068 . 50 7 0  

. 5 3 2 2  . 54 8 1  Wi thout herbicide . 3 1 9 8  . 40 9 7  . 40 7 3  

* *  * *  Sign i f i cance * *  * *  * *  

. 05 5 1  . 0396 LSD 5 %  . 05 3 1  . 0 2 1 4  . 06 2 0  

. 08 3 4  . 0601 l% . 07 2 2  . 0 2 9 1  . 08 4 2  
. 2 2 5  . 1 62  S . E . D .  ± . 2 58 - . 1 0 4  . 3 0 1  

Sign i f i cant Interactions 

. 4 7 86 0 - s . 3 893 . 44 0 1  

. 5 2 0 7  0 - 0 . 5699 . 5 4 0 2  
• 5 4 7 1  0 - N . 4 3 1 9  . 4 7 3 8  
. 2 9 3 0  0 - Wh . 3 2 4 8  . 3 9 7 3  

--

. 5 7 6 5  D - N • 5 2 7 1  . 5 5 0 7  

. 5 2 6 2  D - D . 54 3 0  . 5 5 6 3  

. 5693 D - J . 5000 . 4 999 

. 4888 D - vlh . 46 2 8  . 49 6 2  

* *  

. 07 4 2  ( a )  When comparing means with di fferent l eve l s  of 

. 1 0 7 2  ma i nplots 
3 30 . 3  

. 0683 ( b )  When comparing means wi th the same leve l s  of 

. 09 2 9  ma i nplots 
. 3 3 2  

Tabl e  1 3 :  Ef fect of cl osing date and time of paraquat appl i cation on 1000 seed wei ght ( g )  at each harvest 
1 982 - 1 98 3  

4 0  

. 5 2 6 7  

. 5 3 4 6  

. 5 3 0 5  

. 4 4 1 2  

* *  

. 0 3 4 2  

. 04 6 4  

. 1 6 6  

. 46 4 3  

. 5 3 7 9  

. 4 958 

. 4 409 

. 4 268 

. 4 5 9 4  

. 5088 

. 3 196 

(jl o. 
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g - E f f e ct of t r eatment s on s e e d  qual i ty 

Th e q u a l i ty of s e e d s i n  t erms of p e rcen t age o f  norm a l  s e e d l i ng s , 

abnormal s e e d l i ng s , h ard s e e d , dead s e e d  and vi ab l e  s e e d  con t e n t  w a s  

e x ami ne d .  Re sul t s  are pre s ent e d  i n  Fi gure s 4 and 5 ,  A p p e n d i ce s  4 ,  5 ,  
6 ,  7 and 8 .  

P e rcen t age o f  normal s e e d l i ngs 

C l o s i n g  t ime h ad no s i gni f i cant e f fect on t h e  germ i na t i on p erce n t age of 

s e e d , when clover was harve s t e d  25 day s  a f t e r  p e ak f l oweri ng . S e e d  

from c l over harv e s t e d  a t  30 - 3 5  and 4 0  day s aft e r  p e ak f lowe r i ng 

showed h i gh ly si gni ficant di f f e re nce s wi t h  t h e  highe s t  p e rcent age o f  

normal s e e d l i ng s  i n  t reatment s c l os e d  i n  Nov emb er o r  Decembe r . T h e  

g e rmi nat i on capaci ty of s eed i n  t h e  l a s t  two cl osi ng dat e s  gener a l l y  

decre a s e d , par t l y  due t o  a n  i ncr e a s e  i n  hard s e e d  cont ent . Even t h ough 

some di f f e rence s in norm a l  s e e d l i ng percent age occurre d  i n  di f f e r e n t  

t re a tment s and at di f ferent harv e s t  t ime s t h e  overa l l  p e rcen t age w a s  

l ow , wi t h  t h e  maximum v a l u e s  u p  t o  18% , b u t  gen eral l y  i n  t h e  10 - 13% 
rang e . 

The e f fect of paraquat t re atment s on t h e  p e rcent age of normal s e e d l i ngs 

was s i gni f i cant in the s e cond harv e s t  ( 30 day s aft e r  p e ak f l oweri ng ) . 

I n  t h e  second harv e s t , s e e d  from p l ot s wi t hout par aquat app l i cat i on 

g av e  a h i g h e r  p e r ce n t ag e  o f  norm a l  s e e d l i ng s  whi l e  i n  t h e  t h i rd 

harv e s t , p l ot s  sp ray e d  30 day s  a f t e r  clos i ng s h owed t h e  hi ghe s t  v a l ue s .  

I nt er act i on s  b e tw e e n  closi ng d a t e  and p araquat tre atme n t s  a l s o  show e d  

h i gh l y s i gni f i cant d i f fe re nce s a n d  t he se di fference s changed among 

t reatment s .  

Pe rcent age of abnormal seed l i ngs 

D e s pi t e  s ome si gni f i cant di f f erence s b e t w e e n  clos i ng d a t e s  and s p rayi ng 

t ime t h e  l e v e l  of s e e d l i ng abnorm al i ty was l ow ,  reach i ng a m axi mum 13% 
but genera l ly wi t h  t he range 2 8% . Harv e s t  t i me had l i t t l e  

e f f e c t  o n  a b n orm a l  s e e d l i n g l e v e l s , s u gg e s t i ng that e v e n  e ar l y  

h arve s t e d  s e e d  ( 2 5 day s  aft e r  p e a k  f l oweri ng )  di d not produce more 
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Figure 4 E ffect of c losing t ime on t h e  percen tage of normal  
seed l i n g s ,  a bnormal  seed l i n g s ,  h a rd seed s .  dead seed a n d  
v i a b l e  s e e d  at e a c h  harvest . 

D A P P  = D a y s after p e a k flo w e ri ng 
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a bnorma l seedlings a s  a resul t  of seed damage during seed extra ction 

or due to lack of seed maturity . 

Percentage of hard seeds 

The leve l of hard seededne ss rose to high l eve ls  in ha rvests made 

3 5  or 40 days a f ter peak flowe ring ( up to 8 1 % ) . Again,  c los ing time 

had strong e f f ect on hard seed in a l l  harvests wi th the h i ghe s t  

percentages from Novembe r o r  December clos ing dates , and lowe st values 

f rom September or  October closing date s .  

I t  wa s a l so noti ced that the level o f  hard seededne s s  i n  pa r aquat 

treatment s was h i gher than in unsprayed plot s .  It seems pos s i b l e  

that the h igh re lative humidity under the canopy formed i n  unsprayed 

treatments prevented dehydration of clover seed and there fore de l ayed 

or decreased the per centage of hard seed formed . These re sults  a l so 

suggest i ncreases i n  hard seededness with increase i n  seed age , 

presumably as a result of dehydrat ion . 

Percentage of dead seed 

September clos i ng resul ted in the 

fol lowed by October and November 

h ighest percentage of dead seeds 

c los i ngs . The l owe st dead seed 

percentage wa s obta ined f rom the Decembe r c losing . H ighest dead seed 

va lues tended to occur in the ea r l i e s t  harvest date 2 5  days after 

peak f lowering . 

The percentages o f  dead seed i n  paraquat sprayed treatments were 

var iable . There did not appear to be a ny consistent trend .  However , 

the results do show that pa raquat appl i ca tion did not i ncrease the 

percentage of dead seeds . Signi f i cant l y  higher dead s eed values 

occurred in treatments which had not been sprayed . Aga i n ,  i t  i s  

poss ible that the microcl imate with i n  the canopy i n  unsprayed plots 

wa s responsible for higher seed morta l i t y ,  part icular l y  25 days after 

peak f lower ing . Th i s  wa s presumabl y  due to encouragement of seed 

sprout ing in the inf lorescence , espec i a l l y  in  early closed treatments . 
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S ubsequent ly th i s  problem wa s l e s s  severe as a r e s u l t  of i ncreasing 

seed matur ity,  perhaps accompanied by higher percentages o f  hard seed . 

Percentage of viable seed 

Seed viabi l ity values wer e  obta ined by summa tion of the per centage s 

o f  l i ving seed ( norma l and abnorma l seedl ings a nd ha rd seed content ) .  

Both c los ing date and spray ing treatment had an e f fect on seed 

viabi l ity ( Figures 4 a nd 5 ) . Treatments closed i n  September produced 

seeds with the lowe st viabi l ity wh i l e  treatment s c losed in Octobe r , 

November or De cember showed improved l eve ls  of viable seed . Genera l l y ,  

h i gher l eve l s  of seed viabi lity \vere obtained i n  seed samples f rom 

l ate c l osings and where pa raquat had been appl ied . The e f f ect o f  

paraquat wa s highl y s igni f icant compared with the unsprayed contro l .  

The maximum l eve l o f  viable seed i n  each treatment i s  very high . 

This i s  ma inly  due to the contr ibution made by hard seed leve l s  to 

the tota l . Apart f rom the unsprayed plots where viabi l i ty l eve l s  

we re low ( 4 9  - 7 5'6 ) , trea tments show maximum vi able seed leve l s  of 

more than 80% , with many treatments over 90% . 

h - Re lat ionship betwe en seed yie ld and yield components 

Al though this f ield exper iment examined the reaction of vegetat ive 

a nd reproductive cha racters to de fol i ation and spray ing,  an attempt 

wa s a l so made to determine the e f f ect of thes e  characters on ultimate 

seed yield.  Work by C l i f ford ( 1 9 7 9 ,  1 9 8 5 ) has s ugges ted that 

vegetative characters s uch as leaf area index have a strong inf l uence 

on seed yield.  I t  wa s a l so thought that the number of node s and 

terminal buds could a l so have a strong e f fect on reproductive deve l op­

ment and the re fore on seed yie ld . In the pre sent experiment , -however ,  
2 

on l y  poor and non sign i f i cant relat ionships ( r  = less  than 0 . 2 5 ) , 

we re establ i shed between vegetative character s and seed yield . However,  

some strong correlat ions were found between various seed components 

a nd seed yield ( Table 1 4 ) .  
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Table 1 4 :  Correlation coe f f i cients between seed yield ( kg/ha ) a nd 
y i e ld components . 

Character 

Number of tota l inf lorescences/m
2 

Number of f lorets/inf lorescence 

Seed numbe r / f loret 

1000 seed we ight { g )  

* 

* *  

N . S .  

Sign i f icant a t  5 %  l evel 

S igni f icant at 1 %  l evel 

No S igni f i cance 

Cor relation 
Coe f f icient 

r va lue 

+ 0 . 8 5 * *  

+ 0 . 6 2 *  

+ 0 . 1 6  N . S .  

+ 0 . 8 6 * *  

The corre l ation coe f f i c i ents were obtained for seed yield from seed 

harvested 30 da ys after  peak f l ower ing , and f rom some of the seed 

yield components of white clover . I t  appears that the ma in factors 

a f f ecting yield in this experiment we re the tota l number o f  

inf lorescences at harve st,  the number o f  f lorets per inf l ores cence 

and 1000 seed we ight . Of these , 

the number of inf lorescences/m
2 

the ma jor components of yield we re 

and 1 000 seed we ight . Both wer e  

s i gni f icantly and pos i t ively cor re la ted w i t h  seed y i e l d .  When the 

re lationship between seed yield and number of f lorets wa s exami ned 

a s igni f i cant correlat ion coe f f icient wa s a l so obta i ned . However , 

no si gni f i cant corre lation wa s found between seed yie ld and the number 

o f  seeds/ f l orets ( seed set ) • I t  appears that any cultural  practices 

wh i ch result in  greater number s  of i nf lorescences and heavier seed 

would be important in promoti ng high seed y i e l d .  
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B - F I ELD EXPERIMENT 1 9 8 3  - 1 9 8 4  

1 - Introduction 

The resu l t s  of the f i e l d  exper iment ca r r i e d  out in the prev ious year 

had shown tha t the n umber of i n f lores cences , number o f  f lo r e t s /  

i n f lore scence and seed we ight a l l  h a d  a ma j o r  i n f l uence o n  s e e d  y i e l d .  

There fore it wa s thought to be important t o  examine the chang e s  that 

occurred i n  the se seed y i e l d  component s , a s  we l l  a s  the rol e of 

speci f i c  management sys tems on stolon deve l opment and the proport i on 

of nodes that became reproduct ive . 

2 - Mater i a l s  and Methods 

a - Experimenta l s i te a nd f i e l d  procedure 

Th i s  second f i e l d  exper iment wa s carr ied out on the Pa sture and Crop 

Research Un it , Ma s s e y  University using a two year old mixed "Gra s s l ands 

Huia" white c l ove r a nd " Grass lands Ruanu i "  perenn ial ryegra s s  swa r d .  

The bot a n i c a l  compos i tion o f  the expe r imenta l area a t  the beg in n i ng 

of the exper iment was 2 4 %  wh ite c lover ,  7 3 %  ryegra s s ,  a nd 3 %  dead 

matter . The pe rcentage of weed present wa s negl i g i b l e  ( tr a c e  % )  • 

The f i el d  wa s ma naged i n  the same way a s  i n  the prev ious year . Pr ior 

to the comme ncement of the expe r i ment , the f i e l d  had been gra zed with 

sheep whenever the herbage rea ched a he i gh t  of 10 - 2 0  c m .  

prepa r a tory gra z i ng wa s compl e ted o n  September 1 s t  1 98 3 .  

The l a s t  

The s o i l 

type and its fert i l it y  wa s simi l a r  to the expe r imental s i te used in 

the prev ious year ( Appendi x  1 ) .  De ta i l s  of the prevai l i ng temper a ture , 

prec i p i tation ) w i nd speed a nd soi l moi sture content a r e  pre s ented in 

Appendi ces 9 and 1 0 .  

The e xper iment ut i l i s ed the same spl i t  p l ot expe r i mental d e s i gn a s  

the 1 98 2 / 8 3  e xper i ment with the ma i n  pl ots for gra z i ng date , s ubpl ots 

for 

wa s 

spraying t i me ,  a nd three repl i ca t i on s . The s i ze of the plots 

the same a s  i n  the previou s  expe r iment ( 24 m
2

) ( Figure 6 ) . In 

thi s s econd s t udy the prev ious l y  used September c lo s i ng date a nd 

unsprayed treatme n t s  were omitted beca use o f  thei r  poor per formanc e . 
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C l os i ng dates we re 1 5  October , 1 5  November and 15  December and t imes 

of pa raquat appl i c a tion were 30 da y s  be fore c l os i ng or 30 day s  a f ter 

closing . The t h i rd spray ing treatment , de s i gnated ' at c los ing ' i n  

f a c t  invol ved c l os i ng 7 da ys be fore spray app l i ca t ion o n  1 5  October ,  

1 5  November or 1 5  Decembe r .  Thi s  wa s nece s sary to a l l ow r egrowth 

a fter graz ing to prov ide suf f i c ient green mate r i a l  for improved 

paraqua t e f fect i vene s s . The t imi ng of three paraquat spr ay i ng 

treatments were t he r e f ore , in fact , 30 days be fore c lo s i ng ,  7 days 

a f ter c l os i ng o r  30 days a f ter clos i ng . This gave a tota l o f  9 

treatments ( 3 c l os i ng dates x 3 t ime s of par aquat appl i ca t i on s ) w i th 

three repl icat ions which gave 2 7  plot s  ( Ta b l e  1 5  and F i g u re 6 ) . 

Paraquat p l us s ur f a ctant wa s appl ied at the same rate a s  i n  the 

previous experiment . 

Tab l e  1 5 :  Trea tments used and the i r  ident i f i cation 

Closing Date T ime of paraquat a ppl i ca t ion 

15 october 30 da y s  be fore c l os ing 

At c losing 

3 0  days a f ter c los ing 

1 5  November 30 days before c l os ing 

At c losing 

30 days a f ter c los ing 

1 5  Decembe r 3 0  days before c losing 

At c losing 

3 0  days a fter c los ing 

Treatment 
I dent i f i ca t ion 

0 - s 

0 - 0 
0 - N 

N - 0 
N - N 

N - D 

D - N 

D - D 

D - J 

Herbage dry ma t ter samp l i ng ,  stolon sampl ing , and s eed g ermi nat i on 

t e s t s  we re carr i ed out in the same way a s  prev iou s l y  des c r i bed . S e ed 
2 

y i e ld wa s de termi ned by harvest ing four quadrats ( 0 . 2 5 m ) per p l ot 

30 day s  a f ter peak f l oweri ng . 
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mid - Novembe r ( N )  October ( 0 )  

mid - Decembe r ( D )  November ( N )  

Decembe r ( D )  

January ( J )  

F i gure 6 :  Tri a l  l a yout . F i e l d  Exper iment 1983/84 
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b- P l an t  measurem en t s  and s t at i st i c al anal y s i s 

The e f fe c t  o f  t h e  t r e atme n t s was measure d  u s i ng t e chni qu e s  d e s c r i b e d  i n  

t he p r evi o u s  e x p e rim e n t . Sward c omp o s i t i on and whi t e  c lo v e r  c o n t e n t  

w e r e  d e t e rm i n e d  b y  d i s s e c t i n g h e r b ag e  s ampl e s  i nt o  whi t e  c lo v e r , 

gras s e s ,  we e d s  a n d  d e ad mat t er .  Leaf and l e af l e t  are a  o f  c l o v e r  p l an t s 

was a l s o  me asur e d ,  as we l l  as t h e  numb e r  o f  node s/drr,2 , t h e  n umbe r  o f  

t ermi n al b u d s/ dm2 . Some l a t eral s t o l o n  o b s e rvat i ons w e r e  r e c o r de d , t e n  

lat er a l  s t o l ons p e r  p lo t  ( 3 0 p er t re atme n t ) b e i ng marke d  aft e r  c l o s i ng 

or p ar aquat app l i c a t i on . S t e e l  s t ap l e s  c o v er e d  wi t h  c o l o u r e d  p l as t i c  

t ubi ng were p l a c e d  o v e r  s e l e c t e d s t o l o n s  a t  a po s i t i on one n o d e  b e h i n d  

t he f i r s t  unfol d e d  l e af from t h e  apex . Sub s equent ly , coun t s  w e r e  made 

week l y  o f  t h e  l engt h o f  the s t o l o n , the n umb er o f  i nf l o r e s c e n c e s  and 

t he b r anche s on e ach s t olon . 

1 1 1  t h i s s t udy t h e  number o f  i n f lore s c ences wa s re corded i n  two quadrats 

2 
( 0 . 2 5 f m  ) every f i fteen da ys from November 1 s t unt i l  harve s t . I n  

order to det e rm i ne pea k f l owe r i ng da te the number o f  whi te 

i n f lore scences 

i n v e s t i y a t ion . 
wa s counted in the same wa y as i n  the previous 

Seed y i e l d  and seed y i e l d components were a l so mea s ured . 

Da t a  co l l ected i n  t h i s  expe r iment wa s ana l y s ed i n  the s ame wa y a s  

i n  t h e  prev ious exper iment by the u s e  o f  Genstat ( Alvey et af 1 97 7 ) . 

3 - R e s u l t s  

a - E f f ect o f  t reatment s on g r a s s  and d e a d  matter dry we ight 

A l t hough the ma i n  emphas i s  i n  this exper iment wa s on the y i e l d  of 

clover seed, br i e f  re f e rence wa s made to the e f fect of the treatments 

on grass and dead matter dr y we ight , s ince they had bee n  shown in 

the prev ious e xpe r iment to i n f l uence reproductive deve l opment a nd 

seed product ion i n  wh ite c l over . Because between -repl icate v a r i a t i on 

wn s very h i gh ( c . v .  up to 1 20% ) no sta t i s t i ca l  ana l y s i s  wa s c a r r i ed 

out . Neverthe l es s  sume intere s t i ng trends were observed . A l l spraying 

t r e a tm en t s  app e ar e d  to gi v e  goo d  control of gra s s  as shown by the · .rectuction 

i n  gra s s  d r y  w eight ( T a b le 1 6 ) .  In gen e r al , p lo t s  s p ray e d  w it h  paraquat 



Date of Sampl i ng 
da y - month 

Treatments 1 - 1 1  1 5  - 1 1  1 - 1 2  1 5  - 1 2  1 - 1 1 5  - 1 1 - 2 

0 - s 2 2  4 1  2 0  1 6  1 0  5 

0 - 0 5 1 1  2 3  1 6  1 2  4 5  

0 - N 1 2 1 3  7 1 4  

N - 0 9 1 6  2 3  5 4  5 8  

N - N 1 0 3 4 7 

N - D 0 0 5 

D - N l 1 4  1 3  

D - D 0 0 0 

D - J 5 

Ta ble 16 : E f f ect of c l os i ng date and t ime of pa raquat appl i cati on on gra ss dry we ight ( g /m
2

) 1 9 8 3  - 1 984 

15 - 2 

4 5  

3 

2 

1 3  

1 2  

3 

-..J 
I-' 
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i n  November o r  December re s u l ted i n  better control o f  g r a s s  than pl ots 

sprayed in October . Thi s  might be expla ined in terms of sea sonal 

g rowth patterns of c l over and gra s s . For the last two mont h s  o f  the • 

year the ra te of ryegrass growth norma l ly dec l ine s ,  whi l st for whi te 

c lover i t  r ema i ns constant ( Br ougham 1 9 58 ) . There fore a ppl ication 

of pa raquat during this time of the year tends to give better control 

of gra s ses than October app l i ca t i on , s i nce in October the g r a s s  plants 

are s t i l l  exhibiting a c t i ve veget a t i ve g rowt h ,  con f e r r i ng improved 

recovery f rom the e f f e c t  of the herbi c i de . 

I n  1 98 3 , dead matter dry we ight ( Ta b l e  1 7 )  showed the s ame trend a s  

i n  t h e  previous expe riment . Spray i ng with pa raquat had a cons i derable 

e f f ect on dead ma ter i a l  dry we ight wi th h ighe r values being recorded 

in plots sprayed 30 day s  after c l o s ing . Thi s  dead mat e r i a l  produced 

a thick mu l ch which pre s umab l y  decreased l i ght pene t r a ti on to the 

stolon and caused a s ubsequent reduc t i on in the f lowe r i ng of the white 

c lover pla n t . 

b - Ef fect of t reatmen t s  on white c l ov e r  dry we ight 

The e f fect of c los ing t ime , spra y i ng treatment and the interactions 

of both var iabl e s  on whi te clover vegeta t i ve characters wer e  s t udied . 

Dry we ight of wh i t e  c l over i n  a l l  trea tments ( Table 1 8 )  f o l l owed a 

curve with two di stinct pha se s ,  except in D - D and D - J treatments 

( c l osed i n  December a nd sprayed i n  December or Janua r y ) • Trea tments 

c losed in October or November showe d ,  over the first 1 .  5 t o  2 months 

a rapid increas e  in dry matte r ,  fol l owed by a period of 2 to 4 weeks 

when dry matter y i e l d  rema i ned r e l ative l y  cons tant o r  decreased . 

A s im i l a r  trend wa s observed in D - N plot s ,  but with 1 .  5 months in 

the f ir s t  phas e  and 2 weeks in the s e cond pha s e . In the res t  of the 

treatments c l os ed in December the per iod be tween the date of c lo s i ng 

or spray i ng and harvest wa s too short to a l low the clover pl ants to 

exhibit bot h  phases of growth . 



Date of Sampl i ng 

day - month 

Treatments 1 - 1 1  1 5  - 1 1  1 - 1 2  1 5  - 1 2  1 - 1 1 5  - 1 1 - 2 1 5  - 2 

0 - s 0 0 2 1 3  9 2  1 88 

0 - 0 3 7  0 6 5 6 2  90 

0 - N 1 4 7  3 8 3  1 1 6  96 1 5 8  

N - 0 0 1 1 2  3 1  66 

N - N 6 2  3 7  4 0  1 0  3 5  

N - D 2 0 1  1 4 3  86 

D - N 1 0  1 9  1 1  

D - D 79 8 7  3 2  

D - J 1 7 0  

Table 1 7 :  Ef fect o f  c lo s i ng date and t ime of pa raquat appl i ca t ion on dead matter dry wei ght ( g /m
2

) 1 9 8 3 - 1984 

32  

37  

3 5  

9 

4 5  

8 7  

-.] 
w 



Date of Samp l i ng 

day - month 
....... , :!.-

Treatments 1 - 1 1  1 5  - 1 1  1 - 1 2  1 5  - 1 2  1 - 1 1 5  - 1 1 - 2 1 5  - 2 

0 - s 3 8± 9 . 0  68± 1 1 . 5  1 1 3 ± 1 2 .  0 2 2 3 ± 2 5 . 3  3 5 8 ± 3 7 . 0  30 1 ± 4 3 . 5  

0 - 0 2 8 ± 7 . 6  5 2 ± 1 5 . 5  8 4 ± 1 5 . 8  1 2 1 ± 1 6 . 1  2 3 1 :!: 2 7 . 8  2 3 7 ± 3 6 . 8  

0 - N 3 0 ± 1 1 . 0  3 7 ± 1 0 . 6  1 5 9± 1 7 . 0  206 ± 2 4 . 0  2 0 5 ± 2 7 . 8  

N - 0 2 3 ±  3 . 2  5 4 ± 1 3 . 5  1 4 1 ± 20 . 4  2 1 7 ± 2 2 . 0  2 1 3 ± 2 5 . 8  2 1 8 ± 2 5 . 3  

N - N 7 ±  1 . 1  1 8 ±  2 . 0  1 1 3 ± 1 4 . 7 2 0 3 ± 2 6 . 0  2 1 2 ± 2 3 . 4  2 1 7 ± 2 4 . 4  

N - D 2 2 ±  2 . 5  5 3 ± 1 6 . 8  6 1 ± 1 4 . 9  1 3 4 ± 1 4 . 0 

D - N 6 9 ± 1 6 . 0  1 4 9 ± 1 3 .  2 1 6 4 ± 1 9 . 5  1 6 3 ± 1 5 . 0  

D - D 40±  8 . 0  4 4 ± 1 1 . 7 5 2 ± 1 4 . 3  1 0 2 ± 1 6 . 5  

D - J 2 9 ±  3 . 2  3 5 ±  2 . 1  

Tab l e  1 8 : Ef f ect o f  c losing da t e  a nd t ime of paraquat app l icat ion on whi te clover dry we ight g/m
2 

( ±  standard 

error s ) 1 9 8 3  - 1 984 

� � 
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I n  th i s  experiment c lover dry we ight wa s con s iderabl y a f f e cted b y  

the t i m e  o f  spray i ng t reatment . I n p l ot s c l osed i n  Octob e r  a n d  Novemb er 

highe s t  c l o ver dry we ight wa s obta i ned from plots spra yed wi th paraquat 

30 d a y s  before c los ing . The leve l of c lover dry we ight wa s 

i nterme d i a t e  in plots spra yed at clos ing and wa s lowe s t  in treatments 

sprayed 3 0  da y s  a f ter c lo s i ng . The dry we ight of wh ite c l over wa s 

h igher i n  plots c l osed i n  October than i n  plot s c l osed in November 

or Dec embe r .  Simi l a r l y ,  D - N ,  D - D, and D - J treatments gave l e s s  

c l over dry we ight than t h e  equ i v a l ent treatments i n  November ( N  

0 ,  N N ,  and N D ) . Ea r l i er c l o s i ng and/or e a r l ier spra y i n g ,  

appa r e n t l y  a l l owed c l over to produce more recovery d r y  we ight whi ch 

later coul d  a f f ect the reproduct i ve cha racter of the p l a nt s . 

c - Ef f e c t  of treatments on whi t e  cl over l e a f  area index and l e a f l e t  

a re a  

Lea f  a r e a  index ( LAI ) showed a marked response t o  c l o s i ng date ( Ta b l e  

1 9 ) . Treatments c losed i n  Oc tober reached the i r  ce i l ing LAI by 1 

Janua r y . LAI then dec l i ned i n  response to drier s o i l  condi tions . 

Al l other treatments showed a reduct ion in l e a f  area during January 

but l ater recovered in re spons e  to enhanced soi l mo i sture leve l s  dur ing 

February . I n  t he present experiment t he 0 S 

a ma x imum LAI o f  3 .  8 6 ,  which i s  higher than the 

treatment produced 

c r i t ica l l e a f  area 

index o f  3 . 5 for ' Grass l ands Hu i a ' wh ite c l over det e rmi ned by Brougham 

( 1 9 5 8 ) . Thi s  c r i t i c a l  l e a f  a r e a  index i s  de f i ned a s  the LAI at whi ch 

9 5 %  o f  the inc ide nt l ight energy is inter cepted . At thi s  stage the 

number of leaves whi ch die is equal to the number of new l e aves bei ng 

formed ( Brougham 1 9 58 ) . 

The experimenta l data s ug g e s t s  tha t meri stema t i c  a c t i v i t y  increases 

a f t e r  g razing a nd/or paraquat appl ication and that thi s  results i n  

the product ion of a l ar ge bul k  of leave s . Such a change i n  

mer i stema t i c  a c t i v i t y  a f ter de fol iation cou l d  b e  a s sociated w i t h  a n  

i n c re a s e  in t h e  nutrition o f  a pi ca l growi ng poi n t s  a l lowi ng the 

produc t i on of new leave s ,  a nd to higher l ight pene tration fo l l owi ng 

the des truction or removal of the e x i s t i ng ca nopy , which promotes 

s t o lon growth a nd the subsequent forma t i on of new l ea v e s . 



Treatments 

0 - s 

0 - 0 
0 - N 

N - 0 
N - N 
N - D 

D - N 
D - D 

D - J 

1 - 1 1  

0 . 7 4 ± 0 . 0 3 

0 . 7 1 ± 0 . 0 5 

1 5  - 1 1  

1 . 4 1:!: 0 . 1 6 

1 . 5 2 ± 0 . 1 7 

1 - 1 2  

1 . 8 5 ± 0 . 1 4  

1 . 5 4 ± 0 . 1 7  

o .  6 3 ±0 . 1 5  

0 . 40±0 . 0 5 

0 . 1 1 ± 0 . 0 2 

Date of Sampl i ng 

day - month 

1 5  - 1 2  

3 . 3 1 ± 0 . 4 5  

2 . 0 3 ±0 . 1 8 

0 . 5 9 ± 0 . 04 

0 . 7 7 ±0 . 0 4 

0 . 8 2 ± 0 . 0 2 

1 - 1 

3 . 86 ± 0 . 69 

3 . 1 8 ± 0 . 64 

2 . 2 6 ±0 . 58 

2 . 0 7 ± 0 . 2 9  

1 . 8 2 ± 0 . 1 6 

0 . 4 9 :!::0 . 0 7 

1 . 2 0 ± 0 . 1 4 

0 . 7 7 ±0 . 08 

1 5  - 1 

2 . 3 7 ± 0 . 2 6 

2 . 0 7 ± 0 . 2 1 

1 . 9 3 ±0 . 4 3 

2 . 2 9 ± 0 . 6 1 

1 . 4 9 ± 0 . 2 1  

0 . 4 4 ± 0 . 0 5 

0 . 92 ± 0 . 1 9 

0 . 3 9 ±0 . 1 2 

1 - 2 

1 . 0 3 ± 0 . 1 0 

2 . 1 4 ± 0 . 3 7  

1 . 7 6 ± 0 . 20 

0 . 5 8 ± 0 . 09 

1 .  6 4 ± 0 . 1 6  

0 . 4 2 ±0 . 09 

0 . 2 4 ± 0 . 05 

Tab l e  1 9 :  Ef fect o f  c l os i ng date and t ime o f  paraqua t appl i cat ion on l ea f  a rea index ( ±  standard errors ) 

1 98 3  - 1 984 

15  - 2 

2 . 96± 0 . 7 2  

2 . 58±0 . 4 0 

1 .  88±0 . 2 2  

2 . 1 7 ±0 . 2 4 

1 .  2 6 ± 0 . 36 

0 . 5 3 ± 0 . 03 

.. 

._J 
0\ 



I · 

7 7  

Ta b l e  2 0  shows t h e  deve lo pment of lea f l et area dt succe s s i ve i nt e r va l s  

i n  each treatment . The s e  res u l t s  fol low the same pattern prev iou s l y  

de s cr i bed for LAI , show i n g  ma r ked changes accord ing t o  the t r e a tment , 

a s  we l l  a s  to seasona l var i at ion in the env i r onme nt . For i n s ta n c e ,  

t r e a tme nts c l osed in October produced p l a n t s  w i t h  a greater l ea f l e t  

a r e a  than those c l osed i n  November or December .  S i mi l a r l y ,  pa raquat 

ca used strong var iat ion in l e a f let area , w i th ma ximum va l ue s  for those 

p l o t s  s prayed 3 0  days before c l os i ng . 

d Ef f ect of trea tments on the number of node s ,  termin a l  bud s , a nd 

stol on length 

I n  thi s experimen t ,  

b u d s/ dm2 ( T ab l e s  2 1  

resul t s  f o r  the numb er o f  node s/ dm2 and t e rmi n al 

and 2 2 ) s howe d t h e  f o l l o c orny trends . P ar aquat 

s p r ay i n g  3 0 day s  b e fore c l o s i ng c au s e d  a general de c l i n e  in s t o l o n  t i p  

num b e r s  wi th time i rre sp e c t i v e o f  c l o s i ng d at e .  Sprayi ng 30 days aft er 

c l o s i n g  c ause d a g en e ral i n c r e a s e  i n  s t o l o n  t i p  numb e r s  w i t h  time 

i rr e sp e c ti v e  o f  c l o si ng d at e . Finally , p araquat spr ayi ng at c l o s i ng 

c au s e d  p e ak s t o lon numb e r s  to b e  progr e s si vely later wi th a d e l ay i n  

c l o s i ng dat e .  

Obs e r v a t ion s on stolon e longa t ion f rom the a pex o f  mar ked s to lons 

i n d i c a t ed that e l ongat ion rates ( Ta b l e  2 3 )  we re h i gh i n  a l l  t rea tment s . 

Th i s  is not surpr i s i ng s i n ce stem e l onga t i on i n  wh i t e  cl over ha s been 

shown to be very high i n  l a t e  spr i ng and s ummer when temper atures 

a pproa c h  the opt imum for s t o l on e long a t ion of 20 - 2 5 ° C  ( Ch apma n 1 9 8 3 ) .  

Ma x i mum stolon e l onga t i on rates of 1 5 . 5 ,  1 9 . 3 a nd 20 . 0  mm pe r  we ek 

we r e  o bta i ned f or trea tments c losed in Octobe r ;  1 6 . 5 , 1 5 . 0 ,  a nd 

1 4 . 5  mm/ week for treatme nts c losed i n  November a nd 1 7  . 0 ,  1 4 . 5 a nd 

10 . 0  mm/ week for t reatme n t s  c losed i n  Decembe r .  These res u l t s  a re 

compa r a b l e  to rates mea s ured by Chapman ( 1983 ) i n  a grazed hi l l  pa s ture 

unde r rota t i ona l sheep g r a z i ng . It seems that the ma i n  d i f f erences 

in sto l on e long a t i on rate a re d ue more to tempera ture and soi l moi s ture 

cont e n t  than to t he trea tme n t  i t se l f .  H igher stolon e longa t ion rates 

in some treatme n t s  ma y be due to the e f f ect of the mu lch l e f t  by the 

g r a s s e s  a f ter pa raquat a ppl i c a tion in reduc i ng l ight pe ne t r a t i on to 



Treatments 

0 - s 
0 - 0 

0 - N 

N - 0 

N - N 

N - D 

D - N 

D - D 

D - J 

Tab l e  2 0 :  

Date o f  Sampl i ng 

Day - Month 

1 - 1 1  1 5  - 1 1  1 - 1 2  1 5  - 1 2  1 - 1 1 5  - 1 1 - 2 

3 2  ± 3 . 6  5 7  ± 1 2 . 6  9 1  ± 1 1 . 7  1 2 5  ± 2 4 . 7  1 5 2  ± 2 2 . 5  85  ± 1 2 . 8  

8 ± 1 . 4  5 4  ± 1 2 . 5  56 ± 1 1 . 1  6 5  ± 1 2 . 6  7 3  ± 1 2 . 5 5 6  ± 1 4 . 2  

2 8  ± 2 . 0  6 3  ± 1 5 . 3 7 2  ± 1 3 . 2 50 ± 9 . 2 5 4  ± 1 3 . 5  

3 2  ± 2 . 0  3 2  ± 1 2 . 1  5 6  ± 1 3 . 2  4 2  ± 1 1 . 4  4 7  ± 4 . 9  

2 5  ± 3 . 1 3 7  ± 1 1 . 1  3 9  ± 1 1 . 0  39 ± 1 1 . 0  4 3  ± 1 1 . 4  

4 9  ± 1 2 . 8  3 1  ± 1 2 . 3  3 1  ± 4 . 2  

S 4  ± 1 4 . 2  2 6  ± 2 . 1  3 0  ± 4 . 2  

3 5  ± 1 3 . 5  2 3  ± 1 1 . 4  2 2  ± 1 3 . 5  

1 9  ± 2 . 1  

Ef fect o f  closing date and t ime of pa raqua t appl i c a t i on on l ea f let area mm
2 

( ±  standa rd error s ) 

1 9 8 3  - 1 984 

15  - 2 

5 3  ± 1 2 . 8  

54 ± 1 2 . 1  

3 2  ± 1 1 . 9  

5 2  ± 1 2 . 1  

3 8  ± 1 1 . 4  

26 ± 3 . 5  

-..) ro 



Treatments 

0 - s 

0 - 0 

0 - N 

N - 0 

N - N 

N - D 

D - N 

D - D 

D - J 

Table 2 1 : 

1 - 1 1  

360 ± 7 5 . 4  

3 7 4 ± 60 . 5  

1 5  - 1 1  

4 2 2 ± 7 6 . 9  

4 3 2 ± 7 5 . 3  

Date of Samp l i ng 
day - month 

1 - 1 2  

5 1 2 ± 7 1 . 5 

5 4 9 ± 7 3 . 6  

1 9 8 ± 2 6 . 1  

460± 7 4 . 7  

296 ± 3 3 . 0  

1 5  - 1 2  

3 9 0 ± 6 2 . 1  

4 5 4 ± 7 1 . 0 

2 1 9 ± 2 9 . 6  

6 1 9 ± 88 . 1  

3 2 3 ± 3 6 . 8 

1 - 1 

3 5 3 ± 3 5 . 1  

3 9 2 ± 4 9 . 1  

2 9 1 ± 3 3 . 5  

4 5 2 ± 4 5 . 4  

4 7 4 ± 5 6 . 6  

2 8 7 ± 3 3 . 5  

5 3 6 ± 5 6 . 4  

1 8 2 ± 1 7 . 5  

1 5  - 1 

3 4 3 ± 5 3 . 5  

2 4 4 ± 26 . 8  

3 4 7 ± 3 0 . 2  

4 2 7 ± 4 8 . 7  

3 6 9 ± 3 8 . 1  

2 6 1 ± 4 0 . 3  

4 0 2 ± 3 5 . 4  

4 2 7 ± 5 9 . 5 

1 - 2 

4 3 6 :!: 7 8 . 0 

3 8 9 ± 7 5 . 2  

3 4 8 ± 7 3 . 1  

4 86 ± 7 2 . 7  

4 9 8 ± 7 9 . 7  

5 56 ±8 7 . 9  

4 3 2 ± 7 3 . 9  

1 5  - 2 

5 1 3 ± 7 9 .  7 

3 9 7 ± 60 . 8 

4 8 1 ± 7 0 . 6  

5 1 6 ±81 . 4 

6 4 7 ± 86 . 0  

4 3 5 ± 68 . 6  

2 
Ef fect of c l o s i ng date and t ime o f  paraqua t appl i cation on the number of nodes /dm ( ±  standa rd errors ) 

1 983 - 1 98 4  

-.l 
\0 



Trea tments 1 - 1 1  1 5  - 1 1  

0 - s 80 ± 1 5 . 1  90 ± 2 2 . 3  

0 - 0 3 7  ± 1 4 . 8  3 9  ± 1 2 . 2  

0 - N 

N - 0 

N - N 

N - D 

D - N 

D - D 

D - J 

Date of Samp l i ng 

da y  - month 

1 - 1 2  1 5  - 1 2  

7 8  ± 1 7 . 5  5 7  ± 5 . 9  

8 2  ± 1 5 . 6  7 4  ± 8 . 7  

2 3  ± 4 . 9  3 2  ± 4 . 6  

1 1 2  ± 1 1 . 2 9 2  ± 1 2 . 2  

40 ± 7 . 7  6 5  ± 1 1 . 5  

1 - 1 1 5  - 1 1 - 2 

4 1  ± 3 . 6  44 ± 5 . 5  

5 1  ± 5 . 8  39 ± 5 . 8  

3 4  ± 4 . 9  80 ± 9 . 9  66 ± 1 2 . 3  

7 8  ± 1 0 . 2  4 9  ± 6 . 3 3 9  ± 1 1 . 5  

9 7  ± 1 7 . 3 6 3  ± 1 6 . 6  4 3  ± 8 . 0  

48 ± 8 . 6  5 7  ± 9 . 7  8 4  ± 1 7 . 6  

1 2 6  ± 1 6 . 0  96 ± 1 4 . 5 7 3  ± 1 0 . 2 

3 2  ± 9 . 9  7 7  ± 1 0 . 8 7 7  ± 1 1 . 9  

7 5  ± 1 6 . 3  

Table 2 2 :  E f f ect o f  closing date a nd t ime of paraqua t appl i ca t i on on the numbe r of terminal  buds/dm
2 

( ±  s tanda rd error s ) 1 9 8 3  - 1 9 8 4  

1 5  - 2 

68 ± 6 . 0  

7 3  ± 1 0 . 6  

8 3  ± 1 2 . 1  

7 5  ± 9 . 0  

98 ± 1 8 . 7  

7 4  ± 1 1 . 9  

ro 0 



Date of Sampl ing 

Day - :'1onth 

Tre a tments 1 - 1 1  1 5  - 1 1  1 - 1 2  1 5  - 1 2  1 - 1 1 5  - 1 1 - 2 

0 - s 3 7  ± 8 . 0  68 ± 1 3 . 0  95 ± 1 5 . 5 1 3 0 ± 29 . 6  1 60 ± 2 0 . 0  1 7 2  ± 2 2 . 5  

0 - 0 2 7  ± 8 . 0  5 2  ± 1 2 . 5  82  ± 1 2 . 5  1 20 ± 1 6 . 0  1 5 9 ± 2 3 . 6  1 6 9  ± 2 3 . 6  

0 - N 2 8  ± 4 . 0  6 4  ± 1 2 . 5  108 ± 1 4 . 1  1 4 6  ± 2 6 . 6  1 66 ± 1 6 . 6  

N - 0 3 3  ± 7 . 0  6 2  ± 1 4 . 1 98 ± 8 . 0  1 1 7  ± 1 8 . 7  1 2 8 ± 2 1 . 6  

i-.J - N 2 0  ± 3 . 3  40 ± 8 . 3  7 8  ± 1 6 . 2  1 0 8  ± 1 5 . 5  1 1 8  ± 2 5 . 5  

N - D 2 0  ± 2 . 0  3 8  ± 8 . 0  6 4  ± 1 8 . 5  

D - N 26 ± 4 . 0  5 8  ± 8 . 7  9 2  ± 1 5 . 5 

D - D 2 2  ± 4 . 1  3 5  ± 2 . 5  56 ± 8 . 5  

D - J 2 5  ± 6 . 4  

Tabl e  2 3 :  E f f ect o f  c l o s i ng dat e  and t ime of pa raqua t a pp l i c a t ion on the l ength ( mm )  o f  a stolon 

( ±  standard errors ) .  Average of 3 0  ma in stolons per treatments 1983 - 1 9 84 

15 - 2 

196 ± 26 . 6  

1 5 1  ± 2 2 . 4  

1 5 1 ± 2 3 . 0  

9 3  ± 1 7 . 5  

1 2 1  ± 2 4 . 5  

78 ± 1 4 . 7  

4 5  ± 8 . 8  

(X) p 
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the s to lons . Such a s i tuat ion has been shown to i nc rease sto l on 

g rowth rate ( Sa l i sbury a nd Ross 1 9 7 8 ) . 

e - E f fect of treatments on bra nch production per stolon 

Records o f  stolon growth ( Ta b l e  2 4 ) showed that side bra nch product i on 

wa s a f f ec ted by c los i ng date . An ana l y s i s  of the trea tments betwe en 

c l o s i ng dates ind i ca t ed that those treatments c losed i n  October had 

more lateral branches than treatments c l osed in November .  Simi l a r l y ,  

these treatments caused ma in stolons t o  f orm more l a ter a l  branches 

than on plants c losed i n  December . The e f fect o f  the t ime of pa raquat 

app l i cation wa s mos t  c lear l y  seen when p l ants we re sprayed 30 days 

a f ter November or December c l os i ng . B y these two treatments ( N - D  

and D - J ) the number of branches o n  the sto l on wa s reduced . 

I t  wa s obse rved that in some t reatments , some ma i n  sto lons were more 

a c t i ve i n  the forma t i on of branches than othe r s ,  as indi cated by the 

sta nda rd error va l ues . The se d i f f e rences between stolons in axi l l a ry 

bud a ct i v i t y  may have been caused by subt l e  changes in temperatur e ,  

moi sture , l i ght o r  soi l fert i l it y  between microsites o r  may have been 

gene t i c  in orig i n .  

f - Re l a t ionsh i p  between vegetat i ve characters 

The v a r i ous vege t a t i ve components o f  wh ite c love r  examined i n  this 

exper iment exhibi t ed strong a nd pos i t i ve corr e l a t i ons ( Ta b l e  2 5 ) . 

I n  a l l  ca s e s  h i gh l y  s ig ni f i cant correl a t ions existed be tween the l e ngth 

o f  the sto l on and c l over dry we i ght except with a December c l o s i ng . 

C l e ar l y ,  c l over dry we ight ref l e c t s  the gene r a l  level o
'
f mer i stema t i c  

a c t i v i t y  i n  the _ plant , but i s  not nece ss a r ily a r e l i a b l e  indicator 

or leaf area s ince LAI wa s not we l l  corre l a ted w i th dry mat te r  y i e ld 

in some treatme nts . 



Date of Samp l i n g  

Da y - Mont h  

Treatment s 1 - 1 1  1 5  - 1 1  1 - 1 2  1 5  - 1 2  1 - 1 1 5  - 1 1 - 2 

0 - s 2 . 1  ± 0 . 2 3  2 . 3  ± 0 . 3 5  2 . 4  ± 0 . 2 4 2 . 4  ± 0 . 4 5  2 . 9  ± 0 . 6 4 2 . 7  ± 0 . 2 9 

0 - 0 1 . 8  ± 0 . 2 7  2 . 0  ± 0 . 2 7  2 . 3  ± 0 . 2 1 2 . 4  ± 0 . 30 2 . 6  ± 0 . 4 1  2 . 6  ± 0 . 2 3  

0 - N 1 .  2 ± 0 .  4 4  1 . 8  ± 0 . 1 6 2 . 5  ± 0 . 3 2 2 . 7  ± 0 . 29 2 . 4  ± 0 . 2 4 

N - 0 1 .  3 ± 0 .  50 2 . 2  ± 0 . 3 4 2 . 0  ± 0 . 4 9 2 . 0  ± 0 . 4 9 1 . 3  ± 0 . 5 8 

N - N 1 . 2  ± 0 . 1 0 2 . 1  ± 0 . 4 4 2 . 5  ± 0 . 3 2 2 . 4  ± 0 . 5 2  2 . 4  ± 0 . 5 2 

N - D 0 . 7  ± 0 . 1 0 1 . 3  ± o . s8 1 . 1  ± 0 . 9 2 

D - N 1 . 0  ± 0 . 2 0 1 . 6  ± 0 . 3 2  1 . 6 ± 0 . 7 6 

D - D 0 . 9  ± 0 . 1 9 0 . 9  ± 0 . 29 1 . 0  ± 0 . 66 

D - J 1 . 0  ± 0 . 3 9  

Tab l e  2 4 : E f fect of c l o s i ng date and t ime o f  pa raqua t a pp l i ca t ion on the number of branches per sto1on 

( ± standard error ) . Average of 3 0  ma i n  sto1 ons per treatmen t  1 9 8 3  - 1 98 4  

1 5  - 2 

1 . 7  ± 0 . 9 2 

1 . 8  ± 0 . 6 8 

1 . 9  ± 0 . 3 8 

1 . 5  ± 0 . 3 2  

ro w 



Tab l e  2 5 :  

84 

Ef fect of clos i ng date and time o f  pa raquat app l i ca t ion on 
the 

2
s t rength of a ssociat ion between c lover dry we i ght 

( g /m ) and some vegetat i ve c haracters mea sured every 1 5  

days a f ter the comp l e t i on o f  each treatment unt i l  harvest 

1983 - 1 98 4  

Cor r e l a t ion Coe f f i c ients 

No . Length o f  branche s /  
Trea tments LAI 

sto l on ( mm )  stolon 

0 - s +0 . 96 * *  + 0 . 8 6 *  +0 . 89* 

0 - 0 +0 . 8 5 *  + 0 . 9 7 * *  +0 . 9 2 *  

0 - N + 0 . 70 + 0 . 96 * *  +0 . 7 9 

N - 0 +0 . 9 4 * *  +0 . 9 6 * *  +0 . 1 4 

N - N +0 . 84* + 0 . 9 6 * *  + 0 . 7 7 

N - D +0 . 80 +0 . 9 5 *  + 0 . 9 5 *  

D - N + 0 . 4 6  + 0 . 8 5 *  +0 . 9 8 *  

D - D + 0 .  4 8  +0 . 90* +0 . 99**  

* S i g n i f i ca nt at 5 %  l ev e l  

* *  S i gn i f i cant at 1% l eve l 

An a na l y s i s  o f  the re l a t i onship between c l over dry we ight a nd LAI 

in e a ch treatme nt showed a pos i t ive a nd s igni f i cant c or r e l a t i on 

coe f f i c ient in the 0 - S ,  0 - 0 ,  N - 0 and N - N treatments .  The 

l a c k  of r e l a t ionship betwe en these two variables i n  the 0 - N and 

N - D treatments can be expla i ned by the shading resul t i ng f rom the 

dense mu l ch of dead ryegra s s  present a f ter the appl i ca t ion of paraqua t .  

I n  treatments c l o sed i n  December the l ack o f  a r e l a t i onsh i p  wa s 

probabl y i n f l uenced by adverse envi ronment a l  condi t i on s ,  such a s  h i gh 

t emperature a nd l ow s o i l  mo i sture , which occurred i n  J a nuary a f ter 

the last grazing or spraying and a f fected p l ant recovery . 
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W i t h i n  a l l  treatments there wa s a s trong , pos i ti ve and s igni f i cant 

corre l ation coe f f ic i ent between clover dry we ight and stolon l ength ,  

rang ing from 0 . 8 5 t o  0 . 97 .  

The rel ationshi p  between branch i ng a nd c l over dry we ight i n  the 

0 - N ,  N - 0, a nd N - N treatments wa s comparat ive l y  poor . I n  the 

l a t te r  two t r e a tments thi s  may be due to increa sed i n f lore scence 

i n i t iat i on promoted by a reduct ion i n  shading at the l eve l o f  the 

sto l on at t h i s  t ime of the year . Th i s  reproducti ve deve l opment 

competes for s i tes with branch dev e l opment . I n  the case o f  the 

0 N treatment , howeve r ,  the poor corre lation ma y be exp l a i ned by 

the shad ing ca used by the dead gra s s , which inhibits bra nch forma t ion 

without reduc i n g  c l over dry we i ght . I n  genera l ,  under a canopy , pl ants 

tend to form l onger stems , petioles and l a r ger leave s ,  whi ch compensate 

for loss in the we i ght of the plant ( Pa scoe 1 97 3 ) . I n  the remai n i ng 

treatme nts , s ign i f i cant corre l ations we re found between bra nch i ng 

and c lover dry we ight . 

The s e  result s , together wi th those obta i ned f rom the previous 

exper iment , i nd i cate that both c los i ng a nd spra y i ng treatments have 

an important impa ct in determin ing the pattern of veget a t i ve growth 

of white c l ove r . 

g - E f f ect of t rea tments on the number o f  i n f l orescences 

2 
Two 2 5  x 2 5  cm quadrat counts we re taken at random in each plot every 

the f i f teen days f rom November and 

r ecorded . The r esul ts obta i ned we re 

tota l number o f  i n f l or e s cences 

converted to i n f l or e s cences/m
2 

a nd are presented in Table 26 . 

I n  a l l  p l ot s  i n f lorescences were f i r s t  v i s i ble around October 1 5t h .  

Ma j or treatment e f f ects occurred s i nce some i n f lorescences were removed 

by sheep gra z i ng and some were de s s i cated by paraqua t .  Howeve r ,  a f ter 

the complet i on o f  each treatment the genera l reaction of the c l over 

p l a nt wa s to i ncrease i n f l orescence product ion . Th i s  reached a maximum 

i n  mid January for October closi ng ; mid February for November c lo s i ng 

a nd end o f  February for December c l o s i ng .  Paraquat a pp l i ca tion had 



Date of Sampl i ng 

Day - Month 

Treatments 1 - 1 1  1 5  - 1 1  1 - 1 2  1 5  - 1 2  1 - 1 1 5  - 1 1 - 2 

0 - s 30 :!: 2 . 8  80 :!: 7 . 4  1 4 4  :!: 1 6 . 0  3 6 8  :!: 1 6 . 0  464  :!: 5 6 . 2  608 :!: 80 . 5  H 

0 - 0 1 0  :!: 1 .  5 2 6  :!: 2 . 8  4 8  :!: 5 . 3  2 56 :!: 48 . 8  4 4 8  :!: 4 6 . 3  5 7 6  :!: 90 . 8  H 

0 - N 0 6 4  :!: 9 . 2  1 1 2  :!: 1 7 . 3  3 2 0  :!: 46 . 9  1 2 8  ± 1 6 . 4  

N - 0 1 0  :!: 1 . 2  1 1 2  :!: 1 6 . 0  1 2 8  :!: 1 9 . 3 6 2 0  :!: 6 0 . 5 560 :!: 8 3 . 2  

N - N 2 6  :!: 2 . 90 96 :!: 2 1 . 9  1 2 8  :!: 1 5 . 4  592 ± 6 1 . 3  500 :!: 6 3 . 3 

N - D 1 6  :!: 1 . 8  2 4 0  :!: 2 6 . 5  2 7 2  :!: 3 3 . 3  

D - N 3 2  ± 2 . 7  3 8 4  ± 4 5 . 2  5 2 8  :!: 66 . 4  

D - D 1 6  ± 1 . 5  1 9 2 :!: 2 4 . 7  2 4 0 :!: 2 2 . 7  

D - J 

H = Data not ava i l ab l e  as seed a l ready harve sted 

Tab l e  26 : Ef fect of c l osing date and time o f  pa raquat a ppl c iat ion on the tota l number of i n f lorescences /m
2 

( ± standa rd errors ) .  Average of four quadr a t s  of 2 5  x 2 5  cm per plot 1 98 3  - 1 9 84 

1 5  - 2 

H 

796 :!: 8 7 . 3  

6 7 2  :!: 8 3 . 4  

3 8 4  :!: 3 2 . 0  

480 ± 96 . 8  

2 4 0  ± 3 3 . 7  

80 :!: 1 6 . 7  

ro 
()\ 
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No maj o r  e f f e c t  on i n flore s c e n c e  pro d u c t i o n  exc e p t  where i t  w a s  d e l ay e d  

un t i l  3 0  d ay s  a f t e r  c l o s i ng b e c au s e  t h e  mul c h  o f  gras s e s  l e ft aft e r  

spray i n g  p ar aquat di d not a l l ow l i g h t  p e n e t rat i on a t  t h e  s t o l on l e ve l , 

whi c h  i nhi b i t e d  i n f l ore s c en c e  i n i t i at i on . 

h - Re l a t i o ns h i p  be tween i n f l orescence s /m
2 

and vegeta t i ve c ha r acte r s  

. 2 
The number of � n f lor escences/m s howed h i g h l y  s ig n i f i ca n t  corre l at ions 

w i t h  sev e r a l  o f  the vege t a t i ve characters mea s u red f r om November 1 s t  

o n  e a c h  s t o l on ( Ta b l e  2 7 ) .  C l over dry we i gh t  showed s ig ni f i c a nt 

cor re l a t i o n  coe f f i c i e n t s  i n  the N - 0 ,  N - N ,  a nd o . · - N t reatme n t s . 

'l'he l en g t h  o f  sto l on s  wa s a l so pos i t i ve l y  re l a t ed i n  the 0 - S ,  

0 - O ,  N - o ,  a nd N - N treatme nt s ,  b u t  no s u c h  r e l a t i o n s hips we re 

f ound i n  other trea tmen t s . S i m i l a r l y ,  in 0 - S a nd 0 - 0 trea tme n t s  

the n um b e r  

n umbe r s  per 

o f  bra nches wa s pos i t i ve l y  cor re l a ted wi th i n f l orescence 
2 m • A l l  ot her cor r e l a t i ons , i nc l ud i ng .l.A I a nd LLA , we re 

not s i g n i f i ca n t . 

Ta b l e  2 7 :  Cor r e l a t ion coe f f i c i e'2t f or e a ch t ree tment betwe e n  
i n f l o re scence numbe r s / m  emerged a t  d i f f ere � t  t imes of the 
yea r a nd severa l vegeta t i ve c ha r a c t e r s  o f  wl l i te c lover 
p l a n t s  1 98 3  - 1 98 4 . 

C l over 
'l' r cu lme n t s  dry we�g h t  LA I 

( g /m ) 

0 - s +0 . 80 + 0 . 7 5  

0 - 0 +0 . 8 2 +0 . 7 5 

0 - N +0 . 7 7 + 0 . 64 

N - 0 +0 . 9 1 *  + 0 . 80 

N - N +0 . 94 * *  + 0 . 7 6 

N - D +0 . 84 +0 . 69 

D - N +0 . 99* * +0 . 5 1 

D - D + 0 . 5 5  +0 . 0 1 

* 

• •  

S i gn i f i ca n t  a t  5% leve l 

S i gn i f i ca n t  at 1 %  l ev e l  

t • L L A L e aflet are a  

LL� t Length Number 
o f  s tolon bra nches 

( cm ) 
{ITUll) pe r  sto lon 

+ 0 . 66 +0 . 97 * *  + 0 . 88* 

+ 0 . 5 4 +0 . 96* * +0 . 87 * 

+0 . 1 9 +0 . 7 3  + 0 . 80 

+0 . 50 +0 . 9 4 * *  + 0 . 28 

+0 . 7 9 +0 . 9 4 * *  +0 . 66 

-0 . 69 +0 . 80 +0 . 84 

-0 . 5 3  + 0 . 86* +0. 80 

- 0 . 48 +0 . 8 1 + 0 . 58 
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The pos i t i ve re l a t i onship between c l over dry we ight and inf lore scence 

number in some t reatments i nd ic ate s that l eaves are the most important 

organ i n  supp l y i ng the nutrients needed for g r owth and deve l opment 

o f  the inf lores cences . 

No r e l a t ionship wa s found between i n f l or e scence n umbers a nd any of 

the variables mea sured i n  t he 0 N ,  N - D a nd D - D t rea tments .  

The d i f f erence in respon s e  between the latter two treatments and the 

D - N treatment may be expla i ned by the time of paraquat appl i cation . 

I n  gene r a l , paraqua t at 0 . 3 6  kg a . i . / ha caused extens ive wi the r ing 

o f  l eaves and emerged i n f l ores cence s in white c l ov e r  pl ants ( Pl ates 

3 and 4 ) .  However , in treatments where spray i ng wa s de l a yed unt i l  

December , i n f l or escences wer e  genera l l y  unab l e  t o  recove r  f r om the 

damage caused by the herbicide , and some stolons a l so showed extensive 

damage . I n  contrast , g r a z i ng i nvo l ve s  the remova l o f  on l y  some leaves 

and stol ons of the plant . Th i s  is genera l l y  not a tota l  r emova l of 

the green mater ia l and e nough l e ave s , termina l  buds , a nd i n f l orescences 

rema i n  fol lowi ng de fol i a t ion to a l l ow a faste r  pl ant recovery . Th is 

s t r esses the d i f ference bet\veen the non s e l e c t i ve damage t o  white 

c lover inf lores cences caused by par aquat compa red to the more se l e ct i ve 

e f f ects of sheep grazing i n  Decembe r . 

The pos i t i ve a nd signi f i cant cor r e l ation coe f f i cients obta i ned i n  

thi s expe riment between the number of i n f lorescence s , and the l ength 

o f  the ma in stol on in some of the treatments c losed in October and 

November are suppor ted by s imi l a r  resul t s  obta i ned by Knight ( 1 9 5 3 ) ,  

Za l eski ( 1 961 ) ,  and Thoma s ( 1 980a ) .  They i ndicate that under l ong 

day s , h igh t emperatures l ead to maximum sto l on e longa t ion , a s  we l l  

a s  to r apid node emergence and there fore to ma ximum i n f lore scence 

eme rgence . Howeve r , t reatment s  c losed or s pr ayed in De cember did 

not show this e f fect on the number of inf l oFe scences/m
2 

s i nce the 

l a s t  g r azing o r  paraquat a pp l icat ion r e sul ted i n  a g reater number 

of i n f l orescence be ing removed or ki l l ed in t he f i e l d .  I n f lorescence 

i n i t i a t ion dur i ng th i s  time of the year a l so decrea ses ( Thomas 1 982c ) ,  

with a consequent reduct ion i n  the number of i n f lorescences formed, 

a nd the r e fore i n  seed y i e l d .  



P l a t e  3 :  

P l a t e  4 :  

Damage c a u s e d  by pa r a qu a t  i n  w h i t e  c l ov e r  l e a v e s 

o n e  week a f t e r  s pra y i ng 

Damage c a u s e d  by p a r a q u a t  a ppl i ca t i on to wh i t e c l over 

i n f l o r e s c e n ce one week a f t e r  spraying . 

8 9  



9 0  

On l y  very s l i ght cha nges in the number of new branches formed occurred 

a f ter the compl e t ion of each treatment . Thi s  suggests that mos t  of 

the branches re spon s i b l e  for the i ncrea s e  i n  i n f l orescence n umbe rs 

are formed dur i ng a utumn , wi nter and spr i ng whe n  the temperature is 

more suitabl e  for the i r  deve lopment . 

i - E f f ect of treatments on the date o f  pea k  f l owering 

As ment ioned before , wh ite f l owe rs sta r ted a ppea ring i n  a l l  plots 

f rom mid October . From th i s  time , the number o f  inf lorescences cha nged 

according to the treatmen t  ( Ta b l e  2 8 ) .  Treatments c l osed i n  October 

showed ea r l i e r  pea k  f lower ing than plots c l osed in November or 

December . I n  f ac t ,  pea k  f l ower ing i n  the e a r l y - c l osed treatments 

( 0 - S,  0 - 0,  and 0 - N )  occurred dur ing the last week o f  De cember 

a nd the f i rst f our day s  of January, whi l e  treatments c l osed in November 

a nd December did not reach peak f l owe ring unt i l  mid to late January . 

The ma i n  e f fect o f  de l a yed cl osing wa s to reduce the d i f ference s in 

pea k  f lowe r i ng in d i f f e rent trea tmen ts . 

app l icat ion appeared to be minima l .  

The e f f ect o f  pa raquat 

Table 2 8 :  Ef f e ct o f  c l o s ing date and t ime o f  paraqua t appl i ca t ion on 

the date of pea k  f l owe r i ng 1 9 8 3  - 1 9 84 

Date o f  .12eak f l owe r i ng: 

Day Mont h  Y e a r  
---

0 - s 2 3  1 2  8 3  

0 - 0 2 7  1 2  8 3  

0 - N 4 1 8 4  

N - 0 1 4  1 8 4  

N - N 1 9  1 8 4  

N - 0 1 9  1 8 4  

0 - N 2 5  1 8 4  

0 - 0 1 9  1 8 4  

0 - J 2 1  1 8 4  
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j - Ef f ect of treatments on seed y i e l d  and y i e l d  component s 

As i n  the prev ious experiment , c lo s i ng and spray ing t imes we re 

respons i b l e  for d i f f e rences in seed y i e l d  ( Ta b l e 2 9 ) .  I n  thi s year 

highest seed yield wa s obta i ned f rom plots c l osed in November wi th 

intermediate yie lds f rom pl ots c losed in December and l owe st seed 

y i e l d  f rom October treatments . However , the d i f f erence between October 

and December c l os ings fai led to reach s ign i f i canc e . 

Tab l e  2 9 :  Ef fect o f  c l o s i ng date a nd time o f  paraquat appl i ca tion on 

seed y i e l d  ( kg/ha ) 1983 - 1984 

C l os i ng t ime 

Mid - October 

Mid - November 

Mid - December 

Sign i f i cance 

LSD 5% 

1% 

S . E . D .  ± 

o-s 0-0 

1 2 8  1 1 9  

LSD (  a )  5 %  

1 %  

S . E . D . ( a )  ± 

1 1 7  

408 

1 4 9  

* *  

7 5 . 3  

1 2 4 . 6  

2 7 . 1  

0 - N  

1 0 5  

8 8 . 1  

1 3 8 . 0  

3 4 . 7  

Paraguat treatments 

30 days be f or e  c losing 

At c lo s i ng 

3 0  da ys a f ter clos ing 

LSD 5% 

1 %  

S . E . D .  ± 

I nteractions 

Treatments 

N.-o N-N N - D  D-N D - D  

4 5 7  5 1 1  2 5 7  3 2 1  1 0 8  
? ' ) 

L S D (  b )  5% 

1 %  

S . E . D . ( b )  ± 

( a )  When comparing means at d i f f erent leve l s  o f  mai nplots 

( b )  When compa r i ng means at the same l eve� o f  ma inplots 

3 0 2  

2 4 6  

1 2 7  

* *  

3 3 . 6  

4 7 . 1  

1 5 . 4  

D-J 

2 0 . 3  

5 7 . 9  

8 1 . 4  

2 6 . 6  
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The di f f erences i n  seed y i e l d  between t imes o f  pa r aqua t app l i ca t ion 

ind i cated that highest seed yield wa s obtained at a l l  c lo s i ng times 

in t reatments spr a yed wi th paraquat 3 0  days befor e  c l osing . Th i s  

e f f ect wa s intermed i a te f o r  plots sprayed at closing and wa s lowe st 

( P = 0 .  0 1 ) in plots sprayed 30 day s  a f t e r  c l osing . The s i gn i f i c a nt 

i nt eractions o f  c losing and spraying t reatments showed that s ome 

c l o s i ng time s responded di f f erent l y  to s pray ing treatments . For 

exampl e ,  the N-N a nd N-O treatments gave s ignif icant l y  h igher seed 

yie lds ( P  = 0 . 0 1 )  than other treatment s .  No sign i f icant d i f f e rences 

we r e  found between sprayi ng treatments c l osed in October .  Howe ve r ,  

i n  November a nd De cember c l os i ngs , spra y i ng 3 0  da y s  be fore c lo s i ng 

or a t  closing tended to g i ve higher seed y ield than plots sprayed 

30 days a f te r  c l os i ng . The resul t s  indicate tha t the be st comb i na t i on 

o f  c l o s i ng and pa raquat app l ication , wi thout adve rse l y  a f fecting seed 

y i e lds , wa s a November c los ing with spraying in ei ther mid October 

or mid Novembe r . Beyond th i s  time , gra z i ng or he rbicide a ppl i ca t i on 

i s  l i ke l y  to reduce s eed yie lds . De l a y i ng e i ther c l o s i ng or spra y ing 

unt i l  December wa s par t i cula r l y  in j ur ious . Of thes e  two f a ctor s ,  

however , delayed spraying wa s more damaging than de l a yed c l o s i ng . 

The best treatments i n  thi s  expe r iment ( N - N  and N - O ) produced seed 

y i e l ds of 4 5 7  to 5 1 1  kg /ha . Thi s  wa s cons iderab l y  h ighe r tha n  the 

y i e lds f rom the same t reatments ( 1 5 6  to 2 2 7 kg /ha ) in 1982 / 8 3 .  

The seed production capa c i t y  o f  wh ite c l over represents the cumu l a t i ve 

expre s s ion o f  f our pr inc i pa l  component s :  n umber of i n f l o rescences/ 

un i t  a rea ; number o f  f l ore t s / i n f l ore scence ; number o f  seeds per 

f l oret ; and 1000 seed we i ght ( C l i f ford 1 9 7 9 ;  Thoma s 1 980a ) .  These 

components a l so d i f f e r  in the i r  r e l a t i ve contribut i on to tot a l  seed 

y i e l d a nd can change wi th the type o f  management of the swa rd,  as 

we l l  as with e n v ironmenta l cond i tions ( Za l eski 1 9 70 ) . An a n a l y s i s  

o f  these components wa s made t o  determi ne the i r  contr ibut ion t o  whi te 

c lover seed y i e l d . 

Tot a l  number o f  i n f l orescences/m
2 

at harvest 

The number of i n f lorescences/m
2 

at har v e s t  wa s con s i derably a f fected 

by spraying t ime and to a lesser extent by the date of clos ing ( Ta b l e  

3 0 )  • Novembe r c l osed pl ots h a d  the h i g h e s t  number of inf l or e s cences 
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and December c l osed pl ots the lowest . As mentioned be fore , spra y i ng 

treatments had a con s i derable e f fect on the tota l number o f  

inf lore scences . The h ighes t  number o f  i nf l orescences were present 

in t rea tments sprayed 30 days be fore c l os i ng in a l l  three c l o s i ng 

times and s igni f i ca nt d i f f erences wer e  f ound between them . The 

interact ions wer e  a l so s i gni f i cant and aga i n ,  N - 0 and N - N trea t ­

ments showed the h i gh e s t  number o f  tota l i n f l o rescence s . 

Ta ble 3 0 : Ef fect of c l osing date and t im2 of paraqua t app l i ca t ion on 

the number o f  i n f lores cences /m a t  harvest 1 98 3 - 1 9 84 

C l osing time 

Mid - October 

M i d  - November 

Mid - December 

S i gni f i cance 

LSD 5% 

1 %  

S . E . D .  ± 

o - s  o-o 

7 2 1  6 3 7  

LSD ( a ) 5% 

1% 

S . E . D . ( a )  ± 

598 

7 99 

4 4 1  

* 

2 00 . 4  

O-N 

4 3 7  

N . S .  

7 2 . 1  

2 58 . 3  

N . S .  

1 0 5 . 2  

. Pa raguat treatments 

3 0  days be fore c l o s i ng 

At c l o s i ng 

3 0  days a f ter clos ing 

S igni f i cance 

LSD 5 %  

1 %  

S . E . D . ± 

I nteractions 

Treatments 

N -O N-N N - D  D-N D - D  

9 6 3  9 3 1  5 0 3  8 2 1  3 58 

LSD ( b )  5 %  

1 %  

S . E . D . ( b )  ± 

( a ) \vhen compar ing means at d i f ferent l e v e l>  of ma i n  plots 

( b ) When compar ing means a t  the s ame l eve m of ma inplots 

8 3 5  

6 4 2  

3 6 2  

* *  

1 65 . 5  

1 1 7 . 94 

5 4 . 1  

D-J 

1 4 5  

2 04 . 5  

N . S .  

9 3 . 8  
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F l oret numbers per i n f lore s cence at harvest 

Ten r i pe i n f lorescence s we re selected a t  ra ndom f rom each plot at 

ha rvest and the means of the number o f  f l orets / i n f lore scence were 

used for s tat i s t ical a na l y s i s .  Res u l t s  are presented i n  Tabl e 3 1 .  

C l o s i ng date a ppeared to ha ve some e f f ect on the number of f l orets 

pe r i n f lorescence . Howeve r ,  t he re s u l t s  showed a tendency for h ighest 

numbers of f l orets in November closed pl ots ( 4 7 )  and l owe s t  number s  

f o l l owing a December clos ing ( 3 7 ) . S imi lar d i f f erences were obta i ned 

whe n  October and November cl osings were compa red wi th October c l os i ng 

showi ng the lowe r numbe r o f  f l orets per i n f lore scence ( 4 1 ) .  

Tab l e  3 1 :  E f fect o f  c lo s i ng date and t ime o f  par aqua t  app l i ca t ion on 

the number of f lorets per i n f l orescence at harvest 

1 9 8 3  - 1984 

C l os i ng t ime Paragua t trea tments 

Mid - October 4 1 . 2  3 0  da ys before c l o s i ng 

Mid - November 4 7 . 6  At c l o s i ng 

Mid - Decembe r 3 7 . 8  3 0  da ys a f ter c los ing 

S i gn i f ica nce * S i gni f icance 

LSD 5% 4 . 9 5 LSD 5% 

l% N . S .  1 %  

S . E . D . ± 1 .  7 8  S . E . D .  ± 

Interactions 

Treatments 

o - s  0 - 0  O-N N-O N -N N - O  O -N D-D 

4 2 . 3  46 . 3  3 5 . 0  4 9 . 3 5 3 . 6  3 9 . 7  4 8 . 3  38 . 3  

L SO ( a )  5% 7 . 88 LSD ( b )  5 %  

1 %  N . S .  1 %  

S . E . D . ( a )  ± 3 . 4 3 S . E . D . ( b )  ± 

( a )  When compar i ng means at di f ferent l eve � o f  ma i nplots 

( b )  When compa r i ng means at the same leve � of ma i nplots 

4 6 . 7  

4 6 . 0  

3 3 . 9  

* *  

4 . 5 1 

6 . 3 3 

2 . 07 

D - J  

2 7 . 0 

7 . 82 

N . S .  

3 . 59 
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t 9 5  

I n  e a c h  s e a son time o f  paraquat s praying exerci s e d  a gre at inf luenc e on 

t h e  n umb e r  of f lo re t s/i n f l o r e s c ence . P l o t s s p r aye d 30 d ay s  b e fore 

c lo sing or at c lo sing did not dif fer signifi c ant l y  from each other , but 

bo t h  p r o d u c e d  in f l or e s c e n c e s  b e arin g  mor e f l o re t s  ( 4 6 )  t h an p lot s 

s pray e d  30 day s  aft e r  c l o sing ( 3 4 ) .  The int eractions were significant 

and showe d  t hat N-0 , an d N-N t r eat ment combin ation s  g ave the highe st 

numb e r  o f  f loret s/inflore s c e n c e  ( 49 - 5 4 ) .  Tre atm e nt s spray e d  30  day s  

a ft er c l o sing , generally form e d  fewer floret s/in flore s c en c e . Del aying 

grazing or spr aying until De c ember c au s e d  t he r emoval of a proportion 

o f  t h e  fir st inf l ore s c en c e s , an d t ho s e  in flor e s c e n c e s  form e d  in t he 

s pray e d  aft ermat h t ended to have lower floret numbers ( 2 7 to 38 ) .  

I nd i vi dua l i n f l o r e s cences v a r ied great l y  in the i r  f lore t  number s  ( range 

2 0  to 7 5 )  but the mean range of f l oret number s  a cross a l l t r e a tmen t s  

wa s on l y  3 5  to 5 5  f lorets per inf l orescence . These devi a tions c lear l y  

show t he r e l a t i ve insen s i t iv i ty o f  f loret n umber t o  c los i ng a nd 

spr a y' i n g  t reatme n t s , but that t h i s  y i e l d  component wa s more h ig h l y  

v a r ia b l e  between i n f l ore scence s w i t h i n  t h e  s ame t r e a tmen t  ( Append i x  

1 1 ) . 

E f f ect o f  t rea tments on seeds/ f l oret 

The da t a  pr esented in 'fa b l e  3 2  s hows that the number of seeds / f l o r e t  

wa s g r e a t e s t  w i t h  Novembe r ( 2 . 7 5 )  o r  December ( 2 . 2 5 )  c l os i ngs . Th i s  

r e s u l t  wa s cons i s tent wi t h  data obt a i ned in t h e  previous exper imen t .  

N e i th e r  t he s pr a y ing t re atments nor t he i n t eractions ( cl o s ing x 

spr a y i n g ) presented s ign i f i c a nt d i f f erences in the number of seeds/ 

f l oret . 

Tab l e  3 2 :  E f f ec t  o f  c lo s i n g  date a nd t ime of pa r aqua t a pp l i c a tion on 
the number of s e ed per f loret at h a r v e s t  1 98 3  - 1984 

C l o s ing t ime Paraqua t  treatmen t s  

M i d  - Octobe r 1 .  2 8  3 0  da ys be fore c los i ng 1 . 96 

Mid - Novembe r 2 . 7 5  At c lo s i ng 2 . 1 1 

Mid - December 2 . 2 5 3 0  days a f t e r  c lo s i ng 2 . 2 1 

S i gn i f i cance * *  S i g n i f i cance N . S .  

LSD 5 %  0 . 4 0 1  LSD 5 %  N . s .  
1% 0 . 66 3  1 %  N . S .  

S . E . D . :t 0 . 1 4 S . E . D .  ± 0 . 1 7 
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The low seed set i n  October ( 1 .  2 8 )  c losed t reatments might be due 

to the greater g rowth of the l ea f  pet i o l e s  in compa r i son to the 

pedunc l e s  dur ing f l ower ing . Thi s  could h i nder access by bees to t he 

i n f lorescences . However , it i s  a l so pos s i bl e  that i n  these trea tments 

wea ther condit ions dur ing f lowe r i ng decrea s ing seed set by a direct 

e f f ect on bee act i v i ty . I t  i s  i nteresting that mean seed numbers 

per f l oret in th i s  expe r iment exceeded 2.  This is s imi l ar to va l ue s  

obtained by Cl i f ford ( 1 98 0 )  but i s  doubl e  t h e  va l ue obt a i ned i n  the 

prev ious exper iment . The highest value of 3 . 1 7 seeds / f l oret occurred 

i n  the N-N treatmen t .  

. I 2 
Ef fect o f  trea tments on 1000 seed we lght and seed numbers m 

U s i ng bul ked samples of seed for each c l os ing t ime a nd spra y i ng 

t r ea tme nt s ,  four seed we ight counts of 2 00 seeds each were made ( Ta b l e  

3 3 )  • N e i th e r  closing time nor pa r aquat treatment had a signi f i cant 

e f f ect on 1000 seed we ight . 

Ta b l e  3 3 :  Ef fect o f  c l os i ng date and t ime o f  pa raquat app l i ca t i on on 
1 000 seed we i gh t  ( g )  1 98 3 - 19d4 

C l o s i ng t ime Paraquat treatments 

Mid - Octobe r 0 . 5 5 9  3 0  da ys before c l os ing 0 . 5 97 

M i d  - Novembe r 0 . 5 3 3  At c lo s i ng 0 . 5 2 4  

M i d  - December 0 . 54 5  3 0  days a f ter c l os i ng 0 . 5 1 5  

.S i g n i f i ca nce N . S .  S i gn i f i cance N . S .  

LSD 5% N . S .  LSD 5 %  N . S .  

1 %  N . S .  1 %  N . S .  

S . E . D . ± 0 . 0 2 1  S . E . D .  ± 0 . 02 9  

The s e  re s u l t s  a r e  contrary to those obtained by Huxley .et a .f  ( 1 9 79 ) , 

who s uggested that seed we ight i n  whi te c lover ma kes a n  important 

contr i but ion to seed y i e l d . Howeve r ,  Z a l e s k i  ( 1961 ) did not f i nd 

s igni f i cant di f ferences in seed we i ght in some of his exper iments . 
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The present experiment shows that 1000 seed we ight acros s a l l  tre a t -

men t s  ranged f rom 0 . 46 t o  0 . 64 ( 28% d i f ference ) .  The previous 

exper iment , howeve r ,  produced, seed we ights rang i ng from 0 .  34 to 0 .  56 

across di f f erent c l os i n g  and spra y ing treatmen t s .  Th i s  represents 

a d i f ference of approxi ma te l y  40% . 

k - E f f ect of treatments on seed qua l i t y  

Nei ther c l o s i ng t ime n o r  spra y i ng t reatment a ppeared to have much 

e f f ect on the percentage of norma l seed l i ng s  ( Table 3 4 ) . I t  i s  

interesti ng , however , that norma l seedl ing perce ntages we re very l ow 

( l e s s  than 2 5% in a l l  treatments and common l y  under 1 0% ) . There wa s 

a l so a suggestion tha t treatments sprayed before clos ing gave higher 

norma l seed l ing percentag e s , par t i c u la r l y  when th i s  spra ying treatment 

wa s combined wi th an Oc tobe r c l o s i ng . 

Tab l e  34 : E f fect o f  c lo s i n g  date and t ime o f  paraquat app l i ca t ion on 
norma l seed l i ng percentage 1983 - 1 9 8 4  

C l o s i ng t i me 

Mid - October 1 4 . 1  

M i d  - Novembe r 1 1 . 3  

Mid - Decembe r 6 . 1  

S i g n i f i ca nc e  N . S .  

LSD 5% N . S .  

1 %  N . S .  

S . E . D .  ± 2 . 4 3 

o - s  0 -0 O -N N -O 

24 . 3  1 2 . 3 5 . 7  1 1 . 7  

S i gni f i ca nc e  * *  

L S D ( a )  5 %  8 . 2 9 

1 %  1 2 . 89 

S . E . D . ( a )  ± 3 . 3 3 

I nteract ions 

Trea tments 

N -N N-O 

1 3 . 8  8 . 5 

Pa raqua t t reatments 

3 0  days be fore c los ing 1 3 . 4  

At c los ing 

3 0  days after c l o s i ng 

S ig n i f i cance 

L S D  5 %  

1 %  

S . E . D .  ± 

0-N D - D  

4 . 2  5 . 8 

LSD ( b )  5% 

1 %  

S . E . D .  ( b) ± 

D -J 

8 . 3  

1 0 . 7  

7 . 5  

* 

3 . 5 2 

N . S .  

1 . 6 2 

6 . 1 0 

8 . 5 7 

2 . 7 9 
( a )  When compar ing mea ns at di f ferent l eve b o f  ma inpl ots 
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Seedl ing abnorma l i t i e s ,  we re gene r a l l y  f ew i n  number with a maximum 

o f  on l y  3 . 2 % ( Ta b l e  3 5 ) . The main types of abnorma l it i e s  wer e  seed-

l i ngs in whi ch the pr imary root wa s stunted or short and wi thout ha i r s , 

o r  gl dssy or short hypocotyls . 

A s igni f i cant re l a t ionship wa s detected betwe en c l osing t ime and the 

l ev e l  of hard see dedne s s . Th i s  wa s seen a s  a lowe r  l ev e l  o f  ha rd 

s eed format ion in ear l y  closed ( Octobe r ) treatments . Spraying a l so 

had a strong and h i gh l y  sign i f icant inf l uence ( Table 3 6 ) . The h ighest 

percentage of hard seed wa s found in trea tment s sprayed with pa raquat 

30 days a fter c lo s i ng ( except in the D -J treatment ) and the l owe st 

i n  plots spra yed a t  c l osing or 3 0  day s  be f ore c l os i ng . The leve l s  

o f  ha rd seed we re very high i n  a l l  ca s e s  ( B 4  to 9 5 % ) , except i n  the 

e a r l ie s t  c l osed and sprayed treatment ( 0 -S ) . 

Dead seed r esul ts ( Ta b l e  3 7 )  showed that the O-S treatment had a 

s ig n i f i cant l y  higher pe rcentage of dead seeds compa red wi th the rest 

of  the trea tments .  Th i s  pa r t i c u l a r  treatment also showed the highest 

percentage o f  abnorma l seedl ings , and the l owe st percentage o f  ha rd 

s eeds . Thi s  e f f ect mi ght be due to the dense canopy formed i n  the 

O - S  trea tme n t ,  whi ch might increa se the degree of dete r iora t ion o f  

the seed prior to harvest . In addi t i on ,  the seeds f ormed i n  th is 

t reatme nt would have been exposed to the f ie ld env i ronment l ongest 

before har ve st . A l l  of the se factors coul d  have af fected seed qua l i t y . 

The rest of the treatments did not show a ny sta t i s t ica l di f fe rence s . 

Apparent l y  higher s eed mort a l i ty wa s a s so c i a ted wi th ea r l y  c lo s i ng 

a nd spray ing . 

Tabl e  3 5 :  E f fect o f  c l osing date and t ime o f  pa raqua t  appl icat ion 
on abnorma l seedl ing percentage 1 983 - 1 98 4  

C l o s i ng t ime Paraguat treatments 

Mid - October 2 . 2  3 0  days be fore c l o s i ng 

Mid November 0 . 5  At c lo s i ng 

Mid - December O . t:l  3 0  days after c lo s i ng 

Signi f i cance N . S .  S i g n i f i cance 

S . E . D .  ± 0 . 24 S . E . D .  ± 

1 . 4  

1 . 4  

0 . 7  

N . S .  

0 . 3 7 



Tab l e  3 6 :  Ef f ect o f  c l os i ng date and t ime o f  pa raqua t app l i cat ion 
on hard seed percentage 1 9 8 3  - 1 984 

C l os i ng t ime Paraquat treatments 

Mid - October 8 1 . 1  3 0  day s  before c losing 8 3 . 1  

11id - November 87 . 7  

Mid - December 9 2 . 0  

Signi f i cance * 

LSD 5 %  5 . 50 

1 %  N . S .  

S . E . D .  ± 1 . 9 7 

0-0 O -N N -O o - s  

67 . 2  8 3 . 8  92 . 2  87 . 3  

S i gni f i ca nce 

LSD ( a )  5% 

1 %  

S . E . D . ( a )  ± 

* *  

' 7 .  0 8  

1 0 . 89 

2 . 88 

At c lo s i ng 

3 0  days after c l o s i ng 

S i gn i f i cance 

LSD 5% 

1%  

S . E . D .  ± 

I nteractions 

Treatments 

N - N  N - D  

84 . 8  9 1 . 0  

D -N 

9 4 . 8  

L SD ( b )  5% 

1%  

S . E . D .  ( b )  ± 

D-D 

90 . 7  

( a )  When compa r ing means a t  d i f ferent l e ve � o f  ma inplots 

( b )  When compa r i ng means a t  the same l ev e £  o f  ma inplots 

' A { � - �  

. . . 

8 6 . 4  

9 1 . 2  

* *  

3 . 2 3 

4 . 5 3 

1 .  4 8  

D -J 

9 0 . 5 

5 . 58 

7 . 8 3 

2 . 5 6 

9 9  
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Table 3 7 :  E f fect o f  c l o s i ng date and t ime o f  pa raqua t appl icat ion 
on dead seed percentage 1 98 3  - 1 9 8 4  

C l o s i ng t ime Paraguat treatments 

Mid - October 2 . 6  3 0  days be fore c l o s ing 

1'1 i cJ  - November 
Mid - Decembe r 

S i gn i f i ca nce 

LSD 5% 

1%  

S . E . D .  ± 

o - s  0 -0 

5 . 3  1 . 7  

S i gn i f i cance 

LSD ( a )  5 %  

1 %  

S . E . D . ( a )  ± 

O-N 

0 . 8 

0 . 4  

1 . 1  

* *  

1 . 2 1 

2 . 0 1 

0 . 4 4 

* *  

1 . 9 3 

2 . 8 7  

0 . 8 2 

N-O 

0 . 7  

At c los ing 

3 0  days after 

S igni f i cance 

LSD 5% 

1 %  

S . E . D . ± 

I nteraction s  

Treatments 

N-N N-D 

0 . 5  0 . 2  

D-N 

0 . 3  

LSD ( b )  5 %  

l %  

S . E . D . ( b ) ± 

c l osing 

D - D  

2 . 3  

( a )  When compar i ng means at a d i f ferent l e v e �  of ma inplots 

( b ) When compar ing means at the s ame l ev e �  o f  ma inplots 

D-J 

0 . 7  

2 . 1  

1 . 5  

0 . 6  

* *  

1 . 08 

l .  5 1  

0 . 49 

1 . 87 

2 . 6 3 

0 . 86 
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1 - Re l a t ionship between seed y i e l d  and seed yi e l d  components 

Ta b l e  3 8  l i sts the correlat ion coe f f i c ients for the r e l a t i onship 

between seed y i e ld a nd some o f  the seed y ie ld components measured 

i n  the f i e l d  in 198 3 - 1 98 4 . The total numbe r o f  inf lorescences produced 

gave high corre l a t i on coe f f ici ents wi th seed yield at a l l  c l os i ng 

times a nd in a l l  spray ing treatments e xcept when spr a y  appl i ca t i on 

wa s carr i ed out 3 0  day s  be fore clos ing . The s e  var i ed f rom +0 . 7 2  to 

+0 . 96 .  I t  wa s e s t imated tha t 6 2 %  to 9 2% o f  the tot a l  var i a t i on in 

seed y i e l d  is exp l a i ned by the est ima ted l inear regre s s i on o f  

i n f l orescence numbe r s . 

Ta b l e  3 8 :  Corre l a t ion coe f f i cients between seed yield and yield 

components f rom plots c l osed a t  di f fe rent dates a nd 
sprayed with paraquat 

C l o s i ng t ime I n f l ore scence 

( m
2

) 

Mid - Octobe r +0 . 7 2 *  

Mid - November +0 . 9 5 * *  

Mid - December +0 . 96** 

Pa ragua t treatments 

30 

At 

30 

* 

* *  

days be fore 

c l os i ng +0 . 69 

c l osing +0 . 86 * *  

da ys a fter 

clos i ng +0 . 86 * *  

S i gni f i cant a t  5 %  leve l 

S i gni f icant a t  1 %  leve l 

Corre l a t ion coef f i cient 

Flore t s / i n f lorescence 

+ 0 . 06 +0 . 48 

+ 0 . 9 3 * *  +0 . 7 5 *  

+ 0 . 86** +0 . 8 6 * *  

+ 0 . 5 8  + 0 . 9 4 * *  

+ 0 . 8 1 * *  +0 . 9 2 * *  

+ 0 . 7 5* +0 . 84 * *  
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More product i ve treatments we re a l so characteri sed by the product i on 

of i n f l orescences bea r i ng re l at iv e l y  high numbers of f l orets . H igh l y  

sign i f i cant corre l at i o n  coe f f i c ients , from +0 . 9 3 t o  +0 . 86 for November 

and December c l os i ngs and from +0 . 81 to +0 . 7 5  for sprayi ng treatments 

wer e  re corded . The excepti on wa s a ga i n  the trea tment wher e  spray 

app l ication wa s c a r r i ed out 30 days be fore clos i ng . The r e s u l ts 

show genera l l y , that i n f l orescences wi th more f lorets tend to produce 

more seed . 

H ig h l y  s i gni f i ciant corre l a t i on coe f f i c i ents we re obtai ned betwe en 

seeds / i nf lorescence and seed y i e l d  for November and December c l os i ng 

date s  and between the diff erent t imes o f  par aquat app l i ca t i on .  Th i s  

response indicates t h e  importance o f  pa raquat a s  a mana gement tool 

to i ncrease seed set and seed y i e l d .  Aga i n ,  the ea r l y  closed treatment 

( Oc tobe r ) produced fewe r seeds per f lore t ,  re i n forcing th i s  treatme nt ' s  

genera l l y poor per forma nce . 

C - D I SCUSS ION 

Paraqua t spra y ing wa s part i c u l ar l y  e f f ective 

in a mi xed gra s s : c lover swa rd .  The reduced 

growth fo l l owi ng spraying wa s r e f l e cted i n  

i n  contro l l i ng g r a s s  

compe t i t ion f rom g r a s s  

h igher seed y i e lds , 

par t i cu l a r l y  when s praying wa s ca rr ied out at c losing or 3 0  da ys be fore 

c lo s ing and wher e  spraying wa s a ssoc iated w i th ear l y  c l os i n g  date . 

The suppression or retardat i on of whi t e  c lover plant recovery i n  plots 

spr a yed 30 days a f t e r  closing had a de l e terious e ffect . The dead 

mul ch created by this spra y ing treatment ca used a ser ious reduc t i on 

in both the vege ta t i ve and reproductive growth of white c l ove r . P l ants 

wh i ch we re not sprayed showed severe compe t i t ion by gra s se s  on whi te 

c lover growth a nd dev e lopment , part i c ul ar l y  fol l owing c lo s i ng i n  

Sept ember or October .  Other authors ( Bl ood 1 9 6 2 , Sharp 196 8 ,  Za l es k i  

1 9 7 0  a nd C l i f ford 1980 ) have a l so shown t h a t  spra y i ng a mi xed swa rd 

with pa raquat can check grasses , thus producing bet te r  domi nat i on 

by the c lover . These investigations showed that swa rds app l i e d  wi th 
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the herbi cide produced higher seed yie l d  than those unsprayed . Scott 

( 1 9 7 3 )  s ugges ted the appl i cation o f  pa raqua t in l ate September or 

ea r l y  October . In fact , he recommended grazing the swa rd unt i l mid­

September fo l l owed by spra ying \vi th paraquat in ea r l y  October . He 

doe s not re commend appl i cation later than this time because pa raquat 

may damage or depres s  white cl over regrowth and subs equent f lowe r i ng . 

Howe ve r ,  soi l  t ype has a strong inf l uence on the length of t ime in 

the spring dur i ng wh ich the crop can be grazed . Seed crops grown 

on he a v y  or med i um soi l s  with a good supp l y  of mo isture and nut rients 

can b e  c l osed or sprayed later than those on l igh t ,  dry soi l s  ( Jo l ly 

1 9 5 7 , Scott 1 9 7 3 ) .  

Pea k flowe ring wa s de la yed by l ate c l o s i ng , a l though de l ay i n g  c lo s i ng 

unt i l  December resul t ed in a reductiori  i n  the variat i on i n  pea k  f lowe r­

ing date between s praying t reatments . These results a r e  not in 

ag reement with those prev ious l y  obta i ned by Ro ssiter ( 1 9 7 2 )  and H agon 

( 1 9 7 3 ) in subterranean c love r ,  which showed that cutt ing prior to 

inf lorescence i n i t i a t ion de l ayed t h i s  event but did not a l te r  the 

time of peak f l ower ing compared with an unde fol ia ted contro l .  Howeve r ,  

in white c l over , more recent work b y  Thomas ( 1 98 1 b )  ha s indicated 

that late de fol i a t i on ( e . g .  mid-November )  de l ayed f lowe ring a nd 

inf lorescence forma t i on .  These responses are not surpr i s i ng because 

defol i a tion causes a br ie f ce s sa t i on of growth as we l l  a s  a reduct i on 

in storage food unt i l  photosynth e s i s  i s  ree stabl ished at a l ev e l  that 

mee ts the growth requi rements of the plant ( Harr i s  1 9 7 8 ) . Hence , 

i t  i s  to be expe cted that de fol i a t i on ca uses an i n i ti a l  reduc t i on 

i n  s to lon e l ongat ion and there fore a de lay in the date o f  peak 

f l owe r i ng .  

The two yea r s  o f  the f i e ld expe ri ments were qui te d i f ferent 

c l i ma t i ca l l y .  The f i rst year ( 19 8 2 / 3 )  wa s wet ,  cool and wi ndy compared 

with the second year . These d i f ferences we re re f l ected in the number 

of seeds formed per floret ( seed set ) . Fol lowing the gene ra l l y  less 

favourable c l imate duri ng pol l i na t i on i n  1 9 8 2 / 8 3  seed set wa s l ow 

( approxima t e l y  1 seed / f loret ) .  Thi s  re sponse is not s urpr i s ing because 

whi te clover needs f a vourable cl imate conditions for seed set , whi ch 

inc l ud e s  a dry per iod , low wi nd speed and clear da ys dur ing f l ower i ng 
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( W i n  Pe 1 9 7 8 ) . Furthermore ,  i f  ra i n  fa l l s  dur i ng the max imum f lowe ring 

per iod ( November or December in Pa l me r s ton North ) seed set may a l so 

be de creased by exce s s i ve vegeta t iv e  growth of gra s s  and c l over ,  

wh i ch prevents . acce ss by the po l l inator t o  the f lorets ( C l i f ford 1 9 80 ) . 

I n  the next year exper iment ( 1 9 8 3 / 8 4 ) more suitable cond i t ions dur i ng 

po l l ination ( Novembe r ,  De cember & January ) we re ref lected in a seed 

s e t  of approxima t e l y  2 ( and up to 3 . 5 )  s eeds per f loret . These second 

year resu l t s  compa re fa vourabl y  with va lues recorded by C l i f ford ( 1 97 9 ) . 

N everthe l e s s , even the h ighest v a l ues obta ined are 

con s i de r i ng that 

1 9 8 l c ) . Th i s  

genera l l y  6 

s uggests tha t 

ovu l e s  

even 

are 

under 

present per 

apparent l y  

a poor resu l t  

f l oret ( Thomas 

good c l ima t i c  

condi tlons f or po l l ination and seed set ,  cons iderable wa s tage occurs 

between potent i a l  a nd f ina l seed numbers per f l oret . 

The resul t s  o f  the f i rst f i e ld exper iment showed a good corre la t i on 

between vegeta t i ve dry we i ght of c l over , sto l on l ength and LAI . As 

expl a i ned befor e ,  a l l  these cha racters are depres sed a f ter de fo l i a t ion . 

S i m i l a r  resul t s  have been reported by Kn i ght ( 1 95 3 ) , Mitche l l  ( 1 9 5 6a , b ) 

Brougham ( 1 9 58 ) , Pa scoe ( 1 97 3 )  a nd Cl i f ford ( 1 985 ) in wh i t e  c love r .  

However , there wa s a genera l l y  poor c orre l a t i on betwee n  c l over dry 

we i ght and bra nching number s ,  part i cu l a r l y  in the highest seed yie lding 

treatment ( N -N ) .  I t  i s  l i kely that the lack of re l a t i onship betwe en 

those characters is due to the reduction of bra nch i ng in the summer 

a s  a direct e f fect of temperature ( Be inhart 1 9 6 3 ) ,  wh i l e  the 

n umber of l eaves tends to i ncrease dur ing this sea son ( Thoma s 1 980a ) .  

Branch production wa s 

e a r l y  c l os i ng . Th i s  

a s s oc ia ted w i t h  high 

a f fe cted 

character , 

seed y ie l d .  

b y  c l o s ing da te , 

howeve r ,  seemed 

being 

not 

e ncouraged by 

to be c lose l y  

s i de branch i n g  to be lower in l a te 

There wa s a te ndency , however , for 

( N - O  and D -J )  treatments . S imi l a r  

r e s u l t s  wer e  f ound i n  whi te c l over by Be i nhart ( 1 96 3 ) . Accordi ng 

to t hem , bran ch i ng f requenc y  wa s great e st in the spr i ng ,  and lowe st 

in t he s ummer . These changes cou l d  be exp l a i ned as a resul t of an 

i ncrease o f  f l owe ring during the summer ( Thomas 1 980a , C l i f f ord 1 9 8 5 ) ,  

because i t  i s  imposs i b le for the formation of .;1n i n f l o re s cence and 

a branch to occur a t  the same node . I n  fact , the deve l opment o f  

i n f lorescences provides a new s i nk s ource wh ich might b e  expected 
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to be undergo i ng rapid ce l l  divis ion a nd to have high me tabo l ic rates 

whi ch may inh ib i t  branch ing forma t i on ( Ha rvey 1970 ) . H igh seed yie l ds 

wer e  obta ined i n  both years f rom plots c losed in Novembe r .  I n  the 

f i rst year plo t s  c l osed in November and sprayed in October were h i ghest 

y ie lding,  wh i le in the se cond year November cl osed pl ots sprayed in 

e i ther October or November were best ( F igure 7 ) .  Howe ve r ,  de laying 

c l osing and spr a y ing unt i l  December r educed seed y i e l d ,  w i th l a te 

spraying being more damag ing than l a te c l o s i ng . The s i tuat ion i n  

the f i rst yea r ,  however , suggested tha t c l osing cou l d  b e  de l a yed unt i l  

December provided c l ima t i c  cond i t i ons encouraged white c l ove r growth 

into the summer . In th is year the treatment sprayed in November and 

c losed in December ( D -N )  a l so produced high seed y i e l ds . I n f l ore scence 

numbers were a l so a f f ected by l a t e  c l o s ing or spray ing . Genera l l y ,  

the ma jor e f f ect wa s seen fo l l owing s pray ing wi th pa raquat 30 days 

be f ore c los i ng or at c l os ing . By comparison the e f f ect of c losing 

date wa s r e l a t i ve l y  mi nor . The a bove results are corroborated by 

the work o f  Haggar e t  a f  ( 1 96 3 )  i n  white c love r ,  who f ound that 

conti nuous g ra z ing by sheep dur i ng spring increa sed the numbe r of 

i n f lorescences per unit a rea and f i na l  seed yie l d .  C l i f ford ( 1 980 ) 

a l so found tha t ,  with adequate soi l mo i sture , frequent gra z ing unt i l  

mid November gave the best seed y i e l d ,  a s  we l l  a s  the max imum 

concen tra t i on o f  inf lorescences in compari son with ea r l ier c lo s i ng 

dates . I n  other experiments , C l i f f ord ( 1979 ) a l so showed that 

de fol iat ion a ft e r  mid-N ovember c a used a dramat i c  r eduction i n  

i n f lorescence numbers and seed yie l d .  

The number o f  f lorets per inf l or escence wa s found to b e  re l a t i v e l y  

i nsen s i t i ve to the timing o f  c l os i n g  or spray ing . Howeve r ,  unsprayed 

treatments invar iably res u l ted in l ow f loret numbers pe r i n f lorescence . 

Thi s  pre s umab l y  re f l e cted the compe t i t ive e f fect o f  gra ss component 

on reproduct i ve deve l opment . Simi l a r  resu l t s  we re obta i ned by Za l e s k i  

( 1964 ) who f ound that one of t h e  ma i n  e f fects o f  de f o l i a t ion we re 

on the number of f lorets produced per inf lorescence . Unde fo l i ated 

c lover had l owe r numbers of f l orets whi le the dif ference between ear l y  

a nd l a t e  de f ol i a t ion wa s not s i gn i f i ca n t . 
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Figure 7 Effect of closing time and paraquat treatments on seed yield 
per unit area (g/m 2 ) .  Two year experiments. 
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The r e  appeared t o  b e  a compl ementary o r  compensatory e f fect between 

seed set and seed we ight . In the f i rst year , seed we i ght wa s an 

important component of seed y i e ld but seed number s  per head we re 

compa r a t i ve ly unimportant . In the second year the reverse trend 

occurred . Al though seed we i gh t  wa s not g enera l l y a f f ected by 

treatments , values for t h i s  component we re approxima t e l y  2 5 %  h igher 

than in the f i rst year . The f irst year results we re characteri sed 

by low seed set and high seed we i ght . The second year results we re 

mor e  a f f e cted by h igh seed set but lower seed we ight . Gaspar 

e.:t af ( 1 98 1 ) reported the same trend in wh ite clover and pointed out 

tha t there is a tendency for the clover plant to compensate for low 

numbers o f  seeds/ f l oret by increas i ng seed we i ght and v ice -vers a . 

The components o f  seed qua l it y  were variable betwe en treatment s .  

The general t rend howeve r ,  wa s for a l l  seed samp l e s  to exh i b i t  low 

l eve l s  o f  norma l seedl i ng s ,  a bnorma l seed l i ngs and dead seed , a nd 

h ig h  l eve l s  o f  hard seed . There wa s a l s o  a tendency for uns prayed 

treatments and seed harvested ear l y  ( 25 days a f te r  peak f lowe r i ng ) 

to s how poorest seed qua l i t y . One character i st i c  whi ch i s  r e l ated 

to s eed matur ity in whi te c l over i s  hard seededn ess . According to 

Hyde ( 1 9 5 0 )  h ard seed lev e l s  increase w i th seed age at harves t ,  unt i l  

on t he 2 5th day 96% o f  the v iable seeds are hard . Howe v e r ,  under 

comme r c i a l seed production cond i tions the hard seed pe rcentage changes 

w i t h  env i ronmental condit ions ( Zaleski 1 97 0 )  • In genera l ,  the dri er 

the atmosphere i n  which the seeds r i pen the greater the amount of 

hard s e ed produced . Thu s ,  seed r i pened at a r e l a t i ve humidity of 

7 0 %  a l l  a cqui red the abi l it y  to germi nate w i th i n  5 months , whi l e  those 

r i pened at 30% relative humidity s ti l l  showed 9 7 %  hard s eededne ss 

a f t e r  1 8  months storage ( Hyde 1 9 50 ) . There fore , i t  i s  possible that 

whi te c lover seeds whi c h  r i pe n  in h u m i d  weather or beneath dense 

f o l iage wi l l  show reduced and sha l lowe r h ar d  seededne s s ,  whereas 

seeds r i pe n i ng under dry cond i t ions ma y rema i n  dormant for a longer 

per iod . 

One interesting feature of the s e  f i e l d  experiments was the unex pected l y  

poor r e lat ionsh ip establ i shed between vegetative characters such as 

node numbers , number of termi na l buds and latera l branch deve l opme nt 
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a nd seed yie l d .  Thi s  wa s par t icular l y  surpri s i ng ,  s i nce many other 

workers have shown the importance of a strong vegetati ve structure 

to provi de h igh numbers of site s  for i n f l orescence deve l opment 

( Be inhart ei a£ 1 96 3 ,  Za l e s k i  1 97 0 ,  Thomas 1 980a ) .  



CHA PTER I I I  

STUDY O F  THE GROWTH PATTE RN O F  HU I A  AND THE EFFECT OF CUTT ING AND 

PARA Q UAT ON ITS REP RODUCT IVE DEV ELOPMENT AND SEED Y I ELD 

A - TH E I M POHTANC E  OF PLANT STRUCTUR E  O N  S EE D I N G  POTENTIAL AND Y I ELD 

1 - l 11 t rorluc: t i o n  

1 u 9  

T l w  pot e n t i d l  s et�d y i e l d  o f  a p l a n t  i s  de te rmi ned uy i t s  veg e ta t i ve 

g rowt h a nd deve l opme n t ; by the pro f usene s s  of i t s  i n f l or e sc e n ce 

produc t ion ; by t he e f f i cacy of the pol l i na t i ng agent ; and by the 

compl e t e ne s s  o f  s e ed f orma t i o n  and deve l opmen t . The p r i m a r y  

deve l opmenta l f a c t o r s  i n f l ue nc i ng pot e nt i a l  seed y i e l d  a re t ho se 

con tro l l i ng t he i n i t i a t i on of t he i n f l o r e s c e n ce and i t s  growth . I n  

cond i t i on s  s u i t a b l e  for i n i t i a t ion the seed production capa ci t y  i s  

determi ned by the n umber o f  i n f l orescence f ormed , the n umber wh i ch 

deve l op to anth e s i s ,  t he number o f  ovu l e s  i n  each f l oret , a n d  t he 

f e r t i l i ty of po l l e n  a n d  embr y o  sacs ( Za l e s k i  1 964 , Thoma s 1 961 a , b , d ,  

1 9 8 l a , c ) . S ubseq ue n t l y ,  seed y ie l d  i s  a f unct ion o f  e f f ec t i ve 

f e r t i l i sa t i on ( seed s e t ) , a nd seed deve l opme n t  to matur i t y .  

A cons i rlP rr� h l P number o f  i nves t igat ions have bee n ca r r i ed out i n to 
environ m ental 

�: ne _A t a ct.ors a f f ec t i ng po l l i nat ion of i n f l ore scences by bee s ( Boha rt 

1 960 , Pa lmer e.t u l  1 96 2 ,  Haggar et al 1 96 3 ,  Chapman and Carter 1 9 7 6 ,  

and W i n  P e  1 9 7 8 ) and t h e  ro l e  o f  i n f lorescence deve l opme n t  a s  a f a ctor 

set t i ng the i n i t i a l  l im i t s on poss i b l e  seed y i e l d  ( Za l e s k i  1 964 , 1 9 7 0 ,  

C l i f f ord 1 9 7 9 ,  1 9 d0 , a n d  Thoma s 1 980a , l 9 8 l a , b ,  c ,  1982 ) .  I n  a dd i t i on , 

i t  h a s  been a s s e r ted that beca use seve r a l d i f ferent genotypes may 

e x i s t wi t h i n  a sma l l  a r ea there ma y be con s i de ra b l e  va r i a t i o n  i n  p l a n t  

mor pho l ogy and f l owe r i ng behaviour ( Kn i g h t  1 9 5 3 ,  Be i nhar t  e t  al 1 9 6 3 ,  

a nd Bu rdon 1980 ) , a s  we l l  a s  i n  the r e s pon se o f  i nd i v idua l pl a nt s  

to the env i ronment . 

'l'he pre sent i nv e s t i g a t ion wa s unde rta k e n  t o  obse rve cha n g e s  i n  

' G r a s s l a nds Hu i a ' w h i t e c l over g rowt h i n  a f i e l d  at Pa l me r s to n  Nor t h  

i n  r e l a t i on t o  i t s  vegeta t i ve a n d  reproduct i ve pa ttern o f  g rowth a n d  

de ve l opment , and to compa re Lhe re sponses of two di f f er e nt genotype s .  
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Thi s  work wa s a l s o  ca rr ied out to try to c l a r i fy some of the resu l t s  

obta ined in the pre vious two f i e l d  experiments ( Chapter I I ) .  

2 - Mater i a l s  and Methods 

a - Exper imenta l s i te a nd f ie l d  procedures 

Two white c lov e r  p l a n t s  grown f rom ' Gr a s s l ands 

an e s tabl ished 

in May 1 984 . 

Huia ' breede r ' s  seed , 

f ie ld at Gra s s la nds 

The se plants we re 

de signated as genotype I and 

l i ne C 3 08 5 ,  were obta ined f rom 

Divis ion , DSIR Pa lmerston North 

trans ferred to the glasshouse and we re 

genotype I I .  Cutt i ng s  compr i s i ng 4 to 6 emerged nodes from each plant 

were taken at the end of May and we re held in an unheat ed glas shouse 

at the Seed Te chnology Centre for approxima te ly 4 weeks . Du ring th i s  

time they became we l l  rooted . The plants were grown i n  3 0  x 4 0  x 

6 cm3  p l a s t i c  germinat ion trays in a 5 : 2 : 3  mi xture of sand ,  soi l  and 

pea t .  Da i l y  g l asshouse tempera ture averaged l 8 ° C  maximum and l 3 ° C  

min imum during May ,  and l 4 ° C  ma ximum and l 0 °C minimum during June . 

On Ju l y  l s t ,  5 0  plants o f  s imi lar s i ze f rom each genotype we re 

tra nspl a nted to the field at Ma ssey Univers i t y  using a square pl anti ng 

of 60 cm.  The soi l type wa s a Tokoma ru s i l t  loam wi th s imi l ar 

characteristics to those o f  pre v ious experiments ( Appendix 1 ) . The 

1 9 8 4 / 8 5  year wa s character i sed by gener a l l y  low rainf a l l  except i n  

January ,  warmer condit ions ( + l . 4 to· l . 9 °C ) , and l ow wind speeds duri ng 

f lowe r i ng i n  November , December a nd January .  C l ima t i c  condi t i ons 

during the exper imen t  are compa red wi th the 20-year averag e  i n  Appendi x  

1 2 .  

Weeds were removed by hand every 1 5  days from the expe rimenta l s i te 

dur ing the growi ng sea son . The plants were a l so sprayed wi th ma l a thion 

a t  1 kg a . i . /ha and phorate a t  2 kg a . i . /ha to control aph i s  and stem 

weev i l ,  respe c t i ve l y .  



l l l  

INFLORESCENCE 

Fert i l ised 
Floret a 

Figure 8 :  Vegetat i ve and f lora l organs of a wh i te c lover plant 

( Bean 1 978 and Thoma s 1985 ) 

Def i n i t ions : 

MS = 

LS 
LB ... 

Pe -

s = 

TL = 

1 . 2 . 3 .  

AB = 

TB = 

I = 

p = 

F = 

RN = 

R = 

UL = 

Ma i n  s tolon ( stolon wi th a t  l east 8 emerged node s ) 

Latera l stolon ( stolon with more than 4 node s wi thout root system ) 
Lat e r a l  branch ( vegetat ive outgrowth with 2 or 3 unfolded l eaves ) 
Pet i o l e  ( l ea f sta l k ) 
S t i pu l e  ( appendage at the ba se of l eave s ) 

T r i f o l iate l e a f  ( lea f with three l e a f lets ) 

• • •  nodes = node number 

Ax i l lary bud ( vegeta t i ve shoot in l ea f  axil with 2 unfolded l eaves ) 

Terminal bud ( termina l w i th 6 or 7 unemerged nodes a nd an apica l 

mer i s tem ) 

I n f l orescence ( Round i sh capi tulum be ar ing f lorets ) 

Peduncle ( i n f l oresce nce sta l k ) 

F l oret ( compl ete f lower with ca l y x ,  coro l l a , stamens , a nd one 
carpe l ) 

Rooted node ( node with adve n t i t ious root system ) 

Root 
Unfolded l ea f  
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b - P l a nt measureme nts 

The diagram and key shown in Figure 8 i s  used to describe the v ar ious 

veget a t i ve and reproduct i ve structures of the whi t e  c l over p l a nt 

re f erred to i n  thi s  study . I n  the f i eld 5 0  ma i n  stolons o f  each 

genotype were mar ked on 1 Ju l y  using coloured stapl e s  pl a ced 

immedi a t e l y  behi nd the node bea r i ng the youngest unf olded leaf . 

process wa s repea ted a t  monthl y  interva l s  unt i l  seed harvest . 

Thi s  

Each 

new marking wa s car r i ed out us ing di f ferent coloured staples and wa s 

made on the or igina l ma in stolons . 

The fol lowi ng vegetat i ve measurements were taken ea ch month f rom ma rked 

stolon s : 

Number of node s emerging f rom the termina l bud o f  ea ch ma i n  sto l on 

{ N )  

I nc rea se in length of ma i n  sto lons 

Number of lateral stolons formed on ma i n  s tolon { L )  

Number of lateral branches formed on ma i n  stolon { B ) 

Number o f  axi l l ary buds on ma i n  s to lon { X ) . Thi s  data wa s 

ca l cu l a ted by s ubtracting the tota l number of nodes ( N )  f rom node s 

with l atera l s tolons { L ) ,  p l us node s wi th latera l branches { B ) , 

plus node s with inf lorescences { I )  a ccording wi th the formu l a : 

X =  N - ( L  + B + I ) .  

Number of rooted nodes formed on a ma i n  stolon . 

I n  addit i on , every 1 5  days from August 1 s t , the number of unexpa nded 
• 

leaves and lea f pr imordia pre sent in the termina l apex wa s determi ned 

by m icroscopic examination of 10 dis sected stolon a pi ces f r om each 

genotype at a magni fi ca tion o f  40 x .  

T h e  fo l l owing reproduct ive mea s urements were taken : -

I n f lore scence initiation wa s determined every 1 5  days by di ssection 

of 10 sto lon apices and e xaminat ion of them unde r a mi croscope 

a t  a magn i f i cation o f  x 40 . Scan n i ng electron microg ra ph s  we re 
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t a ke n  a t  d i f ferent stages o f  i n f l orescence dev e lopment . 

Twe nty stolon api ces were s e lected at each observation date and 

the number o f  nodes bea r i ng i n f lorescences and the i r  pos it i on 

re l at ive to the apica l mer i stematic dome was recorded . Est imat ed 

t ime s o f  inf l or escence i n i t i a t ion were ca l cu l ated as described 

by Thoma s ( 1 9 79 ) . He has shown that from counts o f  the number 

of nodes emerging per month , the number of days needed to form 

a node can be ca lculated for ea ch month . Data f rom dissections 

can be used to determi ne i n  wh ich node of the t e rminal bud the 

i n f l ore scence is located i n  relation to the a pex . Therefore , 

the date o f  f l ower ini t ia t i on can be estimated from the formu l a : 

Where t 

t S - y X 

date o f  the inf l orescence i n i t i a t ion 

s = date of samp l i ng of the termi n a l  bud 

y number o f  da ys needed to form a node 

x the node in the terminal bud whe re the i n f lorescence 

i s  located at the t ime o f  the d issect ion 

I n  a sample o f  1 0 ma rked i n f l ores cences , the patte r n  of 

i n f lore scence deve lopment f rom eme rgence to harvest wa s a l so 

observed . Photographs i l l u strating the sequence o f  dev e lopment 

wer e  taken . 

The number of emerged i n f lorescences present pe r month on a ma in 

s t olon and on l atera l s to l ons wa s determined by count i ng the number 

of i n f l orescences present at harves t  between the stapl e s  used 

t o  ma rk sto lons as des c r i bed ear l ie r . 

Peak f lowering wa s dete rmi ned by counting the number o f  whi te 

i n f lore scences present pe r  week in two 5 0  x 50 cm
2 

quadrat s .  

The l e ngth o f  pedun c l e s  on ten inf l orescence s i n  whi ch the coro l l a  

o f  the f loret had turned brown wa s measured . The length of the 

pet i o l e s  on the subtending lea f and the number of f l orets on the 

i n f l ore scence wa s a l so mea sured in each genotype every 1 5  days 

f rom October to February . 
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The number o f  ovules/ovary for each g enotype wa s counted i n  ten 

whi te f lorets taken at random f rom 10 i n f lor e scences every 1 5  

days f rom October to Fe bruary . 

The number o f  fert i l i zed ovules per ovary in each genotype wa s 

determined at 2 weekly interva l s ,  using 1 00 f lorets t a ke n  a t  random 

f rom 1 0  i n f lorescence s in which both the corol la and pedun c l e s  

wer e  brown , and fu l l y formed seed cou ld b e  rubbed o u t  i n  the hand . 

As the method initia l l y used for count ing ferti l i zed ovul e s  wa s 

very tedious and slow,  a system wa s deve loped whi ch empl oyed x -ray 

photography . The sel ected f lorets were pl aced on a polaro i d  f i lm 

t ype 5 5  and then t rans f e r r ed to the x-ray equi pmen t  ( Hewlett 

Packard. Mode l 4 3804N ) and exposed at 3 5  KVP a nd 3MA for one 

minut e . 

2 
The total number of i n f lorescences pre s ent in two 5 0  x 50 cm 

quadrats wa s recorded 30 days a fter the pea k  f l owe r i ng . 

The number o f  f loret s / i n f l orescence at harve st wa s determi ned 

by counting the f lorets on 10 i n f l orescences at harvest t ime . 

The number o f  seeds / f l oret wa s ca l c u l ated f rom 1000 seed we ight 

( SW ) , seed y ie l d  ( SY ) , number of f lorets per i n f l orescence ( NF ) ,  

a nd the number o f  i n f l or e s c ence s ( NI ) /m
2

, according to the formu la 

used in prev ious exper ime n t s  ( Chapter 2 ) . 

1 0 0 0  seed we i ght wa s det e rmined by the method pre scr i bed in the 

I nternational Rules for Seed Te sting ( I STA 1 97 6 ) .  

Seed y i e l d  wa s obt a i ned f rom the tota l number o f  inf l or e s cences 

prev iou s l y  c a l culated . These i n f l orescences we re threshed us i ng 

di f f erent s i zed . sieves and the inert ma tter wa s removed by means 

o f  a vert i c a l  column a spira tor ( Burrows 1 8 3 6 - 4  l a bo ratory b l owe r ) .  

S t a ndard errors were ca l cul a ted at each sampl ing dat e . 
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3 - Re s u l t s  

a - Vegetat ive growth and deve lopment 

The r e l a t ionship between the rate of node appearance and time of the 

year i s  shown in F igure 9 and Table 3 9  f or the two genotypes used . 

I n  genera l ,  the rate of node appearance i ncreased f rom an a verage 

of a bout 2 or 3 per month between Jul y  and September to a bout 5 .  5 

per month in October and a maximum o f  7 .  7 to 8 .  2 node s in January . 

There we re r e l a t i ve l y  sma l l  d i f ferences between the two g enotypes 

i n  t h i s  regard . Ba sed on t he stolon l e ngth data ( Figure 1 0  a nd 

Append i x  1 3 )  the rate o f  e l onga t ion wa s very sma l l  duri ng the spr i ng 

months , August to September .  Subsequen t l y ,  stolon e l ongati on showed 

a marked i ncrease f rom October to December , fol lowed by a ce ssation 

o f  growth i n  January . O f  particular i nterest wa s the i nc r ea s i ng 

d i f ference between genotype s i n  the rate of stolon e l ongat i on dur i ng 

N ovember and December . The stol ons o f  genotype I I  h ad stopped extend­

i ng by N ovember . 

The number o f  l atera l s to l ons wa s recorded at the t ime o f  harvest 

on February 1st ( Fi gure 1 1  a nd Ta bl e 3 9 ) • Accordi ng to these resul ts 

the number o f  l a teral  stolons produced per month f rom July to Octobe r 

d id not change dra stica l l y dur i ng the season . From October to January , 

however , there wa s a constant decrease in the number o f  latera l stolons 

unt i l  t he e nd o f  Januar y  when very few new l at e r a l  stolons we re 

obs erved to deve lop . The r e s ponse of each of the two genotype s  wa s 

very simi lar throughout the expe r iment . The percentage o f  nodes tha t  

bore l a tera l stolons in each month (
Number of latera l stolons 

x l OO ) 
number of nodes 

wa s a l so calcu l ated using data f rom Appendi x  1 4 .  I t  wa s pos s i b l e  

t o  determine f rom dissected samples taken i n  February tha t 7 7 %  to 

99% of node s formed between Ju l y  and September formed l ateral s to lons . 

The pe rcentages decreased f rom 4 4 %  to a lmost 0 %  f rom October to 

January , respe c t i ve l y .  A s imi l ar trend wa s found i n  each genot ype . 
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A u g  S e p  O c t  
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N o v  

Q Genotype I 
� Genotype 1 1  

Dec J a n  

N u m ber of nodes emerg ing f rom t h e  t e r m i n a l  b u d  o n  m a i n  
sto lons  p e r  month . 
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Aug Sep Oct 

( Month) 

Nov 

0 Genotype I 
� Genotype 1 1  

Dec 

Total  number of lateral stolons present in  February at nodes 
which emerged from terminal buds on main stolons from 
July to January.  

t 

Jan 



Month 

July 
Aug 
Sept 
Oct 
Nov 
Dec 
Jan 

July 

Aug 

Sept 
Oct 

Nov 

Dec 

Jan 

Jul 
Aug 
Sept 
Oct 

Nov 
Dec 

Jan 

Number of 

nodes on 

ma i n  stolon 

2 . 2 5 ± 0 . 50 

2 . 5 5 ± 0 . 3 1 
3 . 04 ± 0 . 6 1 
5 . 8 1 ± 0 . 4 5 

6 . 6 1 ± 0 . 3 7 
7 . 4 6 ± 0 . 4 8 
7 . 9 2 ± 0 . 4 6 

2 . 00 ± 0 . 1 4  

2 . 3 5 ± 0 . 1 2 

2 . 96 ± 0 . 4 1 

5 . 4 5 ± 0 . 3 2 

6 . 5 3 ± 0 . 2 5 

7 . 80 ± 0 . 2 8  

8 . 1 9 ± 0 . 2 8 

2 . 50 ± 0 . 3 5 
2 . 7 5 ± 0 . 3 5 
3 . 1 2 ± 0 . 2 5 

6 . 1 6 ± 0 . 60 

6 . 7 0 ± 0 . 56 
7 . 1 4 ± 0 . 44 

7 . 65 ± 0 . 5 1 

Numbe r of 

l a teral stolons 

on ma in stolon 

2 . 2 3 ± 0 . 20 
2 . 1 9 ± 0 . 1 5  
2 . 2 5 ± 0 . 1 1  
2 . 5 3 ± 0 . 1 4  

1 .  7 5  ± 0 . 1 9 

1 .  0 4  ± o .  09 
0 . 5 1 ± 0 . 1 0 

2 . 2 5 ± 0 . 1 8  

2 . 2 8 ± 0 . 1 1 

2 . 2 7 ± 0 . 1 4 

2 . 56 ± 0 . 3 7 

1 . 80 ± 0 . 2 8 

1 . 08 ± 0 . 1 0  

0 . 5 3 :t 0 . 08 

2 . 2 1 ± 0 . 3 0 
2 . 1 6 ± 0 . 2 3 

2 . 2 5 ± 0 . 3 5 

2 . 50 ± 0 . 28 

1 . 7 0 ± 0 . 1 6 
1 . 00 ± 0 . 26 

0 . 49 ± 0 . 1 2  

Number o f  

l a t e r a l  branches 

on ma in stolon 

AVERAGE 

0 . 00 ± 0 . 00 
o . oo ± 0 . 00 
0 . 3 8 ± 0 . 06 

1 . 0 7 ± 0 . 1 2  

1 . 1 4 ± 0 .  06 
1 . 7 4 ± 0 . 1 1 
2 .  00 ± 0 . 1 3 

GENOTYPE I 
0 . 00 ± o . oo 

o . oo ± o . oo 

0 . 3 9 ± 0 . 06 
1 . 1 2 ± 0 . 1 3  

1 . 1 3 ± 0 . 1 7 

1 . 8 2 ± 0 . 2 2 

2 . 0 3 ± 0 . 1 2 

GENOTYPE I I  

0 . 00 ± o . oo 
0 . 00 ± 0 . 00 

0 . 3 7 ± 0 . 09 

1 . 0 2  ± 0 . 1 3 

1 . 1 8 ± 0 . 1 5  
1 . 66 ± 0 . 2 2 

2 . 08 ± 0 . 1 7 

Number o f  

a x i l l ar y  buds 

on ma i n  stolon 

0 . 1 4 ± 0 . 2 0 
0 . 3 6 ± 0 . 3 2 

0 . 0 3 ± 0 . 0 4 

1 . 2 0 ± 0 . 3 6 

1 . 96 ± 0 . 1 2 
3 . 1 3 ± 0 . 5 5 
4 . 8 9 ± 0 . 5 1 

0 . 00 ± 0 . 00 

0 . 1 3  ± o .  06 
0 . 06 ± 0 . 04 

0 . 88 ± 0 . 1 0 

1 . 97 ± 0 . 1 3 

3 . 6 7 ± 0 . 4 1 

5 . 1 5 ± 0 . 6 3 

0 . 2 9 ± 0 . 08 

0 . 5 9 ± 0 . 1 0 

0 . 00 ± 0 . 00 

1 . 5 2 ± 0 . 2 0 

1 . 9 2 ± 0 . 1 6 
2 . 60 ± 0 . 3 3 

4 . 4 7 ± 0 . 6 2 

Table 3 9 :  Tota l number o f  nodes , l a t er a l  stolon s ,  l atera l branche s ,  axi l l a r y  buds ; a nd i n f l orescences 
( ±  s tanda rd error s ) present i n  Februa ry at node s whi ch emerged f r om ter imal buds of ma i n  

stolon s  during e a c h  month f r om Ju l y  to Januar y  

Number o f  

i n f l orescences 

on ma in stolon 

0 . 00 ± 0 . 00 
o . oo ± 0 . 00 

0 . 3 8 ± 0 . 1 2  

1 . 00 ± 0 . 1 7 

1 . 7 6 ± 0 . 1 8 
1 . 5 5 ± 0 . 46 
0 . 5 4 ± 0 . 20 

0 . 00 ± o . oo 

0 . 00 ± 0 . 00 
0 . 2 7 ± 0 . 06 

0 . 89 ± 0 . 06 

1 . 6 3 ± 0 . 1 7  

1 . 2 2 ± 0 . 1 1 
0 . 4 4 ± 0 . 08 

0 . 00 ± 0 . 00 

0 . 00 ± 0 . 00 

0 . 50 ± 0 . 08 

1 . 1 2 ± 0 . 1 8 

1 .  89 ± 0 .  2 0  
1 . 88 ± 0 . 1 4 

0 . 64 ± 0 . 1 8 

f-' 
1-' 
1.0 
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F igure 1 2  ( Appendix 1 4 ) shows the number of l atera l sto l ons of 

d i f f e r e nt s i ze s  f ormed b y  the end o f  the exper iment ( February ) .  

La t e r a l  s tolons wi th the most nodes ( more than 1 1 ) we re those 

o r i g i n a ting f rom node s whi ch emerged in Jul y ,  August and September . 

The l a teral s tolons formed a t  nodes i n  October we re intermediate i n  

. node numbers ( 8 t o  1 1 )  a n d  those w i th t h e  sma l l e s t  number of node s 

( 4  to 7 )  orig inated on l a tera l stolons emerg i ng i n  November a nd 

December .  I n  January f ew node s produced l atera l sto l ons i n  both 

genotypes . None of these produced more than 7 nodes . These 

d i f f er e nces are l i kely to be very important in determi n i ng which nodes 

have the opportunity to produce in f l orescence s . However , the results 

a l so s uggest that i t  is not on l y  important t o  e ncourage a h i gh 

percentage of new sto lon format ion but a l so to ensure the production 

of s t o lons wi th l arge n umbers of node s which can l a te r  ma ke a 

s ig n i f i cant contribution to i n f lorescence numbers . I f  each node exists 

a s  a potent i a l  s i te for the formation of an i n f l ore s cence then s tolons 

c a r r y i n g  a h i g h  number o f  node s present hi gher possibi l i t i e s  for 

reproductive growth . The number o f  lateral branches ( Figure 1 3  a nd 

Table 3 9 )  rapid l y  increa s ed f rom S eptember to January with only minor 

d i f f e r e nces between genotype s . The results in February i ndicated 

that dur ing the late winter and spr i ng ( August to September ) most 

o f  the node s formed produced a latera l stolon ( Tabl e 3 9 ) . Ve ry few 

o f  these nodes rema ined as a x i l l ary buds or deve loped inf l orescence s .  

However , dur ing the late spr i ng and summer ( October to January ) the 

number of node s forming lateral branches or axi l l ary buds increa sed . 

The number of l a teral branches and axi l lary buds both reached a maximum 

i n  January . I t  wa s par ti c u l a r l y  interes ting tha t  6 1 %  o f  node s had 

not deve loped a vegeta t i ve branch or i n f lorescence , but rema i ned as 

a x i l l a r y  buds whe n  exami ned in January . 

a pea k  f rom node s f ormed i n  November . 

I n f l orescence numbers reached 

The percentage o f  node s bea r i ng advent i t ious roots on main s to l ons 

(
n umber of rooted nodes 
n umber of tota l nodes 

X 1 00 ) fol lowed the same pat tern a s  that 

des c r i bed for the percentage o f  latera l stolons pre sent on ma i n  sto lons 

per month . Obs ervations i n  February showed that the percentage o f  

rooted nodes decrea sed f rom 9 1 %  i n  July to 28% i n  January ( F igure 

1 4 ) .  Both genotype s  showed a simi lar and cons i s tant trend i n  re l at ion 

to the percentage of roote d  node s ( Appe nd ix 1 5 ) .  
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N u m ber of l a t e r a l  stol o n s  o f  d i fferent lengths present in 
February at nodes which em erged from terminal  bud of 
twenty main stolons from J u l y  t o  J a nuary . 
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b - The morpho logy of i n f lorescence i n i tiat ion and dev e lopment 

One o f  the most noti ceable d i f ferences observed in the two prev ious 

f ie ld expe r i ments wa s the number of inf lore scences produced in each 

treatme nt . For that reason,  in th i s  inve s t i gation a deta i l ed study 

wa s made of the changes occurr i ng duri ng reproductive dev e l opment . 

The s equence and rate of i n f lores cence dev e lopment wa s a l so observed 

1 n  te rminal buds formed some months pr ior to harves t  and photographs 

were t a ke n  u s ing a scanning e l e ct ron microscope to i l l ustrate the 

sequence of reproductive growth . D i f ferent phase s of t ermi na l b ud 

deve lopment we re se lected to provide a sequence of dev e lopmental s t ages 

showi ng d i s t inct morpho l og i c a l  character i st i c s . Based on F igure 1 5  

pub l i shed by Thomas ( 1 9 8 1 c ) ,  the fol lowing stages i n  the devel opment 

of the api cal  mer i s tem were se l ected . 

Vege ta t i ve pr imord i a :  

Th i s  stage i s  characteri zed by the 

covered by 6 or 7 l ea f  pr imordi a . 

prese nce in the apex of a dome 

Dissection of thi s  apica l bud by 

succes s i ve l y  removing l eaves revea l s  the structure shown in P l a t e  

5 .  I n  t h e  proce s s  o f  growth , each time a new leaf  pr imordium forms 

at t he apical mer i stem, the o ldest leaf encl osed w i t h i n  the api c a l  

bud breaks through i ts st i pu l a r  sheath to become v i s ible a s  the 

younge s t  emerged leaf . 

Reproduct i ve pr imordi a : 

I n f lore scence i n i t i ation 

I n f lorescence i n i lid Lion o c c u r s  the s t o l on � pR x . With the 

tra n s i t ion to the reproduct i ve state a bud is f i r s t  observed in the 

axi l of the youngest l e a f  primordium ( Plate 6 ) . 

F l oret i n i t i a t i on 

As the precocious axi l la r y  bud cont inues to g row , f l orets a re 

d i f ferent i a ted from a series of sma l l  bulges formed over its surface 

( Pl a te 7 ) . Accord ing to Thoma s ( F i gure 1 5 )  the in f l orescence norma l ly 

i n i t i a tes f l orets when it i s  at the 3 rd or 4th node from the api ca l 

mer i stem . 
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Figure 15 : Diag rammatic representation o f  stages o f  inf lorescence and 

node deve lopment i n  wh ite c lover relat ive to distance 

from the stolon apex . ( Thomas 1 9 8 1 b ) 



P l ate 5 :  Scanni ng e lectron mi crograph showing the morpho l og i ca l 

appearance o f  a l e a f  primordium ( x  S SG )  

AM = Api c a l  mer i s tem ; LL = Lea f le t ;  LP Leaf primordium 

1 2 6 



P late 6 :  Scann i ng electron micro0raph showing f l ower initiation ( x  430 ) 
I P  = I n f lorescence pr imordi um ;  LP = Lea f  pr ir.�qrdium ;  AM = Apica l meri stem 

N 
..... 



Plate 7 :  S canning e l e ctron mi crograph showing f loret i n i t i ation ( x  300 ) 

I = i n f l orescence ; F = f loret i n i t iation 
... 
N 
= 



Ovu l e  i n i t i a t i on 

A f ter f loret i n it i a t ion sta rts i t  may con t i nue unt i l  

emergence . According to Thomas ( 1 98 l a ) ovul e  initiati on 

the i n f lorescence i s  forming in the f i f th node from the 

ovu l e s  are compl ete l y  d i f f erent iated at the t ime o f  

emergence ( Figure 1 5 ) . 

I n f lore scence emergence 

1 29 

i n f lore scence 

occurs when 

apex . Most 

i n f lore scence 

I n  the present inve s t igat ion an i n f l orescence wa s cons i dered to have 

emerged when it had compl ete l y  deve loped from the surrounding st i pu l a r  

sheath . Genera l l y ,  this occurred at t h e  s ix th . or seventh node from 

the api cal  meri stem ( Fi gure 1 5 ) ,  a f ew days a f ter the emergence o f  

i t s  s ubtending l e a f  ( Pl ate 8 ) . 

I n f lore scence changes a fter eme rgence 

After an i n f l orescence emerges f rom i ts s ti pular sheat h  the lowe st 

f lorets begi n  to show a whi te corol l a  ( Pl ate 9 stage 2 )  when the 

i n f l orescence has reached the lOth or 1 1t h  node f rom the api c a l  

mer i stem . Th i s  occurs two o r  three nodes a f ter f l ower emergence . 

Ful l  wh ite coro l l a  dev e lopment i s  eventua l l y  fol lowed by a change 

to brown a nd the f l orets re f lex . These l a st changes occur 

approx imate l y  at the 1 2th or 1 3th node from the apex ( Pl ate 9 stages 

4 a nd 5 ) . 

As the rate of node emergence during the expe riment wa s very s imi l ar 

i n  both genotypes i t  i s  pos s i b l e  to e s t ima t e  when each s tage o f  

i n f l ore scence deve l opment occurred, r e l a t i ve t o  the sampl ing date . 

I n  thi s  study close observation of ten marked i n f l orescences per geno­

t ype wa s made f rom the i r  emergence on November 1 5t h  unt i l  seed 

formation . Based o n  these observat ions i t  was f ound that betwee n  

1 5  a nd 2 0  d a y s  were necessary f o r  f l orets to become whi te wi th a nothe r  

1 2  to 1 5  d a y s  f o r  them to r e f l e x  and approximately 7 more days t o  

turn comple t e l y  brown . 



P l at e  8 :  S tage of growth of an i n f lorescence a t  ea r l y  

emergence ( x  60 ) 

1 

4 5 

FIVE STAGES OF DEVELOPMENT 

IN WHITE CLOVER FLOWERS 

P l a t e  9 :  Stages o f  deve l opmen t  o f  i n f lorescences a f ter 

emergence 

1 3 0 



1 3 1  

Time o f  i n f l or e scence i ni t iation 

The e s tima ted t ime o f  i n f l orescence i n i t i a t ion wa s det ermi ned i n  

samples o f  10 apices dissected every 1 5  days i n  each genotype . Res u l t s  

a r e  pr esen ted in the F igure 1 6  and Appendix 16 . I t  wa s obse rved that 

white c l over plants s tarted to i n i t i ate i n f lorescences in l a te winter 

( Augus t 1 5th ) . I n i t i a t ion then i n c rea s ed dur i ng the spring unt i l  

October 1 5th when i t  reached ma ximum i nte n s i ty , be fore fa l l i ng aga i n  

in ea r l y  Dec ember . Di ssect ions made a t  t h e  end o f  Jan ua r y  showed 

tha t i n f l orescence i n i t iat ion had stopped . 

The big di f f ere nce between the two genotypes wa s in the more i ntense 

a nd e a r l ier i ni t i ation observed in genotype I I .  Genot ype I tended 

to have s i g ni f i cant l y  l ess i n i t i a t i on ,  but this process con t i nued 

for l onger tha n  in genotype I I . 

A compa r i son of the t ime o f  i n f l orescence i n itiat ion i n  these two 

genot ype s , month by month , compa red wi th the ' Gra ss l a nds Huia ' c l on e s  

A ,  B ,  a n d  C used by Thoma s ( 1 9 7 9 , l 98 la , b ,  1982 ) ,  shows t h a t  genotype 

I behave s  very much 

to c l one A .  Both 

as clone C ,  

g enotype s 

w h i l e  genot ype I I  beha ves simi l a r l y  

initi ate i n f l orescences i n  November 

and December in response to long days but tend to s top in mid summe r . 

Number of i n f lorescences present in each termi nal bud 

The number o f  i n f lorescences per termi n a l  bud at each sampl i ng date 

is shown in Figure 1 7  ( Appendix 1 7 ) .  In both genotypes the ma ximum 

number o f  i n f lor e scence s  formed i n  the terminal bud wa s found from 

dissect ions carr ied out f rom October 1 s t  to December 1 5th . Th i s  

rea ched a peak in sampl es exami ned o n  October 1 5th . Some d i f f erences 

· in  f l owe r i n g  i ntens i t y  we re determined between ge not ype s . Genotype 

I I  showed about 2 5 %  more i n f loresce nces in its termina l buds th roughout 

the exper imenta l per iod tha n g e notype I .  

Ra te o f  i n f lore scence appea rance 

The numbe r  of inf lore scences emerged on each pl a n t  or per uni t  area 

has bee n  previou s l y  shown to be the ma i n  component of y i e l d  ( Chapter i i) . 
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N u m ber of  i n f lorescences present i n  t e n  t e r m i n a l  b u d s  o n  
m a i n  s t o l o n s  f r o m  J u l y  to February . 
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In t h e  present s tudy ,  the number of i n f lorescences produced on ma i n  

sto l on s  o r  o n  lateral  stolons i s  shown i n  Figure 1 8 .  The s e  results 

i nd i cate that maximum i n f lorescence dens i t y  occurs dur i ng November 

and December . Thi s  wa s a lmost certa i n l y  the res u l t  of high leve l s  

of i n f l ore scence i n itiation i n  October a nd November .  I n  genera l ,  

80% o f  these i n f lorescences we re f ormed on ma in stolons whi l e  on l y  

20% we re formed o n  later a l  stolons ( Fi gure 1 8 ) . The emergence o f  

inf l ore scences occurred during long days and warm t emperature s . The 

res u l t s  a l so stress the low reproductive potenti a l  of node s f ormed 

on l ateral s to l ons , pa rticu l a r l y  dur ing the winte r .  Th i s  s uggests 

tha t management systems whi ch di scourage s i de branching of ma i n  stolons 

par t icular l y  during the surruner are l ik e l y  to res u l t  in pl a nt s  wi th 

hig he r  seeding pot e nt i a l  as a direct result of improved f l ower i ng 

on ma in stolon s . D i f ferences betwe en genotypes wer e  observed at a l l  

samp l i ng dat e s  i n  r e l ation to the number o f  emerg i ng i n f l oresc ence s .  

Genotype I a l wa y s  showed l e s s  f lowe r ing i ntensity ( Pl a te 1 0 ) .  The 

tot a l  number of in f l orescences produced by genotype I I  at a l l  sampl ing 

dates wa s more than 50% higher than i n  genotype I .  

Pea k f l ower ing 

Ba s ed on the a verage o f  the number o f  white inf lorescences ( Figure 

1 9 ,  Appendi x 19 ) ,  pea k  f l owering wa s found to occur on about January 

1st wi th some var i a tion between genotype I ( Ja nuary 7th ) and genotype 

II ( January 1 st ) . Thi s  d i f f erence in the t ime of pea k  f lowe r i ng 

between genoty pe s  wa s proba b l y  due to the s l ower inf l orescence deve lop­

men t  observed i n  genotype I as a consequence of its denser canopy 

( Pl ate 1 0 ) . Thi s  possibly s uggests that d i f f erences in peak f lowe r i ng 

date between genotypes may ocur because o f  the modi f icat ion i n  l i ght 

intensity under the canopy . It wa s interest ing that f lowe r i ng i n  

bot h  genotypes commenced a t  the same t ime ( 2 1  October )  and cont inued 

wi t h  onl y  mi nor di f ferences unt i l  26 November . Subsequent l y ,  howe ve r ,  

ma j o r  d i f f e rences occurred . At pea k  f l owering g enotype I produced 

60 white i n f l oresce nces per ?quare metre compared wi th 1 20 f or genotype 

I I .  
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P l ate 1 0 :  D i f f e rences in f lowering den s i ty between the two 

geno types in December 1 98 4 . Le f t  genotype I ,  

R i gh t  genotype I I . 

1 3 6 
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Petiole and Peduncl e Length 

Bes ides bei ng i n f l uenced by the number of i n f lore scence s produced 

per plan t ,  seed yield is a f f ected to some extent by the po s i t i on of 

i n f lorescences in relat ion to the g eneral l evel of f o l iage . When 

i n f lore scences fai l to r i se a bove the leaf  canopy ,  the chances of 

po l l inat ion are reduced . Simi l a r l y ,  under wet condi tions , many 

i n f lorescences tend to rot even a fter pol l ination or f e r ti l i za t i on 

and seed s can often be found which have begun to sprout in the heads 

under the canopy. This s ugge sts that the r e l ative l engths of the 

pedunc l e  a nd petiole can have a ma jor i n f lue nce on both seed yie ld 

and qua l i t y .  

The a verage length o f  ful ly elongated pedunc l e s  and pet i o l e s  or the i r  

s ubtend i ng l eaves a r e  shown in Table 40 ( Appe ndix 2 0 ) .  The re seemed 

to be no con s i stent re l a t ionshi p  between pet i o l e  and pedun c l e  length 

with t ime f rom November to February unl i ke the reduct i on s it ua t i on 

previou s l y  de s c r ibed by Thomas ( 19 8 1c ) .  Peduncles we re over 7 0 %  longer 

than pet i o l e s  on January 1st and up to 9 5 %  longer by February 1 s t . 

P l ants f rom genotype I produced l onger petioles and peduncles than 

p l a nts f rom g enotype I I  ( Append i x  2 0 ) . The pedunc l e s  i n  genotype 

I a l so t e nded to show downwa rd bendi n g  wh i ch o f ten a ppe a red to prevent 

some i n f lorescences from ri s ing above the leaf canopy . 

F l oret numbers per i n f l orescence 

The number o f  f lorets per i n f l ores cence ( Table 4 0 ) wa s determined 

in samp le s  taken every 15 day s  f rom 10 i n f lore scence s located at node 

1 2  on ave rage ( Figure 1 5 )  and whi ch were in the stag e  3 o f  deve l opment 

( P l ate 9 ) . From November to February the number of f lorets per 

i n f lore scence varied consi derabl y .  In general the number of f lorets 

decrea s ed duri ng thi s  per iod f rom 86 to 6 4 .  Thi s  trend i s  supported 

by wor k  by Thomas ( 1981c ) which has shown that mor e  f lorets a r e  

i n i tiated on i n f l orescences formed under short days and low 

Th i s  parameter t emperature s .  

particu l a r l y  

Genotype I 

in sampl es taken 

had f ewer- f lorets per 

each samp l i ng date . 

a l so var ied 

a fter December 

i n f l orescence 

betwee n  genotype s ,  

1 s t  ( Appendi x  20 ) . 

than genotype I I  a t  



Date of 

Sampl ing 

day -month 

1 Nov 

1 5  Nov 

1 Dec 

1 5  Dec 

1 Jan 

15 Jan 

1 Feb 

Petiole 

l egnth 

m . m .  

8 7 . 9  ± 1 0 . 7 5 

7 7 . 9  ± 5 . 3 5 

7 7 . 5 ± 6 . 5  

1 00 . 2  ± 1 6 . 7 2 

1 0 7 . 8  ± 2 2 . 7 5 

7 8 . 0  :!.: 1 5 . 08 

1 19 . 1 ± 2 8 . 8 7 

Peduncle 

length 

rn . m .  

1 7 3 . 9  ± 1 2 . 6  

1 7 4 . 8  ± 1 2 . 1  

1 5 5 . 2  ± 6 . 5  

1 9 2 . 3  ± 1 5 . 0  

1 8 5 . 0  ± 2 4 . 3  

1 5  '/ • 1 ± 1 9 • 6 

2 3 1 . 2  ± 5 0 . 7  

F l oret number 

in whi te f lower 

heads 

8 5 . 8  ± 5 . 8  

8 5 . 2  ± 2 . 4  

88 . 6  ± 1 2 . 1  

80 . 2  ± 6 . 8  

7 2 . 0  ± 4 . 2  

7 4 . 9  ± 7 . 7  

6 3 . 7  ± 5 . 9  

No . o f  ovules 

pe r ovary in 

white f lorets 

6 . 0 2 ± 0 . 0 3 

6 . 00 ± 0 . 0 2  

6 . 02 ± 0 . 05 

5 . 9 5 ± 0 . 1 2 

6 . 00 ± 0 . 00 

5 . 6 5 ± 0 . 3 8 

5 . 20 ± 0 . 3 4 

No . o f  seeds 

formed per pod 

4 . 4 7 ± 0 . 26 

4 . 4 5 ± 0 . 5 1 

4 . 06 ± 0 . 3 5 

3 . 3 5 ± 0 . 2 7 

3 . 1 1 ± 0 .  06 

2 . 4 7 ± 0 . 2 1 

Tab l e  4 0 :  Changes i n  pet i o l e  a nd pedunc l e  l ength , i n f l ore s cence s i ze , number o f  ov u l e s  per f l o r e t  a nd 

numbe r o f  seeds pe r pod ( ±  standa rd errors ) dur ing d i f ferent t ime o f  the yea r .  Average 

va l ue s  o f  the t\vO genot ype s 1 984 - 1 9 8 5  

% o f  ovu l e  

fert i l i zed 

7 4  

7 4  

68 

5 5  

5 5  

4 7  

H 
u' 
\.0 



P l a te 1 1 :  Ovu l es pre sent i n  a n  unferti l i sed f l oret ( x  60 ) 

1 4 0 
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Number of ovule s  per ovary 

The number of ovules present in the ovar y  of unf e rt i l i zed f lorets 

wa s ver y  con s i stent . Host f l orets bore an average of 6 o vu l es ( range 

5 to 7 )  ( Pl ate 1 1 ) .  The v a r i a t ion i n  this character wa s sma l l  in 

bot h  genotypes and at di f ferent . s ampl i ng time s  wi th a d i f f erence of 

not more tha n  one ovule betwee n  samples taken in November and February 

( Ta b l e  40 and Appendix 20 ) .  

Number of seeds produced per pod 

The cha nge in the number of s eeds f ormed pe r pod f rom Novembe r to 

Februar y  ( Table 4 0 )  wa s rema r ka bl e ,  decrea s i ng by 4 5 %  f rom 4 . 4 7  to 

2 . 4 7 .  X-ray photographs showed that i n  some f lorets a l l  ovu l e s  

aborted, whi l e  in others a l l 5 ovu l e s  formed seed ( Pl a te 1 2 ) .  The se 

e f f ec t s  coul d  not be expl a ined by l a ck of po l l ination because a large 

number of f lore t s  we re found to contai n  severa l  s eeds . There wa s 

no c lear pattern i n  the pos i t ion of a borted ovu l e s  i n  the ovaries 

exami ned . I t  i s  l ikely that more i nves t i gation i s  necessary to 

det e rm i ne the cause of thi s  v a r i a t ion a s  we l l  as factors whi ch a f fect 

i t .  

c - Seed y i e l d  and seed yield components 

Tabl e  4 1  shows 

each g enotype 

the seed y i e l d  a nd y i e l d  components 
2 

( in f lorescence numbers/m number 

at harvest for 

o f  f l orets/ 

i n f lore scenc e ,  number of seeds/ f loret and 1 000 seed we i ght ) ,  whi ch 

direc t l y  a f f ect seed production i n  whi t e  c l over . 

Tab l e  4 1 : Va r i a ti on in y i e l d  components and seed y i e l d  ( ± s tandard 

error s ) between two ' Grass 1ands Huia ' genotype s 1 984 - 1 98 5  

Genoty,ee I Genoty,ee I I  

Number o f  i n f lore scences /m 
2 

4 5 4  3 1 . 30 856 69 . 60 ± ± 

Numbe r o f  f lorets a t  harvest 5 8 . 8  ± 4 . 07 8 0 . 0 ± 7 . 0 3  

Number o f  seeds per f loret 2 . 3 1 ± 0 . 1 8 2 . 0 1 ± 0 . 10 

1000 s e ed we i ght ( g )  0 . 5 4 ± 0 . 0 5 0 . 6 2 ± 0 . 04 

Seed y i e l d  k g/ha 4 6 4  ± 3 6 . 2 6  8 5 0  ± 5 2 . 89 
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A b i g  v a r i a t ion i n  seed y i e l d  was found between genotype s . Genotype 

I ga ve 4 5 %  less  y i e ld than genotype I I . S uch ma j or di f ferences in 

seed y ie l d  war ranted f urther observa t i on to try to determine t he 

respe c t i ve contr ibution o f  those components whi ch i nf luenced seed 

yie l d .  I n f l orescence number s  per unit a rea a t  harvest had a ma j o r  

inf l uence o n  seed y i e l d .  

compared to genotype I I .  

Genotype I showed 4 7 %  f ewer i n f l orescences 

Thi s  result wa s not s urpri s i ng because 

genotype II had showed a h igher i nten s i t y  o f  flower i n i t i a tion and 

i n f l ore scence den s i t y  throughout the investigation . The s i ze o f  

i n f l ore scences a t  harvest ( number o f  f lore t s / i nflorescence ) wa s a l so 

a ma jor component a f fecting seed y i e ld .  On average , i n f l ores cences 

produced 2 6 %  fewer f lorets / i n f l ores cence i n  genotype I than in genotype 

I I .  Thi s  d i f ference could be genet i c  in or igin or a l te rna t ive l y  be 

due to the t ime of ini tiation of the f l orets as a f f e c ted by day l ength 

and tempe ra ture . 

The t h i r d  important component o f  seed y i e l d  wa s the number of seeds 

per f loret . As the number o f  ovules pe r f l oret wa s similar between 

genotype s  a big d i f ference i n  thi s  character wa s not expected . In 

fac t ,  s eed set wa s s im i l a r  between genotypes . Howeve r ,  there wa s 

a t ende ncy for genotype I ( 2 . 3 1 )  to have more seed s / f lorets than 

genotype I I  

i n f lore scence 

f l oret . 

( 2 . 01 ) .  I t  i s  

2 
number s /m wa s 

pos s ible that i n  genotype 

compensated for by bet te r  

I the l ower 

seed set per 

The f ina l component whi ch might be expected to i n f l uence seed yie ld 

wa s seed we i ght . 

f rom genotype I I .  

Seeds f rom genotype I were 1 3 %  l i ghter than seeds 

The r e s u l t s  f or d i f ferent y ie l d  components c l e a r l y  emphas i se t he 

domin a t i ng inf l uence of i n f l ores cence numbers on seed y i e l d .  H owever,  

other components s uch as number o f  f l ore t s  at ha rvest and to a lesser 

extent seed we ight a l so con t r i b uted to seed yie l d .  Seed number s  per 

f l oret were not of ma jor importance i n  determ i n i ng ult ima t e  seed 

product ion . Howe ve r ,  there i s  strong potent i a l  for improvement of 

t hi s  component s i nce seed numbe rs per f l oret of 2 .  0 t o  2 .  3 wer e  l ow 

compared wi th the 6 - 7 ovules cons i stent l y  produced in un fert i l i sed 

f lorets . 
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4 - Di scuss ion 

The res u l t s  sugge s t  there is a par t i t i on i ng between vegeta t i ve growth 

and reproductive devel opment in wh ite clove r . The vegetative process 

wa s characteri sed by the high percentage o f  node s on main s tolons 

wh ich formed l ater a l  stolons in the w inter and early spr i ng , and the 

h i gh proportion of node s which deve loped onl y  axil lary buds in December 

and January . Thes e  veget a t i ve character istics ensured p lant 

pe rennia l i ty .  Reproductive deve lopment wa s condit ioned by t he f act 

that over 80% o f  i n f l orescences we re formed on ma in stolons and on ly 

2 0 %  on latera l stolons . Th i s  empha s i ses the ro le o f  l a tera l stol ons 

in ens uring continued vegetat i ve growth and the impo r tant role ma in 

stolons play i n  inf lore s cence product i on and s eed y i e ld . Peak 

i n f loresce nce product ion occurred from nodes f ormed in October a nd 

November .  Thi s  s uggests that c rop mana gement sys tems which promote 

high n umbers of nodes on ma in stolon s ;  di scourage latera l stolon 

dev e l o pment in Octobe r ,  November and December ; encourag e  high levels 

of i n f lorescence numbers and wh i ch enhance seed yield components such 

as f loret numbers and seed we ight wi l l  have a ma j or bear ing on the 

produc t ion of high seed y i e lds . I n  addition ,  f avourab le cl ima t ic 

cond i t ions , inc lud ing low r a i n f a l l ,  and wa rm and calm condit ions during 

f l owe r ing , as expe r i enced i n  the pres ent experiment , could be expected 

to improve pol l ina tor act i v ity and ' seed s et ' . 

I n  f ie l d  and growth room studi e s ,  Thoma s ( 1 961a , b ,  

Be i nhart ( 19 6 3 ) a l so observed the pa rti t ioni ng 

and reproductive devel opment i n  whi te c love r .  They 

d ,  1 980a ) and 

o f  vegetat ive 

i ndicate that 

there is an inverse l i near r e l a t i onsh i p  between temperature and stolon 

f requency . I n  genera l ,  sto lon f requency ( number of node s with a s to1on ) 

wa s grea ter in the spr ing , but decreased l ater in the surrune r . These 

chang e s  occurred as a result of an i ncrease of f lowe r i ng in the surruner 

( Thoma s 1 980a ) .  In ' Gr a s s l ands Hui a ' whi te c l ove r , Thoma s ( 1 981a ) 

a l so showed that peak infl orescence i n i t i a tion occurred in nodes f ormed 

i n  October and November ,  a l though i n i t i a t i on started duri ng the wi nter . 

On the other hand , Jol ly ( 1 9 5 7 ) and Za l e s ki ( 1 97 0 ) h ave found that 

i t  is necessary to have f avourable cl ima t i c  cond it ions be fore there 

i s  ma x imum expres s ion o f  those y i e l d  components which a f f ect seed 

y i e ld .  
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I t  wa s intere s t i ng that wh i l e  both genotypes showed comparable vege­

ta t i ve deve lopment , ma jor d i f f erences in the leve l of floral  i n i t i ation 

a nd the general  reproduct i ve r esponse occurred . Genotype I I  showed 

an ea r l ie r  a nd more i ntensive f loral i n i t ia tion than genotype I 

an e f fect which wa s subsequent l y  re f lected in more f lowe ring on ma in 

and l ateral stolons and ear l ie r  peak f l owe ring . Th i s  vari at ion wa s 

presumabl y  due to a dif ferent requi rement for cool t empe ratures duri ng 

the w i nter in each genotype a s  shown by Thoma s ( pe rsona l communication ) . 

He s ugges ted tha t  both genot ype s  used in th i s  experiment behaved as 

shor t - l ong day pl ants in a s imi lar wa y to his clones A a nd C ( Thomas 

1 9 79 ) . Genotype I required a l onger coo l tempera ture exposure for 

max i mum i n f lore scence i n i t i a t ion than genotype I I . Eventua l ly these 

d i f f erenc e s  were re f l ected in a d i f f e rence of 60 whi te i n f l orescence s/ 

m
2 

a nd 386 kg/ha in seed y i e l d  in favour of genotype I I .  Certa i n l y  

t h e  production o f  over 5 0 %  more i n f l orescences and a tota l seed yie ld 

of 8 5 0  kg/ha sugges ted tha t genotype II had a much more va l uabl e  seed 

production poten t i a l  tha n g enotype I .  Th i s  yield di f fer ence in favour 

of genotype II wa s a direct re f l ection of the product ion of 4 7 %  more 

i n f l orescences , 2 6 %  more f lorets per i n f lorescence , and 1 3 %  heavier 

seed s . I t  wa s intere s t i ng , however , that de spite these ma jor 

di f f erences i n  reproductive capa c i t y ,  seed 1 set 1 ( seeds �f loret ) 

wa s s imi l a r  between genotypes . 

Al though ma jor d i f ferences i n  seed y i e l d  occurred between genotype s ,  

the seed production o f  the p l a n t s  wa s con s i stent l y  poor compared wi th 

the poten t i a l  yie ld whi ch cou ld be obta i ned with improved seed set . 

Whi l e  the lev e l  of seed set ( 2 . 0  - 2 . 3  out of a tota l  o f  6 - 7 ovu l es 

per ovary ) wa s relat i ve l y  high by compar i son wi th the prev i ous f i e ld 

expe r iments ( Chapter 2 )  and with f igures g i ven by Dessureaux ( 19 5 1 ) 

and C l i f ford ( 1 9 7 9 ) i t  wa s onl y 3 0  40% of the potentia l  1 set 1 •  

Whether t h i s  d i f f e rence i s  genet i c ,  env i ronmenta l ,  or a re f l ection 

o f  pol l i nation e f f i ciency is not known . I t  seems po s s i b l e  that ovul e  

or s e ed abortion i s  a consequence of i nter-ovule compet i t ion res u l t i ng 

f rom f erti l i zed ovules 

deve l opmen t  advantage . 

neare s t  the stigma hav ing a temporary 

Di f f e rences in the t ime of fert i l i za t ion of 

a s  l i t t l e  as one hour have bee n  shown to i nduce inter -ovu l e  compe t i t ion 

and abortion in Pha-t>eofu-t> vuf_ga/l.U:, ( Gates et al_ 19 8 3 ) . Howeve r , the 

phy s i o log i cal causes of th i s  response need to be determined . Atwood 
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mi ght 

suggested 

a r i se a s  

i n f lorescence . 

tha t abort i on 

a res u l t  o f  

1 4 6  

of some developing f ert i l i zed ovules 

compe t i t ion for nutr i ents within the 

B - EFFECT OF PARAQUAT APPLICAT I ON AND CUTTING I NTENS ITY ON REPRODUCTIVE 

GROWTH AND SEED YI ELD 

In prev ious experiments it wa s obs erved that care f u l  g ra z i ng and 

ma nipu l a t i on of the closing date and paraquat appl i cation could result 

i n  reduced ryegrass compe t i t i on on whi t e  c l over c rops and increase 

c l over seed y i e l d .  Howeve r ,  the mechanisms by wh i ch some of those 

treatments a l l owed an increa se in seed product ion wa s not determined . 

Haggar et a£ ( 1 96 3 )  showed that g r a z i ng by sheep i n  the spr i ng 

increa sed the number o f  whi te c lover i n f lorescences per unit area . 

Simi l a r l y ,  the data publ i shed by C l i f f ord ( 1 980 ) and t he previous 

f i eld experiments , indicate that wi th adequate soil moi s ture , graz ing 

unt i l  mid-November can g i ve the best ba lance between number of 

i n f lorescences a nd seed y i e l d . The se investigations a l so showed that 

c l os i ng c rops l a ter than November ca used a dra s t i c  reduct ion in 

i n f lorescence numbers due to the remova l  o f  the i n f l or escences by 

t h e  grazing a n ima l . Be inhart et al. ( 1 96 3 )  i ndica ted that the rate 

o f  i n f l orescence production is caused by the degree of l at e r a l  sto l on 

forma t ion i n  de fol iated swa rd s ,  wh i ch resul ted i n  a h i gher number 

of shoot apices being ava i l ab l e  for i n f l orescence production . Thomas 

( 1 981 b )  observed that de f o l i a t ion increased the percentage of f lowe r i ng 

stolons i n  pl a nts whi c h  had a l ready i n i tiated i n f l ores cences . I n  

h i s  study , there were two t ypes of response t o  de fol i a t i on in wh i te 

c l over : i . e . , an i ncrease i n  the percentage of f lowe r ing s tolons 

in a l ready reproductive pl ants ; a nd a recommencement o f  i n f l ore scence 

i n i t i a tion in plants that had stopped initiat ion i n  warm long days . 

I n  other exper iments , Za l e ski ( 1961 ) studi ed the e f f ects o f  de fol i ation 

on seed production in a pure stand of whi t e  c lover and found that 

the number o f  i n f lorescences f ormed under di f ferent cutt ing treatments 

and u l t i mate seed y i e l d ,  appeared to be af f ected by the season more 
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than by any othe r character . I n  wet seasons a l ower number o f  

i n f lorescences were produced than i n  d r y  seasons . Wet weather 

cond i t ions resul ted in l ush vegetat ive g rowth and sprouting of seed, 

wh i ch ca used an ex treme l y  low yield of seed o f  poor qua l i t y . Za l e sk i ' s  

expe r i ments po inted out that the highest numbers o f  i n f l or e s cences 

were obta i ned in l a te-de fol iated treatments ,  and l owe st n umber s  i n  

unde f o l iated treatment s .  

I n  p articular there are three quest ions re lated to de fol i a tion wh i ch 

mer i t  i nvestigation . How doe s the seve r i t y  of de fol i a tion a f f ect 

white c lover seed product i on under f i e l d  cond i tions? Are the responses 

to cutt ing and pa raquat appl i ca t ion s im i l a r ?  Ar e the res pon s e s  to 

de fol i ation s imi l a r  for various clover genotype s ,  pa r t i c ul a r l y  those 

wh ich di f fer ma rked l y  in f l owe r i n g  inte n s i t y ?  The aim of the present 

exper i ment wa s t o  i nvest i gate these three a spects of de fol i at i o n  on 

wh ite c l over reproduct i ve deve lopment and seed yield.  

1 - Ma t er i a l s  a nd Methods 

a - Expe r i menta l s i te and f i e l d  procedures 

Th i s  investigation wa s carried out in the same year and in the same 

f i eld a s  the prev ious expe r iment . The study continued f rom November 

1984 t o  Februa ry 1985 . Th e wh i t e  c l over pl a nts and the i r  management 

unt i l  the establ i shment of treatments were the same as i n  the prev ious 

expe r i me nt . From November 1 5th 1 9 84 , e ight treatments u s i ng two 

genotype s  with f our de fol iation treatments ( Table 4 2 )  were used i n  

a f a c tor i a l  expe r iment s e t  out i n  a spl i t-plot de s i g n  wi th two 

repl i ca t ions . 

2 
The expe r i ment a l  plots con s i s ted o f  1 2  p l a nt s  at a 60 x 60 cm s pa ci ng . 

Cutting treatments wer e  carr ied out us ing a ' Sunbeam ' portable shear i n g  

ma chine and termina l buds were removed b y  hand, u s ing s c i ssor s . 

Pa raquat wa s appl i ed i n  the same wa y a s  i n  the prev ious expe r i ment s .  
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Ta b l e  4 2 : Treatments used and the i r  i de nt i f i cat ion 

D e f o l iat ion Treatment 

Control 

L ight cut * 

Heavy cut * 

Par aquat * 

Procedure 

Uncut a nd wi thout herbi cide app l i ca t ion 

Cut to approximate l y  2 . 5  cm height 

f rom the soil  sur face 

As for the l ight cut treatments , but 

a l s o i nvolv i ng the removal of termina l 

buds f rom 50% o f  the ma in s to lons 

Spr a y i n g  paraquat at an equ i v a l ent rate 

o f  0 . 36 kg a . i . / ha p l us s u rfa ctant at 

0 . 5 % of the vol ume of the solution . 

* cuttings a nd paraquat spraying were made on November 1 5th . 

b - P l ant mea s urements and sta t i s t i c a l  ana l ys i s  

I n  e ach treatment ,  pl ant mea s urements we re done in the same wa y as 

in the previous e x p e ri m ent Commen c i ng on 15 November ,  50 ma i n  stolons 

we re mar ked with coloured stapl e s  a t  monthly interva l s .  Staples we re 

placed beh i nd the node bear ing the youngest unfo lded l e a f  i n  each 

treatment . D i f f erent coloured stapl e s  were used at each mar ki ng time 

as previous l y  descri bed . At harvest on February 1 s t , 2 0  v i gorous 

ma in sto lons o f  the 50 marked ori g i na l s  we re observed and the number 

of node s ,  l atera l sto l ons , latera l branche s ,  rooted node s ,  and ma in 

stolon e longa t ion wa s recorded . Seed yield,  seed set , number o f  

i n f l or escence s /m
2 

and a l l  other seed y i e l d  componen t s  were a l so 

measu r ed .  The est imated t ime o f  i n f lores cence i n i t i a t ion wa s 

c a l c u l ated a s  i n  the prev ious experiment , on December 1 st ,  December 

1 5th a nd Ja nua ry 1 st .  Ten termina l buds o n  ma in stolons we r e  d i ssected 

and the number of i n f l ore scences was r ecorded as we l l  a s  the node 

in the termina l bud at whi ch the i n f l orescence occur red . Thereafte r ,  

the t ime o f  i n i t i ation o f  each i nf l orescence a t  a l l  three sampl i ng 

t imes wa s determi ned a ccordi ng to the method de scr ibed by Thomas 

( 1 97 9 ) . 
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Seed wa s te s ted for germinat ion accordi ng to the I STA Rul e s  for Seed 

Tes t i ng ( 1 9 7 6 ) . Hard seeds were scar i f i ed, germ i na t ed a nd the 

per centage o f  each germi nat i on category wa s recorded . 

Data col l e cted i n  t h i s  exper i ment wa s analysed a ccordi n g  to the 

procedu re of a spl i t-plot des i gn fol l owing a random mode l . Plot means 

wer e  used 

at 5 %  a n d  

i n  the ana l y s i s  a n d  the l east s i gn i f icant d i f f erence ( LS D )  

1 %  leve l s  wa s ca l cu l a ted to compa re d i f f erences betwe en 

The computer programme used for data ana l y s i s  wa s Genstat 

1 9 7 7 ) • 

treatments . 

( Al vey et u f  

2 - Resu l t s  

a - E f f ect o f  defo l i a t ion treatments o n  wh i te clover vegetat i ve growth 

and development 

Node appeara nce rate ( Table 4 3 ) d i d  not show s i gni f i cant d i f f erences 

between g enotypes a nd wa s h i gh e s t  in l ate s ummer ( January � .  A mean 

of 5 da y s  wa s needed to form each new node i n  November compared w i th 

on l y  3 . 5  days i n  January . A compa r i son between the de f o l i a t i on treat­

ments duri ng N ovember i ndi cated that heavy cut t i ng and paraquat spra y ing 

caused a h i g h l y  si gni f i cant reduc t i on i n  node appearance in re l a t i on 

to the rest of the trea tments . Pa raquat t reatments we re on l y  

s i gni f i cant l y  di f f erent from the control i n  December and n o  s i gni f i ca nt 

var i a ti ons were obser ved among treatment s i n  January . The i n teracti ons 

between genot ype and de fol i a t i on trea tme nts were not s i gn i f i cant a t  

a n y  samp l i ng date , i nd i c a t i ng t h a t  there were n o  dif ferences i n  genotype 

respons e s  to de fol i a t i on . 



Tab l e  4 3 : E f f ect o f  de f o l i a t i on irea tments on the numbe r  o f  nodes 
emerging f rom the apical  mer i stem pe r month on one ma in 
sto l en f rom November to January 1 98 4  - 1 9 8 5  

Genotype 

I 

I I  

S i g n i f i cance 

LSD 5% 

1 %  

S . E . D .  ± 

D e f o l i a t ion Treatment 

Control 

Light cut 

Heavy cut 

Pa raqua t 

S ig n i f i cance 

LSD 5% 

1 %  

S . E . D . ± 

November 

5 . 88 

5 . 9 4  

N . S .  

0 . 1 6 

6 . 61 

6 . 30 

5 . 3 8 

5 . 5 5 

* *  

0 . 4 4 

0 . 67 

0 . 1 8 

December 

7 . 84 

7 . 2 1 

N . S .  

0 . 1 6  

7 . 47 

8 . 1 7 

7 . 56 

6 . 91 

* *  

0 . 5 1 

0 . 7 8 

0 . 2 1 

January 

8 . 4 5 

7 . 68 

N . S .  

0 . 1 7 

7 . 92 

8 . 1 0 

8 . 28 

7 . 97 

N . S .  

0 . 20 

1 5 0  

Ma i n  sto l en e longa t i on increments ( Table 4 4 ) were h i gher i n  genotype I 

in Decembe r  a nd Ja nuary in compar i son to genotype I I . Thi s  supe r i or i ty 

of genotype I may be due to both gene t i c  d i f ferences a nd phenotypic 

responses to d i f f e rent swa rd characte r i s t i cs . 



Tab l e  4 4 : E f f ect of defo l i a t i on treatments on the increment in 
l ength (mm) of a ma i n  s to l on dur ing each month f rom 
November to Janua r y . 1 98 4  - 1 98 5  

Genotype November December January 

I 1 4 3 . 6  2 1 2 . 0  2 0 5 . 6  

I I  1 2 5 . 8  1 4 2 . 0  1 2 4 . 2  

S i g n i f i ca nce N . S .  * *  * 

LSD 5 %  5 . 0  4 5 . 6  

1 %  25 . 4  

S . E . D .  ± 5 . 2  0 . 4  3 . 6  

Defo l i a t i on Treatment 

Control 1 6 2 . 2  186 . 8  1 76 . 4  

Light cut 1 64 . 8  1 95 . 0  1 7 3 . 0  

Heavy cut 1 06 . 8  1 7 4 . 0  1 70 . 4  

Paraquat 1 0 5 . 0  1 50 . 0  1 60 . 2  

S i gni f i cance * *  * *  * *  

LSD 5 %  2 2 . 6  1 8 . 6  4 . 0 

1 %  3 4 . 2  2 8 . 0  6 . 0  

S . E . D .  ± 9 . 2  7 . 6  1 . 6  

1 5 1  

Stolon e l ongation wa s signi f i ca n t l y  reduced i n  November under heavy 

cutting a nd paraquat treatme nt s . Th i s  s l ower e longation may ,  in par t ,  

b e  a con sequence of apica l me r i st em removal i n  the heavy cut treatment 

( Pl at e  1 3 ) . I n  plots sprayed with paraquat the r eduction wa s due 

to the direct e f fect of the herbicide on the plant i n c l uding termi nal  

buds . I n  thi s  exper iment the characte r i st i c  symptan of r.araquat trea·troent 

\\EIS a rapid wilting and de ssication o f  sprayed l eave s ,  pet io l e s ,  pedun c le s , 

and i n f lorescences . These symptoms i ndicated that a l l  aer i a l  parts 

o f  the c lover pl a nt we re equa l l y s us cept ible to the herbi c ide . In 

pa rt i cul a r , a l l  photsynthet i c  t i s sues whi ch were i n  contact with the 

he rbi c i de were damaged and the f irst symptoms wer e  observed as l i t t l e  

a s  2 hours a fter the app l i ca tion of the chemi ca l . However ,  unfolded 



Plate 1 3 :  Ef fect o f  heavy cut ( HC )  a nd paraquat ( P )  treatments on ma i n  stolons of white clover 

7 days a fter treatment a pp l i ca t ion . 
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l ea ve s  wh i ch we re protected b y  s t i pu l es l a t e r  emerged appa rent l y  

undamaged and con t i n ued to g row ( P l a te 1 4 ) . I n  December and January, 

pa raquat spr a y i n g  wa s the on l y  treatment showi ng a s i gni f i cant reduction 

i n  sto l on e l onga t i on . I t  wa s o�served, neverthe l e s s , tha t t h i s 

r ed uct i on wa s sma l l  compa r ed to uncut plot s ,  espec i a l l y  i n  January .  

Th i s  i nd i cates that wh i t e  c l over p l a n t s  are ca pa b l e  o f  r e growth a f t e r  

pa r aq uat appl i ca t i on f rom those ti s s ue s  wh i ch we re not i n  d i rect conta c t  

wi th the her bi c i de .  I t  a l so s uggests that wh i te clover plants do not 

pos sess a spec i f i c  ph y s i o log i ca l  or bi ochemi ca l mecha n i sm o f  

de toxi f i ca t i on o f  the herbi c i de a nd that i t s  s uscept i b i l i t y i s  due 

to the pos i t i on of the organ i n  the canopy at the ti me of herbi c i de ' 

appl i ca t i on .  No s i gn i f i ca n t  i n t e ract i on wa s f ound i n  s t o l on e l onga t i on 

r a t e  be t ween genotypes or de fol i a t ion treatments .  

Di ssect i ons o f  ten termi na l buds ( Ta b l e  4 5 )  i nd i ca ted tha t  the number 

o f  une x pa nded l ea ve s  per ma i n  s t o l on a nd l ea f  pri mordi a  we re not 

a f f e cted by de f o l iat i on t reatme n t s , except i n  the paraquat s pra yed 
• 

t r e a tme n t  f or Decembe r 1 s t ,  whi c h  showed a s i gni f i cant reduction . 

Th i s  cha racte r rema i ned re l a t i ve l y  cons tant th roughout the expe r i me nt 

wi th a n  average of 6 - 7 pri mordia per t ermi n a l  bud . Thi s  constancy 

i n  number wa s not a f f ec t ed by de fol i a t i on treatments . 

d i f f e re nces be t ween genotypes we re de tected . 

S i mi l a r l y ,  no 

T h e  n u m b e r  o f  l a t e r a l  s t o l o n s  ( T a b l e  4 6 ) w a s  n o t  s i g n i f i c an t l y  

di ffere n t  b e tween g e n o t y p e s .  Howev e r , g e n o t y p e  I tended t o  form more 

l at er a l  s t o l o n e  t han g e n o t y p e  I I , in Dec emb e r  and J anuary . P araquat 

c au s e d  a s i gni f i c an t  r e du c t i on. in t h e  numb e r  of l at eral s t o l o n s  in al l 

s amp l i n g  dat e s  i n  c omp ari son wi t h  h e avy c u t  t re a t ment . S i g n i fi c a n t  

di ffer e n c e s  w e r e  al so d e t e c t e d  i n  De c emb e r  b e tween l i g h t  c u t  an d h e avy 

c u t  p l a n t s  c ompared t o  t h e  c o n t ro l  t r e atmen t . I n creases o f  20% and 4 6 %  
more l at er a l  s t o l o n s  o c curred i n  l i g h t  cut and h e avy c u t  treatme n t s  

r e s p e c t i v e l y , c o m p a r e d  t o  t h e  u n c u t  c o n t r o l  a t  t h i s  t i m e . N o  

s i g ni fi c an t  di f f e re n c e s  were found i n  t h e  i n t e r ac t i on s  b e tween geno t y p e  

a n d  de f o l i at i on t reatme n t s . A s  o b s e r v e d  i n  t h e  previ ou s  e xp eriment t h e  

number o f  l at eral s t o l o n s  produ c e d  i n  a l l  t r e atmen t s  was r e du c e d  i n  

l a t e  summ e r  b y  approxi mat e ly 3 t o  4 t i m e s  c om p ared wi t h  t h e  numb e r s  

p r e s e n t  i n  Novemb er . 

\ 
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Tabl e 4 5 : E f fects o f  de fol i at i on on the number of l ea f  primordi a  per 

term i n a l  bud . Average o f  1 0  termi nal buds per samp l i ng 
date 1 9 8 4  - 1 9 8 5  

Genotype 

I 

I I  

S i gn i f i c a n ce 

LSD 5 %  

1 %  

S . E . D .  ± 

Defo l i a t i on 

Treatme n t s  

Control 

Light cut 

Heavy cut 

Paraquat 

S i gn i f i c a n ce 

LSD 5 %  

1 %  

S . E . D .  ± 

Dec 1 s t  

6 . 6 5 

6 . 67 

N . S .  

0 . 1 2 5  

6 . 70 

6 . 80 

6 . 9 5 

6 . 2 0 

* *  

0 . 2 2  

0 . 3 3  

0 . 0 8 9  

Date of Sam.el i ng: 
( month - day ) 

Dec 1 5th Jan 1st Jan 1 5th Feb 1st 

6 . 50 6 . 4 7 6 . 5 3  6 . 6 5 

6 . 6 2 6 . 47 6 . 5 5  6 . 6 2 

N . S .  N . S .  N . S .  N . S .  

0 . 0 2 5  0 . 05 0  0 . 02 5  0 . 1 2 5  

6 . 60 6 . 3 5 6 . 4 5 6 . 65 

6 . 5 5 6 . 60 6 . 3 5 6 . 70 

6 . 60 6 . 5 5 6 . 70 6 . 60 

6 . 50 6 . 40 6 . 65 6 . 60 

N . S .  N . S .  N . S .  N . S .  

0 . 1 5 1  0 . 2 2 9  0 . 09 8  0 . 1 6 7  



P l ate 1 4 :  Damage o f  white clover s t ol on seven da ys a fter 

paraquat app l i ca t i on . 

1 5 5 



Tab l e  4 6 :  E f f ect o f  defol i a t ion treatments on the number o f  l a teral 
stolons pre sent i n  February a t  nodes whi ch emerged f rom 
termina l buds of ma in stolons during each month f rom 

November to January 1984 - 1 9 8 5  

Genotype November December January 

I 1 . 67 1 .  37 0 . 5 9 

I I  1 . 6 7 1 . 05 0 . 3 5 

S i gn i f i cance N . S .  N . S .  N . S .  

L S D  5% 

1% 

S . E . D .  ± 0 . 06 0 . 04 0 . 04 

De f o l i a t ion Treatment 

Control 1 .  7 5  1 . 04 0 . 5 1 

Light cut 1 . 88 1 . 24 0 . 56 

Heavy cut 1 . 96 1 . 52 0 . 5 4 

Pa raquat 1 . 1 9 1 . 05 0 . 2 7 

S i g n i f i ca nce * *  * *  * *  

LSD 5 %  0 . 39 0 . 1 9 0 . 1 5  

1 %  0 . 59 0 . 29 0 . 2 2  

S . E . D .  ± 0 . 1 6 0 . 08 0 . 06 

1 5 6  

The number o f  l a t er a l  branches ( prev i ous l y  de f i ned a s  s ide bra nches 

wi th less than 4 node s ) did not d i f fer between genotypes ( Ta b l e  4 7 ) .  

When the e f fect o f  de fol iation treatments wa s exami ned i t  wa s found 

that the control plots genera l l y  had f ewe r l a tera l branches than the 

heavy a n d l i g h t  c u t  treatments . The d i f ference betwe e n  these 

treatments ma y be due to the denser canopy formed by uncut a nd 

unspra yed plants which inhibi ted s ide bra nching or caused bra n ch deca y .  



Ta b l e  4 7 :  

Genotype 

I 

I I  

1 5 7  

E f f ect of de fol iat i on treatments on the numbe r o f  l ateral 

branches pre sent i n  February at node s whi ch emerged f rom 
t e rm i n a l  buds o f  ma in s t o l ons dur i ng each mont h  f rom 
November to January 1 9 8 4  - 1985 . 

November 

1 .  2 3  

1 . 04 

December 

1 . 84 

1 . 6 5  

Janua ry 

2 .  7 1  

2 . 3 3 

S i gn i f i cance N . S .  N . S .  N . S .  

S . E . D . ::!: 0 . 07 0 . 05 0 . 1 1 

Defo l ia tion Treatments 

Control 1 . 1 4 1 .  7 4  2 . 0 5 

Light cut 1 . 1 8 1 . 60 2 . 2 8 

Heavy cut 0 . 98 1 .  7 6  2 . 7 4 

Paraquat 1 . 2 3 1 . 8 7  3 . 0 1  

S igni f i cance N . S .  N . S .  * 

LSD 5% 0 . 4 4 

S . E . D .  :!: 0 . 07 4  0 . 09 0 . 1 8 

As the number o f  rooted node s did not s how a s i g n i f i cant genotype 

x de f o l i a t ion i nteract ion , on l y  the ma i n  e f f ects are pre s e nted in 

Ta b l e  4 8 .  Genotypes did not d i f fer s i gn i f i cant l y  f rom e a c h  other , 

but pa raqua t a ppl ica tion did exert a great i n f l uence on the number 

of rooted node s .  Thus , the results show a re d uction of 18% , 2 3 %  a nd 

1 3 % i n  the percentage of rooted nodes f rom November to De cember in 

sprayed plants compa red to the unsprayed contro l . Converse l y ,  Ro l s ton 

a nd Chu ( 1 976 ) found no s i gn i f icant d i f f erences in the number of rooted 

nodes between paraquat trea ted and untreated control plant s . Th i s  

d i f f e r ent response may be due t o  di f f erences in the rate of pa raqu a t ,  

wh i ch wa s h i gher in t h i s  i nvestigatio n . A l so ,  canopy s truct u r e ,  

espe c i a l l y  b y  genot ype I I ,  wa s rela ti v e l y  sparse and many l ateral  

and ma in sto lons we re dire ct l y  de ssicated by pa raqua t  wi th a reduc t i on 

i n  the tot a l  number of node s a t  which roo t s  could form . 



Ta ble 48 : 

Genotype 

I 

I I  

1 5 8  

E f fect of de f o l i a t ion treatments on the number o f  rooted 
node s present in February at nodes whi ch eme rged f rom 
t e rmi n a l  bud of ma i n  stol ons dur ing each month f rom 
November to January 1 98 4  - 1 98 5 . 

November December January 

3 . 06 2 . 9 2 2 . 40 

2 . 5 2 3 . 07 2 . 3 3 

S ign i f icance N . S .  N . S .  N . S .  

S . E . D . ± 0 . 08 5  0 . 092 0 . 1 3 5 

D e f o l i a t ion Treatment 

Control 3 . 05 3 . 1 3 2 . 44 

L i ght cut 2 . 92 3 . 3 2 2 . 26 

Heavy cut 2 .  7 1  3 . 16 2 . 64 

Paraquat 2 . 48 2 . 39 2 . 1 3 

S igni f i ca nce * *  * *  * *  

LSD 5% 0 . 2 2  0 . 2 8 0 . 1 2 

1 %  0 . 3 3 0 . 4 2 0 . 1 8 

S . E . D .  ± 0 . 090 0 . 1 1 4  0 . 04 9  

b - E f fect o f  de fol iation t reatmen t s  on white c l over reproduct i ve 

g rowth and deve lopment 

D i ss e ctions of ten termi n a l  buds per plot every 1 5  days showed that 

there were no s i gn i f i cant d i f ferences i n  the number of inf l or e s cences 

formed i n  the termi na l buds between genotypes even though p l a n t s  of 

geno type II in December 1 s t  a nd 1 5t h  formed approximate l y  55% more 

i n f l orescences than genotype I ( Table 4 9 ) . 
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Table 49 : E f fect of de f o l i a tion treatments on the number o f  

i n f l orescences present i n  t e n  terminal buds o f  ma i n  stolons 
every 15 days f rom November to January 1 984 - 1 98 5 . 

Date of Sam2l i ng 
( Month - da y )  

Genoty2e Dec l s t  Dec 1 5th Jan 1 s t  

I 7 . 50 8 . 00 5 . 50 

I I  1 3 . 50 1 3 . 50 5 . 2 5 

S i g n i f i ca nce N . S . N . S .  N . S .  

S . E . D .  ± 2 . 00 1 . 50 0 . 7 5  

De fol iation Trea tment 

Control 1 1 . 50 1 1 . 50 4 . 00 

Light cut 9 . 00 1 1 . 00 4 . 00 

Heavy cut 9 . 00 8 . 00 6 . 50 

Paraquat 1 2 . 5 0 1 2 . 50 7 . 00 

S i gn i f i ca nce N . S .  N . S .  N . S .  

S . E . D .  ± 1 . 5 3 1 . 47 1 . 5 1 

Cutt ing , i rr e s pect i ve of i nten s i t y ,  ca used no dif ferences in the number 

of i n f lorescences present in termina l bud apices at any of the samp l i n g  

date s . Howeve r ,  the tota l number o f  i n f lorescences found i n  the 

term i na l buds o f  plants f rom paraquat sprayed treatments 

tend e d to b e h igher in compa r i son to cutting treatments . No 

s i gni f icant g e notype x de f o l i a t ion i nterac t ions we re detected . 

The e s timated t i me o f  i n f l orescence i n i t i at ion ( Table 5 0 ) s howed 

s i gn i f icant d i f f e rences between genotypes for i n f lorescences i n i t i a ted 

be fore the cutting or spraying treatments were app l ied in mid N ovember . 

Howe ve r ,  none o f  the de f o l i a t i on t reatments showed any s ubsequent 

e f fect on the number o f  in f l orescences i n i tiated . There wa s a trend 

towa rds a reduction i n  in f lorescence i n i t i a t ion in cut plots in mid 

November , a nd for paraquat spra y ing to i ncrea se i n f lorescence 

i n i t i a t ion in ea r l y  December . 



Table SO : 

Genotype 

I 

I I  
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E f f ect o f  de fol i ation t reatments on the t ime o f  
i n f lorescence initiat ion o f  ten ma in sto l on api ces s amp l ed 
ever y  1 5  days f rom November to January .  Va l ue s  are the 
a pproximate t ime of i n i t i a t ion of a l l i n f lorescences found 
i n  the three sampl i ng dat e s  ( December 1 s t ,  D ecember 1 5th 

a nd Januar y  1 s t ) 1 9 8 4  - 1 98 5 .  

Est imated Da te o f  I n f l orescence I n i t i a t ion 

Be fore the 
Trea tment 

2 . 50 

5 . 7 5 

November 

1 5  - 30 

5 . 50 

1 0 . 75 

December December 
1 - 1 4  1 5  - 3 1  

7 . 7 5 5 . 2 5 

1 3 . 2 5  2 . 50 

S ig n i f i cance * N . S .  N . S .  N . S .  

LSD 5% 

S . E . D .  ± 

Defol i a t i on Treatment 

Control 

L i g h t  cut 

Heavy cut 

Pa raquat 

S igni f i cance 

S . E . D .  ± 

3 . 1 7 

0 . 2 5  

3 . 50 

3 . 00 

5 . 50 

4 . 50 

N . S .  

1 . 4 5 

2 . 2 5 

1 0 . 50 

6 .  50 

5 . 50 

1 0 . 00 

N . S .  

2 . 57 

1 . 00 0 . 2 5  

10 . 50 2 . 50 

1 0 . 50 4 . 00 

8 . 00 4 . 50 

1 3 . 00 4 . 50 

N . S .  N . S .  

2 . 4 3 1 .  3 4  

The number of i n f l orescence� eme rged on both ma i n  stolons and l a te r a l  

stolons i s  shown i n  Table 5 1 . As expected , the number o f  

i n f lorescences wa s h ighest i n  genotype I I  a t  a l l  s amp l i ng date s ,  

s howing s i gn i f i c a nt di f f e rences for December sampl ing . Cutt ing caused 

a s igni f i ca nt r educt ion in the number of emer ged i n f l o r e scences in 

November in compar i son with the uncut treatment . Howeve r ,  i n  December 

a nd Januar y , plants wh i ch had bee n  cut recovered and bore s i gn i f i cant l y  

mor e  i n f l or e scences than the contro l . Pa raquat a ppl ication i n  November 

caused a dec re a s e  in the number of i n f lorescence s emer ged , through 

a direct e f f ec t  of the herbi c ide on ma i n  and lateral stolon morta l i ty . 

Subsequent l y ,  th i s  e f f ect wa s not appa rent in c o rn  p ari son w i t h  uncut 

tre at m e nt. 



1 6 1  

Tab l e  5 1 : E f fects o f  de fol iat ion treatments on the tot a l  number o f  

i n f l orescences emerged on ma in stolon plus l at e r a l  s tol ons , 
pre sent i n  February a t  node s which emerged f r om termina l 
buds duri ng each month f rom November to Ja nuary 1984  -

1 9 8 5  

Genotype 

I 

I I  

S i gn i f i ca n c e  

LSD 5% 

S . E . D . ± 

De f o l iation Treatment 

Control 

Light cut 

Heavy cut 

Pa raqua t  

S i gn i f i ca nce 

LSD 5 %  

1 %  

S . E . D . ± 

Genot::a�e 
x defol i a t ion 

Control 

Light cut 

Heavy cut 

Paraquat 

S ig n i f i ca nce 

LSD 

( a )  

( b ) 

S . E . D . ± ( a )  

( b )  

November 

0 . 7 7 

1 .  70 

N . S .  

0 . 1 1 0  

2 . 2 1 

1 .  26 

0 . 84 

0 . 6 5 

* *  

0 . 1 9 

0 . 29 

0 . 08 

December 

1 . 1 3 

3 . 80 

* 

1 .  2 7  

0 . 1 00 

1 . 9 7  

2 . 5 3 

3 . 3 6 

2 . 0 1 

* *  

0 . 2 3  

0 . 3 5  

0 . 09 

January 

0 . 5 0 

1 .  3 4  

N . S .  

0 . 086 

0 . 5 7 

0 . 9 8 

1 .  5 7  

0 . 56 

* *  

0 . 3 5 

0 . 5 3  

0 . 1 4 

S ign i f i cant I nteraction 

December January 

I I I  I I I  

1 .  3 9  2 . 54 0 . 50 0 . 6 3 

1 . 06 3 . 99 0 . 5 5 1 . 4 1 

1 .  3 4  5 . 38 0 . 5 2 2 . 6 3 

0 . 7 5 3 . 2 7 0 . 4 3 0 . 68 

* *  * *  

5 %  1 %  5 %  1 %  

0 . 3 8 0 . 5 7 0 . 48 0 . 7 3  

0 . 3 3 0 . 5 0 0 . 50 0 . 76 

0 . 1 5 4 0 . 1 97 

0 . 1 3 4  0 . 2 0 4  

( a )  When compar ing means with the d i f ferent leve l s  o f  ma i nplot 

( b )  When compar ing means with t he same leve l s  o f  ma i nplot 



1 6 2  

Examination o f  the genotype x de f o l i at ion intera ct i ons i nd icated, 

once a ga i n ,  that cutt ing had a s timu l a t i ng e f fect whi ch increased 

i n f lorescence numbers in the genotype with h i ghest f l owe r i ng capa c i ty 

( genotype I I ) .  

I .  

Howeve r ,  thi s  response wa s not important i n  genotype 

I n f lorescence numbers formed on ma i n  or l ateral stolons ( Append ices 

2 1  and 2 2 )  f o l l owed the same t rend as the t ot a l  number of 

i n f l orescences and pre sented the same signi f i cant d i f f er ence s betwe en 

genot ype a nd de fol iat i on trea tme nt s .  I t  i s  important t o  note that 

mos t  i n f l orescences were formed on ma i n  sto1 ons rather than on l ateral 

sto1ons . 

A compa r i son o f  the number o f  whi te i n f l orescences f o rmed 1 n  each 

genotype showed that genotype I I  a lway s  produced mor e  i n f l orescences 

than genotype I ( F ig ure 20 ) .  At the same t ime , genotype I I  reached 

peak f lowe r in g  1 4  days earli er in cut plots and 7 days e ar l i er in control 

plots tha n genot ype I .  The paraquat sprayed plots reached pea k  f lowe r­

i ng on the same date i n  both genotype s . 

Va riat ion between de fol iat ion treatments and genotypes i n  the number 

of f lorets / i n f l orescence , ovu l e s  per ovary and seeds per f loret we re 

not stat i s t i ca l l y d i f f erent , except i n  genotype II i n  December 1 st 

and January 1 s t  sampl i ng s  where the number of f l orets wa s s i g n i f i cant l y  

h i ghe r  than i n  inf lores cences o f  genotype I ,  ( Appendic e s  2 3 ,  2 4  a nd 

2 5 ) . 

c - Ef fect of de folia tion treatments on whi te clover y i e l d  components 

a nd seed y i e l d  

Some ma jor v a r i ation i n  y i e l d  components wa s found i n  prev ious 

exper iments a s  a result of d i f f e r e n t  whi te c l over manageme n t  systems . 

Th is f i na l experiment wa s de s i gned to spec i f i ca l l y  determi ne the e f fect 

o f  defol i a t ion and spraying t r ea tment s  on these components . Four 

y i eld components were given pa rti cular a ttention : n umber o f  

i n f lorescences /m2 , number of f l oret s / i nf lorescence , number o f  seeds/ 

f l oret and seed we ight . Al l o f  these characters were recorded a t  

ha rve s t  i n  each plot and the resu l t s  a re presented in Tabl e 5 2 . 
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Table 5 2 : E f fect of de fol i a t i on treatments on white c lover y i e ld 

components 1 984 - 1 98 5  

Y I ELD COMPONENTS 

No . of i n f l �rescences No of f lorets No 
per m per head 

Genotype at harvest a t  harvest 

I 3 2 7 . 5  61 . 8  

I I  888 . 8  81 . 8  

S ig n i f i ca nce * *  * 

LSD 5 %  54 . 0  9 . 5  

l %  2 70 . 7  

S . E . D . ± 4 . 2 5 0 . 7 5 

Defo l i a t ion Treatment 

. Cont rol 

Light cut 

Heavy cut 

Paraqua t 

S i gn i f i c a nce 

LSD 5 %  

S . E . D .  ± 

Genotype 
x De f o l i a t i on 

Control 

Light cut 

Heavy cut 

Paraquat 

S i g n i f i cance 

LSD ( a )  

( b )  

S . E . D .  ± ( a )  

( b )  

6 5 5 . 0  7 1 . 9  

5 7 6 . 0  7 2 . 3  

7 5 4 . 0  7 3 . 0  

4 4 7 . 5  70 . 0  

* N . S .  

2 7 . 6  

1 1 . 26 3 . 07 

S ign i f icant Interact i ons 

2 
No . o f  I n f l orescence s /m 

I I I  

4 5 4  8 5 6  

296 8 5 6  

300 1 208 

260 6 3 5  

* 

48 . 3 4 

5 3 . 3 3 

1 4 . 4 3  

1 5 . 9 2 

o f  seeds 
per 

f loret 

2 . 60 

2 . 0 1 

N . S .  

0 . 1 7 5  

2 . 50 

2 . 2 4 

2 . 2 3 

2 . 26 

N . S .  

0 . 1 1 5  

( a )  When compar ing means a t  di f fe rent l eve l s  o f  ma inplots 

( b )  When compar i ng means a t  the same leve ls o f  mai nplots 

1000 seed 

we i ght 

o. 5 1 1 5  

0 . 5 8 8 1  

* 

0 . 0 5 8 8  

0 . 0046 

0 . 5 7 88 

0 . 5 5 00 

0 . 5 36 8  

0 . 5 3 38 

N . S .  

0 . 0 1 8 6  



The tota l n umbe r  of i nf l orescences pre sent i n  the heavy cut plots 

wa s s igni f icantl y h i gher than in other treatments . In contr a s t ,  

pa raquat s pr a yed plots gave t h e  l owe st number o f  i nf lore scence s .  

The i nteractions of g enotype de f o l i a t ion treatments , were a l so 

s i gn i f icant i nd i cat ing that both genot ypes responded di f feren t l y  to 

de fol i ation . In genotype I ,  a l l  c uttings a nd paraquat treatments 

ca used a s i gni f i cant reduction i n  i n f lorescence dens i t y .  Th i s  

reduct ion var ied between 3 4 %  a nd 4 3 %  compared t o  the uncut a nd 

unsprayed control . In genotype I I , inf lorescence numbers we re 

i ncreased in heavy cut plots and did not show any reduct ion in l i ght 

cut plots i n  compa r i son to uncut plan t s .  Paraqua t appl i ca t i on caused 

a s i gn i f i cant de struct ion of i n f lore scence s .  The herbi c i de had a 

ma jor e f f e c t  by de crea s i ng inf lorescence forma t i on . 

I n  this  experiment , paraquat a nd cutting had l i ttle e f fect on the 

n umber of f lorets pe r i n f l orescence a t  harve s t . However , s igni f i ca nt 

genotype d i f ferences were appa rent , i nf l ore s cences i n  genotype I 

produc ing f ewe r f l orets ( 2 4% ) than i n f lorescences in genotype I I .  

N e i ther t h e  genotype or the de f o l i a t ion treatments had any obv ious 

e f f ect on the number of seeds formed per f loret . It does seem pos s i b l e  

that p l a n t s  tend to compensate for a r educ t ion in t h e  number o f  

i n f l orescences and f lorets/ i n f l orescence b y  i ncrea sing the l e v e l  o f  

seed w eig h t  Seed we ight a l so d i d  not appear to b e  great l y  

a f fected b y  d i f f erent de fol iat i on treatme nt s .  However ,  there wa s 

a t rend for uncut plants to produce hea v i e r  seeds tha n  pl a nts from 

other treatments . Genotypes , however , showed s i gni f icant d i f f erences 

in 1000 s e ed we ight wi th genotype I I  produc i ng heavier seeds . 

Both the de f o l i a t i on treatments and genotypes were r espons i bl e  f or 

d i f ferenc e s  i n  seed y ie ld ( Table 5 3 ) . The d i f f erences i n  y i e l d  between 

uncut p l ants and de f o l iated plants were h ig h l y  s i gn i f ica n t  with uncut 

p l ots g i v i ng the h ighest y i e l d  ( 65 7  kg/ha ) .  L i gh t  and heavy cut plants 

produced a n  i ntermedi ate leve l o f  seed y i e l d  ( 5 67 5 8 7  kg/ha ) .  

Pa raqua t s prayed pl ants produced l owe st seed y i e l d  ( 3 9 2  kg/ha ) .  At 

the same t ime , the y i e ld obta ined in genotype II plants ( 8 2 2  kg/ha ) 

wa s 3 t imes h igher than in p l an t s  of g enotype I .  The genotype x 
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de f o l i a t i o n  i n teract ion wa s a l so h i g h l y  s i g n i f i ca n t  con f i rming t h a t  

t h e  genot ype s r e s ponded d i f f e r ent l y  t o  de fo l i a t i on .  I n  genera l ,  

c u t t i ng t r e a tme n L s  i n  genot ype I I  g a v e  s i g n i f i can t l y  h i ghe r seed y i e l ds 

t h a n  g e no t ype I .  Th i s  re s u l t  wa s not surpr i s i ng bec a u se both genot ype s 

h a v e  be e n  shown to d i f f e r  i n  t h e  n umber o f  i n f l o res cence s f ormed a nd 

t here fore in seed y i e l d .  A l t hough pa raqua t plots gave a h igh fr eq uenc y 

o f  i n f l o r e s c e nce i n i t i a t i o n  t he y  s ubseq uen t l y  produced t he l owe st 

I I UII I IJt : r  of i n  ( i Or E·' S C E ' T IC l ! S  a nd S eed y i f> l d .  I t  must be s t r e s sed that 

U u s . .f_e s po n s e  ucc u r r t�d cJ S .J d i r e ct res u l t  o f  t h e  de s tr uc t i on o f  some 
s t ol on s  a n d  i n f l or e s c e n c e s  by t h e  herbi c i de .  C ut t i ng an d p araquat 

t r e atme n t s  s i gni fi cantly r e duc e d  s e e d  yi e l d  of g enotype I ,  but on ly 

paraquat t re at me n t  re d u c e d  s e e d  y i e l d  of g enotype I I . 

Tc1 � l e  5 3 :  E f f e c t  o f  de f o l i a t i o n trea tme n t s  on wh i te c l over s eed y i e l d  
( kg / ha ) 1 984 - 1 9 8 5  

Genotype 

S i gn i f i ca nce 

L S D  5% 

S . E . D . ± 

Dl ' I C J  I i a  t i or r 

� Treatment 

S i g n i f i ca nce 

LSD �'t. 
1 %  

S . E . D .  ! 

G e nu type 
x de f o l i a t ion 

Con t r o l  
L i g h t cu t 
l lea v y  c u t  
Paraqua t  

S i g n i f i ca nce 

LSD 

( a  J 

( b ) 

S . E . D .  ± ( a )  
( b )  

Con t ro l  

G 5 7  

S E E D  Y I ELD kg / ha 

I 

2 7 9  

* 

4 1 4 . 0  

3 2 . 6 3 

L iqh t C u t  

567 
Heavy c u t  

I n t e r a c t i o n s  

I 

4 6 3  

2 4 4  
2 4 3 
166 

5% 

8 3 . 67 

5 3 . 5 6 

587 
* *  

2 0 . L 
30 . 6  

8 . 2 5  

* *  

3 4 . 1 5 

2 1 . 86 

I I  

8 2 2  

Pa raqua t  

392 

I I  

8 50 

889 

9 3 1 
6 1 8  

l %  
1 26 . 69 

81 . 1 0 

( a )  When compa r i n g mea n s  a t  d i f f e r e n t  l e ve l s o f  ma i np l o t s  
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d - Ef fect o f  de f o l i a t i o n  trea tments o n  wh i te c l over seed qua l i t y  

I n  add i t i on to seed y ie l d  component mea s urement s , seed qua l i t y  i n  

t e rms of normu l seed l i ny pe rcentage ( be fore a nd a f ter sca r i f i ca t i on ) ,  

a bnorma l se ed l i n g pe rcentage and hard seed and dead seed content wa s 

a l so exa m i ned . Resul t s  a r e  presented i n  Ta ble 54 . 

Se ..:Li g e r m i na t i on pe r c e n t a g e s  obta i ned i n  s a mp l e s tes ted be fore a nd 

d l  L<:r  sc. J z:· i f i cd l i o n  ::; l 1owt�d no s i gn i f i cant di f f erences between genotypes 

1 11 L l w  pe r c e n t d CJ ' '  u f  norma 1 seed l i ng s . Howeve r ,  de fo l ia t ion did have 

d ::; i y n i f i c a n t  e f f ec t  o n  t h i s  cha racte r ,  a l t houg h the d i f f erence s in 

n u r ma l s eed l i ng pe r c e n t a g e  between trea tme n t s  be fore a nd a f ter 

scar i f ica t ion is d i f f i cu l t  to under s t a nd .  P r e s umabl y the d i f ferent i a l  

r e ::; po n se wa s caused by v a r i a b l e  per centages o f  hard s e ed produced 

in each trea tment . Fo l lowi ng s ca r i f i c a t ion h a r d  seed content wa s 

very l ow ( l ess tha n 3% ) .  

No s i g n i f i ca n t  d i f fere nces i n  the l eve l of abnorma l seedl i ng s  fol l ow i ng 

::;ca r i f ica t ion occ u r r ed i n  tests o f  seed f rom d i f ferent defol ia t ion 

t r eatment s .  Howeve r ,  it wa s obser ved t h a t  s eeds from heav i l y  cut 

a nd pa raqua t s pr a y e d  p l a n t s  showed the h i g h e s t  propor tion of abnorma l 

seed l i ng s . The ma i n  t y pe s of abnorma l i t i e s  obser ved incl uded seed l i ngs 

\v i  th s t u n t e d  or necro t i c  prima r y  root s ,  or a decayed, shortened or 

g l a s ::; y  h y pocot y l . 

The perc e n t age o f  dead s e e d s  was low ( 4 - 8 % )  and not s i gn i fi c an t ly 

affe c t e d  by d e f o l i a t i o n  t r e atment or genotyp e . 

3 - D i s cus s i on 

Pa raquat h ad a ma jor e f fect on vegetati v e  a n d  reproduc t i ve g rowth 

of white clover , a s  found by other wor ke r s  ( Haygar 1 96 1 , 1 9 7 4 ,  Haggar 

cl u f.  1 96 3 ,  a nd H ugg u r and Ua s t ia n  1 980 ) . T h e  spr a y i ng o f  p l a n t s  

i n  ear l y  November had a deleterious effect on _ t he green t i s s ue o f the 

stolon s ,  pe t io l e s ,  pedunc l e s ,  l e a ve s  a nd i n f l or escences . Th i s  e f f ect 

wa s a l so r epor ted by Br i a n  et al ( 1958 ) , a nd Hagg a r  and Squ i r e s  ( 1 97 9 ) . 



SEED QUALITY 

Genot� Norma l seedl ings Norma l seedl ings Abnorma l seedl ings 

be f ore af ter a f t e r  

s ca r i f i ca t i on ( % )  sca r i f i ation ( % )  s c a r i f i ca t ion ( % )  

I 3 8 . 88 7 9 . 2 5 1 1 . 56 

I I  1 0 . 00 86 . 1 3  7 . 5 0 

S i gn i f i cance N . S .  N . S .  N . S .  

S . E . D .  ± 2 . 3 7 0 . 3 7 2 . 8 1 

Defol i a t ion Treatment 

Control 1 8 . 50 8 3 . 38 7 . 6 3 

Light cut 2 2 . 6 3 84 . 7 5 7 . 3 8 

Heavy cut 2 8 . 6 3 80 . 3 8 1 0 . 7 5  

Paraquat 2 8 . 00 80 . 2 5 1 2 . 3 8 

S i gn i f i cance * * N . S .  

LSD 5 %  6 .  7 1  3 . 7 2 

S . E . D .  ± 2 . 7 4 1 .  52  2 . 08 

Tabl e  5 4 : Ef f e c t s  of defol i a t i on treatments on white c l ove r s eed qua l i t y  

H a r d  s eeds 
a f t e r  

scar i f i ca t i on ( % )  

2 . 50 

1 .  4 0  

i'l . S .  

0 . 56 

2 . 00 

1 . 88 

1 .  2 5  

2 . 7 5 

N . S .  

0 . 99 

1 98 4  - 1 98 5 . 

Dead seeds 

a f ter 
scar i f i cation ( % )  

6 . 69 

4 . 94 

N . S .  

2 . 1 2 

5 . 00 

6 . 00 

7 . 6 3 

4 . 6 3 

N . S .  

1 . 01 

1-' 
0'\ 
a:: 
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Fol lowing s praying,  howeve r ,  regrowth occurred f rom t i s sues whi ch 

had been protected f rom d irect contact w i th the herbicide , par t i cu l a r l y  

termi n a l  buds . Simi l a r  results we re reported b y  Ba l dwi n ( 196 3 )  a nd 

Summers ( 1 980 ) whi ch indica ted that pe renni a l  pl ants with underground 

organ s ,  a l though sus cept i b l e  to top-k i l l  by paraqua t ,  gene ra l l y  regrow 

f rom the ba se . Pa raquat subsequen t l y  reduced the number o f  rooted 

nodes by nea r l y  one quarter and a l so the forma tion of latera l stolons 

as found by Rol ston and Chu ( 1 97 6 ) . Compared wi th e i ther cut or uncut 

treatments the paraquat treatment produced a poor seed y i e ld ( 3 9 2  

kg/ha ) a s  a consequence o f  i n f l orescence de struction . Cutting had 

a genera l l y  de l eterous e f f ect on s eed y i e l d  i n  genotype I and a 

promotive e f f e c t  i n  genot ype I I .  S uch genotype var ia t ion has a l so 

been reported by Ross i te r  ( 1 96 1 ,  1 97 2 )  and Thomas ( 1 981b) . I n  genera l ,  

the quant i t y  of seed produced from p la nts cut a t  d i f ferent i ntensi t i e s  

wa s simi l ar ( ' heavy cut ' 5 87 kg/ha , ' l ight cut ' 567 kg/ha ) .  However 

these v a l ue s  are we l l  be l ow the 657 kg/ ha recorded from uncut p l a nts . 

Th i s  di f fe rence i s  ma i n l y  due to the pa rticular l y  de leterious e f f ect 

of cut t i n g  on seed yie l d  in genotype I ,  ( table 5 2 ) 

Heavy c u t t i ng , i n  part i cul a r ,  reduced node appea rance a nd s to l on 

e longation ( Pa scoe 1 9 7 3 ) .  The ma i n  e f fect of cut t ing wa s to i ncrease 

l a tera l s tolon formation pa rti c u l a r l y  i n  December when ' l i ght cut ' 

and ' he a v y  cut ' plants produced 2 0 %  a nd 4 6 %  more latera l stolons than 

uncut p l a nt s  r especti ve l y .  Uncut pl a nts f ormed few latera l stolon s .  

Simi l a r  r e s u l t s  have been reported b y  Mi tche l l  ( 1 956a ) ,  Haggar et af 

( 1 96 3 )  and Za l eski ( 1 97 0 ) . The number of unexpanded leaves and l e a f  

pr imord i a  wa s not a f f ected b y  cutti ng but wa s decrea s ed b y  pa raquat 

in December as f ound by C l i f ford ( 1 980 ) and Thoma s ( 1 98 2 ) . A 

cons i s te n t  number of l ea f  pr imordia o f  6 o r  7 per termina l bud occurred 

in a l l  c a s e s  ( Thomas 1 982 ) ,  except where termi nal buds had been damaged 

or de s troyed by direct contact w i th herbi c ide . 

2 
I n f lor e sc ence numbers/m wa s the ma in determinant o f  s eed y i e l d  as 

a l so s h own by Za l eski ( 1961 , 1 9 70 ) , C l i f f ord ( 1 97 7 ,  1 97 9 ,  1 980 ) and 

Huxley et a£ ( 1 979 ) . These we re borne pri ncipa l l y  on mai n  stolon s ,  

l a tera l s to1ons , b y  compa r i son , bei ng r e l a t i ve l y  unproduc t i ve 

i n f lore scence producer s . Th i s  s uggests that any treatments which 
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stimu l a t e  l atera l branching dur i ng the f lowe r i ng per iod of white c l over 

i s  l ik e l y  to result in l ower seed y i e lds . Thi s  e f f ect wa s a l so 

repo rted by Thomas ( 1 980a ) . In the present study , cut t i ng and paraquat 

appl i ca t i on genera l l y  i nc rea sed lateral sto lon f ormation a nd 

subs equen t l y  produced f ewer i n f l orescences than uncut plots�  

The r eact ion o f  the two genotypes to cutt i ng wa s quite di f ferent . 

Genotype I showed a ma jor reduction in i n f lores cence numbers f o l l owing 

cutt i ng or spra y i ng .  Genotype I I ,  however,  whi l e  a l so s howi ng a 

redu c t i on i n  i n f lore scence number s  fol lowi ng sprayi ng , wa s much more 

tol e rant of cutt i ng treatments . I n  fact , heavy cutting s t imu la ted 

i n f l ores cence production . 

The prev i ous exper iments have con f i rmed the number of i n f l orescences 

per uni t  area as the mos t  important determinant of seed y i e ld . They 

have , however , a l so clea r l y  shown the important contribut i on to seed 

y i e l d  made by other y i e l d  component s , pa rticula r l y  the number of 

f lo r e t s  per i n f l orescence and seed we i ght . The pre sent study con f i rms 

the i mpor tance of i nf lorescence number s/m
2 

in determ i n i ng seed y i e ld .  

Howe ve r ,  none of the de fol i a t i on treatments ,  whether i nvolv i ng cutt ing 

or paraquat a ppl i cati on resul ted in a ny appreciable d i f f erences i n  

f lo r et n umber s  and seed we i gh t . I n  contra st , Cl i f ford ( 1 9 79 , 1 980 ) 

found d i f ferent responses when whi te c l over wa s gra zed at d i f ferent 

t ime s of the yea r . The r e s ults , however , do con f i rm the genera l  

i n s e n s i t ivity o f  seed qua l i t y  components norma l a nd a bnorma l 

s e ed l i n g s ,  ha rd and dead s eeds between treatments fol lowing 

s ca r i f i cation as wa s found by Z a leski ( 1 961 ) .  
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CHAPTER I V  

GENERAL D I SCUSSION AND CONCLUSIONS 

New Zealand is one of the world leaders in white c lover seed production, 

and its cultivars are recogni sed i nternationa l ly as being amongst 

the best ava i l able .  ' Grass lands Huia ' white clover s eed can be 

regarded as a rea l success for the New Zea land herbage seed export 

industry over many years . Since 1 97 2 ,  the amount of c lover seed 

exported has increa sed from a round 2 , 000 tonne s ,  to over 4 , 000 tonnes 

in 1 98 3 . S i nce 1 978,  the va l ue of c lover seed exports has tripled 

to N Z$ 1 6 . 4  mi l l ion in 1983 ( Hampton a nd Scott 198 3 ) .  Thi s  increa se 

is a lmost entirely due to the increa s ed export of ' Gra s s lands Huia 1 

whi te clove r .  

White clover s eed i s  norma l ly produced from ryegra ss/white c lover 

swa rds , which are close l y  grazed by sheep be fore being c losed f or 

seed production i n  late October or early-mid November ( Langer 1 97 3 ,  

C l i fford 197 7 ,  1979,  1 980 , Le itch 194 9 ,  Jol l y  195 7 ) . 

The aim of this chapter is to attempt to br ing together the results 

and f i ndings of the three f ield studies considered in thi s  thes i s .  

Th i s  wa s thought to be neces sary to try to anal yse the relati onship 

between overa l l  seed crop management and the results of the f i e ld 

experiments as  they relate to various aspects of whi te clover seed 

production . 

The dual role played by white c lover has been emphas ised i n  many 

i nvestigations . It not onl y  provides herbage for gra zing a nima l s  

but a l so provides for seed producti on during the same farming year .  

H owever,  a conf l i ct exists between these two role s  s ince a high 

ut i l i zation of the herbage capacity of the plant f may impair its seed 

production potential , whi l e  the opposite effect is a l so true . However , 

re search work on this species s uggests that with appropriate crop 

management , such conf l ict can be partly or completely overcome ( Jo l l y  

1 9 57 ) . For thi s  reason , in  the present experiment s ,  particular 
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attention ha s been paid t o  the morphological development o f  the white 

c lover plant as we l l  as  to the effects of grazing , cutting and paraquat 

herb i c i de appl icat ion on s eed production . 

Despite thei r  s imi lar des ignation as 1 Grass l ands Huia 1 white clove r ,  

both genotype s showed remarkably di f ferent reproductive response s .  

There wa s no doubt that plants of genotype I had a much lower 

reproductive potential than plants of genotype I I .  Th i s  wa s seen 

by the production of fewer inflorescences , each bearing fewer f lorets 

per i n f lorescence and l ighter s eeds in plants of genotype I .  By 

comparison , plants of genotype II produced more inf lore scences each 

bearing nearly 25% more florets and heavier seeds . These dif ferences 

were u ltimate l y  expres sed in comparative seed yields o f  464 kg/ha 

in genotype I and 850 kg/ha in genotype I I .  

wa s similar i n  both genotypes . 

Seed qua l ity , however ,  

Thi s  ma jor difference i n  seed yield between genotypes wa s entirely 

a f lowering response . Thi s  wa s shown by the fact that vegetative 

characters such as the numbers of leaf pr imordia in the termina l bud 

and the numbers of latera l stolons , rooted node s ,  latera l branches 

a nd main sto lon e longation were a l l  similar between genotypes . The 

number of inflorescences present in the terminal bud wa s not 

statis tica l l y  different between genotype s ,  despite an advantage o f  

over 5 0 %  i n  th is character in favour of genotype I I .  

The seed yield of whi te cl over i s  determined by a series o f  inter­

re l ated factor s ,  i ncluding the total number of seeds produced a nd 

seed s i ze . The number of seeds are dependent on the number of 

ferti l ized ovules , which i s  determined after the exc lusion of ovul es 

whi ch have not been fert i l i sed and ovules in  which s eeds fail  to 

develop.  The number of ovules i s  the product of the number of f lore ts 

and the average number of ovules per pod, whi l e  the number of f lorets 

is determined by the number of inf lorescences which are produced, 

as we l l  as  by the size of each inf lorescence . 

I n  general ,- investigations carried out so far have a l l  stressed that 

the number of inf lorescences/m2 at harve st is the ma in factor 



contributi ng to seed yield . S ince 

mai n l y  from the apices of mai n  

i n f l orescences produced i s  close ly 

T [ 3  

these inf lorescences originate 

stolons the tota l number of 

re l ated to the total length of 

stolons on the plant . I f  a high seed yie ld i s  de sired, it i s  essentia l 

to manage the sward in such a way that ma in stolen production and 

growth are promoted before inf lore scence formation and tha t  gra zing 

frequency a nd intensity are contro l l ed to ensure the retention of 

a certain amount of l ea f . The s tolons produce the inf l orescence� , 

whi l e  leave s  provide adequate suppl ies of photosynthethates to the 

inflorescences and other parts of the plant . 

One factor which is very important i n  the production of seeds in whi te 

c l over is the morphological  deve lopment of the meri stems of the plant . 

Thi s  includes knowledge of the time of change of the apex from the 

vegeta tive to the reproductive condition, its accessibil ity to stock 

and the e f fect of remova l of these meristems on the initiation and 

growth of l ateral stolons . A white clover plant has several ma in 

and lateral stolons , which form and deve lop at di fferent times from 

a utumn to ear l y  summer ( Thomas 1 980 , 198 1 ,  Be inhart 1 96 2 ,  Hog lund 

and W i l l iams 1 984 ) . I n  general , white c lover planted during the winter 

in the f ield and harvested for seed in February shows that most of 

the ma in stolons and the largest lateral stolons ( with more than 8 

node s )  are formed duri ng the spring . 

I n f l orescence i nitiation , 

the wi nter a nd increa ses 

according to Thomas 

with i ncreasing day 

( 1 981a , b , ) ,  starts i n  

length . Termina l bud 

di ssections confirm thi s  trend in the present study with inf lorescence 

init iation beginning in August in both genotypes . Only a proportion 

o f  main stolons form inf lorescences and latera l stolons initiate very 

f ew flowers . 

Under normal growing conditions the only clear effect of i n f lorescence 

production on growth i s  a reduction in the number of vegetat i ve 

axi l lary buds as  a result of inf lorescence development at axi l lary 

bud site s .  Each node can thus produce either one vegetative axi l l ary 

bud or one inf lorescence , but never both ( 'Ih:rras 198la;b) . For that reason 

i t  is not s urpri s ing that the percentage o f  nodes bea r ing l ateral 
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stolon s ,  h a s  been shown t o  decrease from the spring onwards i n  an 

inverse proportion to inf lorescence format ion . 

The difference in i n f l orescence initiation and f lowering inten s i ty 

between genotypes cannot be expla ined by the relat ionship between 

the production of vegetative axi l l ary buds and reproductive axi l l ary 

buds as sugges ted by Gibson ( 1957 ) ,  and Thomas ( 1 980 ) . Both genotypes 

in the pre sent study showed simi lar  vegetative development throughout 

the experiment .  The variation in inflorescence numbers wa s due chi e f l y  

t o  different requirements for cold temperature during the winter 

between genotypes , as was found by Thomas ( persona l communication ) . 

I t  wa s a l so determined in the present studies that the l argest 

inf lorescences we re those which emerged f irst duri ng the s ea son . 

These were initiated during August , September and October from stolons 

developed in the spr ing . Ros s iter ( 1 97 2 ) ,  working wi th s ubterranean 

c l over , and Zaleski ( 1970 ) with white clover a l so found the same type 

of results . 

One of the most i nteresting f indings in the se investigations i s  the 

approximately 50% difference in the number of seeds per floret i n  

ma ture inf lorescences formed from plants in the first days of December 

( 4 .  5 seeds per f loret ) compared with the s ituation in January ( 2 .  5 

seeds/floret ) .  C l i f f ord ( 197 9 )  seems to indi cate the opposite e f fect,  

that i s ,  that i n f l orescences which ripen later produce more seeds 

per inflorescence than those formed ear l i er . 

o f  thi s dif ferent e f fect may be rel ated to 

One possible expla nation 

increased bee activity 

i n  the field during the mid-l ate summer whi ch can result in increa s ed 

seed set . However , Thomas ( 1985 ) in unpubl ished data , found s imi l ar 

results to those obta ined in this thesi s .  He compared plants that 

initiated inflorescences in cold or warm conditions during the wi nter 

and later were kept under natural condit ions during the summer for 

pol l ination . Thos e  pl ants which had recei ved cold pre -treatment showed 

higher seed set than plants kept under warm temperatures .  

The s uppress ion by grasses on white c l over i n  a mixed sward i s  

attributed to two ma in causes . First , the gra s s  has a depres s i ng 

e f fect on white c l over inf lorescence initiation by reducing l i ght 



intensity a t  the stolon level [za leski ,;(1970 ) and second , the gra ss 

decreases the population of white c lover by competing with i t  for 

light,  

plant 

water and nut r ient s .  

competi tion exi sting 

There i s  a l so a possibi l i ty of intra­

in white c lover plants a ffect i ng 

inflorescence initiation and plant growth . 

In the pre sent investigations three types of de foliation were studied . 

During the first two years of field exper iments gra z ing and paraquat 

treatments were appl ied to a mixed sward of ryegrass and whi te c lover 

at dif f erent t imes during the spring . In the fina l two experiment s ,  

paraquat spraying and two different cutting intensity treatments we re 

done in mid-November on a pure whi te clover sward and the regrowth 

of the plants wa s observed. 

The results of the final experiment showed that a heavy cut treatment 

in which some termi nal buds were removed, resulted in a s l i ght initial 

decrease o f  growth ( e longation ) of the ma i n  stolon , and a corresponding 

increa se i n  the number of lateral stolons during the same period. 

Th is response wa s not found in more lightly cut treatments where few ,  

i f  any ,  terminal buds were removed . Thi s  stresses the dominance of 

the termi nal buds on stolon growth . When the stolon apex wa s removed 

there wa s a remova l of api cal dominance . Thi s  af fects the distribution 

of assimilates and creates a new pattern of bud dominance , promoting 

new la tera l stolon formation . Howeve r ,  the re sponse i n  th i s  exper iment 

wa s not as  large as expected because only a few terminal buds were 

removed and because most of the l ateral stolons shoul d  already have 

been d i f ferent iated when the cutti ng treatments were appl i ed ( mid 

November ) .  There fore , during thi s time , de fol iation i s  more important 

in its e f fects on the stimulation of inflorescence initiation than 

in increas ing stolon formation . 

According to the results obtained by Be inhart e1 a.f_ ( 1 96 3 ) and from 

the f ina l f i eld experiments white c lover pl a nts produced most of the ir 

main stolons and l ateral stolons during a utumn and winter , thi s _ proce s s  

being promoted b y  grazing during the spr i ng .  Similar results have 

been found by Be inhart ( 1963 ) ,  Chapman ( 1983 ) and Hoglund and Wi l l i ams 

( 1 984 ) . They have shown an inverse linear re lationshi p  between season , 
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temperature and s tolon growth and devel opment . On the other hand, 

de fol iation i n  mid November tended to increa se or decrease 

inf lorescence eme rgence depending 

genotype II showed s igni f icant l y  

on genotype . I n  the se studie s ,  

higher numbers o f  i n f l orescences 

emerged on mai n  and latera l stolons in defol iated treatments than 

unsprayed treatments , whi l e  the opposite ef fect wa s found in genotype 

I .  Thi s  response wa s the cause of the s igni f i cant higher seed yie lds 

in a l l  the cutting treatments in genotype I I .  This suggests it cou ld 

be important to determine the types of 

and to manage the field accordingl y .  

in  ' Gras s lands Huia ' white clover that 

clones exi sting i n  the swa rd 

Thoma s ( 198lb)  a l so observed 

inf lorescence numbers we re 

increased when de fol iation ( cutting ) wa s carried out in mid-November .  

The results a l so show that the apical meri stems in heavy f l owering 

pl ants inhibit l atera l stolon i n f lorescence formation but when the 

meristem i s  removed the intens ity of i n f l orescence production increases 

( Ph i l l ips 1969 ) . 

I t  wa s observed that spraying caused more severe damage to plants 

in  a pure white 

of ma in stolons , 

which came into 

clover swa rd than i n  a mixed swa rd, des troy ing parts 

latera l stolons , leaves and any photosynthetic ti s s ue 

contact with the herbicide . Thi s  damage wa s least 

in a mixed swa rd because a large amount of herbicide wa s i ntercepted 

by the gra s s  which acted as a pa rti a l  barrier to the par aquat reaching 

the clover t issue.  Herbicide appl icat ion e f fective ly decrea sed the 

number of nodes ,  stolon elongation rate and the number of rooted nodes 

on ma in stol ons . Plants were unable to recover from thi s  e f fect wi th 

a res ultant reduction in seed yie l d  at harvest . 

I t  was a l so important to note that paraquat appl i cation resulted in 

a s igni f i cant i ncrease in inf lorescence initiation . Despite this 

e f fect , paraquat treatments pre sented the lowe st numbe r  of emerged 

inflorescences , because the herbicide caused a reduction in the number 

of vegetative and reproductive organs a s  expl ained earlier . The 

increase i n  inf lorescence formation i n  plants sprayed with paraquat 

has not been reported before a nd more phys iological  s tudies a re 

necessary to determine the causes of this response . 
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As far a s  dif ferent defol iation treatments were concerned the heaviest 

seed and highest seed y ield wa s found i n  uncut plot s . The number 

of f lorets per inf lorescence wa s an insensitive parameter to 

defol i ation, and y ield component s ,  ovules  per ovary a nd seeds per 

f loret , a l so showed little response to cutting or paraquat . Simi l ar 

results we re obtained by Zaleski ( 1970 ) in  his experi ments on the 

e ffects of different cutting treatments on seed yie ld in whi te c love r .  

He reported that the main e f fect o f  de fol iation wa s on the number 

of inflorescence s produced per square metre . However , he could f i nd 

no s igni f i cant d i f ferences in · other variables such a s  f lorets per 

inf lorescence and seed s i ze . However ,  C l i f ford, ( 19 7 9 ,  1980 ) , i n  

New Zealand , showed that de fol iation l a ter than mid-November caused 

a drast i c  reduction in inf lorescence number s ,  floret numbers and seed 

we ight and therefore , in seed yield.  

There were no ma jor  difference s in the per centage of norma l or abnorma l 

seedl i ng s ,  number of hard seeds a nd dead seeds between seed samples 

f rom de fol i ation treatments or genotypes a s  also found by Z a l eski 

( 1 961 , 1970) . Thi s  s uggests that seed qua l ity is genera l l y insensiti ve 

to seed crop management practices . 

Experiments carried out in 1982  and 1983 i ndicated that rotational 

grazing every 2 weeks unti l November did not reduce either the number 

of inflorescences produced or seed yie l d .  Howeve r ,  because of the 

year l y  variation in environmenta l condition s ,  some differences i n  

the t ime o f  onset and rate o f  inf lorescence development occurred . 

The results strongly suggest that the pra ctice of clos ing the swa rd 

on the same date each year i s  not advi sable if the farmer wants to 

maximi se seed yields . By inspecting the f i e ld at regul a r  and f requent 

intervals during the late spri ng and recording the time when the f irst 

inf lorescences emerge , it  i s  poss i ble to determine the best date for 

clos i ng and spraying the sward . 

Good seed yields were obta ined when November c losing wa s preceded 

by paraquat appl icat ion in mid-October or at closing . In contr as t ,  

the appl ication of paraquat 3 0  days a f ter November clos ing ser ious l y  

reduced seed yie l d .  H owever,  in a year when profuse vegetative growth 

conti nued unti l  December good seed yield cou ld be obtai ned by paraquat 
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spraying in mid-November and delayed closing until mid-December . I t  

i s  important t o  note that in years when cl imatic conditions reduce 

growth in November or before , poor seed yie lds were found wi th D-N 

and D-D treatments ( December closing and paraquat application 30 days 

be fore closing or at c losing ) . Simi l a r  results were obta i ned by 

C l i f ford ( 1 9 7 9 ,  1 980 ) in New Zea land . His  work indicates tha t ,  with 

adequate soi l moi s ture , frequent gra z i ng unti l  mid-November gave the 

best balance between inflorescence number and seed yie l d .  Ear l i er 

or later closing dates res ul ted in a loss o f  early inf l ores cences formed 

under the canopy or loss of high amounts of inf lorescences during 

grazing by sheep . 

I n  genera l ,  these 

with the t ime of 

plants . There fore , 

of closing may be 

optimum date s for c los ing and spray i ng coincide 

maximum inflorescence formation of white c lover 

another method for determi ning the optimum time 

to dissect termi na l buds under the microscope . 

When the terminal buds show maximum inflorescence formation that time 

may be considered as the optimum closing date and paraquat appl i cation 

may then be carried out . 

I n  most of these studies seed harvests were made 3 0  days a fter peak 

f l ower ing when approximately 75% to 90% of inf lorescences were brown 

and mature seed could be rubbed out in the hand. The results of the 

f i rst exper iment showed no large dif ferences in seed qua l i ty between 

seeds obta ined at different harvesting times ( 2 5  to 40 days after 

peak f lowering ) .  However , there wa s a tendency for har vests  carried 

out less than 3 0  days after peak f lowering to produce s eed of 

marginal l y  poorer qual ity . 

I n  New Zeal a nd wh ite c lover seed crops are norma l l y  cut when about 

80% or 90% of the inf lorescences are brown ( Jolly 195 8 ) . Thi s  period 

occurs in  

dry . The 

January 

results 

or February when 

during the f irst 

conditions are usua l ly warm and 

f ield experiment h i gh l i ght the 

problems whi ch are l ikely to occur when wet conditions preva i l  during 

the norma l harvesting t ime . Under these conditions growe r s  would 

not be abl e to wa i t  unt i l  80% of the inflorescences had turned brown 

due to the probl ems of continued vegetative growth of the white clover 

plants . Scott ( 197 3 )  observed in wet seasons and recommended the 
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harvesting of white clover seed crops when 70% of i n f lorescences were 

brown . These examples s uggest that the practice o f  harvesting the 

seed crop 30 days after peak f l owering i s  a haphazard way of trying 

to consistently maximise clover seed yields . I n  genera l , any 

condit ions w hi c h promote vegetat ive growth are l ikely to i ncrease 

petiole length a nd raise the leaf canopy above the inflorescence s .  

Thi s  can result i n  a s ituation where inf lorescences a re shaded by 
� 

the leaf camPf arrl result in rotting inf lorescences and seed sprouting 

in the inf lore scence . 

CONCLUS IONS 

The results of this study have emphas i sed the high seeding potential  

of 'Grassl ands Huia' white c love r .  The highes t  seed yield  of  850  kg/ha 

obtained i s  more than f i ve time s higher than the average commercial  

seed yield va l ue of  153  kg/ha quoted by Hampton and Scott { 198 3 )  f or 

this cul t i  var .  This clear l y  shows that ' Grassl ands Hui� whi te clover 

is a plant which displays . .  considerabl e  genetic,  environmenta l a nd 

cultural reaction i n  relation to both vege.tative and reproducti ve 

deve lopment.  As an example ,  the tv.o gen::>types of 'Grasslands Hu:i,cl. ' �te :c:).Q"I{Eg 

used in this study showed di f ferences of 47%  in  inf l orescence number s ,  

2 5 %  i n  s eeds per f loret and 1 3% in  seed we ight , even though the 

percentage of seed set in each cultivar wa s simi lar . Environmental 

condit ions , particularly rainfa l l ,  temperature and wind speed, a l so 

resul ted in ma jor differences in seed n umbers per f l oret in dif ferent 

years , ranging f rom 0 . 1  to 4 . 5 . These dif ferences were thought to 

reflect the effect of cl imatic conditions on pol l inator activity and 

s ubsequent seed abortion . Nevertheless , even the highest val ue s  we re 

a poor reflection of the potent ial  seed numbers which could have been 

produced from the cons i stent 6 to 7 ovules present per f loret in thi s  

spec i e s . Seedcrop management, parti cularly clos i ng date , paraquat 

herbic ide application a nd de foliat ion intensity,  a lso had a ma jor 

e f fect on seed yield.  Thi s wa s shown by the alteration in vegetative 

morpho logy of the plant by management , particularly  in rel ation to 

the amount of l ateral stolon deve lopment on main stolons in the winter 

a nd spr ing and the increase in inflorescence init iation from August 

to a peak in October and November .  
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1 Gras s l and Huia 1 white c lover appears to partition its growth between 

vegetative deve lopment to ensure perenni a l ity ( a factor ref lected 

in the production of l ateral stolons in the winter a nd early  spr i ng )  

a nd seed yield which i s  determined primarily by the number of 

inflorescences per unit area and to a lesser extent by f loret numbers 

per inflorescence , seeds per f loret and, in  some case s ,  by seed we ight . 

Most o f  the seed produced by the plant i s  formed i n  inflorescences 

borne on main s tolons ( 80% ) . Latera l stolons,  by comparison have 

a l ower seed production abi l ity but appear to have a ma jor role in 

vegetat ive survival and longevity.  Thi s  vegetative s urviva l role 

i s  reinf orced by the production of a high percentage of rooted nodes 

in the wi nter and early spring ( 91 % ) when temperatures are low compared 

wi th the summer when temperatures increase . The effects o f  de fol i ation 

by cutting involved a reduction in s tolon elongation and a general 

increa se in lateral stolon production , particularly when terminal 

buds were a l so removed . Any stimulat ion of latera l stolon deve l opment 

during f loral initiation genera l ly reduced seed yield . Both l ight 

and heavy cutting treatments resulted in seed yie lds whi ch were 70 -

90 kg/ha less than the 6 5 7  kg/ha produced by uncut plant s .  The e ff ect 

of paraquat appl icat ion wa s a l so detrimenta l to s eed yield, mainly 

through a direct ef fect on white c lover morphology . Al though paraquat 

reduced the amount of latera l  branching on the main s tolon the 

de struction of tis sue by the herbic ide reduced plant recovery a nd 

resulted i n  a seed yield of onl y  392 kg/ha compared with 6 5 7  kg/ha 

from unsprayed plant s .  Thi s  e ffect wa s most pronounced in pure swards 
. 

of whi te c lover and less obvious when the grass component of a mixed 

sward provided some protect ion of the white clover from direct contact 

with the herbi cide . 

Maximum seed yie lds were obtai ned from November c losing date s .  I n  

grass / c lover swa rds the c los i ng of crops in November accompanied by 

pa raquat s praying to remove gra s s  competi tion either in mid October 

or at clos ing enhanced seed yield.  In pure swa rds , uncut and unsprayed 

plants were most producti ve . Later g ra zing and spraying , wa s 

de leterious to seed yield unl e s s  cl imatic conditions a l l owed continued 

vegetative growth into December .  I n  thi s  case spraying i n  November 

and closing in December could a l so give high seed yie l ds . 
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The large variation in seed yield obtained in these exper iments 

indicates there are cons iderabl e  opportunities for increa s i ng the 

seed yield of white clover . Such increases  can be achieved if seed 

producers could put together a crop management programme which i s  

t imed to relate to the stage of growth and development o f  the whi te 

c l over plant . 

Potential areas of future research : 

The resul ts obtained i n  these studies have made i t  possible to identi fy 

some area s where inadequate or insuf f i cient research data i s  ava i l abl e .  

S uch areas are obv ious targets for cont inued research on whi te clover 

seed production . For exampl e ,  it seems that most l atera l s tolons 

bear f ew inf lorescences while  they sti l l  remain attached to the ir 

ma in stolons . However , once they become independent of the ma in stolon 

their reproduct ive capacity actua l ly increases . There fore , it would 

be interesting to determine the e f fectiveness of c utting l ateral 

stolons ( early in October ) ,  perhaps wi th discs, to improving 

inflorescence i nitiation . At the same time it would be interesting 

to determine the phys iological bases of thi s  e ffect . 

Another potenti a l l y  prof itable area of research woul d  be the 

determinat ion of the causes of var iation in seed set per f loret a nd 

to study the mechani sms contro l l ing this character . I f  seed set per 

f loret could be increa sed the production of seed in whi te c l over would 

be s igni f i cant ly improved in compari son to present commercial seed 

yields . S ince white clover i s  one of the mos t  important New Zeal a nd 

seed exports i t  would a l so seem to be advantageous to deve lop a more 

re l i able method to determine the correct t ime to harvest the crop 

to ensure the maximi sation of seed yie lds . 

Practical appl icat ion for South American conditions : 

I n  addition to its obv ious nutr i tional value for l ivestock , whi te 

clover has a special  va l ue for ra i s ing soi l fert i l ity a nd improving 

soil str ucture . At the same time , a seed crop of clover provides 

a break in the rotation of the paddock , and , under correct management,  
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can g i ve good f inanc i a l  returns . For these reasons , white c lover 

i s  con s idered as one of the most important legumes in the temperate 

zone and certainly shows tremendous potential  as a l egume for high 

a l titude areas near the Equator . It i s  hopeful that the results 

obtained i n  

investi gat ions 

to provide the 

the present 

made by other 

experiments together wi th s everal  

workers in New Zea land could be  used 

basis  for the development of a rel iable management 

system for seed product ion of white clover in South American countries 

including Argentina ,  Uruguay ,  Chi le ,  Paraguay ,  Bo l ivia , Southern areas 

o f  Bra z i l  and in high alti tude areas o f  the Andes in Colombia ,  Ecuador , 

Pe ru and Venezuela . For example white c lover i s  found to grow 

natura l l y  at high elevat ions in Colombia ( from 1 , 800 to 4 , 000 metres 

above sea leve l ) ,  which represent about 5 %  o f  the total area of the 

country . It  occurs in cultivated f i e lds and wa ste lands , a l ong road­

ways , in lawns , parks , and in natura l and improved pastures . In many 

i nstances a pure stand of white clover appears a f ter a cultivated 

c rop of sma l l  gra ins , when these are we l l  suppl ied with phos phate . 

The p lants thr ive a l so i n  soi l s  wi th a pH of 5 . 0  or even less . 

Furthermore,  inflorescences a nd seed may be developed at a l l  times 

of the year , al though they are more abundant in the dry sea son ( June 

and July ) . Some pre l iminary i nvestigations by Crowder ( 1960 ) on 

col lected materia l have shown that most plants are of the intermediate 

type and flower profus e l y .  With the short day l ength ( 1 2 to 1 2 1  hours 

throughout the year ) there is a natural selection towards a contracted 

f l ower ing time . 

I t  i s  the a uthor ' s  opinion that the resul t s  found i n  

s tudi e s  could be used directly in temperate areas o f  

Ameri can countries wi th l i ttle variation a ccording to 

the present 

some South 

the weather 

condit ions of each area . In particular , the results are con s idered 

to be important in providing the basis  for the development of seed 

programme s for the production of white c lover seed i n  the high 

e l evation of the Andes . 



Year . pH C a l c i um Magnesium Pota ssium Ammonium Nitrate Phosphorus Phosphorus I ron Manganese 
A B 

82-83  4 . 9  900 4 . 4  5 3  1 0  1 5 0  5 . 1  1 3 . 4  1 2  1 0  

8 3 -84 4 . 5  7 3 5  4 . 7  4 2  3 1 5 0  2 . 6  5 . 8  8 1 0  

84 -85 5 . 9  640 3 . 4  79 2 2 5  5 . 1  8 . 8  30 20 

Explanati on of F igures : pH • • •  measured in water ,  soi l :  water ratio 1 : 1 .  Ca lcium,  Magnes ium, Pota ssi um ,  Ammonia , 

Nitrate , Iron , Manganese • • •  parts per mi l l ion mea sured in the soi l extract determined 

according to the improved method of Morgan-Venema . 

Phosphorus A • • •  parts per m i l lion measured in Sodium Bi carbonate solution of pH 8 . 5 ( ha l f  hour Olsen method ) 

Phosphorus B • • •  parts per mi l l ion soluble in di l uted Sulphuri c  Acid ( method Beater ) .  

Appendi x 1 :  Soi l ana lysis of the experimenta l f i eld � and H Laboratories Limited ) 

1-' 
CXi 
w 



Appendix 2 :  

Month 

Aug 

Sep 

Oct 

Nov 

Dec 

Jan 

Feb 

Basic weather data for Pa lmerston North ; 
each month over the experimenta l period . 

Wind 
tota l run 

km 

290 

290 

361 

494 

396 

464 

2 99 

ELEMENT 

Mean 
temperature 

o c  

9 . 0  

9 . 9  

1 1 . 1  

1 5 . 1  

1 4 . 4  

1 5 . 6 

16 . 8  

To t al 
ra infa l l  

mm 

52 . 7  

48 . 7  

80 . 4  

60 . 9  

160 . 0  

59 . 7  

29. 5 

Data from DSIR , Pa lmerston North 

1 8 4 ' 

mean va lues for 
1982 - 1983 

Ra infa l l  
di f ference 
from 20 yr 

average 

- 40 . 3  

- 39 . 3 

- 4 . 6  

- 1 3 . 1  

+63 . 0  

- 8 . 3  

- 28 . 5  



Treatments 1-Hl 1 5-10 

S - A 30 29 

s - s 29 27  

s - 0 

S - Wh 30 29 

0 - s 

0 - 0 

0 - N 

0 - Wh 

N - 0 

N - N 

N - D 

N - Wh 

D - N 

D - D 

D - J 

D - Wh 

1-11  

29 

29 

29 

29 

29 

29 

30 

DATE OF S&�PLING 

day - month ) 

1 5 - 1 1  1 - 1 2  

2 2  2 2  

2 1  2 0  

2 1  2 1  

2 0  2 1  

2 0  2 1  

2 1  2 2  

2 1  

2 0  2 2  

2 2  

2 1 

2 2  

1 5 - 1 2  1 - 1  15-1  1-2  

2 4  19 19 

25 20 19 

23 19 2 1  1 2  

2 4  20 

23 20 20 

2 4  21 2 1  1 2  

2 4  . 20 2 2  10 

2 4  1 9  

2 3  19 2 2  1 3  

2 4  2 0  19 1 1  

2 0  2 2  14 

2 4  19 20 

19 2 2  1 4  

20 20 1 1  

1 2  

2 0  2 0  1 1  

Appendix 3 :  Effect of c losing time and paraquat treatment on t h e  p er c ent of soi l . m oi sture c ontent 1 9 8 2  - 1 9 8 3 . 

1 5 - 2  

7 

7 

8 

8 

9 

6 

6 

� 
CX> 
U1 



Closing t ime 

Mid - September 
Mid - October 
Mid - November 
Mid - December 

S igni f i cance 

LSD 5% 
1 %  

S . E . D .  ± 

Treatments 

S - A 
s - s 
s - 0 
S - Wh 

N - 0 
N - N 
N - D 
N - Wh 

LSD ( a )  5 %  
1 %  

S . E . D . ( a )  ± 

LSD ( b )  5 %  
1 %  

S . E . D .  ( b )  ± 

Da�s after �ak f lowerin9 

2 5  30 35 

1 3 . 0  18 . 2  1 2 . 3 
1 5 . 0  1 7 . 8  1 6 . 3 
1 3 . 8  1 2 . 0  8 . 9  
1 1 . 5  7 . 7  9 . 7  

N . S .  * *  * *  

- 2 . 03 1 .  37  
- 3 . 09 2 . 08 

1 . 89 0 . 8 3 0 . 56 

1 1 . 2  18 . 7  8 . 3 
1 4 . 8  16 . 7  10 . 4  
1 1 . 4  18 . 6  15 . 3  
1 4 . 8  28 . 9  15 . 1  

1 0 . 4  5 . 6  5 . 5  
1 7 . 1  10 . 9  1 2 . 2  
1 1 . 6  9 . 3 6 . 8  
16 . 1  11 . 1  11 . 1  

- 3 . 78 3 . 4 7 
- 5 . 46 5 . 01 

3 . 1 9 1 .  77 1 . 54 

- 3 . 87 3 . 4 2 
- 5 . 26 4 . 6 5 

2 . 97 1 . 80 1 . 66 

HARVESTING 

Da�s a fter Eeak flowerin9 

40 Para9uat treatments 2 5  30 3 5  4 0  

1 2 . 9  30 days before c losing 1 3 . 7  10. 5 1 1 . 6  1 3 . 6  
16 . 9  At clos ing 1 2 . 9  14 . 7  1 1 . 1  1 4 . 3  
1 1 . 1 30 days a fter closing 1 2 . 2  1 2 . 1  1 3 . 5  14 . 2  
1 2 . 6  Without herbicide 1 4 . 5  18 . 2 1 2 . 1  1 1 . 6  

* *  S igni f i cance N . S .  * *  N . S .  N . S .  

2 . 60 LSD 5 %  1 . 86 
3 . 9 3 1 %  2 . 5 3 
1 . 06 S . E . D .  ± 1 . 4 8 0 . 90 0 . 83 1 . 1 9 

1 4 . 6  0 - s 17 . 0  21 . 9  17 . 3  2 5 . 5  
2 1 . 7  0 - 0 1 3 . 1  1 4 . 1  10 . 1  7 . 4  

9 . 6  0 - N 16 . 3  1 4 . 2 24 . 0  1 7 . 9  
5 . 6  0 - Wh 1 3 . 6  20 . 5  1 3 . 9  16 . 9  

6 . 2  D - N 16 . 1  5 . 9  1 5 . 2  7 . 8  
1 2 . 6  D - D 6 . 8  6 . 3  7 . 5  15 . 4  
1 1 . 7  D - J 9 . 7  6 . 3 7 . 9  1 7 . 3  
1 3 . 9  D - Wh 1 3 . 5  1 2 . 1 8 . 1  9 . 8  

5 . 2 2 ( a )  When comparing means at di f ferent levels  of mainplots 
7 . 54 
2 . 3 2 

4 . 90 ( b )  When comparing means at the same leve� of ma inplots 
6 . 66 
2 . 38 

Appendix 4 :  Effect of clos ing time and paraquat treatment on norma l seedl ing percentage 1 982 - 1983 

.... ·en 0' 



C losing time 

Mid - September 
Mid - October 
t..Ud - November 
Mid - December 

Signi ficance 

LSD 5 %  
1 %  

S . E .  D .  ± 

Treatments 

S - A 
s - s 
s - 0 
S - Wh 

N - 0 

N - N 
N - D 
N - Wh 

LSD ( a )  5 %  
1 %  

S . E . D . ( a )  ± 

LSD ( b )  5 %  
1 %  

S . E . D . ( b ) ± 

Days a fter peak f lowering 

2 5  30 35 40 

6 . 1  6 . 6  4 . 6  3 . 4  
6 . 4  8 . 5  7 . 1  6 . 2  
6 . 3  5 . 1  3 . 1  3 . 2 
3 . 3  2 . 1  3 . 1  2 . 5  

N . S .  * *  * * 

- 0 . 94 2 . 1 7 1 . 36 
- 1 . 42 - -

1 . 20 0 . 38 0 . 88 0 . 5 5 

5 . 8  4 . 3 2 . 9  3 . 7  
6 . 9  7 . 2  5 . 3  4 . 5  
7 . 8  5 . 9  4 . 8  1 . 4  
4 . 0  8 . 9  5 . 3  3 . 7  

3 . 0  1 . 5  0 . 5  1 . 3  
1 2 . 8  9 . 7  6 . 0  5 . 2  

4 . 8  2 . 8  1 . 7  0 . 7  
4 . 7  6 . 5  4 . 3  5 . 6  

4 . 1 2 3 . 78 3 . 44 2 . 74 
5 . 95 5 . 46 4 . 97 3 . 97 
1 . 83 1 . 67 1 . 53 1 . 2 2 

3 . 2 7 3 . 87 2 . 97 2 . 59 
4 . 4 5 5 . 26 4 . 03 3 . 5 3 
1 . 59 1 . 88 1 . 44 1 . 26 

HARVESTING 
Days a fter peak f lowering 

Paraquat treatments 2 5  30 3 5  4 0  

30 days before closing 4 . 1  4 . 7  4 . 2  4 . 7  
At clos ing 6 . 1  5 . 1  5 . 1  3 . 8  
30 days after closing 6 . 4  4 . 9  3 . 5  2 . 4  
Without herbi cide 5 . 5  7 . 5  5 . 1  4 . 3  

Sign i f i cance * * N . S .  * *  

LSD 5 %  1 . 64 1 . 94 - 1 .  30 
1 %  - - - 1 .  76 

S . E . D . ± 0 . 79 0 . 94 0 . 7 2  0 . 63 

0 - s 5 . 7  10 . 5  10 . 7  1 2 . 5  
0 - 0 2 . 5  2 . 3  5 . 5  3 . 1  
0 - N 9 . 7  9 . 4  5 . 0  4 . 1  
0 - Wh 7 . 5  1 1 . 8  7 . 4  4 . 9  

D - N 2 . 0  2 . 5  2 . 8  1 . 3  
D - D 2 . 1  1 . 2  3 . 7  2 . 4  
D - J 3 . 2  1 . 8  2 . 4  3 . 4  
D - Wh 6 . 0  2 . 9  3 . 6  2 . 8  

( a )  \'/hen comparing means at di f f erent level s  of mainplots 

( b )  When comparing means at the same leve� of ma inplots 

Appendix 5 :  Effect of c losing time and paraquat treatment on abnorma l seedl ing percentage 1982 - 1983 . 

I-' ro 
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HARVESTING 
Days after peak f lowering Days after peak f lowering 

Closing t ime 2S 30 3 S  4 0  Paraquat treatments 2 S  30 3 S  4 0  

M i d  - September 37 . 4  46 . 1  S9 . 9  S1 . 4  30 days before c losing 68 . 2  7 S . 9  74 . 1  66 . 7  
Mid - October 46 . 2  S1 . 9  59 . 1  63 . 8  At clos i ng 64 . 9  64 . 1  7 2 . 1  67 . 9  
Mid - November 5 9 . 1 68 . 7  6 8 . S 7 2 . S  30 days a fter closing S4 . 6  67 . 0  71 . 2  7 2 . S  
Mid - December 7 6 . 4  82 . 1  81 . S  79 . 2  Without herbi cide S4 . 6  6 7 . 0  71 . 2  7 2 . S  

Signi ficance * *  * *  * *  * *  Sign i f i ca nce * *  * *  * *  N . S . 

LSD S%  3 . 87 2 . 69 8 . 92 4 . 14 LSD S%  4 . 1 2 3 . 8 3 4 . 49 2 . 93 
1 %  S . 86 4 . 08 1 3 . SO 6 . 2 7 1 %  S . 60 s .  2 1  6 . 10 3 . 98 

S . E . D .  ± l . S8 1 . 10 3 . 64 1 . 69 S . E . D .  ± 1 . 99 1 . 8S 2 . 1 7 1 . 4 1 

Treatments 

S - A 67 . 0  69 . 7  70 . 8  47 . 9  0 - s s s  .. 4 61 . 1  S6 . 1  S l . S  
s - s 49 . 1  43 . 1  S6 . 2  S4 . 7  0 - 0 7S . 9  7 2 . 9  74 . 2  81 . 8  
s - 0 2 S . 6  S8 . 2  62 . 9  70 . 6  0 - N 37 . 5  41 . 8  S 3 . 6  6 3 . 3  
S - Wh 7 . 9  1 3 .  s 49 . S  3 2 . 4  0 - Wh 16 . 1  3 2 . 0  S2 . 3  S8 . 6  

N - 0 7 3 . 7  87 . 9  89 . 4  81 . S  D - N 76 . 7  84 . 7  80 . 4  86 . 1  
N - N 4 7 . 8  S0 . 9  71 . 8  S6 . S  D - D 86 . 8  89 . 7  86 . 0  78 . 8  
N - D 7 1 . 7  79 . 4  82 . 6  83 . 0  D - J 83 . S  88 . 6  8S . 8  7 3 . 1  
N - Wh 4 3 . 0  S6 . 7  3 0 . 1 69 . 0  D - Wh S8 . S  6S . S  74 . 1  78 . 7  

LSD ( a )  5 %  8 . S 7 7 . 6S  1 1 . 79 6 . 70 ( a )  When comparing means at dif ferent levels of mainplot s 
1 %  1 2 . 38 l l . OS 17 . 0 3 9 . 68 

S . E . D . ( a )  ± 3 . 81 3 . 39 S . 24 2 . 98 

L SD ( b )  S %  8 . 3 2 7 . 64 8 . 98 S . 8 3 ( b )  When comparing means at the same leve� of mainplots 
1% 1 1 . 20 1 0 . 39 1 2 . 2 1  7 . 92 

S . E . D . ( b )  ± 3 . 99 3 .  71  4 . 3S 2 . 83 

1-' 

Appe ndix 6 :  Ef fect o f  closing time and paraquat treatment on hard seed percentage 
ro 

1982 - 1983 ro 



Clos ing t ime 

Mid - September 
Mid - October 
Mid - November 
Mid - December 

S i gni ficance 

LSD 5 %  
1 %  

S . E . D .  ± 

Treatments 

S - A 
s - s 
s - 0 
S - Wh 

N - 0 
N - N 
N - D 
N - Wh 

LSD ( a )  5 %  
1 %  

S . E . D . ( a )  ± 

LSD ( b )  5 %  
1 %  

S . E . D . ( b )  ± 

Days after peak flowering 

2 5  30 3 5  40 

4 3 . 4  29 . 1  2 3 . 7  3 1 . 9  
3 2 . 4  21 . 8  18 . 1  1 3 . 1  
2 0 . 8  14 . 1  2 1 . 5  1 3 . 1  

7 . 9  8 . 0  5 . 7  5 . 7  

* *  * *  * *  * *  

4 . 3 1 3 . 01 6 . 3 7 2 . 6 2 
6 . 5 3 4 . 56 9 . 65 3 . 97 
1 . 76 0 . 89 2 . 59 1 . 07 

1 6 . 1  17 . 2  18 . 2  3 3 . 8  
2 8 . 9  33 . 0  29 . 4  18 . 4  
5 5 . 2  17 . 3  1 7 . 0  1 8 . 3  
7 3 . 3  48 . 6  30 . 9  56 . 5  

1 2 . 9  4 . 8  4 . 6  10 . 9  
2 2 . 3  17 . 5  19 . 8  2 5 . 7  
1 1 . 9  8 . 5  8 . 9  4 . 6  
36 . 2  25 . 7  58 . 8  1 1 . 5  

7 . 24 5 . 98 8 . 7 3 5 . 06 
1 0 . 4 6  8 . 65 1 2 . 61 7 . 3 1 

3 . 2 2 1 .  39 3 . 88 2 . 2 5 

6 . 4 1 5 . 60 6 . 86 4 . 69 
8 .  7 1  7 . 62 9 . 3 2 6 . 3 8 
3 . 1 1 1 . 2 2 3 . 3 3 2 . 2 8 

HARVESTING 

Paraguat treatments 

30 days before closing 
At closing 
30 days a fter c losing 
Without herbi cide 

Signi f i ca nce 

LSD 5 %  
1 %  

S . E . D .  ± 

0 - s 
0 - 0 
0 - N 
0 - Wh 

D - N 
D - D 
D - J 
D - Wh 

Days a fter peak flowering 

2 5  30 35 40 

1 4 . 0  8 . 9  10 . 8  1 5 . 0  
1 5 . 9  1 5 . 3  1 5 . 5 1 3 . 9  
2 6 . 8  1 5 . 9  11 . 2  1 1 . 0  
4 7 . 7  3 2 . 3 30 . 9  2 4 . 0  

* *  * *  * *  * *  

3 . 2 1 2 . 80 3 . 44 2 . 35 
4 . 36 3 . 81 4 . 6 7 3 . 1 9 
1 . 56 0 . 61 1 . 67 1 . 1 4 

2 1 . 8  6 . 6  18 . 6  10 . 7  
8 . 3 10 . 6  1 0 . 2 7 . 6  

36 . 5  34 . 5  1 7 . 4 1 4 . 6  
62 . 8  3 5 . 7  26 . 4  1 9 . 6 

5 . 2  6 . 9  1 . 9  4 . 8  
4 . 3  2 . 5  2 . 8  3 . 4  
3 . 7  3 . 3  3 . 9  6 . 1  

18 . 7  1 9 . 4 1 4 . 2  8 . 5 

( a )  When comparing means at dif ferent levels of mainplots 

( b )  When compar i ng means a t  the same leve� of ma inpl ots 

Appendix 7 :  Effect o f  c losing time and paraquat treatment on dead seed percentage 1 982  - 1983 ·� ro U) 



HARVESTING 
Days a fter peak flowering Days after peak flowering 

C losing t ime 2 5  30 35  40 Paraquat treatments 2 5  30 3 5  40  

Mid - September 54 . 3  66 . 7  70 . 9  67 . 6  30 days before closing 7 3 . 2  84 . 1  88 . 2  8 5 . 5  
Mid - October 6 7 . 6  78 . 1  82 . 6  86 . 9  At closing 83 . 9  87 . 3  86 . 0  8 5 . 3  
Mid - November 7 9 . 2  8 5 . 9  80 . 5  86 . 3  30 days a fter closing 86 . 0  91 . 1  89 . 9  89 . 1  
Mid - December 91 . 2  91 . 9  94 . 3  94 . 3  Without herbicide 49 . 2  63 . 4  62 . 9  7 5 . 5  

Si gni fica nce * *  * *  * *  * *  Sign i fi cance * *  * *  * *  * *  

LSD 5 %  6 . 36 5 . 29 1 0 . 1 7  2 . 69 LSD 5 %  4 . 84 7 . 46 9 . 66 2 . 3 2 
1 %  9 . 64 8 . 01 15 . 40 4 . 08 1%  9 . 38 10 . 1 4 1 3 . 1 3 3 . 16 

S . E . D .  ± 2 . 59 0 . 88 4 . 1 5 1 . 10 S . E . D .  ± 2 . 3 5 1 . 00 4 . 69 1 . 1 3 

Treatments 

S - A 4 4 . 8  82 . 7  83 . 0  66 . 2  0 - s 63 . 5  65 . 5  82 . 6  89 . 4  
s - s 70 . 8  66 . 9  71 . 9  80 . 8  0 - 0 91 . 7  89 . 4  89 . 8  92 . 3  
s - 0 83 . 9  82 . 8  82 . 0  81 . 7  0 - N 78 . 2  93 . 3  84 . 2  8 5 . 4  
S - Wh 1 7 . 7  3 4 . 2  46 . 6  47 . 1  0 - Wh 37 . 2  64 . 3  7 3 . 6  80 . 4  

N - 0 88 . 1  9 1 . 5  91 . 1  89 . 0  D - N 96 . 3  97 . 7  96 . 1  9 5 . 2  
N - N 7 7 . 7  82 . 5  90 . 0  7 4 . 3  D - D 95 . 7  97 . 2  9 7 . 2  96 . 6  
N - D 8 7 . 1  9 5 . 2  95 . 4  9 5 . 5  D - J 94 . 8  95 . 1  98 . 1  9 3 . 2  
N - Wh 63 . 8  7 4 . 3  4 5 . 5  88 . 4  D - Wh 7 7 . 9  80 . 6  85 . 8  9 1 . 3  

.:. ' 

LSD ( a )  5 %  1 0 . 86 1 4 . 92 20 . 5 2 5 . 04 ( a )  When comparing means at di f f erent level s  of mainplot s 

1 %  1 5 . 70 2 1 . 5 5 2 9 . 64 7 . 28 
s . E . D . ( a )  ± 4 . 8 3 1 . 94 9 . 1 2 2 . 2 4 

LSD ( b )  5 %  9 . 68 1 4 . 91 1 9 . 3 2  4 . 66 ( b )  When compar ing means at the same leve� of mainplots 

1 %  1 3 . 16 20 . 2 7 2 6 . 26  6 . 3 3 
S . E . D . ( b )  ± 4 . 70 1 . 99 9 . 3 8 2 . 2 6 

Appendix 8 :  Effect of closing t ime and paraquat treatment on viable seed percentage 1982 - 1983 ...... w 0 
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Appendix 9 :  Ba sic weather data for Pa lmerston North ; mea n  va l ue s  for 
each month over the experimenta l per iod 198 3 - 1984 

ELEMENT 

Wind 
Ra infa l l  

Month tota l 
Temperature Ra infa l l  difference r un o c  from 2 0  yr km 

mm 
avera e 

Sep 3 4 3  1 1 . 4  116 . 5  + 28 . 5  

Oct 287  1 3 . 5  56 . 9  - 2 8 . 1 

Nov 2 5 7  1 3 . 8  54 . 0  - 20 . 0  

Dec 3 5 1  1 5 . 5  67 . 7  - 29 . 3  

Jan 348 1 6 . 2  35 . 3  - 3 2 . 7  

Feb 2 56 1 7 . 1  90 . 7  + 3 2 . 7  

Data from DSIR,  Pa lmers ton North 



DATE OF SAMPLING 

day - month 

Treatments 1 - 11 15 - 11 1 - 1 2  1 5  - 1 2  1 - 1 1 5  - 1 

0 - s 30 28 2 2  2 1  

0 - 0 28 29 21 2 3  

0 - N 29 29 

N - 0 29 25 

N - N 28  2 8  

N - D 

D - N 

D - D 

D - J 

Appendix 1 0 :  Ef f ect o f  c los ing t ime and paraquat treatment on soi l moisture content 

1 6  1 5  

1 7  19 

2 0  18  

1 6  1 7  

1 8  1 9  

2 0  2 1  

1 9  2 0  

2 0  2 2  

1 983 - 1984 

1 - 2 

3 

1 2  

1 3  

1 4  

1 2  

1 6  

1 2  

1 5 · - 2 

28  

2 8  

28  

28  

28  

28 

I-' 1.0 !V 
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Appendix 1 1 : Variation in number of f l orets i n  ten inf lorescences at 
harvest 1983 - 1 984 

Treatment 

0 - s 

0 - 0 

0 - N 

N - 0 

N - N 

N - D 

D - N 

D - D 

D - J 

Repl i cation 

I 
I I  

I I I  

I 
I I  

I I I  

I 
I I  

I I I  

I 
I I  

I I I  

I 
I I  

I I I  

I 
I I  

I I I  

I 
I I  

I I I  

I 
I I  

I I I  

I 
I I  

I I I  

Number o f  f lorets/ in f lorescence 

1 2 3 

4 5  57 5 5  
3 8  4 5  40 
3 0  5 0  48 

34  66  42  
5 3  45 4 6  
6 4  39 6 2  

5 5  3 1  3 1  
2 7  3 2  5 1  
5 3  3 8  2 5  

46 41 43 
44 44 37 
45 67 58 

44 63  64 

4 5 6 

5 2  5 0  6 1  
3 3  46 4 7  
3 8  22 3 7  

4 2  41 7 0  
4 5  5 9  4 4  
56 2 0  5 5  

5 2  2 8  7 2  
2 8  4 3  2 6  
44 34 3 9  

45 32 4 7  
37  43 3 3  
50 41 5 3  

6 7  4 5  6 7  

7 

4 7  
4 7  
2 6  

5 4  
3 6  
4 7  

2 1  
2 1  
4 2  

4 1  
4 6  
4 8  

6 3  

8 9 

44 45 
5 2  2 1  
44 34  

60 39 
49 51 
50 42  

36  20  
2 4  30 
33 33 

32 37 
40 36 
53 54 

4 3  63 

10 

41 
41 
27 

27 
53 
2 1  

3 3  
3 5  
2 9  

39 
30 
42 

34 
48 5 7  75 61 44 43 
60 71  53 5 5  68 5 5  

46 37  4 3  4 0  
58 4 3  49 61  

54 27  4 4  
46 42  56 
30 5 3  48 

59 65 64 
51  52  53  
50  56 60 

40 51  46  
32  35  34 
5 1  41  3 2  

2 3  2 2  2 0  
4 1  4 5  3 1  
3 4  5 2  48 

50 48 4 4  46 34 
34 34 32 39 34  
57 41 3 1  3 2  46  

57 31 46 4 3  41 
53  54 49  48 41 
58 48 43 44 64 

5 5  44 50 4 7  34 
46 50 37 26  40 
44 39 2 0  60 2 1  

3 1  20 3 0  20 20 
2 0  21 33 2 0  25  
56 38 3 8  49 3 2  

4 0  29 
33 40 
23 32 

4 5  3 7  
40 3 3  
5 2  34  

2 3  4 3  
2 1  3 4  
2 5  3 0  

1 2  24  
29 28  
2 0  2 7  
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Appendi x  1 2 :  Bas i c  weather data for Pa lmerston North - mean va l ue s  
for each month over the exper imental period 1984 -
1985  

Month 

Jul 

Aug 

Sep 

Oct 

Nov 

Dec 

Jan 

Wind 
Tota l run 

km 

180 

292  

238  

374  

354  

305  

2 8 3  

ELEMENT 

Temperature 
° C/month 

max min 

1 3 . 1  5 . 6  

1 4 . 3  6 . 4  

1 5 . 1  6 . 9  

16 . 3  8 . 2  

20 . 1  1 1 . 6  

2 2 . 6  1 3 . 6  

2 3 . 5  1 4 . 3  

Data from DSI R  Palmerston North 

Ra infa l l  
mm 

96 . 7  

46 . 0  

62 . 5  

42 . 0  

79 . 5  

102 . 0  

12 3 . 5  

Ra i n fa l l  
di f ference 
from 20 yr 

average 

+ 7 . 7  

- 4 3 . 0  

- 1 2 . 5  

- 4 6 . 0  

+ 1 . 0  

+ 8 . 0  

+ 44 . 5  



Appendi x 1 3 :  Increase i n  l ength of ma in s tolons from July to 
January 1984 - 1985 

LENGTH ( mm )  

1 95 

Month Average Genotype I Genotype I i  

July  20 . 50± 1 .  29 21 . 0±1 . 4 1 20 . 0± 2 . 8 3 

Augus t 24 . 33±  3 . 1 8 26 . 2 ± 2 . 1 2  2 2 . 5 ±  3 . 54 

September 41 . 16± 1 . 6 2 4 1 .  3 ± 2 .  80 41 . 0 ±  1 .  20 

October 1 20 . 34± 4 . 94 1 2 3 . 7 ±2 . 00 1 1 6 . 5 ± 1 0 . 61  

November 162 . 2 3±16 . 29 176 . 0±7 . 10 148 . 6± 1 1 . 2 0  

December 181 . 00± 5 5 . 50 2 2 9 . 0±7 . 10 144 . 6± 5 . 76 

January 1 76 . 50±50 . 28 2 20 . 0 ±2 . 80 1 3 2 . 5 ±  3 . 53 



Number of 
July August September October November December 

nodes 

AVERAGE 
4 - 7 0 . 00 ± 0 . 00 0 . 00±0 . 00 6 . 40±3 . 80 1 3 .  40± 3 . 1 1  2 1 . 5 8± 2 . 1 7 1 9 . 60±1 . 5 5 

8 - 1 1  7 . 7 7 ± 0 . 86 8 . 25±0 . 8 3 1 5 . 70±3 . 90 2 5 . 70±3 . 91 9 . 67 ± 1 . 2 4 1 .  25±1 . 5 8  

more than 1 1  3 6 . 9 5 ± 3 . 3 2 3 4 . 1 5± 3 . 84 2 3 . 07 ± 2 . 62 1 1 .  50±2 . 7 7  3 . 7 5 ± 0 . 96 0 . 00±0 . 00 

GENOTYPE I 

4 - 7 0 . 00±0 . 00 0 . 00±0 . 00 3 .  30±1 . 27  1 5 . 60± 2 . 83 2 2 . 00± 5 . 65 1 9 . 20±5 . 65 

8 - 1 1  7 . 60±2 . 62 7 .  40±1 . 20 1 9 . 00±5 . 94 2 2 . 40±7 . 64 10 . 00± 2 . 8 3 2 . 50±0 . 7 1 

more than 1 1  37 . 50±2 . 3 3 38 . 20± 3 . 1 1 2 3 . 00±4 . 24 1 3 . 20± 3 . 68 4 .  00±1 . 41  0 . 00±0 . 00 

GENOTYPE I I  

4 - 7 0 . 00±0 . 00 0 . 00±0 . 00 9 .  50±3 . 5 3  1 1 . 20± 3 .  96 2 1 . 10±3 . 74 20 . 10±5 . 30 

8 - 1 1  7 . 90 ± 2 . 26 9 . 1 0±2 . 05 1 2 . 40±2 . 83 2 9 . 00±4 . 2 5 9 . 35±2 . 90 0 . 00±0 . 00 

more than 11 36 . 40±5 . 1 6 34 . 10± 5 . 2 3 2 3 . 00± 3 . 4 1 1 0 . 30±3 . 2 5 4 . 50±2 . 1 2 0 . 00±0. 00 

Appendix 1 4 :  Number o f  l ateral stolons of dif ferent s i zes present i n  February on ma in stolons from July to 
January Samples of 20 ma in stolons . 1984 - 1 985 

January 

1 0 . 30±1 . 61 

0 . 00±0 . 00 

0 . 00±0 . 00 

1 0 . 60±0 . 84 

0 . 00±0 . 00 

0 . 00±0 . 00 

9 .  80±1 . 10 

0 . 00±0 . 00 

0 . 00±0 . 00 

f--,1 \0 0'1 
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Appendix 1 5 :  Percentage o f  rooted nodes present i n  February at 
nodes whi ch emerged from terminal buds of ma in stolons 
from July to January 1984 - 1985 

PERCENTAGE OF ROOTED NODES 

Months Average Genotype I Genotype I I  

July 91 . 0±1 6 . 50 99 . 8±0 . 6 3 8 3 . 5± 1 3 . 30 

August 76 . 0± 7 . 6 7  80 . 0± 7 . 07  7 3 . 5 ± 9 . 20 

September 7 1 . 0±1 4 . 30 7 2 . 5±7 . 7 8 69 . 5± 2 3 . 30 

October 34 . 0± 5 . 3 5 38 . 5 ±0 . 7 1 29 . 5±  2 . 1 2 

November 4 6 . 0± 2 . 58 4 8 . 0±1 . 4 1 44 . 0± 1 . 41 

December 4 2 . 0± 4 . 08 3 9 . 0±0 . 7 1  44 . 5± 4 . 95 

January 2 8 . 2 ± 2 . 08 2 8 . 5±0 . 7 1 28 . 5 ± 3 . 5 3 



Appendix 1 6 : Estimated time of initiation of inf lore scences in 
ten terminal buds on main stolons from July  to 
January 198 4 - 1 9 85 

Estimated time 

days - month 

1 - 1 4  Aug 

1 5  - 3 1  Aug 

1 - 1 4  Sep 

1 5  - 30 Sep 

1 - 1 4  Oct 

1 5  - 3 1  Oct 

1 - 1 4  Nov 

15 - 3 0  Nov 

1 - 14  Dec 

15 - 3 1  Dec 

1 - 1 4  Jan 

15 - 3 1  J a n  

NUMBER O F  INFLORESCENCES INITIATED 

Average Genotype I 

3 . 0± 3 . 00 0 . 0±0 . 00 

9 . 5 ±2 . 1 2 11 . 0± 2 . 16 

9 . 0±4 . 40 5 . 0±1 . 1 5 

9 . 5±1 . 69 9 . 0±0 . 20 

1 4 . 5±2 . 97 1 5 . 0±3 . 83 

1 4 . 37± 3 . 2 3 1 3 . 0±2 . 00 

1 4 . 50±2 . 5 3 14 . 0±2 . 20 

10 . 25±4 . 8 5 7 . 0±1 . 04 

1 0 . 50± 5 . 04 6 . 0±0 . 82 

4 . 5  ±1 . 7 7 3 . 0±0 . 82 

2 . 0  ± 2 . 20 4 . 0±0 . 82 

o . o  ±0 . 00 0 . 0±0 . 00 

Genotype I I  

6 . 0±0 . 82 

8 . 0± 1 . 82 

1 3 .  0±1 . 41 

1 0 . 0 ±1 . 41 

1 4 . 0± 2 . 3 1 

1 5 . 8± 2 . 81 

1 5 . 0 ±2 . 46 

1 3 . 5 ± 2 . 08 

1 5 . 0± 2 . 1 6 

6 . 0±0 . 8 2 

0 . 0±0 . 00 

0 .  0±0 . 00 

1 98 
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Appendix 1 7 : Number of inflorescences present in ten termina l buds 
of main stolons from July to January 1984 - 1985 

Sampl ing date 

day - month 

1 - sev 
1 5  - Sep 

1 - Oct 

1 5  - Oct 

1 - Nov 

1 5  - Nov 

1 - Dec 

1 5  - Dec 

1 - Jan 

1 5  - Jan 

1 - Feb 

3 . 0  

9 . 5  

1 3 . 0  

16 . 5  

14 . 2  

1 5 . 0  

1 1 . 8  

1 1 . 5  

4 . 0  

2 . 6  

0 . 0  

NUMBER OF INFLORESCENCE 

Average Genotype I Genotype I I  

± 1 . 04 2 . 0  ± o .  71 4 . 0  ± 0 .  71  

± 1 . 96 8 . 0  ± o .  71 1 1 . 0  ± 1 . 4 1 

± 2 . 58 1 1 . 0  ± 1 .  41 1 5 . 0  ± 1 . 98 

± 3 . 1 0 1 4 . 0  ± 1 . 91 19 . 0  ± 1 . 91 

± 1 . 1 5 1 3 . 0  ± 1 .  78 1 5 . 5  ± 1 . 48 

± 3 . 85 1 2 . 0  ± 2 . 83 1 8 . 0  ± 1 . 4 1 

± 2 . 58 9 . 0  ± 1 . 41 1 4 . 5  ± 1 . 91 

± 2 . 04 1 0 . 0 ± o .  71  1 3 . 0  ± 2 . 82 

± 0 . 58 4 . 0  ± o .  71  4 . 0  ± o .  71  

± 1 . 1 1 3 . 0  ± 0 . 4 1 2 . 1 2 ± o .  7 1  

± 0 . 00 o . o  ± o . oo o . o  ± o . oo 
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Appendix 18 : Number of  inf lorescences on ma in and l ateral stolons 
present in February on nodes whi ch emerged from 
termi na l buds on twenty mai n  stolons from September 
to January 1 984 - 1985 

NUMBER INFLORESCENCES EMERGED 

Month Ma in stolon plus 
Main stolon Lateral s tolon 

lateral  stolon 

AVERAGE 

Sept 8 . 90 ± 4 . 8 1 7 . 7 5 ± 2 . 4 5 1 . 65 ± 0 . 92 

Oct 25 . 0 2 ± 6 . 8 3 20 . 1 5 ± 3 . 3 2 4 . 87 ± 3 . 51 

Nov 44 . 1 3  ± 1 0 . 04 35 . 2 5 ± 3 . 7 5 8 . 88 ± 6 . 3 0 

Dec 39 . 3 3 ± 16 . 2 5 3 1 . 05 ± 9 . 30 8 . 28 ± 6 . 99 

Jan 1 1 . 36 ± 1 .  9 2  1 0 . 7 6  ± 4 . 08 2 . 26 ± 1 . 50 

GENOTYPE I 

Sept 5 . 50 ± 2 . 4 7 5 . 50 ± 1 . 1 6 o . oo ± o . oo 

Oct 20 . 19 ± 3 . 4 3 1 7 . 80 ± 1 . 1 3 2 . 3 9 ± 0 . 2 3  

Nov 37 . 0 3  ± 2 . 5 3 3 2 . 50 ± 3 . 39 4 . 4 3 ± 0 . 44 

Dec 27 . 84 ± 6 . 16  2 4 . 50 ± 2 . 1 2 3 . 34 ± 0 . 3 3  

Jan 10 . 00 ± 2 . 81 8 . 80 ± 1 . 69 1 . 20 ± 0 . 1 2 

GENOTYPE I I  

Sept 1 2 . 3 1  ± 3 . 07 10 . 00 ± 1 . 60 2 . 3 1 ± 0 . 39 

Oct 29 . 85 ± 4 . 70 2 2 . 50 ± 3 . 5 3 7 . 3 5 ± 0 . 59 

Nov 51 . 2 4 ± 5 . 61 37 . 90 ± 4 . 10 1 3 . 3 4 ± 0 . 65 

Dec 50 . 8 3 ± 4 . 59 37 . 60 ± 2 . 8 3 1 3 . 2 3  ± 0 . 6 5  

Jan 1 2 . 7 2  ± 3 . 5 5 1 2 . 7 2 ± 3 . 5 5 3 . 3 2 ± 0 . 1 7  



Appendix 1 9 :  Number o f  white inflorescences per unit area 

NUMBER OF WHITE INFLORESCENCES 

201: 

Sampl ing date 

day - month 
Average Genotype I Genotype I I  

21 - 10 2 . 7  ± 0 . 50 3 . 0  ± 0 . 00 2 . 5  ± o .  7 1  

28 - 1 0  1 1 . 0  ± 2 . 58 12 . 0  ± 2 . 8 3 10 . 0  ± 2 . 8 3 

6 - 1 1  1 1 . 0  ± 3 . 59 14 . 0  ± 1 . 4 1 8 . 0  ± 0 . 9 2 

12 - 1 1  1 2 . 0  ± 2 . 58 10 . 0  ± 1 . 4 1 14 . 0  ± 1 . 4 1 

19 - 1 1  2 3 . 0  ± 2 . 39 2 2 . 0  ± 2 . 26 24 . 0  ± 2 . 8 3  

26 - 1 1  29 . 0  ± 4 . 24 28 . 0  ± 4 . 24 30 . 0  ± 5 . 6 5 

4 - 1 2  2 9 . 3  ± 1 3 . 59 18 . 0  ± 2 . 83 40 . 5  ± 6 . 36 

10 - 1 2  34 . 0  ± 1 1 . 92 24 . 0  ± 1 . 85 44 . 0  ± 4 . 2 4 

17  - 1 2  3 5 . 0  ± 16 . 4 3 2 1 . 0  ± 2 . 83 49 . 0  ± 3 . 2 4 

24 - 1 2  3 7 . 8  ± 2 2 . 39  18 . 5  ± o .  7 1  5 7 . 0  ± 4 . 2 4 

1 - 1 38 . 3  ± 2 5 . 3 2 16 . 5  ± 1 . 41 60 . 0  ± 5 . 65 

7 - 1 3 7 . 5  ± 8 . 85 30 . 0  ± 2 . 83  4 5 . 0  ± 1 . 4 1 

14 - 1 2 5 . 7  ± 8 . 4 2 18 . 5  ± o .  7 1  3 3 . 0  ± 1 . 4 1 

2 1  - 1 5 . 7  ± 1 . 2 5 5 . 0  ± 1 . 41 6 . 5  ± o .  7 1  



Date of 
sampl ing 

day - month 

1 - Nov 

15 - Nov 

1 -- Dec 

15 - Dec 

1 - Jan 

15 - Jan 

1 - Feb 

1 - Nov 

1 5  - Nov 

1 - Dec 

15 - Dec 

1 - Jan 

15 - Jan 

1 - Jan 

Petiole length 
mm 

92 . 05 ± 1 1 . 0 3 

79 . 7  ± 9 . 5 3 

7 6 . 2  ± 6 . 97 

1 1 3 . 7  ± 14 . 80 

1 2 5 . 9  ± 1 2 . 80 

88 . 1  ± 4 . 38 

1 69 . 5  ± 1 2 . 20 

8 3 . 8  ± 1 0 . 70 

7 6 . 1  ± 8 . 34 

7 8 . 9  ± 8 . 90 

86 . 8  ± 9 . 10 

89 . 8  ± 1 0 . 70  

6 7 . 9  ± 5 . 2 3 

6 9 . 3  ± 8 . 34 

Peduncle length 
mm 

180 . 7  ± 1 5 . 40 

1 80 . 6  ± 14 . 40 

1 5 3 . 8  ± 1 2 . 90 

1 6 3 . 8  ± 4 . 81 

1 98 . 8  ± 1 1 . 4 5  

1 7 3 . 1  ± 1 1 . 35  

274. 0  ± 14 . 80 

167 . 1  ± 1 6 . 78 

169 . 0  ± 9 . 89 

1 56 . 6  ± 1 0 . 36 

2 20 . 9  ± 7 . 78 

1 71 . 2  ± 9 . 97 

1 41 . 2  ± 2 . 8 3 

188 . 0  ± 16 . 9  

Floret number 
in wh ite 
f lowers 

GENOTYPE I 

84 . 0  ± 3 . 7 2 

83 . 6  ± 1 . 69 

78 . 2  ± 0 . 56 

79 . 1  ± 2 . 1 2 

68 . 5  ± 2 . 96 

7 2 . 4  ± 2 . 8 3 

60 . 0  ± 2 . 48 

GENOTYPE I I  

87 . 7  ± 4 . 1 5 

86 . 7  ± 2 . 1 2 

99 . 0  ± 4 . 1 6 

81 . 4  ± 2 . 1 3 

7 5 . 5  ± 2 . 84 

77 . 4  ± 2 . 97 

67 . 5  ± 3 . 2 3 

Number of 
ovules per 

ovary in white 
flowers 

6 . 10 ± 0 . 14  

5 . 90 ± 0 . 08 

6 . 00 ± 0 . 08 

5 . 98 ± 0 . 1 4 

6 . 00 ± 0 . 1 4 

5 . 80 ± 0 . 1 4 

5 . 40 ± 0 . 2 5 

5 . 95 ± 0 . 07 

6 . 10 ± 0 . 08 

6 . 0 5 ± 0 . 07 

6 . 00 ± 0 . 1 4 

6 . 00 ± 0 . 1 4 

5 . 50 ± 0 . 49 

5 . 00 ± 0 . 3 2  

Number of seed 
formed per pod 

in crown 
flowers 

4 . 48 ± 0 . 26 

4 . 9 3 ± 0 . 2 1 

4 . 1 6 ± 0 . 3 2 

3 . 4 3 ± 0 . 38 

3 . 1 5 ± 0 . 04 

2 . 6 5 ± 0 . 1 5  

4 . 46 ± 0 . 32 

3 . 98 ± 0 . 2 3 

3 . 96 ± 0 . 19 

3 . 2 7 ± 0 . 16 

3 . 07 ± 0 . 09 

2 . 29 ± 0 . 10 

Appendix 2 0 :  Changes in petiole and peduncle l ength , inf lore scence size , number o f  ovules per ovary and 
seed numbers per pod in Genotype I and Genotype I I  1984 - 1985 

% of ovul e  
fert i l i zation 

7 6  

82  

70 

57 

54 

49 

73 

65 

66 

54 

5 5  

45 

N 0 N 
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Appendi x 21 : Effect of defoliation on the number o f  inflorescences 
per main stolon present in February at nodes which 
emerged from termina l buds of ma in stolons from 
November to January 1984 - 1 985 

Genot;Lpe 

I 

I I  

Signi f i cance 

S . E . D .  ± 

De foliation treatment 

Control 

Light c ut 

Heavy cut 

Paraquat 

S igni f i cance 

LSD 5%  

1 %  

S . E . D .  ± 

Genot;Lpe 
x de fol iat ion 

Control 

Light cut 

Heavy cut 

Paraquat 

S ignif i cance 

LSD 

( a )  

( b )  

S . E . D .  ± ( a )  

( b )  

November 

0 . 68 

1 . 04 

N . S .  

0 . 061  

1 .  76 

0 . 76 

0 . 5 2 

0 . 40 

* *  

0 . 1 3  

0 . 20 

0 . 055  

December 

1 . 09 

2 . 1 2  

N . S .  

0 . 1 1 6  

1 . 5 5 

1 . 59 

1 . 99 

1 . 28 

* *  

0 . 1 2  

0 . 1 8  

0 . 0 5 0  

S ign i f icant interaction 

December 
I I I  

1 . 2 2 1 . 88 

1 . 06 2 . 1 4 

1 . 3 4 2 . 6 5 

0 . 7 4 1 . 80 

* *  

5 %  1 %  

0 . 32 0 . 48 

0 . 1 '7 0 . 26 

0 . 1 30 

0 . 071  

Januari: 

0 . 49 

0 . 7 3 

N . S .  

0 . 048 

0 . 46 

0 . 66 

0 . 92 

0 . 4 1 

* *  

0 . 21 

0 . 32 

0 . 087 

Januari: 
I I I  

0 . 44 

0 . 54 

0 . 52 

0 . 44 

* 

0 . 4 7 

0 . 76 

1 . 3 2 

0 . 38 

5%  

0 . 28 

0 . 30 

0 . 1 1 7  

0 . 1 2 4  

( a )  When compar ing means with the dif ferent l eve l s  of mainplot 

( b )  When comparing means wi th the same leve l s  of mai nplot 
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AEEendix 2 2 :  Ef fect of defol iation on the number of inflorescences 
on latera l stolons present in February at nodes which 
emerged f rom termina l buds on ma in stolons f rom 
November to January 1984 - 1985 

GenotyEe November December January 

I 0 . 07 0 . 04 0 . 02 

I I  0 . 66 1 . 68 0 . 60 

Sign i f i cance N . S .  * *  * 

LSD 5% 0 . 0 3 0 . 09 

1 %  0 . 05 

S . E . D .  ± 0 . 078 0 . 01 3 2 0 . 0387 

Defol iation treatment 

Control 

Light cut 

Heavy cut 

Paraquat 

Signi f icance 

LSD 5 %  

1 %  

S . E . D .  ± 

Genotype 
x de fol iation 

Control 

Light cut 

Heavy cut 

Paraquat 

Signi f i cance 

LSD 

( a )  

( b )  

S . E . D .  ± ( a )  

( b )  

0 . 44 0 . 41 

0 . 4 5 0 . 94 

0 . 3 3  1 .  36  

0 . 25  0 . 7 3 

* * *  

0 . 19 0 . 1 4 

0 . 2 1 

0 . 07 8  0 . 0583 

S ignificant interactions 

November 

I 

0 . 2 2 

0 . 06 

0 . 00 

o . oo 

5 %  

0 . 2 1 

0 . 1 1 

* *  

I I  

0 . 66 

0 . 84 

0 . 65 

0 . 50 

1 %  

0 . 3 2 

0 . 16 

0 . 087 

0 . 044 

December 

I 

0 . 1 7  

o . oo 

o . oo 

o . oo 

5 %  

0 . 1 8 

0 . 20 

* *  

I I  

0 . 66 

1 . 87 

2 . 7 3 

1 . 4 5 

1 %  

0 . 27  

0 . 30 

0 . 07 26 

0 . 0824 

0 . 1 1 

0 . 3 2 

0 . 65 

0 . 1 5 

* *  

0 . 1 5 

0 . 2 2 

0 . 0607 

January 

I 

0 . 06 

o . oo 

o . oo 

o . oo 

5 %  

0 . 20 

0 . 2 1  

* *  

0 . 084 

0 . 086 

I I  

0 . 1 7 

0 . 6 5 

1 . 30 

0 . 29 

1 %  

0 . 3 1 

0 . 3 2  

( a )  When compar�ng means with dif ferent leve l s  of ma inplot 

( b )  When comparing means with the same l eve l s  of mai nplot 
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Appendix 2 3 :  Ef fects o f  defoliation on the number of f lorets per 
inf lorescence 1 984 - 1985 

Date of Sampl ing 

( month - day ) 

Genotype Dec 1st  Dec 15th Jan 1st Jan 1 5th Feb 1 st 

I 84 . 7  76 . 7  66 . 4  61 . 8  5 8 . 9  

I I  94 . 2  88 . 2  81 . 8  76 . 6  6 5 . 1  

S i gn i f icance * N . S .  * *  N . S .  N . S .  

LSD 5% 7 . 6 2 1 . 90 

1% 9 . 56 

S . E . D .  ± 0 . 60 6 . 27 0 . 1 5 3 . 69 3 . 7 5 

Defol iat ion Treatment 

Control 88 . 6  80 . 3  78 . 8  67 . 9  5 8 . 8 

Light cut 93 . 4  79 . 5  7 1 . 9  70 . 5  6 5 . 1 

Heavy cut 89 . 8  86 . 1  7 7 . 3  70 . 9  6 2 . 3  

Paraquat 85 . 9  83 . 9  7 3 . 5  67 . 6  61 . 8  

S i gni f icance N . S .  N . S .  N . S .  N . S .  N . S .  

S . E . D .  ± 3 . 09 3 . 66 4 . 2 7 4 . 51 4 . 55 



Appendi x 2 4 : Ef fects of defol i ation on the number of ovul e s  per 
ovary 1984 - 1985 

Date of Sampl ing 

( month - day ) 

Genotype Dec 1st Dec 1 5th Jan 1st Jan 1 5th Feb 1st 

I 6 . 01 5 . 8 5  6 . 00 5 . 51 5 . 2 1 

I I  6 . 02 5 . 94 6 . 00 5 . 50 5 . 34 

Signi f i cance N . S .  N . S .  N . S .  N . S .  N . S .  

S . E . D .  ± 0 . 0375  0 . 01 25 o . oo 0 . 0 1 2 5  0 . 001 

Defol iat ion Treatment 

Control 6 . 02 5 . 95 6 . 00 5 . 37 5 . 07 

Light cut 6 . 00 5 . 9 7 6 . 00 5 . 4 5 5 . 2 3 

Heavy cut 6 . 02 6 . 00 6 . 00 5 . 70 5 . 47 

Paraquat 6 . 02 5 . 65 6 . 00 5 . 50 5 . 2 7 

Signi f icance N . S .  N . S .  N . S .  N . S .  N . S .  

S . E . D .  ± 0 . 0270 0 . 1 1 50 o . oo 0 . 2490 0 . 1 6 2 7  
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APPENDIX 25 : Ef fects of defol iation on the number o f  seeds per 
floret 1984 - 1985 

Date of Sampl ing 

( month - day )  

Genotype Dec 1 5th Jan 1st Jan 1 5th Feb 1st 

I 4 . 2 3  3 . 40 3 . 0 1  2 . 64 

I I  3 . 64 2 . 90 2 . 5 4 2 . 16 

S i gni f icance N . S .  N . S .  N . S .  N . S .  

S . E . D . ± 0 . 08 7  0 . 1 7 5  0 . 050 0 . 1 50 

Defoliation treatment 

Control 4 . 1 5 3 . 3 5 3 .  0 5  2 . 47 

Light cut 3 . 5 7 2 . 80 2 . 4 7 2 . 10 

Heavy cut 3 . 9 5 3 . 4 5 2 . 95 2 . 7 7 

Paraquat 4 . 0 5 3 . 00 2 . 6 3 2 . 2 5 

S i gn i f i cance N . S .  N . S .  N . S .  N . S .  

S . E . D .  ± 0 . 3 6 3  0 . 1 4 5  0 . 085 0 . 1 7 9  
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