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ABSTRACT 

' Grass lands Pawera ' t e t raploid red c;love r is  an impor tant 

agricultural legume through i ts agronomic roles in soil  enri chmen t 

by ni trogen f ixa tion and the produc tion of  h igh yields o f  qual i ty 

herbage . S ince this cul t ivar was only recen t ly released in 

New Zealand, many o f  i ts agronomic aspects , and particularly those 

re lating to seed p rodu c t ion are s t i ll not fully unders tood . The 

present s tudy was conduc ted to inves tiga te the pa t tern of seed 

development, a t tainment of seed quality componen ts , time o f  harves ting , 

c e l l  s truc ture in the seed coa t ,  hardseededness and related 

p robl ems , and the longevi ty and germina t ion charac ter i s tics  o f  

seeds buried i n  the soi l .  

Peak flowering date varies  wi th t ime o f  sowing and clima tic  

condi tions, a suf f ic ien t ly large numbe r  o f  e f fe c t ive bee po l l inators 

(Bombus species)  b eing essent ial  dur ing the flowering period for 

successful seed produc t ion. 

The pat tern o f  seed deve lopment in ' Pawera ' red c lover is  

s imilar to tha t o f  i ts diploid  counterpar ts and may b e  d ivided into 

three dis tinc t s t ages . The first  s tage las ts for 10 days af ter 

po l l ina tion . The second s tage oc cup ies a period  o f  16 days, 

and the third s tage takes a fur the r 10-14 days . Seed dry we igh t 

is  maximal 26 days a f ter  poll ina t ion ( physiolog�cal  ma turi ty) . 

Maximum seed viab i li ty is a t tained 22 to 2 6  days af ter pollination . 

Therefore i f  s eed is harves ted during the third or r ipening s tage , 

seed qua l i ty components such as viab i l i ty ,  seedling vigou r ,  

seed weigh t ,  and s torage l i f e  will no t b e  adversely af fec ted . 

The correct  time o f  harves ting can be decided by using seed 

coat colour and seed mo isture con tent  as seed maturi ty ind ices . 

Generally the sequenc es of  both  embryo and endosperm develop­

ment in ' Pawera ' red c lover show c lose s imilari ty to some o ther 

TrifoZ.iwn species . The p rocesses o f  cell degeneration and 

d i f ferentia tion occur throughou t the seed developmen tal period . 

C e l l s t ruc ture in the seed coat is  also s imilar to corresponding 

s truc tures in the tes ta of o ther small-seeded legumes . The 

present investiga tion highli ghts the rel a tionship b e tween individual 

seed coa t s truc tures and thei r  respec t ive role  in a ffec ting 



seedcoat permeab i l i ty and impe rmeab i l i ty mechanisms . The 

ii  

results fail  to imp licate  the mi cropyle or h ilum as permeab l e  

s i tes on the s e e d  coa t . I n  original ly permeable  seeds , wa ter 

conduc tion occurs at random s i tes on the s eed coa t. However , when 

a hard seed i s  so f tened by mechanical impaction or under natural 

environmental condi tions , the s trophiole is the only initial 

permeabl e  s i te on the tes ta . Observations in the presen t  s tudy 

have c learly imp l i ca ted the c e l l  s truc ture o f  the s trophiolar 

region as a unique and mos t  s ens i tive area o f  the seed coa t .  

The f indings o f  the present  s tudy suggest  that the rate of  

b reakdown o f  hardseededness varies i nversely wi th the dep th o f  

s eed burial . S eed samples containing mature seeds main tain their 

viab i l i ty in the soil  longer than imma ture seeds . The rapid 

deple t ion of s eed numbers in th e s o i l  is mainly due to germina tion 

<..n situ . Certain p ropor t ions o f  the seed population persi s t  

i n  the so i l  f o r  ex tended periods due t o  the influence o f  d i fferent 

types of  dormancy mechani sms. O f  these , enforced dormancy play s  

a mos t  impor tant role in mainta ining the viab i l i ty o f  buried 

seeds , especially wi th increased burial dep th . ' Pawera ' red 

c lover seeds show a dis tinc t periodici ty of germina tion at d i f ferent 

times of the year . Thi s is an ef fec t ive gene tically control led 

and environmentally mod i f ied seed surviva l  mechanism . 
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INTRODUCTION 

For many years pasture p roduc t ion in New Zealand has relied 

heav i ly on a grass : legume association . Although such pas tures 

are based trad i t iona lly on perennial ryegrass and whi te c lover 

the use of red c lover as a complement or add i tion to the whi te 

c lover component has become common (Ulyatt  et a l. 1 9 7 6 ) . 

Red c lover , in addi t ion to i t s  nitrogen f ix ing role p roduces 

herbage of high nutri tive value for animal p roduction . I t  is a short  

l ived herbaceous perennial p lant compris ing three to ten or more erect 

leafy s tems arising f rom a wel l  developed crown . ·Plants grow to a 

heigh t o f  35-90  cm , the three oblong lea f l e ts being charac terised 

w i th a pale crescent-shaped mark on the upper surface . The aerial 

parts , unlike whi te c lover , are dis tinctly hairy (Mar tin and Leonard 

1 9 6 7 ; Sme tham 1 9 7 3 ;  Anon . 1 9 76b) . 

General ly red c lover thrives in a coo l , mois t clima te in wel l  

d rained soils  of  high ferti l i ty . The tap roo t , wi th i t s  numerous 

la teral branches , may pene trate the soi l  to a dep th of 90- 1 80 cm , 

giving the p lants pronounced drought resis tance (Mar tin and Leonard 

1 967 ; Anderson 1971). Red c lover is  winter dormant ,  generally 

p roducing up to 90% o f  i t s  annual p roduction in the spring and summer  

( Smetham 1 9 7 3 ) . F lower b uds are developed bo th terminally on 

p r imary s tems and on s tem branches . Each head con tains 50 to 2 7 5  

f lowers or f lorets (Anon . 1 9 76b) . Red clover seeds a r e  abou t 2 mm 

long and vary in colour from ve llow to deep purple . The seed is  

compressed, ovoid and asymme trica l  wi th the  radicle lobe  much shor ter 

than the co tyledonarv lobe  and appear ing as a p roj ection on one side 

o f  the seed . In dip loid varieties 1 , 000 weed weight i s  approxima tely 2. 1 g 

(Evans 1 96 2 )  compared with a f igure o f  3 . 2  - 3 . 4  g in tetraploid 

varie ties (Anderson 1 9 7 1 , 1 9 7 3a) . 

Prior to 1 9 7 4 , only two cer t i f ied cul tivars of red c lover were 

produced and used commercia lly in New Zealand . These were  the diploid 

cul tivars "Gras slands Hamua" red c lover (also known as cowgrass , 

early f lowe ring or double cut red c lover)  and "Grass lands Turoa" red 

c lover (known as Montgomery , late f lowering or s ingle cu t red c lover) 

( Sme tham 1 9 7 3) . 
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In 1 9 7 4  a new c u l t ivar "Grass lands Pawera" te traploid red c lover 

was released into the New Zealand Seed Cer t ification S cheme (Anon . 

1 9 78 ) . "Grasslands Pawera" was deve loped by selec t ion and breeding 

a f ter colchicine trea tment  of cer t i f ied and uncer t i f ied l ines o f  

"Gras slands Turoa" red c lover and some varie ties  int roduced from 

Sweden (Anderson 1 9 7 3a) . Al though i t  possesses some general 

charac teri s tics  s imilar to o ther red c lovers there are some aspect s  

o f  i t s  p roduc tion which give i t  superior i ty over exi s ting New Zealand 

d ip loid cultivars (Pla te 1 ) . 

"Grasslands Pawera" i s  a high forage yielding cul t ivar , p ar t i c­

u larly during the summer and au tumn . I t  i s  capable o f  p roducing h igh 

herbage yields in pas tures and produces high qua l i ty hay (Anon 1 9 7 8 ) . 

Palatab i l i ty i s  eq ually accep table to s tock as o ther red c lover 

cultivars b u t  because of i ts larger seed and seedl ings , early 

produc tion af ter sowing is  b e t ter  than tha t  of  diploid vari e t ies . 

I t  also has grea ter dry mat ter p roduction and persis tence than i ts 

diploid coun terpart  "Grasslands Turoa" red c lover . I t  i s  winter 

dormant ,  but has bet ter overwin tering abi l i ty than diploid vari e ties , 

as  wel l  as superior drought resis tance under dry s ummer cond i t ions 

(Anderson 1 9 7 1 , 1 9 7 3b ) . The larger flower head of te traploid 

' Grasslands Pawera ' red c lover is  accompanied by  grea ter corol la tube 

leng th ( 1 1 . 3 - 1 2 . 6  mm) compared with d ip loid vari e t ies ( 10 . 3 -

1 0 . 8  mn1) (Anderson 1 9 7 3a) . Thi s  crea tes prob lems in ob taining 

accep table seed yields in the absence o f  suf ficient numbers o f  long­

tongued ins e c t  poll ina tors . Seed set  per head varies from 29-68 , 

w i th a mean o f  40 seed s (Anderson l9 7 3a) . 

At the t ime o f  i ts re lease , many aspec ts  o f  the mos t  sui table seed 

p roduc t ion managemen t  o f  ' Grass lands Pawera ' red c lover were no t 

fully elucidated . This resul ted in a s i tuation where farmers and 

s eed p roducers tended to manage their crops usi ng management systems 

which had proved successful wi th the previously availab le diploid 

cultivars . This led to some t imes unfair performance comparisons 

being made be tween ' Grass lands Pawera ' tetrap loid red c lover and 

' Grasslands Hamua ' and ' Grasslands Turoa ' d ip loid red clovers , 

part i cularly since these l a t ter two varie ties o f ten showed doub tful  

persis tency and yield. 
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Because o f  the lack o f  information concerning time o f  harvesting , 

a t tainment o f  maximum seed qua l i ty components and the lack o f  basi c  

s tudies o f  seed developmen t,hard- seededness , ( including seedcoat 

s tructure) and the longevity and germination charac teris tics  o f  

seed i n  the soil  a s tudy was carried out wi th ' Grass lands Pawera ' 

red c lover a t  Mas sey Univers i ty commenc ing May 1 9 74 . The main 

objec tives of thi s  s tudy were : 

a .  to observe the pat tern o f  flowering , pollina tion requir ements 

and seed development in Pawera red c lover c rops in the field . 

b .  to moni tor changes i n  s eed quali ty components and hard seed content 

during seed development and during shor t term s torage . 

c .  to inves tiga te the embryology o f  seed s during thei r  development .  

d .  to s tudy changes in the s truc ture o f  the seedcoat during seed 

development with a view to determining the role of the seed coat 

general ly ,  and spec i f i c  regions of  the seedcoa t in particular , 

in a f f e c t ing the development and the reduc tion o f  hardseededness .  

e .  to i nve s t igate seed longevi ty and the rate , extent and causes o f  

the breakdown in hardseed content following seed burial i n  the 

field  and in dry s torage . 

f .  to moni tor seed germination in situ following seed burial and 

pat terns of seedl ing emergence  in the f i e ld . 

g .  to sugges t c r i teria for Je termining the optimum time of  harves ting 

o f  Pawera red c lover seedcrops which would be of  value to seed 

producers . 



"late l: "Grasslands Pa\vera" tetraplo id red clover plant  a t  the 
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Pla te  2 :  Cages used f o r  con t ro l l ed p o l l i na ti on . 

A t temp ts  were ma de to de t e rmine whe ther s e l f -pollinat ion o f  

f lore ts  occurred . Twenty f lower heads were covered w i t h  g l a s s i ne 

bags and tagged a t  the bud s tage . Ten o f  them were l e f t  w i t h  the 

2 1 

b ags on w i t ho u t  any fur ther t rea tment  f or abou t four weeks . The heads 

were t hen harves ted and examined t o  d e t e c t the presence of seed 

in each f lore t . The o t her 1 0  bagged heads were s haken v i gorous ly 

at the t ime o f  f u l l  f l ower i ng to d e termine whe ther pollina t i on could 

b e  induced by mechani cal d i s turbance . These heads were lef t for 

three weeks af ter the !:> h ak i ng trea tment  and were harves ted . 

were then also examined for the presence o f  s eed . 

They 

The autumn sown c ro p  in 1 97 4  was suc cess ively harves ted i n  the 

s ummer of  1 97 5  c ommenc i ng 10 days a f Ler tagging or peak f lowering 

d a t e  and con t i nuing a t  4 day i n t erva ls  up t o  30 days . The c rop 

sown i n  the spr ing of 1 97 4  was success ively harves ted s ta r t ing e i g h t  

days af t e r  t ag g i ng a t  two or four d a y  i n t e rvals f o r  3 2  days . 

S imi larly , i n  1976  and 1 9 77 , samp l e s  o f  seed f rom tagged heads 

were harves ted beg inning e ig h t days a f te r  p o l l ina t ion and con t i nu i ng up 

to 40 days at two or f our day i n te rva ls . Moreove r , in 1 97 6 , f lore t s  
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P la t e  3 :  

P l a t e  4 :  

3 2  

A l ong- tongued bumb le bee (Bor?bus hor>tor>wn) collect ing 

nec tar  through the mouth o f  the  corolla  tube of  a f loret 

of ' Pawera ' red clover . 

A l ong- t ongued b umb le bee visit ing a f lower head o f  ' Pawera ' 

red c lover . 



P l A t e 3 :  

3 3  

Pa r t i a l l y d i s s e c ted f l owe r  head o f  ' Pawera ' r e d  c l over 

s how i ng arra ngemen t and leng th of f lo r e t s  and coro l l a  t ube s . 

P la t e  6 :  A sho r t- tongued bumb l e  bee (Bombus terres tris ) robb ing 

n e c t a r  f rom the s i d e  of a c o ro l la t ube . 
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3 8  

P l a t e  7 :  C h a n g e s  i n  s e ed s i ze o c c u r r i ng d ur ing s e ed d eve lopme n t  i n  

P J a t e  8 :  

f r c s h l v  h a rves ted  s amp l es . 

A- F r e p re s e n t s e ed s am p l e s  harve s t e d  10 , 1 4 ,  1 8 , 22 , 26 

and 30 dav s a f t e r  po l l i na t i o n . 

Cl1anges in seed s i ze a nd appe arance o ccurr i ng dur i ng seed 

d eve lopment j n  samp l e s  f o l l ow i ng 3 mon ths  s torage . 

A- I r ep r e s e n t  seed  samp l e s  ha rves  ed , 1 0 ,  1 2 ,  1 4 , 1 8 ,  

2 2 , 2 4 , 2 6 , 30 nnd 4 0  days a f t e r  po l l i n a t i on . 



maximum value . A s imilar trend occurred in  the 1 9 7 7  harvest  as 

shown in Fig . ( Sb ) . However ,  in 1 9 7 7  the f resh weight o f  individual 

seeds harves ted 10 days af ter pollina tion was 3 . 5  mg ( 40% of i t� 

maximum weight)  and S . S  mg a t  the peak point ( 24 days a f te r  pollin­

a t ion) . I t  was 4 1% o f  i ts maximum value when removed f rom the p lant 

40 days af ter poll ina t ion . 
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The fresh weight o f  the seeds harves ted in  1 9 7 5  f rom the 1 9 74 
spring sown crop showed a simi lar pat tern excep t that i t  decreased 

very s lowly a f ter reaching the peak point ( Appendix 1 1 ) . However , 

maximum individual  seed  f resh weight \vas r eached a t  a much earl ier 

d evelopmental age in seeds harves ted  f rom the 1 9 7 4  autumn sown crop 

( Appendi ces  1 0  and 1 2 ) . This may have been d ue to d i fferent c l imatic  

condi tions o ccurring dur ing the  seed  developmental period  (Appendix 

13) . 

( b )  Dry weigh t : The dry we igh t o f  seed 1 0  days af ter pollin-

a t i on was only about 1 8% of i ts maximum 

weigh t in the 1 9 76 harves ted crop . However ,  i t  increased stead i ly 

reaching a peak point ( "physiological ma turity")  26 days af ter 

poll ina tion (Fig . Sa) . During this per iod the d ry weight of the 

seed increased more than 5 t ime s (Appendix S ) . Al though , seed 

d ry wei ght subsequently  remained relat ively cons tan t , i t  was only 

about 90% of the ear l ie r  maximum we igh t 40 days af ter  pol l ina tion 

(Appendix 8 ) . 

In  1 9 7 7  the dry weight o f  i ndividual seeds increased s tead i ly 

from 24% o f  i ts maximum value 10 days af ter pollination t o  a 

maximum dry weight 26 days a f te r  pollina tion ( Fig . Sb) . The dry 

weigh t  of  seed 40 days a f t e r  po l l ina t ion was again 90% of i ts 

maximum we ight ( Append i x  9 ) . 

S imi lar pa t terns o f  d ry we i g h t changes in  seeds from tagged 

flower heads of the 1 9 7 4 s p r i ng and au tumn sown crops were a lso 

recorded ( Appendices  10 and l l ) . 

( c) Moisture c o n t e n t :  The mo is ture content o f  seed was 

e x p r e s s ed as bo th absolute moisture and 

percentage mois ture on a we t we i gh t  bas i s  (Figure Sa) . Changes 

in absolute mois ture con tent  show e s s e n t i a l ly t he same t r � n d  as the 
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changes occurring in f resh weigh t  throughout the d evelopmental 

s tages in the 1 9 7 6  harves ted crop . The resul t s  of  these two 

, comp onents  were more closely related during the early s tages of  

seed  development .  Subsequently the differences became greater wi th 

the progress of seed matur ity . Highe s t  absolute moi s ture content 
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was recorded about 2 days before seed ma turi ty . S ubsequently , a 

decrease in mois ture content occurred as the seed ent ered the ripening 

s tage . A s imilar trend , but a lower level o f  absolute moi st ure , was 

observed in the 1 9 7 7  harves t .  S eed maximum absolute moi s ture content 

was again reached p rior to the point of maximum dry weight but  

a dis t inc t p la teau e f f e c t  occurred be tween 1 8  and 24  days af ter  

pollina t ion . Absolute mois ture then declined rap idly as drying 

occurred during seed ripening . T h e  resul t s  o f  absolu te moi s t ure of  

s eed samples harves ted in 1 9 7 5  a r e  also  shown in Appendices ( 1 0- 1 2) . 

In the 1 9 7 6  harves t s e e d  mo i s tu re conten t expressed in terms 

of  percen tage mois ture was gene rally f o und to be relatively high 

( over 7 0% )  up to  1 8  day s a f ter p o l l i n a t io n . Then i t  declined 

gradual ly un til  26 days ( t he point of maximum dry weigh t)  when the 

moi s ture conten t was approxima tely 5 7 %  (Appendix 8 ) . Finally i t  

dropped sharply t o  abou t 1 6 %  4 0  d a y s  a f ter po llinat ion (Fig . Sa) . 

The r a t e  o f  reduc tion o f  mo i s t ure was about 1 . 4% per day during the 

p eriod from 10 to 26 day s af ter  po l l iantion and then increased 

to 3% per day from 26 to 40 days af ter  po l l ina t ion . A s imilar 

trend , but  wi th s lightly l owe r mo i s t u re levels par t icu larly in the 

lates t s tages of deve l o pmen t ,  o c c u r r ed in the 1 9 7 7  harves ted crop 

(Fig . 8b) . However , t he mo i s t u r e  c o n ten t of the seed at ma turi ty 

( the point of maximum d r y  w e i g h t )  was again 5 7 % . Final l y i t  

dropped sharp ly to abo u t 1 3% ,  4 0  d a y s  af ter poll ina tion . The rate 

of  mo is ture loss was abo u t  1 . 3% pe r d a y  during the 10 to 26 day 

period and then increa s e d  to 3 . 2 % p e r  day between 26 and 40 days 

a f te r  pollina tion , (Appendix 9 ) . T h e  v a l u e s  o f  pe rc en t age mois ture 

f or seeds f rom tagged f l owe r h e a d s  ha rve s ted in 1 9 7 5  are given in 

Append i ce s  ( 1 0- 1 1 ) . 

( d )  C h a nge s o c c u r r i ng i n  d i f f e re n t pa r t s  o f  a f l ower head : 

The f r e s h  we i g h t , d ry wei gh t ,  and mo i s t u r e  con t en t o f  seeds 

r emoved f rom d i f f e ren t p a r t s  o f  i nd i v i d ua l  f lowe r h e a d s  a t  d i f ferent 

devel opme n tal s t a g e s  w a s  a l s o  d e t e r m i n e d  (App e nd ix 1 4 ) . Gene ra l l y , 



the f resh weight o f  seeds f rom bo th the top and bot tom parts o f  

the head was lower than corresponding values in  the mid-upper and 

lower parts . These d i f ferences were more pronounced in  the open 

polli nated crop than in the controlled pollinated crop . S imilar 

pat terns of seed dry weigh t  change were also recorded . The resu l ts 

for p ercentage mois ture were reasonably consi s tent , par t i cu larly i n  
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the early s tages o f  development . In the open pollinated crop , the moi s ture 

content of seeds from f lore ts in the top and bot tom por tions 

of ind ividual heads were higher than corresponding values f rom the 

middle por tions of i ndiv idual heads . (Append ix 1 4 ) . 

The values for m o i s t u r e  con tent  o f  seeds o f  the same d evelop­

mental age but harves ted a t  d i f f erent t imes also show some varia tion . 

( Table 3 ) . The moi s t ur e  v a l u e s  i n  seeds from all  portions o f  heads 

harves ted late in the season are o bviously higher than corresponding 

resu l ts ob tai ned in an early h a r v e s t .  Although the mois ture results 

are fairly consistent  a t  a ny one harve s t  time there was a sugges tion 

that seeds in t h e  bo t tom portion of the head had a higher moi s ture 

conten t than seeds from f lore ts in o ther pos i tions . 

TABLE 3 :  Dif ferences in mois ture con tent o f  seeds wi th the same 

ma tur i ty ( 30 day s  a f t e r pol l i na tion) harves ted a t  d i f ferent 

dates ( co n t ro l led p o l l i na ted cro p ) . 

Pos i t i on o f  seed 

f lower head 

Top 

Mid-upper lMid-lower 

Bot tom 

i n
-���--� r-- 1 7  I 4 /-;6 6 / 5 / 7 6  

Da te o f  harves t  

--1-----------------------+--------------------� 
I 5 5 . 2  6 5 . 8  
! 
I -----·-' -

5 8 . 8  6 5 . 0  

5 8 . 1  66 . 1  _j 
5 9 . 7  6 7 . 0  --'---

9 .  Germina t ion and v i ab i l i ty t e s t s : Ge rmina t ion capac i ty may be 

expressed as the abil i ty of  

seed to germinate whe n placed i n  op t l mum cond i t ions o f  mois ture , 

t empera ture and aera t i o n . On the ot her hand , the viabil i ty o f  a 

seed may be determined on t h e  b a s i s  o f  the s taining p a t t e r n  revealed 

in tetrazo l i um tes ts . As th e p r e s � 11 L s tudy is  concerned wi th Legumin­

osae , the percentage o f  hard s e e J s  wu s a lso inc luded in the repor ted 

percentage of viab le se�ds  ( Anon . l 9 7 6a) . 



( 1) S tandard germina tion tes ts : The resu l ts o f  germination 

tes ts on f reshly harves ted 

seeds f rom the 1 9 7 6  crop are shown in Fig . ( 9a)  and Appendix ('1 5 ) . 

During the 10 day labora tory germinat ion period , no germinat ion  was 

recorded in the seed samples harves ted 1 0- 1 8  days a f ter pollination 

(Fig . 9a) . Germination occurred in a smal l  p ercentage of 22 
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day-o ld seeds but  remained low even at  later s tages o f  d evelopmen t .  

However , the germina tion percentage increased markedly i f  the labora tory 

g erminat ion tes t period was extended from 10 to 30 days (Fig . 9a) . 

Germinat ion occurred d ur ing the later par t o f  the germina tion tes t 

period in seeds harves ted 18  days af ter pollination . Thereaf ter 

variabl e  resul ts occurred in the la ter s tages o f  d evelopment .  A h igh 

percentage of hard seed appeared in 36 day old  seeds when the 

mois ture  content of  the seed had fallen to 24% . Viable seeds were 

firs t de tec ted in seed samp les harves ted 1 4  days a f ter polli na tion , 

when seed dry weigh t  was 34% o f  i ts maximum value and mois ture content 

was 7 7 % . Thes e  viable seeds appeared as f resh ungermina ted seeds 

and abnormal seed l ings , nei ther of which can be c lassed as seeds o f  

agronomic value . However ,  to tal  viab i l i ty rose rapidly up to 

96% when seed s  reached ma tur i ty 26 days af ter pollina tion . '.There­

a f ter  germination level d ropped s li ghtly in later ma tur i ties (Appendix 

15 )  • 

As i llus trated in Fig . ( 9 b ) , i n  the 1 9 7 7  harves t ,  the germina tion 

capac i ty of seeds tes ted immediately a f ter harvest showed a d i fferent 

pa ttern f rom the corresponding values of the 1 9 7 6  harves t .  There 

was a very smal l  percen t age of germ i na tion in 18 day old seeds which 

i ncreased s l ightly in 2 2  day-old samples during the f ir s t  1 0  days 

o f  the laboratory germina t ion tes t period . The germina tion then f e l l  

t o  lower l evels  in l a t e r  seed ma tu r i ties . When the germinat ion tes t 

p eriod was extended to 30 day s , some f ew seedlings were produced 

even f rom 1 4  day old seed samp les whi ch showed 76%  moi s ture and 4 1% 

o f  i ts maximum dry weight . The highe s t  germina tion result o f  over 

40% was reco rded in the seed samp les 1 8  day s af ter pollina tion . 

Germina tion percentages dec lined again wi th the progress o f  seed 

maturi ty ( Fig . 9b) . Hard seed was f i r s t  formed in 3 0  day o ld 

seeds when seed mois ture was abou t 34% . Nea rly 80% of hard seeds 

were recorded i n  the 4 0  day old  samp les . Viab le  seeds were f irs t 

observed in the seed samp les harve s t ed 1 2  days af ter pollina tion . Due 

to the rapid increase in  viab i l i ty about 9 5 %  o f  viable  seeds were 
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formed in 26 day o ld seeds reaching a maximum viab i l i ty of  1 00% 

in 36 and 40 day old seed samp les . · ( Fig . 9b , Appendix 1 6 ) . Thi s  

r ap i d  increase was due almos t entirely t o  the con tribution of  t h e  f resh 

ungerminated seed ca tegory , ra ther than to any increase in germination 

capac i ty .  

When s eeds o f  dif ferent developmental ages were s to red under the 

room tempera ture condi tions (Append ices 1 7  and 1 8 )  for abou t 3 months , 

the p er cen tages o f  g e rm i na tion , hard s eed , total viab il i ty and fresh 

unge rrnina ted seed ob tained i n  l a bo rr• t . , rv germinat ion tes ts changed 

drama t ically ( Fig . 9 c , Ap pendix 1 9 ) . Even l 2 day old seeds gave some 

germinat ion and max imum germ i n a t ion resul ts  fol lowing a 1 0  day germin­

a tion tes t p e r i o d  we re r e co r d e d  in seeds harve s ted 1 4  and 1 8  days af ter 

pol lina tion. However , the percentage of  germina tion dropped in mor e  

ma ture seed samp les d ue t o  the p res ence o f  i ncreasing numbers o f  

hard seeds . Small  numbers  o f  h a r d  seeds f i rs t appeared in 1 2  day old  

seeds increasing t o  mo re than 90% i n  seed samp l es harves ted 22 days 

af ter  pol l ina t ion . Th i s  high percen tage o f  hard seed was main tained 

in p rogressively more ma t u r e  seed samp les ( F ig 9 c ) . A small percentage 

o f  viable seeds was ob s e rv e d  in s eed samp les harves ted 1 2  days af ter 

pollina tion , over 90% v i ab i l i ty b e i ng recorded 6 days la ter . Maximum 

viab i l i ty o f  1 00% was a t t a i n e d  2 2  d a y s  af ter pollination and main tained 

throughou t the later per iod s  of ma t u r i ty ( Fig . 9 c ) . The general pa t tern 

of seed viabili ty was s imilar to the s i tua tion with freshly harves ted 

seeds , maj o r  d i f ferences  b e i ng only on a time basis .  However , the mos t  

drama tic  d i f ference occurred i n  the fresh ungermina ted seed component .  

Obv ious l y  in s tored seed samp l e s , a h igl 1  propor tion o f  the f resh ungerm­

ina ted seeds which had b e e n  p r e v i o us l y  o b s e rved in f reshly harves ted 

samples had b e c ome h a r d . Th e s e  s e e d s  t h e r e f o r e  con tribu ted to the earl ier 

developmen t and mor e ex t ens ive nature of the hard seed componen t 

observed in tes ts c a r r i e d  o u t  on samples fol lowing 3 months ' s torage . 

The labora tory g e rm i na t i o n  t e s t resu l t s  for s e ed s  harves ted in 

1 9 7 5  are also presented in Ap p � nd i c e s  ( 20- 2 2 ) . As shown in Appendices 

( 20 and 2 1 ) , seeds harves ted f rom the 1 9 7 4  autumn-sown c rop gave h igh 

p ercentages of v iab i l i t y in the v e r y  ear ly s ta g e s  of seed development 

especially f rom h e a d s  harves ted a f te r  peak f lower ing da te (Append ix 2 1 ) . 

On the o ther hand , seed harves ted f rom tlae 1 9 7 4  spring-sown crop a t tained 

v iab i l i ty more grad ual l y  (App end i x  2 2 )  . Seeds f rom the 1 9 7 4  au tumn-

sown c rop produced hard s eeds s tar t l 1 1 g  f rom 2 2  da y s a f t e r  tagging ( full 

f l owering) o r  peak f l owe r ing ( Ap p e nd i c e s 20 and 2 1 )  w h e reas seeds from 



spring-s own crop con tained no hard seeds even in samp les harves ted 

30  days a f ter tagging (Appendix 2 2 ) . 

( 2 )  B iochemical tes ts : As shown in Fig . ( 9a )  and App endix ( 2 3 ) , 

nea r ly 80% o f  the seeds harv e s t e d  1 0  

days a f ter p o l l ina tion were evalua ted a s  viable seeds accord ing t o  

s taining in te trazolium solut ion . More than 9 0 %  o f  the s eed s wer e  

viable 4 days l a ter , rea ching a maximum o f  9 7 %  1 8  d ays af ter p o l li n­

a t ion . S ta r t ing f rom 2 6  days af ter p o l l ina tion a cer tain percentage 

of seeds were not s tained due to seedcoat  impermeab i l i ty to t e t ra zoli um 

s o lu tion . However ,  they were shown to b e  viab l e  when the s eedcoat 

was chipped , a llowing pene tra t ion o f  the te trazol ium solu t ion . 

( 3 )  Add i t ional tes ts on seed viab i l i ty :  

( a )  Germina t ion resu l t s  o f  s eeds taken f rom d i f ferent pa r t s  

o f  i nd i v id ual  f l ower head s : As shown in Figure ( 1 0)  

and Appendix ( 24 ) , the 

p ercentages o f  t o tal  viab i l i ty of  seeds f rom d i f feren t par t s  of the 

head f rom the contro lled poll ina t ed c rop we re s ligh t ly higher than 

corresponding resu l t s  f rom the open pol lina ted crop . However , 

the per centage o f  norma l seedl i ngs p roduced in samp l e s  harves ted 

f rom the open pollina ted crop was considerab ly higher than in the 

controlled p o l li na ted crop . This was a d i re c t  ref lec t ion of the 

grea ter numb er o f  f resh unge rmina t ed seed s produced in tes t s  from 

seeds f rom the con trol led p o l l i na ted crop . B e tween the d i f f erent p ar t s  

o f  t h e  head in the con t r o l led p o l l ina ted crop , the t o p  and mid-upper 

p o r t ions gave similar ge rmina t i o n res u l ts .  There was a p rogressive 

increase in germina t ion capac i ty in seeds produced towards the bo t tom 

o f  the head ( F i g . 1 0 )  . A l thoug h  t he same trend wa s no t observed in 

the open p o l l ina ted c rop , seeds f rom the b o t tom por tion of the h2ad 

s ti l l  showed the hi ghes t p e r c e n tage o f  no rma l  s eed lings . In a l l  

cases the percentages o f  f r e s h  ungerminated s eeds i n  d i f feren t p a r t s  

were reciprocal t o  the i r  r e s p ec t i ve germina t ion resul t s . Abnorma l 

s eed lings appea red a t  a v a r ia b l e b u t  low l evel in a l l  p o r t ions of 

the head . 

(b )  E f f e c t  o f  pre ch i 1 l i ng _ o n  germina tion o f  f reshly 

ha rv e s ted s e e d s : T h e  g e rmina tion resul ts o f  freshly 

harves ted seeds fol lowing d i f f e r�nt  

oeriods o f  o rech i l lin2 a r e  n resen ted in F i gure (11) . The seed s 
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Percen tage of to ta l viabi l i ty o f  f reshly harves ted seed s 
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FIG . l l :  P e rcen tage of  t o tal viab i l i ty o f  f res hly harves t e d  s eed samp l es 
a f t e r  p re ch i l ling at 5°C for d i f f er e n t  p er i od s . 
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used were harves ted 2 2  days a f ter  pol lina tion from the 1 9 7 7  crop . 

The percentage o f  total  viab i l i ty and germina t i on was s im i lar in a l l  

t rea tments , a l though t h e r e  was a n  indi ca t ion tha t samp les p rechilled 

for 1-4 days gave s l i gh t l y  h i gher val ues than the o thers . The 

propor tion o f  fresh ungermina ted seeds presen t was fairly consis ten t .  

(Appendix 26 ) . A s imilar pa t te rn oc c u r r e d  i n  the 1 9 7 6  crop a l though 

there was a trend for the p ercen tages of fresh ungerminated seeds 

and dead seed s  t o  al ter  wi th s e e d  age ( A p p e nd i x  2 5 ) . 

( c )  E f f e c t  o f  gi bb e r e l l i c a c i d  on ge rmina tion : In the p resent  

inves t iga t ion , 

nei ther ge rm ina t i on nor t o t a l  v i a b i l i ty wer e improved by soaking 

s e e d s  i n  the gibbere l l i c  a c i d  ( G A 3 )  solut ion or by germina t ing 

seeds on b lo t ters s o aked in  G A 3 . Howeve r ,  when 22 day old seeds 

were soaked i n  GA 3 so l u t _L O n  wi t ho u t  r e c e iv ing any p r ior prechill ing 

t reatme n t , a much h i g her g e r mi na t i o n  per centage was recorded . 

Never the less , the percen tage o f  to tal v i ab i l i ty was lower than i n  

o ther trea tmen ts . W h e n  1 8  d a y  o l d  s e ed s were treated wi th GA 3 

solu tion , t he y  p r o d u c ed abou t 5 0 %  mo re dead seeds than un trea ted 

seeds (Append ix 2 7 ) . These res ul t s  s how tha t no cons i s tent  

improveme n t  i n  the germi na t i on o r  to tal viabili ty o f  ' Pawe ra ' red 

c lover seeds i s  o b t ai ned by t h e  us e o f  e xo genous gibb e re l l i c  acid . 

( d )  E f f ec t o f  oxyg<:: n ga s o n  ge rmi na tion : The germina tion 

o f  s eed i n  an 

oxygen e n r i ched a tmo s p he re had no o bvious e f f e c t on germi na t ion 

p er c en tage , al though there wa s a sugges t i on of a s l igh t improvement  

i n  the  p er cen tage o f  normal s e e d l i ng s  when samp les received oxygen 

at prech i l l i n g  and aga i n  d u r i ng ge rm i na t i o n . Howeve r overall , 

oxygen t rea tment s h a d  no d r ama t i c e f f e c t  i n  imp rov ing seed 

germina t ion capac i ty  ( Ap p end ix 2 8 ) . 

( e )  E f f e c.�____9f d lCE_!: h  o f  s e e d  coa t c u t t i ng o n  germi na t i on : 

The res u l t s o f  g e rmi na t ion tes ts f o l l ow i ng seed 

c o:.� t  cu t t i ng t r e a tmen ts are s h mvn in F i g ure ( 1 2 ) and 

Append ix ( 2 9 ) . I n  2 2  d a y  o l d  s e ed s , the percen tage o f  total  viab i li ty 

was lowe s t i n  s ha l low- c u t  s e e d  samp les whi l e  the c o r r espond i_ng 

values in i n ta c t  and in d e e p - c u t seed s amp l es we r e  s im i l a r . However , 

the deep- c u t t r e a t me n t  gave t h e  h i gh e s t p e r c e n t a g e  o f  no rmal seedl ings 

and contained no f r e s h  u n g e n u i n u teJ s e e d s  ( F i g . 1 2 ) . This sugge s t s  

tha t the p rod uc t i o n  o f  f r e � h  u n g e rm i na t e d  s ee ds w h i l 2  i t  i s  no t 
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F ig 1 2 :  Percen tage o f  to tal v i abi l i ty of  f reshly harves ted seed samp les  
f o llowing d i f f erent intensi ti es o f  seed-coat inj ury . 
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c aused b y  the r e s t r i c t ion imposed b y  the seed coat i tself  may we l l  

b e  due to a germina tion res tric tion caused by the membrane underlying 

the seed coa t .  

( f ) Germina tion c apa c i ty of seeds in  dif ferent c olour 

catego r i e s : The germina tion res u l t s  o f  seeds befor e  

and a f ter s torage a r e  given in Appendix 

( 30) . There was a t rend f o r  y e l low seed to p roduce a higher germin­

a t ion percentage than brown and p u r p le seeds . This was a ref le c t ion 

o f  the higher hard seed conten t s  i n  b r own and purple s eed samp les . 

A simi lar s i tua t ion occ urred when the same seed colour ca tegor ies 

were s tored f or 3 mon ths ( Ap p end i x  30) . 

( g )  E f fec t o f  n 1echan i c a l s c a r i f icat ion on germina t ion : 

The g e rmina tion resu l t s  o f  scar i f ied and unscari f ied 

s eeds f o l l owing 3 mon ths s torage are shown in F i gure 

( 1 3)  and Appendix ( 3 1 ) . Unscari.f i ed samp l es contained 96% hard 

seed . However ,  germina tion t e s t s  carried ou t on s amp les whi c h  have 

been scari f ied f o r  a rela tively shor t dur a t ion and a t  rela t ively 

light p re s s ur e  showed a drama t i c drop  in hardseedednes s . 

A sma l l  percentage o f  seeds s t i l l remai ned hard when the dura tion 

o f  treatmen t a t  cons tan t p re s s ur e  was s ho r t  ( 1- 2  min . )  or  the 

i ntens i ty o f  press ure for cons tan t dura t ion was low ( 4-6 p s i ) . 

On the o ther hand , a sma l l increase i n  the percen tage of abnormal 

s eedlings occ ur red when the d u r a t i o n  of trea tmen t  o r  in tens i ty of 

p re s s ure was inc reased to  6 min . o f  10 psi  o r  14 psi for 2 min . 

respec tively (Fig  l J ,  A p p e n d i x  3 1 ) . The bes t p re ssure and du ra tion 

combinat ion wh i ch res ul t ed i n  t he highe s t  p ercentage o f  no rmal seedl ing 

was recorded a t  8 p s i  for 2 mi n .  or 1 0  p s i  for 3 min . (Fig . 1 3 ) . 
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Fig 1 3 :  Germi n a t ion p e r c e n t a ge o f  uns c a r i f i e d and mechan i c a l ly s c a r i f i ed ' Pawe ra ' red c lover s e ed s . 
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D I S CU S S ION 

I t  has b e e n  sugges ted tha t i n ternode numb e r s  can b e  u s ed to 

d i s t ingu i sh b e tween ' Gras s lands Hamua ' r ed c lover ( cowgras s ,  broad red , 

early f l owe r i ng d i p l o i d  var i e ty )  a nd ' G r as s lands Turoa ' r ed c l over 

(Mon tgome ry , l a te- f l owe r i n g  d i p l o i d  var i e ty )  (McNeur 1 9 60) . However ,  

the numb ers o f  i n te r nodes p r esen t on s terns a t  the t ime o f  f lo r a l  

i n i t i a t i on and p eak f l owe r i ng i n  ' Gr a s s lands Pawe r a ' r ed c l over show 

a wide range depend i ng on t i me of sowing , and a l s o  p r e s umab ly on 

c l ima t i c  c ond i tions as s ug g � s t ed b y  M c N e u r  ( 1 960) . This var ia tion 

sugges t s  tha t the r e c o r d ing o f  i n t e r no d e  num b e r s  is no t n e c e s s ar i ly 

a r e l i ab le c r i ter ion f o r  va r i e t a l  i d e n t i f ic a t ion i n  thi s  cul t ivar . 

Obs erva tions o f  t h e  f l owe r ing pa t t e rn and s eq uenc e i u  au t umn sown 

' Pawera ' red c love r  c r o p s showed th a t the da t e  of peak f lowe r i ng in 

the p resen t s t ud i e s  occ ur r ed s l i gh t l y ear l ier t han the d a t e  repor ted 

b y  C l i f fo r d  ( 1 9 7 4 )  who o b t a i n e d  a max imum numb er of f lower ing heads 

i n  ' Pawera ' red c l o ve r  ab o u t m i d - F e b r u a r y . Th i s  s l igh t var i a t ion may 

be due to reg ional and c l i ma t i c  c o nd i t ions , d a t e  o f  sow i ng or d a t e  o f  

c los ing . The ra te o f  i nc r ea s e  i n  the numb e r s  o f  to ta l l y  w i thered 

h eads appeared to be ac c e l e ra ted by s l i gh t ly increased temp eratures i n  

early Feb ru a ry . Howev e r , the numb e r  o f  days req u i red for f lo r e t 

op eni ng o v e r  the who le h e a d  i n  t h e  au t umn sown c rop in the p re s e n t  

s tudy c lo s e ly a g r e e s  wi t h  f ind in�s b y C l i f ford ( p e r s . comrn . ) , t h i s  

p ro c e s s  taki ng abou t 7 days w i t h  a f lo r e t  opening ra te o f  1 8  f lowers / day . 

Free ( 1 9 7 0 )  a l s o  s ug ges t �d tha t i t  t H ke s  6- 1 0  days f o r  a l l  the f lowers 

on a n  i nd ividual head o f  r ed c lo v e r  tu open . S ince p o l l i na t i o n  b e g i ns 

i n  i nd iv idua l heads a t  t h L' Ume o f  t h<-' ha l f  f u l ly f lowe r i ng s tage 

( i . e .  s tage 2 in the f low� r i n g  s eq u �nc e )  s e e d s  t ha t  d ev e l o p e  f r om 

e a r ly p o l l ina t e d  f l or e t s wo u l d  lw 3-4 d a y s  o ld e r  than t hose p roduced i n  

l a t e  f lowe r i ng f lore t s . T h e  a g e  o f  ind i vi dual s eed s c a n  t h e r e f o r e  

vary accord i ng to the po s i t i o n o f  t h e  f lo r e t  f r om w h i ch i t  o r ig i na ted 

on the head . 

Nec t a r  s ec re taion i s  g r ea t e s t on t h e  f i r s t d a y  or f i r s t f e\v 

days o f  f lore t o p e n i ng , b e i n g  i n f l u en c e d  b y  t h e  ma tura t ion o f  the 

s t igma and s tamens ( Fr e 8  1 9 7 0 ) . His r0por t s  genera l ly agree w i th 

ob s e rv a t ions in the p res..,n t s t uJ v o n  n ec tar p r od u c t i on .  H e  added that  

t h e  dura t ion of  nec tar s e c re t i on i n  s ome s pe c i e s  may b e  v e r y  l imi ted . 

Mo r eover ,  f a c t o r s  s uch a s  s o i l  mo i s t ur e ,  a i r  t emp e ra ture , a t mos p h er i c  
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pressure , s i ze o f  nec tary and p o s i tion o f  t h e  f lower on the p lant may 

i n f lu ence the amo unt of nec tar p r o d u c e d . I t  is  a l s o  recogn i s ed tha t 

te t r a p l o i d  red c l overs produce more nec t a r / f lore t than d i p l o i d  var i e t ies 

(Anon . 1 9 76 b ) . 

In c lover crops , s u c c e s s f u l  s eed p r o d u c tion s e ems to depend 

s trong l y  on the p opula t ion of e f f e c tive b ee p o l l ina tors and on c l ima t i c  

condi t ions t h a t  i n f luence b e e  a c t i v i ty dur ing the f lower ing p er iod . 

I t  has b een repor ted b y  a numb er o f  worke rs ( Gr i f f i ths e t  a l .  1 9 6 7 ; 

Free 1 9 7 0 ;  C l i f f o r d  19 7 3 ;  Gurr 1 9 7 5 )  ·that b umb l e  b e e s  a r e  e f f e c t ive 

p o l l ina tors for various red clover v a r i e t i es . S u ch a s i tua tion cer t a i n ly 

appears to b e  the cas e i n  ' Pawe ra ' r e d  c lover seed c rops . However , 

tongue l eng th has a p ro found e f f e c t on forag i ng behaviour . A l l  long­

tongued b umb l e  bees vi s i t  red c l over f lowe rs a lway s a t  the front o f  

the f lore t and hence brush agains t the s exua l par t s  o f  the f lower and 

cause p o l l i n a tion ( Cu r r  1 9 6 1 ) . O n  the o th er hand , s ince t h e  maj o r i ty 

o f  sho r t- tongued b e e s  use d i f f e ren t me t hods for nec tar c o l l e c t ion they 

do no t e f f e c t pol l i na t i on ( C umber 1 9 5 3 ;  F r ee 1 9 7 0 ; Lawes ( 1 9 7 5 ) . 

However , a s  s ugges t ed by Gurr ( 1 9 7 5 )  young q ue ens o f  B .  terres tris 

can be imp o r t an t  i n  s eed p r o d u c t i o n  as t hey are a c t ively i nvo lved in 

nee tar c o l l e c t  i o n  l at e  i n  the seaso n . Moreov e r , B .  terr•estris when 

gather ing or ea t i ng p o l l en a l so e f f e c t s  cro s s -p o l l i na t ion by trans f er r ing 

p o l len f rom f lower t o  f l owe r ( G u r r 1 9 7 5 ) . Compared w i th the e f f e c t ive 

bee numbe r s  q uo t ed b y  U ma e r u s  an d C r a zi ( 1 9 6 2 )  and C l i f ford ( 1 9 7 3 ) , the 

b umb l e  b e e  popula t ion i n  t h e  ex p e r i me n ta l  p lo t during mos t  of the 

f lowering season in 1 9 7 6 \va s  i n s u f f i c i e n t for t h e  p rodu c tion o f  h igh 

seed y ield . However , t h e  num b e r s  o f  bees recorded does compare favourably 

wi th the l evel s  repor t ed as a d e q u a t e  for t h e  p roduc t ion of a c c e p tab l e  

l eve l s  o f  s eed y i e l d  b y  F r e e  ( 1 9 7 0 ) and Anon ( 1 9 7 6b ) . I t  sho uld b e  

no t ed how ev e r  t h a t  t h e  b umb l e  bee  p op u l a t i o n  in t h e  p re s e n t  s tudy 

inc l uded bo th e f f e c t ive and i n e f f e c t i v e  po l l i na t o r s .  

Al though some s l i g h t  va r i a t i o n i n  the b e e  p o p u l a t ion o ccurred due 

to s easonal d i f f erences , dai l y  var i a t ions were enormo u s . Day to day 

bee numb ers and act i v i t y  w i t h i n  t he c r op d ep ended grea t ly on p r eva i l ing 

\vea ther cond i tions . Bee aurnb e r s  i n  the crop f e l l  t o  low or zero 

l ev e l s  when i t  was ra i n i ng , or w i ndy , wh e n  re l a t iv e  h umi d i ty was too 

h igh ( 9 0- 1 00% ) , or wh e n t he t em p e ra t u r e  wa s rela t i v e l y  l ow . I n  a dd i t ion 

the presence o f  mo i s ture on t he p l an t s , �vh e  ther bv rain or h eavy d ew ,  

s er io us ly d i s couraged b e e  a c t iv i t v .  T h e s e  o b s e rv a t i o ns gen era l l v  

s up p o r t  f i nd i ngs by o t h e r  wo r k e r s  ( Fe r g u s  and Ho l l owe l l  1 9 6 0 ; 
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Friden et a l .  1 9 6 2 ;  Free 1 9 70) . Conversely , bees worked very a c t ively 

and in tensely  when a favou rab le day fol lowed unfavourab l e  foraging 

wea ther condi t ions . Thi s may be due to the need for p o llen and ·nec tar 

b y  their colonies and because they resp ond read ily to improved wea ther 

condi t ions as s ugges ted by Free ( 1 9 7 0 ) . Al though foraging f lights  
0 may take p lace a t  1 2- 1 4  C as s ta ted by Free ( 1 9 7 0) , bee ac t iv i ty is  

advers ely a f f ec ted by low temp era t ures . \.Jhen temp era t ures f e l l  to 

b elow 1 7°C the bee pop ula tion decreas ed , but  increas ed again wi th an 

increasing tempera ture . The highes t maximum tempera ture of 28°C observed 

in the present s t udy appa ren t ly had no adverse e f f e c t  on bee ac t ivi ty . 

Conversely , low rela t ive humid i t ies ap p eared to favour bee a c t ivi ty whi l e  

very high rela tive humidi ties had an adver s e  e f f ec t . However , the 

real t ionship be twee n bee pop u l a t i on and r e la t ive humidi ty was no t a lway s 

cons i s tent . Although a cl ear sky seemed to favour bee a c t iv i ty , 

c loudy and calm cond i t ions d id no t a ppear to a f fec t the ir a c t iv i ty 

adversely i f  p lants we r e d ry .  I f  i t  was raining or p lants were thoroughly 

we t ,  no bees appeared to work . W i nd velo c i ty can also af fec t bee 

activity  cons iderab l y  if the c ro p  is exposed to the wind direc t ly . 

Whi le the s e  fac tors o f  c l ima te i n t e r r e l a t e  in a f f e c t ing bee ac t ivi ty , 

tempera ture ef fec ts showed a n·asonab ly di rec t and posi tive relationship 

wi th the numb er of bees present  in the c rop . 

Th e l ength o f  the coro lla  tube o f  a f lore t o f  ' Pawera ' red c lover 

was fo und to be abou t 1 1 - 1 2  mm wh i ch is approxima tely the s ame l eng t h  

repor t ed by Anderson ( l 9 7 3a)  in  the same cul t lvar and in  o ther te traploid 

red c lover varie t i es by o ther wo r ke rs . ( Umaerus and Grazi 1 96 2 ;  Anon . 

1 9 7 6b ) . 

The fai lure o f  s eed s e t ti ng in f lower h eads pro tec ted f rom ins e c t  

p o l l ina tion needs no fur th e r  exp lana t ion as i t  has a l s o  been r ep or ted 

b y  nume rous workers ( Fergus and Ho l lowe l l  1 9 6 0 ; Gr i f f i ths e t  a l . 1 96 7 ; 

Palmer-Jones 1 96 7 ; Anon 1 9 76 b )  that red c lover is s e l f-s ter i le . 

S i milar f indings have also  been rec orded by Hyde e t  a l .  ( 1 9 5 9 )  who 

found no seeds i n a numbe r  o f  ' G rass l a nds Hamua ' red c lover f lower 

heads whi ch were covered by bags to p reven t access by ins ec ts . 

The higher numbe r  o f  seeds s e t ( bo th seeds p e r  i lowe r head and 

per  1 00 f lo re t s )  in the 1 9 7 5  harve s t  compared wi th 1 9 7 6  may have been 

due to higher bee pop u la ti ons a nd f avourab le wea ther cond i t ions 

experi enced during  the 1 9 7 5  summe r pe riod . I t  seems t ha t  the low bee 
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population during mos t of the f lower ing season in 1 9 76  was respons i b le 

for the r educ tion o f  seed y ield . However , the mean number o f  seeds 

s e t  p er head in  1 9 7 6  is s ti l l  s lightly higher than the ra te r ecprded 

by Anderson ( 1 9 7 3a) . The p resen t inves tigation therefore s tresses 

the impor tance of adequa te numbers of sui tab le pollinators at the time 

of f lowering to produce h i gh seed y ields in red c lover crops as shown 

b y  o ther workers . (Gurr 1 9 6 2 ;  Gri f f i ths et a l .  1 9 6 7 ; Anderson 

1 9 7 3a) . The higher percen tage of seeds set t ing in any par ticular 

portion o f  an ind ividual head is  apparent ly no t due to higher numbers 

o f  f lorets in  d i f ferent  posi tions . The propo r t ion of  f lore ts present 

in  di fferent par ts o f  i nd i v i dual h eads is similar . Thus the higher 

seed numbers p resent in the middle  por tions of individua l  heads 

compared with the top and bo t tom por tions may be  because the easier 

accessib i l i ty o f  more central f lo r e ts for  bee v i s i tation . On the o ther 

hand , f lorets  i n  the top a nd b o t tom p o r t i ons of f lowerheads do not 

open uniformly and bees can only poll i na te a l imi ted number o f  f lorets  

a t  each vi s i t . 

The changes in seed c ompone n t s  during seed development  fo l low the 

typical pat tern of grow th repor ted by previous workers (Hyde 1 9 5 0 ;  

Hyde e t  a l .  1 9 5 9 ; Crif f i ths et  a Z . 1 96 7 ; Adam e t  a l.  1 9 70) . S ince 

the changes in the pre se n t s t udy we r e moni tored s tart ing from 1 0  

days af ter po l l ina t i o n , t h o s e  changes tha t occur during the " growth 

s tage" (Hyde 1 950 ; Hyde et a l .  1 95 9 )  or "po s i t ive accelera tion phase" 

(Adam et a Z.. 1 9 7 0 )  we re no t inc l ude d . Accordi ng to Hyde ( 1 9 50) 

and Hyde e ·t al . ( 1 9 5 9 )  t h e  period from 1 0  to 26  days af ter poll ina tion 

is  occupied by a food reserve a c c umu la t i o n s t a ge . Dur ing this s tage , 

the rat e  o f  increase in f res h w e i gh t  i s  rapid up to 1 4  days and is  

fol lowed by a more un i f o rm rate o f  g r ow th as sugges ted by Gri f f i ths 

et a l .  ( 1 96 7 ) . These two phases of f re s h  weight c hang es were more 

dis tinc t in  the 1 9 7 7  crop t han in t he 1 9 7 6  crop . Mo re favourable 

growing condi tions , p o s s ib l y  i n volv i n g  grea ter avai labi l i ty of mcis ture 

and nutrients , seemed to c o n t r i b u t e  to higher values of individual 

seed fresh we i gh t  in 1 9 7 6  than i n  1 9 7 7 . Dur i ng the food accumulation 

s tage , seed s i ze ,  mea s u red i n  t e rms o f  fresh we i gh t , also i ncreased 

uni f o rmly and reached i ts max i mum a b o u t 2 days before the da te of seed 

ma tur i ty . D i f ferences i n  s e ed s i z� b e twe e n  seeds of  dif ferent ages 

could also be  seen c l e a r l v  a f t e r 3 m o n t h s  s t o r a g e . Those seeds harves ted 

ear l ier than the da t e o f  max i m u m  f r e s h  wei g h t ( approxima t e ly 24  day s  

a f ter pollina tion)  w e r e  no t f u l l y d e v e l oped wh i l e  those f rom later  

harves ts showed n o  o b v i o u s  va r i a t i o n  i n  s 12 ed s i z e . 



The lower amount o f  absolute  mois t ure compared wi th fresh weigh t 

during the la ter par t  o f  the food reserve accumulat ion s tage was 
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due to increased accumulation o f  seed dry weigh t . The ra te o f  reduc tion 

o f  mois ture d ur ing this s tage was s imilar in b o th years . Moreover , 

a t  the end o f  this s tage the mois ture content o f  seeds recorded in 

bo th 1 9 7 6  and 1 9 7 7  were approxima tely the same . It  is  essen tial  to 

consider seed mois ture values along wi th the data for o ther parame ters 

in order to be a b le to evalua te the develop1nental sequence on a common 

basis s ince the age o f  seeds i n  terms of days from f lowering varies 

widely wi th environmental  c ondi t i ons (Pollock and Roos 1 9 7 2 ) . S imilarly , 

the role of seed mois ture l eve ls i n  the development o f  seed impermeabi l i ty 

and in the comparison o f  d i f f e re nces in impermeabi l i ty has been emphas i sed 

by Quinlivan ( 1 9 7 1 a ) . 

I n the p resent s tudy , the amoun t of  dry mat ter increase during the 

f ood reserve accumula t i on s tage was much higher than the resul ts repor ted 

by  Hyde et a l .  ( 1 9 5 9 ) . This  may be due to a s li ght ly  longer developmen tal 

period which resul ts i n  heavie r  seed weight (Aitken 1 9 39 )  or  to  varie tal  

d'i f fe rence:, . S imilar observa t i ons have also been reported by  McKee et  a l . 

( 1 9 5 5 ) . 

Variat ion in  the r e la t ive prop o r t ions of  t ime occupied by 

di fferent developmental phases may be  due to d i f feren t  species , var i e t ies 

and c l ima t i c  condi tions (Gri f f i ths e t  a l .  1 9 6 7 ; Pollock and Roos 1 97 2 ;  

S chwass  1 9 7 3 ) . I n  lucerne (Med-Z:c:a(JO sai i ua L) , the periods occup ied 

b y  each s tage of  seed deve lopment  takes considerab ly longer than those 

of c lover crops ( Kowi thayakorn 1 9 7 8 ) . S im ilarly , in bean seeds 

(Phaseo lus vu lgaris L . )  f resh weigh t r eaches i ts maximum in about 36 

day s and maximum dry weigh t occurs about 44 days af ter f lowering 

( Lowenberg 1 9 5 5 ) . According to Al-T i kr i ty e t  a l .  ( 1 9 7 4 ) the numbers 

of  days required f rom poll ina t ion to s e L· cl ma tur i ty in crownvetch ( Coroni l la 

varia L . )  seeds var i e s  s ign i fican t l y  be tween years , f i e lds and da tes o f  

po llina tion .  The d i f f e re nces repor ted b y  various workers are believed 

to be associ ated wi th d i f ferent tempera tures , prec i p i tation and solar 

radia t ion . The later par t of the growing season in  the presen t s tudy 

was cold and moi s t ,  such condi t ions being imp lica ted in re tarding the 

ra te of seed matura t i o n  and ripeni n g . 
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Although the growth o f  the seed ceases concomi tan t ly wi th the loss  

in fresh  weigh t (Loewenberg , 1 9 5 5 ) , fur ther increase in seed dry  weigh t  

following the decline i n  fresh weight and mois ture con tent could b e  

due to continuing depo s i t ion o f  food reserve materials beyond the t ime 

of s eed enlargement (Harring ton 1 9 7 2 ;  Pollock and Roos , 1 9 7 2 ) . 

However ,- i t  is  quite c lear tha t the process o f  food trans ference from 

the p arent p lant to the seed ceases by the end o f  the food reserve 

accumulat ion s tage since there i s  no f ur ther increase in dry weigh t . 

The las t or ripening s tage (Hyde 1 9 5 0 ,  Hyde et  a l . 1 95 9 )  

occupies about 1 4  days f o l lowing the food reserve accumu la tion s t age . 

According to Gri f f i ths e t  a l .  ( 1 96 7 )  the f irs t hal f  o f  this ripening 

is  charac terised by a rap id loss o f f resh weight due to drying o f  

the seed . The ra te o f  rcJuc t ion in seed moi s ture and the f inal 

values of this componen t seems to depend mainly upon weather condi t ions , 

especially rela tive humidi ty ,  during the r ipening period . However , 

in two success ive years the rates of  loss o f  seed moi s ture during this 

s tage show c lose s imi lar i t y . Noreove r ,  in both 1 9 7 6  and 1 9 7 7 , 

seed fresh weigh t a t  the end of  this  s tage i s  approximately the same , 

fal l ing to less than half o f  i ts maximum value . I t  is  generally 

s ta ted that dry ma tter conten t  is real t ively cons tant during this 

s tage (Hyde 1 9 5 0 ;  Hyde e t  a l . 1 9 5 9 ; G r i f f i ths et a l . 1 9 6 7 ) . However , 

in the present inves t i ga t i on dry ma L te r  content showed a de tec tab le 

drop when the crop was harvested a t  a later da te (40 days a f ter pollinat ion) 

in b o th years . The p o s s ib l e  c a use o f  this reduction in seed weigh t is  

no t known . Even though s e e d s  shr i nk a f ter s torage , they show no 

obvious d if ferenc es i n  s i ze .  General ly max imum seed viab i l i ty is  

main tained thr )ughout the r ipen i ng period  and hard s eeds develop in 

f r eshly harves ted seed s amp les a fevl days following the a t tainment 

o f  seed ma t u r i ty when the mo i s ture  c o n t e n t  ranges be tween 24%  and 

34% . 

The ef fec t o f  env i r o nmen t a l  cond i t ions on changes in seed components 

is  q ui te remarkab le . The rates o f  i nc rease or decrease in all seed 

components in seeds harves ted f r om tagged f l ower heads f rom the 

1 9 74 au tumn sown crop are marked ly fas t e r  t han those f rom the 1 9 7 4  

spring sown c rop . Th i s  d e layed ra te o f  seed developmen t i n  the spr ing 

sown crop may be mai n .l y  due to l ow tempera t u r e s , low l ight in tensi ties , 

high a tmosphe r i c  rela t ive humi d i t i e s  a n d  high rai nfa l l . All  o f  these 

cond i tions can direc t ly i n f l uenc e tl w ra te of p o llen t ube grow th 
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(Naheshwari 1 9 50 ; 

e t  a l .  1 969  Maun 

1 940 ; Evans 1 96 1 ; 

Hut ton 1 960 ; Pov i la i t i s  1 960 ; Gerassimova-navashina 

et  a l .  1 9 6 9 ) , the rate o f  f e r t i l i zation ( Johansen 

Free 1 9 70)  and consequently seed development and 

produc t ion  ( Thomas 1 9 6 1 ;  Skerman and Humphreys 1 9 7 3 ; Schopmeyer 1 9 74 ; 

C larkson and Russell  1 9 7 5 ) . Cold and moi s t  c l imatic  cond i t ions during 

seed development are a l s o  a s sumed to be respons ib l e  for  the higher 

p ercentages of seed mo i s t u r e  in  the spring sown crop . The s low 

r educ t ion in seed mo i s ture during t he ripening s tage seems to be 

mainly rela ted to high r e la t i v e humidi ty cond i t ions as sugges ted by 

Quinlivan ( 1 97 l a ) . 

I n  d e t e rm i n i ng s e e d c h a r a c t e r s  i t  i s  impor tan t to consider no t only 

the ro le of envi r onme n t a l  c o nd i t io n s  but a l s o  di fferences in the 

posi tion and t ime o f  f orma t ion of s e e d s  on a p lant ( Grant-Lipp and 

Ballard 1 9 6 4 ) . S imi lar ly , d i f f erences in seed p ermeab i li ty depend 

par tly on ecologi cal co nd i t i ons d u r i n g  seed matura tion and part ly on 

t he posi tion of s ee d  on t h e  p l an t (Ma rba ch and Mayer 1 9 7 4 ) . As an 

examp le , in fodder bee t ,  the 1 00 0  s e ed weight varies from 2 . 4  to 40 . 8  g 

according to t h e  po s i t ion s e ed s o c c up y  in the inf lorescence ( Potekha 

1 9 7 4 ) . I n  t he p r e s en t s tudy , however , no such extreme vari a t ion 

occurred , a l though s ome s l i g h t  d i f f e r e n c e s , especially in seed mo is ture 

l evels , were recorded . 

The number o f  hard s eed s f o rmed i n  f r e s h l y  harves ted seed showed 

some variat ion f rom y ear to y e a r . According to these o bserva tions 

there s e emed t o  b e  no c l o s e  r e l a t i o ns h i p  between seed moi s ture con ten t 

and the fo rmat ion of  ha rd s e e d  dur ing the ripening period . The slight  

varia tion in the ra t e  of  s eed d ev e l o pm e n t  recorded in d i f ferent portions 

o f  a f lower  head may be re l a ted t o  var i a t io n  in the numb e r  of hard 

seeds formed during the r i p e n i ng s t a g e . I t  has been sugges ted 

by var ious workers ( Hyde et a l .  1 9 59 ; IVinter 1 9 60 ; Chow and Crowder 

1 9 74 ; Egley 1 9 74 )  t ha t seed coa t impe rmea b i l i ty may b e  connec ted 

wi th seed ma tur i ty . The f ir s t appea r anc e o f  hard s e ed in f re s h l y  

h a r ve s t ed seed s amp l e s o f  Paw e r a  r ed c lover seems a l s o  to  d e p end upon 

c l ima t i c c o n d i t i ons du r i ng the s e e d  d eve l opmen t al and r i p en i n g  period . 

Hard s e e d s  s e e m  to f o r m  i n  t h e  e a r l y  p ar t o f  the seed r i p e n i n g  s tage , 

p ar ti cul ar ly i f  the wea t h e r  i s  warm a nd d r y  d u r i ng s e e d  d eve l o pme n t  and 

ripening as a l s o  re p o r t e d by H a c l u-�! i c la u s  ( 1 9 70)  and Q u i n l iv a n  ( 1 9 7 l a) . 

Fur t hermo r e , as s ug f!, L: S t e d  b y  1 1 um e r o u s  wo r k e r s ( S t evens o n  1 9 3 7 ; 

Wh i t e and S tevenson  1 9 �1 8 ; \-l e i hi nv 1 9 6 2 ;  Qu i n li v a n  1 9 7 l a )  t h e  



permeab i l i ty o f  the seed seems to be pre-determined genetically . I f  

seed colour is  l inked wi th gene t ic fac tors , t h e  above  p roposal is  

suppor ted by the  f indings o f  the present s tudy tha t l i gh ter coloured 

s eeds produce more gennina tion t han darker ones . On the o ther hand , 

the percentage o f  hard seed (Wi t te 1 9 3 1 � ; Grant-Lipp and Ballard 1 964 ; 

McComb and Andrews 1 9 7 4 ; S idhu and Cavers 1 9 7 7 )  and the degree of  

hardness ( Cracker and Bar ton 1 9 5 3 ;  Bar ton 1 96 5 a ;  Mayer and Shain 

1 9 7 4 )  a lso seen1 t o  be inf luenced by environmental condi tions during 

the r ipening and s torage per iod . Other fac tors , such as seed s i ze 

( Black 1 9 59 ) and fer t i l i zers ( James and Bancrof t  1 9 5 1 )  may also be 

concerned wi th var i a t ion in  hard seed forma tion in d i f ferent seed 
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lots . In  machine-harves ted commercial  seed samples , the mean p ercentage 

of hard s eed in ' Pawera ' te trap loid red clover is about 4% compared 

wi th mean f igures of 8- 9%  hard seed in ' Turoa ' and ' Hamua ' diploid 

red c lovers ( S co t t  1 9 7 8  pers . comm . ) . S ince te traploid seeds are 

larger than diploid  seeds , they may be more vulnerab le to  mechanical 

abrasion during harves t ing and thresh ing wh ich can resu l t  in  a reduc t ion 

in the number o f  hard seeds . 

Variations in seedcoa t colour are common in seed o f  many crops 

(Wes t and Harris  1 96 3 ) . Such var i a t ion occurs no t only in a s ingle genus , 

but  also wi thin the same species (Ambegaokar 1 9 76 ) . In the present 

s tudy seed colour changes in Pawera red c lover occurred at  a s ligh tly 

la ter date during t he food reserve ac cumula tion s tage o f  s eed devel­

opment compared w i th the f i ndings of Hyde et a l .  ( 1 9 59 )  in d iploid  

vari eties . In their repor t ,  seedcoa t co lour b egan to change in  bo th 

red and whi te clover ab o u t  1 8  d ay s  af ter pollina tion when the seed weigh t  

w a s  about 8 0 %  o f  i ts f inal d r y  w e i gh t .  These co lour changes were 

complete  about 6 days la t e r wh i c h  is abou t the same time per iod required 

for the commencement o f  co l o u r  c hanges i n  ' Pawera ' red clover seeds . 

This  delay may be due to a cu l t ivar d i f ference o r  to d i f ferent c l imat i c  

cond i t ions . The resul ts f o r  two success ive years , however , show c lose 

s imilar i ty in the levels o f  seed moi s ture  conten t and d ry weigh t at the 

f irs t s i gns of change in seedcoat colour . There was a negative 

correla tion between the p r o p o r t i o n  of y e l l ow seeds and seed maturi ty 

or seed dry weigh t  a c c um u l a t ion . By contras t ,  brown and purple 

seeds showed a pos i tive c o r re la t i o n  w i t h  seed ma turi ty .  I t  i s  therefore 

c lear tha t inuna ture seed s amp l es c o n t a i n  more yel lmv seeds whereas 

ma ture samples have mo re b rown a n d  p u r p l e  co l o u r e d  s e e d s . 



S eed qua l i ty components , such as viab i l i ty ,  germina tion and hard 

seed content show some changes wi th the p rogress of seed development .  

These changes , especially in  freshly harves ted seed samples seem to 

vary somewha t from year to year or eve n wi thin a year depending upon 

the c l ima tic cond i t ions , da te of sowi ng or t im e  of harves t ing . The 

t rends of viable  seeds in t\vO years however , are very s imilar excep t 

during the later period of  ripening . The drop in  seed viab i l i ty in  

s ome mat ure seed samp les , especial ly at  the  las t harves t in 1 9 7 6 , 

6 1  

was mainly due to the incidence o f  mou ld during labora tory g ermina tion . 

We t weather cond i t ions d u r i ng the ripening per iod and in c onsequence a 

s l i gh t ly high s eed mo i s t u r e  cont e n t a t  the t ime of  tes t ing the 

germinat ion of freshly harves ted seeds seems to favour the growth of 

fungi on seed samp les . Thi s  e f f e c t  occurred desp i t e  the precau t ions 

which were taken to avo id  high mou ld inc idence by g ermina ting f reshly 

harves ted seeds at 1 5°C i ns t ead o f  20
°

C .  On the o ther hand , when the 

viab i l i ty of freshly harves ted s e ed was de termined by employ i ng the 

t e t ra zo liunl tes t me thod , e v en 10 days o ld seeds showed a high 

percentage of viab i l i ty . Al tho u gh the enzyme sys t ems present in young 

seeds are obvious ly s uf f i c i en t ly a c t iv e  in the young embryo to rea c t  

w e l l  w i t h  t h e  te trazolium sal t ,  t h e  seed seems to r e ta in t h e  inab i l i ty 

to produce a seedl ing . S i mi lar f i n d ings have been reported in  lucerne 

(Kowi thayakorn 1 9 7 8) and ground n u t ( T�ng and Hor 1 9 7 5 ) . 

Da ta ob tained f rom f reshly harves t e d  seed samples  were compared 

w i th the per formance of  s im i lar seeds tes ted for germina t ion af ter 

a period o f  3 months s torage . The two sets  o f  resul ts  a r e  remarkab ly 

dif feren t . I t  is we l l  known tha t the seeds o f  many species require a 

s hor t p er iod o f  dry s to rag e f o r  a f t e r - r i pening ( Cr a cker and Bar ton 

1 9 5 3 ; Barton 1 9 6 1 b ; Ca they 1 9 7 5 ; Hess  1 9 7 5 ; V i l l i ers 1 9 7 5 ) . 

Thi s  i s  likely to be the s i tua t i on in the present s t udy . The grea t 

reduc t ion in the numb ers o f  f r e s h  ungerminat ed seeds which oc curs 

following sho r t  term s torage may be a ref lec tion of the need for Pawera red 

c lover seed to comp l e te a period of a f ter-r ipening during dry s torage 

as occurs in o ther c lover  var i e t ies  ( Nakamura 1 96 2 )  and some vege tab l e  

s e e ds ( Ca they 1 9 7 5 ) . The i ncrea s e in  germina tion cap a c i t y  in even 

compara t ively young s eeds f o l lowi ng s torage may also be due to pos t­

harves t changes during t he af ter-r ipening period ( H i l l  1 9 7 1 ) . In 

contras t ,  the sharp d e c l i ne i n  t he germina t ion capaci ty in more ma ture 

s eed s f o l l owing s t o rage are c los e l y c orrel a t e d  w i t h  a rapid increase in 



the percen tage of  hard seeds . These resul ts agree with s imil ar 

findings by Hyde et  a l .  ( 1 9 5 9 )  in diploid red c lover . 

Compared with results by Hyde ( 1 95 0 )  and Hyde e t  a l .  ( 1 9 5 9 )  
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wi th diploid red and whi te c lover , hard seeds and viable seeds firs t 

appear in seed samp les o f  ' Pawera ' r ed clover harves ted 1 2  days a f ter  

polli na tion . Al though the  time of  onse t o f  seed viab i l i ty in ' Pawera ' 

t e traploid red clover is  similar to the s i tua tion in d ip loid varie ties 

it was sligh t l ; slower than that of some grass species (Grabe 1 956 ; 

H i l l  1 9 7 1 )  and weed species (Kinch and Termude 1 9 5 7 ; Hinter 1 960) . 

However i t  is  cons i derab ly fas ter than some o ther l egumes such as 

Desmodium ( Chow and Crowder 1 9 7 4 )  and some groundnut vari eties 

(Teng and Hor 1 9 7 5 ) . 

The great increase in hard seeds , especial ly in the early s tages 

of seed development fol lowing s torage may be due to the drying process 

which occurs through the h ilar f issure as  sugges ted by Hyde ( 1 9 5 4 ) . 

A s imilar subs tantial inc rease in hard seed af ter a short  period of  

s torage has been reported by Kowi thayakorn ( 1 9 7 8 )  working with the 

seeds of lucerne . There are obvi ously great dif ferences in the 

percentages of hard seeds found in seed samp les depend ing on whether 

tes ts are carried out immediately af ter harves t or  a f ter a shor t period 

of  dry s torage . In the p resent study , maj or d i f ferences in the 

rate of  onset  of  hardseededness and the ex ten t of hard seed in 

s eed samples  occurred depending on the time in terval be tween harves t ing 

and subsequent laboratory testing .  I n  fresh l y  harves ted seeds the 

p ropor t ion of d i f f erent seed ca tegories  ( normal and abnormal seedlings , 

f resh ungermina ted seeds and hard seeds ) was in many cases very d i f feren t  

from corresponding levels of these categories i n  tes ts carried out 

a f ter  even shor t term ( 3  months) s torage . I t  is  there fore impor tant 

to precisely def i ne the pretes t i ng his tory of seed samp les bef ore 

making comparisons be tween resu l t s . 

' Pawera ' red c lover seeds are f i r s t  capable o f  germinating when the 

mois ture content of  the seeds is  abou t 7 6- 7 7 % and d ry we igh t about 

35 to 4 0% of i t s  max imum weigh t .  Th e se find ings show c lose agreemen t 

wi th reports by Hyde ( 1 950 )  and Hyde et a l .  ( 19 5 9 )  with d i p loid 

red and whi te c lover varie t i e s . H y d e  e t  a t. ( 1 9 5 9 )  working wi th 

c lovers and S idhu and Cave rs ( 1 97 7 ) t.;i th Med-icago lupu Una� repor ted 



that a period o f  only 4 days is required be tween the p roduct ion of  

the  firs t viab l e  seeds and the  a t ta inment o f  f ul l  viab i l i ty .  By  

comparison a t ime interval o f  about  1 2- 1 4 days in freshly harves ted 

s eeds  and abo u t  10 days in sot red seeds i s  r equired i n  ' Pawer a ' red 

c lover . Thi s  compares reasonab ly wel l  wi th the 1 5  day interval in 
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lucerne (Kowi thayakorn 1 9 7 8 )  b u t  is  shorter than the s i tuation in 

groundnut ,  which vari es f rom 20-30 days w i th dif ferent varie ties  ( Teng 

and Hor 1 9 7 5 ) . This delay in the rate  of a t tainment of full  viab i l i ty 

may be  d ue to s eed s i ze d i f ferences as repor ted by Francis and 

G lads tones ( 1 9 7 4 ) . However , variat ion in the development rate  to  

full  viab i l i ty may also be due to var i e ta l  and s easonal d i fferences 

(Hyde e t  a l .  1 9 59 ) , sugges t ing tha t comaprison of  seed development 

ra tes in crops grown under d i f ferent c l ima tic  cond i t ions should be  made 

w i th s ome c au t ion . 

Seed viab i l i ty i s  one of the mos t  important factors a f f ec t ing 

seed qua l i t y . S eeds should there fore not be  harves ted unt i l  they 

reach the i r  maximum viab i l i ty (Hyde .; t a l . 1 959 ; G ri f f i ths et a l .  1 9 6 7 ) . 

Generally , maximum yield  o f  viab le  seed and full  germina t ion capaci ty 

are no t a t tained un t i l  the a t tainment  o f  seed ma tur i ty (Aus tin  1 9 7 2 ; 

Schwass 1 9 7 3) . I f  the crop is harves ted t oo early , mos t seed s  

w i l l  s ti l l  be immature and lose viab i l i ty very rapi d ly (Hyde f950 ; Hyde 

e t  a l .  1959) . In add i t i on viab le s eeds harves ted 1 2 and 1 4  days 

a f te r  pol l ina tion general ly produce a higher percentage o f  abnormal 

seedlings . They also do no t possess the necessary seed q uali ty 

component  o f  maximum weigh t and are l iable to b e  removed in commercial  

c leaning . Even if  the crop i s  harves ted at  seed ma turi ty ,  seed 

moi s ture conten t is  s t i ll  high ( 5 7% i n  ' Pawera ' red c lover)  which may 

cause hea ting prob l ems unless the crop is subsequen tly dried . On 

the o ther hand , if ha rvesting is delayed beyond the point of seed 

ma turi ty a s li gh t  r educ tion in seed dry weigh t and seed losses through 

shedding during harves t ing may oc cur . 

Some workers (Gri f f i ths .;t  a l .  1 9 6 7 ;  Hill  1 9 7 3 )  have poin ted 

out  the drawbacks o f  j udging seed ripeness , par ticularly in grass species , 

b y  using seed or  s t raw colour changes . Ins tead , they s trongly sugges t 

the use o f  seed mois ture con ten t as an index o f  seed r ipeness . However , 

in cont ras t to  grass seed crops , es tima tion o f  c lover seed readiness 

for harves t is o f ten more c learly d e f i ned in terms of  seed colouration 

and consis tency ( Gr i f f i ths e t  a l .  1 9 6 7 ) . O ther wo rkers (Wheeler and 
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H i l l  1 9 5 7 ; Mar t in and Leonard 1 96 7 ; S co t t  1 9 7 3 ;  Ozkan 1 9 7 5 )  have also 

s ugges ted the use o f  seed or f lower h ead colour changes in predicting the 

proper t ime of harve s t ing the c l over crops . Obs erva tions in the p resent 

s tudy s ugges t tha t seed colour c hanges have some use f ulnes s  as a 

maturi ty index . The results  f rom two suc ces s ive y ears show tha t 

about 9 0% o f  s eeds begin to change colour f r om green to yellow o r  

purple a t  the t ime of  seed ma turi ty . However , colour changes may 

occur s ligh t ly earlier under d ry and ho t cond i t ions and a l i t t l e  later 

under we t and cold cond i t ions . Therefore , i t  would be  necessary to 

adj us t the date of harves t depending upon p revai ling c l ima t i c  cond i tions 

as s ugges t ed by Zaleski ( 1 9 70)  and Ozkan ( 1 9 7 5 ) . I f  there i s  no inter­

vention of adverse wea thv t  cond i t ions , there seems to be  l i t t l e  danger 

in predicting the correc t harve s t ing t ime by using s eed coa t co lour 

changes as a cri terion o f  ripenes s . Norma l ly , the crop would b e  

r eady t o  c u t  when approximately 90% o f  the seeds i n  the bes t yield ing 

heads turn b rown or purple . 

On the o ther hand , the ' Pawe r a ' r ed c lover s eedc rop can be  cut when 

the average mo is ture con t ent of seeds i s a round 57% . There may b e  

s ome d i f ficulties  in ac cura t e ly s amp l i ng ::;eedcrops to ob tain t ruly 

representa tive samp les for t e s t i ng and in accura tely tes t ing this 

h i gh mo is ture content o f  seed , p � r t i c ular ly with por table mois ture 

me ters . Howeve r  seed mo is ture con tent has been us ed succes s fully 

to predic t the o p t imum h a rves t t ime i n  some p erennial grasses 

(Hi ll  1 9 7 1 )  and in a rang� o f  g r a s s and legume species (Klein 1 9 6 7 ) . 

Seed moi s ture content i n  ' P awe ra ' r e d  c lover var ieb s l i gh tly depending 

upon the p o s i t ion o f  t h e  seed i n  t h e  head . Also , precipi ta t ion can 

cause s ligh t varia t ion i n  th e values of seed mo is ture ob tained . 

However di f f e rence s  cau s ed by t h e se as pec t s  a r e  l i k e l y  to be small 

and do no t appear to b e  s u f f i c i e n t l y impor tant to p reven t the  use 

o f  seed mois ture con ten t a s  a means o [  de termining crop s ui tab i l i ty 

f or harves t .  The cons i s t ency o f  s u e d  mo is ture con ten t a t  the point 

o f  seed ma tur i ty in two s e a s on s  wi th d i f f eren t c l ima tic cond i t i ons 

during seed developme n t  sugge s t s  t ha t  i n  ' Pawera ' red c lo ve r 5 7% 

m . c .  f igure c a n  be used w i t h s ome conf idenc e . 

In the present s tudy , maximum v i a b i l i ty was f i r s t  a t tained in 

s eed samp les harves ted 22 day s a f ter pol li na ti on . Therefor e , if 

a ' Pawe ra ' red clov e r  crop is harves ted  at the end of the second 

developmental s t age ( i . e .  2 6  days a f te r  pol l i na t ion )  o r  during the 

t 1 . i rd s tage o f  s eed deve l opmen t ,  s ee d  q ua l i ty compone n t s , such as 



viab i l i ty ,  seedling vigou r ,  s torage l i f e  and seed we ight  wi l l  no t 

be a f f e c ted ( Hyde 1 9 50 ; Hyde e t  a l .  1 959) . 

The resu l t s  in t he p resen t inves tigation showed tha t  f reshly 

harve s ted s eeds produce a high propor t ion of fresh ungermina ted s eeds 

in labora tory ge rmina t i on tes t s . At tunp t s  to induce these seeds to 

germina t e  and produce no rmal seedl ings using g ibberel l i c  acid , 

prech i ll i ng or  i ncreased oxygen concen tra t ion were a l l  unsucce s s f u l . 

Des p i te the e f f e c t iv 2 ness o f  some o f  these techniques in o ther species 

( Baskin and Baskin 1 9 7 0 ,  1 9 7 5 ;  Har t y  and McDonald 1 9 7 2 ;  Edwards 

1 9 7 3 ; Mil thorpe and Moo r b y  1 9 7 4 ; Hami l ton and Carpenter 1 9 7 5 ) , 

i t  appears tha t  the fresh ungermi na ted seeds o f  ' Pawera ' red c l over 

are i nsens i t ive to the s e  s t i tuul a t i on trea tments . The dry s torage o f  

s eed for a per iod o f  3 months was , however , very e f f ec tive i n  

convert ing s eeds f o rme r l y  appeari ng i n  the fr esh ungerminated s eed 

cat egory to the hard seed cond i t i o n . 

Hhen f r esh ungerminated s e e d s  ar e d i s sec ted and examined under the 

mi croscope , there is a th i n  bu t i L rm membrane immed ia tely ins ide the 

s eed coa t , enve loping the emb ryo . This  membrane , in  younger seeds 

tha t p roduce seed l i ngs , appears s l i ghtly  thinner and less f irm than 

tha t found in f r esh ungc rmi na ted s e e d s . B o th the s eed coa t and the 

memb rane of mos t  fresh ungermina ted s eeds are though t to be permeab le 

to  wa ter to  some ex ten t s i nce the emb ryo i s  read i ly s tained by 

tetrazoli um s o l ution and the seed also shows a swo l len appearance . 

The fai lure o f  germina t i on in these seeds may the refore no t be d ue 

to  res tric t i ons imp o sed b y  the s e e d  coa t i t self  b e cause the lat ter i s  

no t y e t  hard a t  tha t s tage o f  d e v e lopmen t . Re sul t s  in the present 

s tudy s ugge s t that f r eshly swo l l e n  seeds were unab le to germina te 

mainly due to the pres ence o f  t h e  membrane rather than the s eed coat . 

Accord ing to seed c oa t  ana tomi c a l  o b serva t ions , t h i s  membrane seems 

to be the a leurone layer wh i ch i mmed ia tely enve lop s the embryo . 

The inab i l i ty o f  ge rmina t ion o f  the embryo could be due to  res tric tion 

o f  gases by the memb rane ( Dav is 1 9 30 ) o r  throug h  the membra, .e prevent ing 

expansion o t  the emb ryo b y  me ch ani ca l  res tric t ion . S imi lar sugges t ions 

have been made by I kuma and T h i mann ( 1 9 6 3 ) , who demons trated the 

fai lure o f  germina t i o n  i n  l e t t u c e  s e e d s  due to the layers o f  endosperm 

and the inner in tegumen tary e p i d e rmi s res tri c t ing emb ryo grow th . 
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All hard seeds o f  ' Pawera ' red clover , whe ther f reshly harves ted 

o r  a f ter s to rage , germina ted promp tly following mechan i ca l  s cari f ication 

p rovided the correct germina tion cond i tions were then f urnished . The 

p re sen t s tudy suggests  tha t the failure of hard seed germination in 

' Pawera ' r�d c lover s eeds is not due to embryo dormancy but to seed 

coat impermeab i l i ty . Other workers have also repor ted that hard 

seeds o f  some small-seeded legumes , such as Me l i lotus and Medicago 

species ( Ko zlowski and Gunn 1 9 7 2 )  and Desmodium species ( Chow and 

Crowder 1 9 7 4 )  show no emb ryo dormancy and germina te rap idly when they 

are scari f ie d . The ease \vi th which hard s eededne s s  "Was removed 

by sho r t  duration and low p ressure scar i f i ca t ion w i thou t causing any 

increase in the p roduc tion of abnorma l s eed l ings or d ead seeds 

s ugges ts tha t hardseededness is  a rela tive ly eas i ly b roken cond i t ion 

in ' P awera ' red clover - certai nly by comparison wi th some o ther 

species (Hamly 1 9 32  and Win Pe 1 9 7 4 ) . 



CONCLUSION 

In ' Pawera ' red c love r , i n te rnode numbe rs a t  the t ime o f  f loral 

ini t i a t ion and peak f l owering vary wi th t ime of  sowing . Fur ther 

inves t igat ion would b e  required before the numbe r  of internQdes 

can b e  r e l i ab ly u sed as a c r i terion for vari e t a l  iden t i f i c a t io n . 

I n  autumn s own c rops peak flower ing o cc ur s  in February , a l t ho ugh 

spri ng sown crops general ly flower a t  a later date . I n  b o th cases i t  

i s  es sential tha t the re are suf f icien t  numbers o f  e f fec tive bee p o l li n­

a tors  ( e . g .  Bombus hor'tor>um� B .  r>uder•a tus ) p resent t o  ensure 

s uc cessful  seed p roduc t ion .  

The p a t terns of  change in seed component s  during development i n  

two success ive y ears showed remarkab le s imi lar i ty .  The t ime i n terval 

f rom p o l l i�a tion to seed ripening was abo u t  5 to 6 weeks . There are 

three s tages o f  s eed developmen t as de termined by changes in seed 

d ry weigh t . The f i rs t or  grow th s tage o c cupies the f i r s t  1 0  days 

af ter p o l l i na t ion ; the second or f ood reserve accumul a tion s tage 

takes f rom 10 to 26  day s af ter p o l l inat ion and the las t ripening s tage 

o c c upies abo u t  10 to  14 days f o l lowing the sec ond s tage . S eed colour 

changes commence a few days before t he a t tainment of maximum dry weight  

and about 90% o f  s eeds have changed co lour f rom green to  yellow or  

purp le a t  the t ime of  s eed maturi ty . Both  seed coa t colour and seed 

moi s ture con ten t have possibi li t ies  as indi ces for determining the 

op timum t ime of harves ting the crop . 

I n  freshly ha rves ted s eed samp les , maximum viabi l i ty i s  a t tained 

26 days af ter p o l l i na t ion ( a t  ma turi ty ) but  o c c urs s ligh t l y  earlier 

i n  seed samples  a f ter s to rage . Al though , seeds reach their maximum 

germina tion capaci ty during the second s tage , i t  would be wise to 

delay c u t t ing the crop un til  later  in t he r ipening s tage unl ess s eed 

drying fac i l i ties are ava i la� le . F reshly harves ted young seeds 

show a much highe r percen tage of viab i l i ty in te trazol ium tes t s  than 

in s tandard germina t i on tes t s . In d ry s tored seed s , f i rs t  viab l e  and 

hard seeds appear in seed samp les harves ted 1 2  days a f ter p o l l ina t io n . 

The numbe r  o f  both  v iab le seed s and hard seeds in  f r eshly harvested seed 

s amp l es s how some variation  in d i f f er en t s ea sons and years . Following 

s torage , a dras tic increase in the percne tage o f  hard seeds o c cur s  

w i t h  increased seed matur i ty .  
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The failure o f  germina tion o f  f resh ungermina t ed seeds i n  f reshly 

harves ted seed samp les  does not  seem to  be due to  res tric t ions 

imposed by the seed coat , or  to  a requiremen t f o r g ibbere l l ic acid , 

or  to  a need f o r  increased concen trations o f  oxygen gas . I t  i s  

s ugges ted tha t the p resence o f  the membrane envelop ing the embryo 

may suppress i t s  growth by mechanical  res tr i c t ion , o r  by res tr i c t ing 

the ava i lab i l i ty of oxygen , or  both . Hard s eeds of ' Pawera ' red 

c lover seeds show no apparent embryo dormancy and germina t e  promptly 

foll owing scari f i ca tion . 



CHAPTER I I 

ANATQ'v1ICAL AND ffiRPHOLOGICAL s-r UDIES OF EMBRYO DEVELOA"UIT AND SEEDCOAT 

STRUCTIJRE I N  I PAWERA I RED CLOVER 

INTRODUCT ION 

In  mos t  pub l ished ac count s , e i ther the embryology o f  the seed 

(Pandey 1 9 55 ; Evans 1 96 1 ; H indmarsh 1 9 6 4 ; Chen and Gib son 1 9 7 1 , 

1 9 7 4 ; Wh i t e  and Wi l l iams 1 9 7 6 ; Wi l l ian s a nd Wh i te 1 9 7 6 ; Remb er t  

1 9 7 7 )  o r  the anatomy o f  the coa t o f  ma t ur e  seed o f  Leguminosae (Pammel 

1899 ; 

1 95 1 ; 

Hamly 1 9 32 ; Mar t i n and Wa t t 1 9 44 ; Reeve 1 9 46  a , b ;  Corner 

Hyde 1 954 ; Chowdhury a nd B u th 1 9 7 0 ; McKee et  al . 1 9 7 7 )  has 

b een inve s t igated sep ar a tely . However , in o rder to  develop a c lear 

under s tanding o f  the s t ruc ture of a seed coa t , s tud ies of ontogene t ic 

devel opment are ne cessary  ( Esau 1 9 6 5 ; Bha tnagar and Joh r i  1 9 7 2 ; 

Fahn 1 9 7 4 ) . 

The purpose o f  the• present s t udy was to inve s t igate b o th early 

embryo developmen t  and c e l l  s t ruc ture change s in t he seed coa t dur ing 

the seed deve lopmen t a l  per iod . A l though i t  was necessary t o  examine 

the c e l l  s truc ture o f  the  seed coa t genera l ly , i t  was thought approp­

riate t o  g ive more a t ten t ion to t h r e e  impor tant regions , - t he h il um ,  

micropyle and s trophiole . Inter e s t  in the ways in which the 

s tr ophio l ar r eg ion in par t i c ular , is r e la ted to the seed s o f tening 

mechan i sm was aroused b y  the repor t s  o f  Mar t in and Wa t t  ( 1 9 4 4 )  and 

Bal lard ( 1 9 7 3 )  who emphas i zed the imp o r t ance o f  the s t rophi o le and the 

need for a special  s tudy of t he ana tomy o f  t h i s  s tr u c t ure with relat ion 

t o  water  absorp t ion . The compe t i t i ve roles o f  the s tr ophio le , h i l um 

and micropyle in a f f e c t i ng the p�rmeab i l it y  o r  impermeab i l i t y  o f  

s eeds was therefore t hough t to  w a r r ant s p e c i a l  a t tent ion , par t i cularly 

s in ce the ana tomic a l  and morpho l o g i c a l  s t ruc ture and f unc t ion of 

these areas has not been prev ious ly e xamined in ' Grass land s Pawera ' 

red c lover . 



MATERIALS AND METHODS 

Prepara t ion for mi crotomi ng and scanning Elect ron Microscopy 

(a)  Paraf f in me thods 

Seed samples harves ted at d i f ferent mat ur i t ies were f ixed in 

a mixture o f  formalin , propionic acid and 50% e thyl alcohol (FPA) 

in proport ions 5 :  5 :  90 . Specimens preserved for a few months 

i n  this  solution s howed only s ligh t d i s co loura t io n . Seed samp les 

were washed in 50% e thyl a lcohol b e fo re dehydr a t ion . The tertiary 

b u t y l  alcoho l (TBA) me thod was used for dehydra t ion . The series o f  

s o lu t ions o f  wa ter , e thyl and ter t iary b u t yl a l cohols were prepared 
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JS described by Johansen ( 1 9 40) . Via l s  were par t ly f i lled with me l ted 

para f f in wax and allowed t o  s t and un t i l  t he para f f in solidif ied . 

Seeds were p laced on top o f  the p a ra f f in wax and covered w i th TBA . 

The vial was then p laced in an oven a t  60°C .  About  one hour af ter the 

s eeds had sunk to the b o t tom of the v ia l , the para f f in was p oured o f f  and 

r ep laced wi th mel ted para f f in wax . This process was repeat ed twice 

during the next s ix hours and f inal ly a good q ua l i t y  o f  mel ted para f f in 

was used . 

The vial conta ining t he spec imens was r emoved f rom the oven and the 

contents poured into a t infoil  embedding dish . The spec imen was 

covered w i th paraf f in wax adequa t e ly and i t s  pos i t ion was arranged 

us ing a h ea ted needle . i.Jhen the p ar af f in a t  the bo t tom of the dish  

began to  cool , the dish was  p laced in  a cold wa ter bath to cool  

c omp l e te ly . The f inished b locks we re removed f rom the embedd ing d i shes 

and exce s s  para f f in was t r immed o f f .  The b l ocks were label led and 

s to re d  in a dus t proof box unt i l  required . 

Each paraf f in wax b lock was t r i mmed t o  an o p t imum s i ze and a t t ached 

to  a hardwood b lock . The pa ra f fin b lock  was again t r immed with 

a scalpel leaving ab out  1 mm o f  para f f i n surrounding the spec imen . The 

face was pared to a rec tangular shape , the two longest  edges of the 

b l o ck b e ing exac t ly parallel  in order to o b tain s traight r i b b ons and 

p e r f e c t  sec t ions . 



Microt oming was carried o u t  according to  the p ro cedures o u t l ined 

by Johansen ( 1 94 0 ) . S e c t ions were cut  1 0  p in thicknes s  on a ro tary 

mic r o tome . The r ibbons were cut in  2 cm sections and f loated on 

water i n  a ho t wat e r  b a th . When the sec t ions had fully s traightened , 

they were mount ed on micro scope s l i des . Haup t ' s  adhes ive was used 

for  a f f ix ing sec t ions to the s li des . The mounted s l ides were drie d  

on a warm p la te and s t ored in  a s l ide box . 
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Before sec t ions could be s ta i ned , paraff in was r emoved by washing 

the s lides i n  xy l o l  for a b o u t  f ive minut es . Each s l ide was then 

t rans ferred t o  a j ar c onta ining equal par t s  o f  ab solute e thyl alcohol 

and xy l ol .  After f i ve minu tes  in t he ab s o lute alcohol - xy lol mixt ure , 

the s l ide passed through half minute immer s i ons in each o f  the following 

alcohol solu t i ons , 1 00% , 95% , 85% and 7 0% . 

The sec t ions wer e  t hen s t a ined in a 1 %  s o l u t ion o f  safranin for 

2 4  hours and excess  s tain  was washed off w i th running water . 

S e c t ions were d i f f eren t iated and dehydrated with  95%  alcolhol t o  which 

0 . 5% p icric  a c id crys tals had been added . Af ter 10  second s d i f ferent­

i a t ion , each s lide was p laced for two minut e s  in 95% alcohol to which 

5 drops o f  ammonia to each 1 00 c c  had been added to s top the a c t io n  

o f  the a c id . 

O t her s taining me thods were also emp loyed but  the saf ranin alone 

or  safranin and ani l ine blue s t a i ni ng me thods showed mos t  sa t i s fac tory 

re s ul t s . 

Af t er sec t ions had been s t a ined , t hey were washed in 9 5 %  a lcohol 

for comp lete  dehydrat ion . S l ides were then removed and t he l ower 

s ide wiped dry wi th a c l ean c l o t h . The s l i de then pas sed through in 

a d i f ferent ia tor (made by mixing 1 pu r t  U . S . P .  c love o i l  and 1 

par t o f  a mixture o f  equal pa r t s o f  abs o lu te alcoho l  and xylo l . )  Af ter 

10 s econds t he s l ide was t ransfer red to a j ar o f  xy lol  c onta ining a 

t race o f  ab solute a l cohol and mov e d  bac k and for th for a few seconds . 

Then the s lide was p laced in a j a r o f  pure xy lol for some t ime . Jus t 

before moun t ing t he s l ide was b r ie f ly t ransferred to  a third j ar o f  

xylo l .  



The s l i de was removed from the xy lol and carefully wiped wi th 

a clean dry lin t- f ree c lo th . S e c t ions were permane n t ly moun ted us ing 

a sma l l  drop of thin b a lsam . A cover slip  was appl ied gradually , 

a llowing the bal sam to spread evenly wi tho u t  leav ing a ir bubb les 

under the cover s l ip . T h e  s l i de was then dried grad ually on a warm 

p l a t e  for  a few hours and s tored in a s lide box . 

D i f f i cu l t i e s  wi th para f f in method : Some i a i r  sec t ions were ob tained 

when f l ower b uds and young seed 

s amp le s  up t o  1 0  days a f t e r  p o l l ina t i o n  w e r e  cut wi th a ro tary 

microtome us ing the paraf f i n  me t h o d . Howeve r ,  i t  was hard t o  c u t  

s u f f i c iently t h i n  s e c t i o n s  ( l e s s  t han 1 0  � )  and there were also  

d i f f i c u l t i e s  in c u t t i ng o lder s e e d  s amp les  w i t h  hard coa ts . When the 

whole seed was emb e d ded i n  the  p a ra f f i n  wax , the co tyledons became 

hard and the s e e d  coat b r i t t le .  
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In some c a s e s , a n  emp ty  s pace  d e v e l oped b e tween the co tyledons and 

the seed coat a ud sec t i o ns were c r us h e d . When c u t  seed o r  the seed 

coa t a lone was embe d de d , i t  was v � r y h a r d  to o b t a i n fair  sec t ions 

s ince the s pe c ime ns \.Je r e  h a rd e r  t han L he e mb e dd ing med i um .  Therefore 

this  me thod was no t  u s e d  f o r  s e c t i o n i ng ha rd seeds . 

( b )  Free z i ng m i c r o t ome me t ho d : 

Ana t omic a l  s t ud ie s of d i p l o id 'l'r ij'o l i wn s pec ies have been 

done by s e c ti oning imb i b e d  s e e d s  us U l g  a f re e z ing micro tome ( Hy d e , 

1 9 5 4 ) . Hyde ' s  me thod \.Jas i nv e s t i ga t e d  f o r  t h e  p re s e n t s t udy . 

S eed s amp les f ixed i n  FPA s o l u t i o n  w e re emb e d d e d  in 1 0% gelat ine and 

f rozen a t  1 2 . 5  ampere . I t  was d i f f icu l t  to cut  sec t ions th inner t h a n  

1 5  v . in  thicknes s  even w i t h y o u n g  seeds . W hen o l d e r  se ed s with hard 

c o a t s  were cu t ,  s e c t i on s  \-'e r e  c r u s h e d . Even t ho ugh d i f ferent  gela t ine 

c oncen t r a t i ons , d i f f � re n t  amp e r e s  and d i f f e r en t kn i f e  ang l e s  we re 

employe d ,  it was impo ::; s i b l e  to ob ta i n  a c ce p tab l e and s u f f i c i en L l y  th i n  

s e c t i ons . The re fore , s e c t i on i ng u s i ng th i s me thod w a s  d i s con t inue d . 

( c )  L igh t mi c roscopy me t hod : 

S ince i t  was p re v i ous l y  p r o 1 �ed to u s e  the paraf f i n  me t hod , 

seed s amp l e s we re a l r eady f i xed i n  FPA ::; o l u t i on . W h e n  t h e  l i g h t  

m i c ro s c o p y  me thod w a s  t:> mp L l y ed f o r  s ..:; c  t io n i ng , ::;eed s a mp l e s  we r e  



fur ther f ixed for  two hours a t  room tempera ture in a half s treng th 

Karnovsky ( 1 9 65 )  f ixa tive ( 3% glu taraldehyde , 2% f o rmaldehyde , Q . 1  M 

phosphate buffer , pH 7 . 2 ) .  
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Bef ore dehydrat ion , se e ds were wa shed in 0 . 1  M phospha t e  buffer 

s olu t i on twice ( one rap i d  wash and the  o ther for  30 mins ) . Seeds were 

then dehydra t e d  w i th a g raded e thano l s e r ies  f o r  30 mins . in each 

concentrat ion ( 2 5% , 50% , 7 5 % ,  9 5 % , 100% , 1 00 % ) . Two washings i n  p ropylene 

oxi de for  1 5  minu te s each fol lowe d . 

Sp ec ime ns w e r e  i n f i l t r a t e d  w i t h  a mi x t ure o f  30% epoxy resin 

"Durcupan ACM ' and 7 0% p ro p y lene oxide . The bo t t les containi ng the 

medium w i t h  the spec imens i n s id �  we re l e f t uncovered overnight on a 

mechanical s t i rrer . T l 1 e  me d i um was t h e n  replaced wi th a freshly 

p repared 1 00% e p o xy r e s i n  m i x t u r e ( Re s i n s , A ,  B ,  C and D in proport ion 

1 0 :  1 0 : 0 . 4 :  0 . 2  by v o l ume ) and t he b o t t l e s  were lef t wi th the caps 

o f f  on the s t irrer for 24 h o u r s . ( Th e  r e s i ns we re thoroughly mixed 

by shaking on an e l e c t r i c  s h a k e r  " V o r t e x  mixe r " ) . 

Al though a numb e r  o f  k i nds o f  � p oxy r e s i n  were t ried ' Dur cupan 

ACM ' was f ound to be mos t s a t i s f a c t o r y  in this s tudy . Seeds were 

embedded in a f reshly p r e p a r e d  1 00% e p o x y  res in mixture . S i l i cone 

rubb er mou lds we r e  used f o r  embe d d i ng t h e  specimens . Seeds we re 

pos i t ioned w i th a f i ne nee d l e  dUd p u l y me r i ze d  at 60
°

C in an oven f o r  

three days . 

Polymeri zed re s in b lo c ks were he l d  in a vice and t r immed tvi th 

a sma l l  saw . Fur the r t r j mming was done tvi th a f i le and a sharp 

b lade . I t  was nece s s � ry lo t r im the b lock as  sma l l  as po s s i b le and to 

c u t  the edges o f  the b l o c k  smo o th ly and parallel to each o ther . 

Each t r immed b l ock was he ld i n  L h e  ho lder o f  the micro tome and 

sec t i ons we re c u t  2-4 � ( m i c ron ) th i ck w i th a glass kn i fe us ing a 

L . K .  R .  " U l t ra tome " . S e c t ions were p i c ked up individually wi th a 

very f ine pair  o f  forc e p s f rom t he k n i fe edge and moun ted on c lean 

s l i de s . Each s l ide was f l ooded w i th 2 - 3  d r ops o f  d i s t i l led wa ter 

and 3-4 sec t ions we r e  p l a c e d  on t he wa ter . The s l i de wa s then hea ted 

on a warm plate  un t i l  the  s e c t i o n s s p r e a d  out and the wa ter was a l l mved 

to run o f f  leaving th� s e c t ions o n  t he s l ide . Exc e ss \va ter was 

r emoved w i t h  f i ne b l o t t i n g  paper and t h� s l i d e  d r ied on a warm p la te for 
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a f ew minutes . 

As there are no solvent s  a t  present for epoxy resins af ter · polymeriz­

a t ion , s taining was carr ied out  pr ior t o  remova l  o f  the embedding 

med i um .  S e c t ions wer e  f looded wi th a few drop s  o f  s taining solution 

and the s lide warmed for 1-5  minutes depending on the specimens . Older 

seed sect ions s tained quicker than younger s eed sec t ions . When sec t ions 

were well s t ained , the s taining solut ion was drained o f f  by inclining 

the s li de . Excess s ta i n  was washed away gently with  dis t i l led water and 

sec t ions d r ied w i t h  f i lter paper . The s lides were t hen dried fur ther 

at r oom t empera t ure for a fe\v hours . 

Al though a range o f  d i f feren t s t a ining solut ions were used , only 

two gave sui table re s u l t s  i . e .  Toluid i ne b lue and me thy lene b lue -

azure A .  

Toluidine b lue ( 0 . 05%  toluid ine b lue in 0 .  1 M phosphate buffer  

a t  pH 7 . 2 ) s t ained spec imens a l igh t b lue . Although mo s t  par t s  of  

the  sections were s tained wel l  w i t h  c lear con tras t ,  t ra cheids in the 

t ra cheid bar of older seed s e c t ions were no t s ta ined proper ly . However 

methylene b lue-a zure A s ta ined t rache ids and o ther t i s sues very we l l . 

When the s ec t i on s  were s ta i ned a c c o r d i ng t o  the s t a in ing procedures 

ou t l ined by Wa rmke and L0c ( 1 9 7 6 ) , s t � in ing was uns a t is fa c tory p a r t l y  

due t o  f loat ing o f  s ome s e c t i ons and par t ly d u e  t o  p o o r  colour con tras t .  

However , when a mod i f ied s t a i n i ng me t h o d  was used , (Me thy lene b l ue 

- a z ure A comb ina t ion a l o ne \v i t ho u t  us ing an acqueous safranin 0 counter­

s tain) , sect ions were s t a i ned eve n l y  and c learly . The ent ire s taining 

p rocedure was repeated i f  s t a i n ing was too l i ght . 

A sma l l  d rop o f  Eukl t t  ( 0 .  k i ndler , Fre ibur g , Germany ) moun t i ng 

f lu i d  was p u t  on top of the s e c t ions and a c lean covers lip was p laced 

on the f luid . The cove r s l i p  was b rough t down s lowly w i th the f o r c eps 

and t hen pressed down w i th a f i ne needle when it f u l l y  cove red and 

contacted  the specimens . The s l i d e  was p l a ced on a warm p la t e  f o r  a 

f ew minutes and then dr i e d a t  r oom t empera tu re for  2 4  hou rs . S lides 

were then s tored in s l i d e  boxes un t i l  requ i red . 

ln order to o b s e rve t he c e l l  s t ruc t ure i n  t he seed coa t , seeds 

were s e c t ioned i n  three d i f f e re n t  p L � ne s . 
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l .  Longi t ud inal sec t ion ( LS ) : Mos t  seeds harve s ted at d i f ferent 

periods a f ter p o l l ina tion were s e c t ioned 

long i t udina l ly t o  revea l the early s t ages of embryo development and the 

ce l l  s t ruc ture changes i n  the s e e d  coat occurr ing in the later s tages 

of seed deve lopmen t .  

s 

(A)  whole  seed ( B )  half  s eed 

Ar row (�) s h ows t h e  d irec t i o n  of c u t t ing -

c ,  co t y l e d o n ; h ,  h i l um ;  r ,  rad i c l e ;  s ,  s trophio le ; s c , s eed coat 

2 .  Tr•ns ve r s e sec t i on ( T S ) : In o rder t o  observe the arrangement o f  the 

ce l l s at the s trophiolar reg ion in the 

seed coa t some t ransmedian s e c t ions we re made wi th o lder seeds . 

s 

(A) whole s e e d  ( B )  \vho l e  s e e d  \ C )  cut  po r t ion 

( s ide  view)  ( f a c e  v i ew)  seed 

Arrow ( +) shows d i r ec t j o n o f  c u t t i ng -

c ,  c o tyl edon ; h ,  h i l um ;  r '  rad i c u l a r  l o be ; s ,  s t roph i o l e ; s e , seed 

o f  

coat 



3 .  C : o s s  s e c t ion ( C S ) : Seeds harves ted a t  the later s tages of seed 

deve lopmen t we re sect ioned acros s the upper 

p o r t ion of the seed through t he s tropho lar , hilar and radicular 

reg ions in order to  s tudy c e l l  s t ruc t ure a t  these regions and t he 

arrangemen t o f  the vascular b undles . 

c vb h r 

(A) who l e  seed ( B) cut por t ion of s eed 

Arrow (+) s hows d i r e c t i o n  of c u t t i ng -

c ,  cotyledon ; h ,  h i l um ;  r ,  raJ i c l e ; v b , vascular b undle 

( e )  S c ann i ng E l e c t ro n M i c r o s c opy Me t hod : 

\-Jho l e  seeds \vere f ixed in 2 5 %  gluta raldehyde s o l u t ion for 7 

days . The s o l u t ion was t hen dra i ne d o f f  and the seeds thorough ly 

washed wi th d i s t i l led wa t e r . S e e d s  we re then soaked in 1%  osmic 

a c i d  s o l u t ion over-nigh t in a cool room . This solut ion was then poured 
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o f f  and seeds were washed again in d is t i l led water . The seeds were t hen 

s oaked in d i s t i l led wa t e r a f t e r  w a s h ing and kep t in a cool room un t i l  

moun t ing . 

Be fore moun t ing , seeds were washed again w i t h  d i s t i l led wa t e r  and 

w iped dry w i th b lo t t ing p a p e r . T h e y  w e r e  t hen p laced individua lly 

in a drop o f  conduc t ive cemen t at d i ff e r ent s i t e s  on the  s c ann i ng 

e le c t ron mi cro s cope ( S EM)  s t ub . The spec ime ns were then f r o z en a t  - 1 5 0
°

C 

in l i quid n i t rogen for about t h ree m i nu t e s . I t  was ne ces sary t o  f reeze­

frac ture the spec imens i n  l iq u i d  ni t rogen to o b s e rve the i n t e n1al 

s t ru c ture o f  the seed coat . The s t ub s  w i t h  seeds on them were put in a 

vacuum drier f o r  about  f o u r  h o u r s . A f t e r  dry ing , t h e  specimens were 

kep t i n  a des i c ca tor un t i l  t h ey w e r e  ready f or me ta l c o a t ing w i t h  a t h in 
0 

layer ( 1 00- l S OA) o f  gold b e f o r e  be i ng r lw tographed a t  d if f e r e n t  
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magnifications under the S EM .  

In order to  inves t igate the na t ural  morphological appearance of  

cell  s tructure at different s i tes on  the  seed  coat  o f  hard seeds , some 

f resh hard seeds (seeds which remained hard 1 0  days af ter soaking 

in water) we 1 <: examined wi thout pr ior f ixation and photographed under 

the S EM following mount ing and gold coa ting . 



A .  EMBR!OLOGY 

L ITERATURE REVIEW 

A s eed i s  an emb ryo s ur rounded by an envelope o f  s tored food and 

a pro tec t ive seed coa t . I t  has develop ed f rom the fer t i l i zed and 
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r ipened ovu l e . 

r ip ened ovary . 

S eeds , in  turn are enclosed i n  the frui t wh i ch i s  the 

In red clover , each ovary contains two ovules b u t  commonly only 

one ovule develops i n to a seed ( Pandey 1 9 5 5 ; Povilai t is and Boyes 

1 9 5 9 , 1 960 ; Evans 1 9 6 1 ) . A s imi lar s i tua t ion has b een repor ted in 

s ub terranean clover (Ai tken 1 9 39 ) . However , i n  d iploid red c lover , 

occasio nally b o th ovules may deve lop and two ma ture seeds are formed 

( Evans 1 9 6 1 ) . S imi larly , Pandey ( 1 9 5 5 )  a lso repor ted tha t in 

d ip l o i d  red c lover 9 8% of ovaries contain two normal ovules w i th ma ture 

embryo sacs . Fer t i l i z a t i on a ls o  occurs  in b o th ovu les b u t  abou t 50% 

of the ovules are found to  be des troyed 1 2  days a f ter poll ination 

l eaving only one deve lop inE ovule in each ovary . 

The abor tion o f  one ovule wi thin the f irs t 1 0  days o f  s eed 

d evelopment resu l t s  f rom nu tri ti onal comp e ti tion be tween the two 

deve lop ing ovu les ( Pandey 1 9 5 5 ; Pov i l a i t i s  and Boyes 1 960 ; Evans 

1 96 1 ) . The loss  o f  one ovule i s  normal and does no t reduce s eed 

yield ( Povi lai t i s  and Boyes 1 9 6 0 ) . These wor kers also observed tha t 

in the case o f  ovule collapse i n  red c lover , lower ovules in the ovary 

tend to co l lapse s l i gh t ly more frequently than the upper ones at two 

days b u t  there i s  almo s t no d i f fer ence by four day s af ter p o l l ina t ion . 

The ovule : The ovu le o r  megaspo rangium i s  the forerunner o f  the s eed . 

A normal ovu le has a s talk cal led the f uniculus by which i t  

i s  a t tached t o  the p lacen ta ( Fos ter and G i f ford 1 9 5 9 ; Bha tnagar and 

Johri 1 9 7 2 ;  Fahn 1 9 7 4 ) . 

In the Legumino sae , the ovule  may be ana tro pous or  campylo tropous 

( Corner 1 9 5 1 ) . I n  the campylo tro pous ovule the curva ture is much less 

than in the ana tropous type , a s i tua t ion common in b o th the Res edaceae 

and Leguminosae (Bha tnagar and J ohri  1 9 7 2 ; Sprone 1 9 7 4 ) . I t  has been 

repor ted tha t the ovu le type is campy lo tropous in Trifo lium pra tense 
(Hindmarsh 1 9 64� T.  repens ( Chen and G ibson 1 9 7 1 ;  Rember t 1 9 7 7 ) , 

T.  semipi Losum ( Wh i t e  and Hi ll iams 1 9 7 6 )  and T. ambiguum ( \.Ji l l iams 

and Whi te 1 9 7 6 ) . 
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In b o th T.  pratense (Hindmarsh 1 9 6 4 )  and T . repens ( Rember t 

1 9 7 7 )  the ovule con tains two integument s wi th the o u ter integument 

overgrowing the inne r . Corner  ( 1 9 5 1 )  repo r t ed that in le guminous 

ovules , the inner in tegumen t  enlarges by an t i cl ina l divis ions witho u t  

d i f feren tiation o f  i t s  cell  rows . The i nner integumen t begins t o  break 

down i n  s ix day o l d  seed o f  T. repens (Chen and G ibson 1 9 7 1 )  and 

at e ight days af t er p o l l ina t ion in T. semipi losum (Whi te and Wi l liams 1 9 7 6 ) . 

Chen and Gibson ( 1 9 7 4 )  found tha t diges t ion o f  the inner integument 

by the endosp erm was f i rs t evident a t  the  micropylar end three days 

a f ter pollinat ion and d ige s t ion was a lmo s t  comp l e t e  by e i gh t  days in 

T. nigr•escens . S imi lar ly , i n  T.  amb iguum� the breakdown o f  the inner 

integume n t  is f i r s t  v i s ib le adj a cen t to the embryo 4-6 days a f ter 

pollina t ion and i s  diges ted at t h e  cha la za l  end at  abou t 10 days (Wi l liams 

and Whi te 1 9 76 ) . I t  has been repo r ted tha t  the c y t o p l asm o f  the inner 

in tegumen t  s tains l igh te r than tha t of the endothe l i um (Chin and G ibson 

1 9 74 ; W i ll i ams and Wh i te 1 9 7 6 ) . Corner ( 1 9 5 1 )  found tha t the outer 

i n tegume n t  cons i s ts o f  3- 5 cell  rows and the inner i n tegument of  2-3 
in the leguminous o v u l e . 

The zig-zag shap ed mic r opyle  i s  f o rmed by b o th in teguments in 

red c lover ( ll indmarsh 1 9 6 4 ) . Remb e r t  ( 1 9 6 7 )  s ugge s ted tha t the ma ture 

le gume ovule has a m i c  r opy le w i  ti t  a rn e s o�; tome , exo s  tome and endos tome . 

The mesos tome is tha t par t o f  the mi c ro p y l a r  cana l bounded on one 

s i de by the ou te r i n tegwne n t  and on th12 o th e r  s i de by the inner . The 

exos tome is tha t reg i on o f  t he canal  s urrounded on all s ides by the 

o u ter in teg umen t ,  and the endo s t omc i s  tha t par t of the cana l 

bounded on  all  s i des by the i nn e r  i n t egumen t .  

Inunediate ly p r io r  t o  ovule  ma t ur i ty , t he e p i d e rma l  c e l l s  of  the 

o u t e r  in tegume nt b e c o ltle c o l umna r and a r e c o n t inuous wi th s imilar c e l l s  

of  the f uni ...: u l us ( H i ndma rsh 1 9 6 4 ) . At  s e e d  ma t ur i ty , the i n ner in tegumen t 

i s  mo re or  l e s s ob l i te r a ted whi l e  t he ou t e r i n tegumen t ,  i n  con t ra s t  

becomes comp l i ca ted ( Co rner 1 9 5 1 ; Fa hn 1 9 7 4 ) . The i n te gume n ts 

deve lop t o  form the p r o te c t i v e  tes t a  o r  s e e d  coa t ( S p r one 1 9 7 4 ) , 

becoming tough and l ea thery as i n  b road bean , o r  hard a s  i n  c lover and 

lup in ( Pandey 1 9 5 5 ; Y e a t e s  and Campbe l l  1 9 60 ) . 

In red clover , the inner ep i derm i s  o f  t he i nner i n tegume nt i s  

mo di f ied in to a n  endo the l i um ( i n te gume n t a � y  tape t um) (H indma r sh 1 9 6 4 ) . 

The endothel i um i s  a s ingle  layer  o f  ce l l s surround i ng the embryo sac 

( Evans 1 9 6 1 ;  Chen and C L bson 1 9 7 1 ;  IIh it e  and \H l l i ams 1 9 7 6 ) . 
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In Datura ( S o lanaceae) the c e l l s  o f  the endo thel i um ab sorbs the outer  

adj acen t layers o f  the  in tegumen t wh i ch even tua l ly , i ts e l f  ge ts abs orbed 

by the endosperm ( Bha tnagar and J oh r i  1 9 7 2 ) . S imilarly , i t  has been sugge s ted 

tha t the endo thel ium p a r t i c ipates in f ood t rans fer  f rom the inner integument 

to the endosperm in T. nigrescens ( Chen and Cibson 1 9 7 4 ) . I n  the la ter 

s tages of  deve lopmen t ,  the endo s p erm haus tor ium absorbs nutr ients f r om 

b o th the endo the l i um and i nne r integumen t . The endo the l i um beg ins to  

degenera te when the emb ryo i s  a t  a hea rt-shaped s tage ( Chen and Gibson 1 9 7 1 ;  

Bha t nagar and J oh r i  1 9 7 2 ; Wh i t e and t.J i l li. ams 1 9 7 6 ) . A t  8- 1 0  days af ter  

p o l l ina tion the  endo the l i um i s  a lmo s t  c omp l e t e l y diges ted in the ovule o f  

T .  repens and T .  nigPeducnu ( Ch en a n d  G i b s on 1 9 7 1 ;  1 9 7 4 ) . 

The ovule in angi o s p e cms i s  v a s c u l ar i zed by a s ingle bundle whi c h  

o f t en i s  res tric ted to t he f unic ul us a n d  termina tes b l indly in t h e  chalazal 

region of the nuc e l l us ( Fo s t e r  and G i f f o rd 1 9 5 9 ) . Hindmarsh ( 1 9 6 4 )  

r epor ted tha t in red c l ove r t h e  v a s c u l a r  s t rand t e rmina t e s  a t  the chala za . 

The chalaza is the b a s a l r e g io n  o f  an o v u l e or seed where the nucellus and 

in te gume n t  converge O ohanson 1 9 5 0 ) . 

A typ i ca l o v u l e  con ta i ns an o v u l a r cav i ty o r  the embryo sac with  eigh t  

nuclei which i s  developed f rom the me g a s p o r e  b y  three succe s s ive mi to t i c  

d i v i s io ns ( Johansen 1 9 50 ; Fahn 1 9 7 4 ; S c h o p mey e r  1 9 74 ) . Three o f  the f o u r  

nuc lei at  the micropylar  p o l e  b e c o me o rgan i ze d  i n  c e l l s . The middle one 

cons t i tutes  thu egg ce l l  wh i l e the o t he r two lateral cells  are termed 

synergids . Three o f  the nu c l e i  at t h e c ha l a z a l  pole become o rgani zed into 

three an t ipodal cells . The t w o  rema in ing p o lar nuc lei move towa rds t he 

centre o f  the emb ryo sac whe re t h e y  may fuse to form a d i p l o i d  nucleus o r  

s e c ondary nucleus ( H indma r s h  1 9 64 ; S ug i h a r a  e t  a l .  L 9 6 9 ; Fahn 1 9 7 4 ) . 

Embryo  sac d e v e l opme n t  i n  r e d  c l o ve r  i s  o f  the mono sporic p o l y gonum 

o r  norma l type ( Pandey 1 9 5 5 ; H i ndma r s h  1 9 64 ) . Pandey ( 1 9 5 5 )  exp l a ined 

t ha t emb r y o s a c  f o rma L ion in t e trap l o i. d s resemb les in general that in diploi ds . 

However , some ma rked d i f fe r e nc e s  are r e p o r ted , f i r s t ly a h i gher degree o f  

fai lure o f  the p o l a r  fus i on a t  the t ime o f  f l owe r op eni ng occurs i n  the 

te trap loid than in the d l p J o i d , and s e c o n d l y  " ve ge t a t i ve " ov ule numbers 

( w i tho u t  embryo sac s )  a s  we l l  a s  ovules c o n ta i n i ng a b n o r ma l  emb ryo sacs 

are mo re common i n  te t rap l o i d ::;  t h a n  j n  d i p lo i d s . 

/ e r t i l i za t l.on : In mos t  p l a n t s  the p o l len t u b e  p �ne t r a tes i n t o  the o v u l e  

t h r o ugh t h e  m i c ro p y l e  ( Fo s te r a n d  G i l f o r d  l Y 59 ; Bo l d  1 9 7 0 ; 

Fahn 1 9 7 4 ) . When t h e  p o l l e n L u b e  e n t e r s  t he e mb rvo s a c , u s ua l l y  one o f  the 
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synergids is des troyed by the pene trat ion of the p o llen tube (Foster and 

G i f fo rd 1 9 5 9 ; Fahn 1 9 7 4 ) , whi l e  the o ther may remain intact unt i l  some t ime 

a fterwards (Maheshwari  1950 ; Kapl an 1 9 69 ) . However ,  in Gossypium 

(Jensen and Fisher 1 9 6 8 )  and in Hordeum (Cass and Jensen 1 9 70 )  one 

of  the synergids begins to degenerate a f ter pol l ination but b efore the 

pollen tube reaches the embryo sac . 

After i t s  entry , the tip o f  the pollen tube rup tures  and the two 

mal e  game tes are r eleased into the cytopl asm of  the embryo sac . One 

o f  them fuses wi th the egg cell  to p roduce a zygote which later develops 

into the emb ryo . The second game te fuses w i th the two polar nuclei  or 

wi th the secondary nucleus if the la tter two have fused previously . 

The polar nuclei  have fused before fer t i l i za t ion in Trifo lium repens 

and T. nigrescens (Chen and G ib son 1 9 7 1 ,  1 9 7 4 ) , in T. semipi losum 

(White  and Williams 1 9 7 6 )  and T.  ambiguum (Williams and Whi te 1 9 7 6 ) . 

However , Pandey ( 1 9 5 5 )  repor ted that the behaviour of  the polar nuclei  

in te trap loid  red clover varies f rom plan t to p lan t . He  observed the 

fusion of polars had a lready occurred in about 90 per cent of the ovules 

in one group of  p lants  while  only about 40 per cent fus ion had occurred 

i n  another group of plants by the time o f  f lower opening . As a resul t 

o f  the fusion o f  the secondary nucleus and second game te ,  the endosperm 

is formed . This process of fer t i li za t ion is  in fac t a doubl e  ferti l i za t ion 

which is  a phenomenon known only in angiosperms (Bold 1 9 70 ; Raven 

and Cur tis  1 9 70 ) . 

As the embryo and endosperm develop , generally the synergids and 

antipods disintegrate ( Schopmeyer 1 9 7 4 ) . The antipodal cells  may 

degenerate w i thout being del imi ted into cells  ( Bha tnagar and Johri 

19 7 2 )  or may also pers is t into the post-fertiliza t ion s tages (Davis 1 9 6 6 ) . 

They may become large mul tinucleate ce l ls o r  even p o lyploid (.Davis 1 9 6 6 ; 

Bhatnagar and Johr i 1 9 7 2 ) . The commones t  condit ion i s  that the antipodal 

cells  commence degeneration j u s t  bef ore or  soon af ter fer t i l i za t ion 

(Davis 1 9 6 6 ) . 

In red c lover , the antipodal cells  degenerate s oon af ter their 

formation and the nucellar plug  dis integra tes before fer t i lization (Hind­

marsh 1 9 64 ) . Pandey ( 1 9 5 5 )  found there are three degenera ting 

antipodals  at  the t ime of f lower opening in tetraploids , whereas no 

trace of them is found in dip loids . In some o ther Trij'o liwn species , 

the ant ipodal cells and much of  the nuce llus disintegrate be fore fertiliz-



t ion ( Chen and G ibson 1 9 7 1 ,  1 9 7 4 ; \� n i t e  and H i l l iams 1 9 7 6 ; W i l liams 

and \.Jh i te 1 9 7 6 ) . In T. sem-ipi loswn� t he nuce l lu s  i s  a lmo s t comp le t ely 

d i ge s ted four day s  af ter po l lina t i o n  ( vfu i t e  and W i l l iams 1 9 7 6 ) . 

T h e  f r e q uency o f  ov u l e s  fer t i l i zed var i e s in d i f ferent s p e c ies 

e . g .  i n P. nigreacens 7 1 % a t  two day s ( Chen and G ib s on 1 9 7 4 ) , in 

'1' .  repens 66� at t h re e days ( Ch e n  and C i b so n  1 9 7 1 )  but  only 45% in 
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'I'. uem-ipUoswn f o u r  d ay s a f te r  po l l i na t .i on ( Wh i t e  and W i l l iams 1 9 7 6 ) . 

Ch e n and G i b son ( 1 9 7 4 ) , a l s o  repo r t ed t ha t  i n  T. nigrescens� unf er t i lized 

ovules beg i n t o  d e g e nc ra t �  three  d a y s  a f t er p o l l i na t i o n . 

Evans ( 1 9 6 1 )  fo und Lha t f e r t i l i z a ti o n  i s  o f ten de layed i n  

t e t rap l o i d s  d u e  t o  L ite s l O\ve r ra t e  o [  p o l l en t u b e  growth than in d i p lo id s . 

However , onc e the d iv i s i o n s o f  t he emb r y o  and endosperm begin , they 

p ro c e e d  a t  an i n c r e a s ed r n L e  pa r t i c u l a r l y  in red c lover . 

The Endosperm : S o o n  a f t e r  f e r t i l i z a t i on ,  t h e  p r imary endospe rm 

nucleus i n i t ia tes a s e r i e s o f  nuc lo r d ivis ions to 

f o rm endo spe rrn nucl e i  ( B o l d  1 9 7 0 ,  C h en a n d  G i bson 1 Y 7 4 ) . The g r m.;r t h  

o f  the endo sperm p re c ede s  t he g row t h  u f  the emb ry o ( Dnyansagar 1 9 5 4 , 

1 9 5 6 ; Pandey 1 9 5 5 ; S c hormeye r 1 9 7 4 ; 1-Ih i t e  and W i l l iams 1 9 7 6 ) . I n  

s ome t y p e s  o [  endo s p e rm no c e l l  memb rane s  o r  cell  wa l l s  a r e  laid down 

d u r i ng the ear l y  s ta ge s o f  deve lopmen t  a n d  t h e  young e u d o s p erm cons i s t s  

o f  a mas s  o f  rela t iv e l y  f l u i d  p ro t op lasm con t a ining nume r o u s  f r e e  

nuc l e i  (Raven and C u r t i s 1 9 7 0 ) . Thes� nuc lear endo spe rms eve n tua l ly 

dev e lop c e l l  w a l l s  and c e l l u lar e n d o s p � rms a re f o rmed i n  t he la ter 

s tage s  o f  deve lopmen t ( Chen and G i b s o n  1 9 7 1 ; Cuthbe r t s on 1 9 7 4 ; 

Wh i te and I..Ji l l iams 1 9 7 6 ) . Gene ra l l y  i L  ha s b ee n repor ted t ha t  mos t  o f  

the endo s p e rm n uc le i are c o n ce n t r a t e d  a ro und the emb ryo b u t  a f ew 

mi g r a t e  t hro u gh the c y t o p l a s m i c Lh r e a d s  t o  t he chalaza l  end o f  the 

emb ryo sac ( Chen a nd G ibs o n  1 9  7 1 ,  1 9  7 4 ; �� i l l i ams and \�h i te 1 9 7 6 ) . Wa l l  

forma t ion takes p l a c e  a t  f i r s t  i n  t h e  m i c ro p y la r r e g i on a round t h e  emb ry o 

and then grad ua l ly e x tends t owa r d s  t h e  c ha la za !  region ( Pandey 1 9 5 5 ; 

Dny a n s agar 1 9 5 4 ,  1 9 5 6 ; Chen and G i b s o n  1 9 7 4 ; 1-Jh i t e and \H l l iams 1 9 7 6 ) . 

In the Pap i l i o na c e a e , e n dos p e r m  f o rma t i o n  i s  n u c lea r b u t  t h e  

e x t e n t  to wh i c h  i t  b e c ome s c e l l u l a r  i s  var i a b l e  and t he d e v e l opmen t o f  

the c hala za! haus t o r i um i s  usual  (ll n y a n s a g ;:� r  1 9 5 4 ,  D.:1v l s  1 9 6 6 ) . 

The c e l l ular endu s p e r m  se r ve s  a s  a s u u 1 c e  o f  nu t r i t ion f o r  t he deve lop i ng 
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embry o ( Adams e t  a l .  1 9 7 0 ,  Neushul 1 9 7 4 , Paramonova 1 9 7 5 ) . I n  certain 

genera , e . g .  Pisum� Phaseo lus and A�achis� the ent i r e  endo sperm t issue i s  

digested  b y  the develop i ng emb ryo ( Fo s t e r  and G i f ford 1 9 5 9 ; Fahn 1 9 7 4 ) . 

I n  C'hondri Ua junc:.ga� the e ndos p er m i s  d igested dur ing seed deve lopmen t , 

a l t ho ugh a pers i s tent l ay er o f  endos perm one o r  two c e l l s  t h i ck encloses 

the emb ry o at ma t ur i ty ( Cu t llbe r t s on 1 9 7 4 ) . 

I n  T. r•epe11s ( Ch e n  and G ib s on 1 9 7 1 ) , t he endosp erm contains from 2 t o  

1 4  nuclei  o n  the f ir s t  day o f  p o l l i na t ion . On t h e  second day i t  contains 

abo u t  41  nuc l e i  and the e nd o s perm h a u s t o r i um i s  i n i t ia ted i n  the chalazal 

r e gio n . On the fou r th day , the r e  a re a b o u t  5 5 0  nuc le i  and t he endosperm 

adj a c e n t  t o  the emb ry o shows s i gn s  of  b e comi ng cel lular . The endosperrn 

haus t o r i um i s  well f o rmed . In s ome s i x  d a y - o l d  seed s , the endo sperm b ecomes 

comp le t e l y  cel lul ar wh i l e i n  o th e r s  t h e �ndos perm at t he chalazal end i s  

s t i l l  f ree-nuc lea te . The e u do p s e r m  h a u s t o r i u1n d i s in tegrate s a s  the 

end o sp enn b e come s c e l l u la r . O i g e s  t i on o f  the end o sperm b y  the embryo i s  

a l s o  e v i den t . The e n d o s p e r m  i s  c omp l e t e l y  d i g e s t ed i n  e igh t and ten day 

old ma te rial . 

lh l l iams and \.fh i t e  ( 1 9 7 6 )  f o u n d  t ha t the endo s perm conta ins 2-4  

n u c l e i  011 th e f i r s t  d a y  a n d  32  n u � l e i  on t he s e c on d  day af ter  p o l l ina t ion 

j_n 'I'rifo lium atflbiguwn . D i v i. �-;i u ns o c c u r  i n  ' \"a v e s "  p as s ing f r om the emb ryo 

end t o  t h e  cha l a z :t l e n d  o f  L hL' c:�mb r y<) s a c . 1 ' h e  e ndosperm become s  c e l lular 

at the emb ryo e nd f i ve to s i x days a [ t e r  p o l l i na t io n . Once the endos perm 

b ecom� s c e l lular , the c e l l u l a r  p o r t i o n  cont inue s t o  p r o l i f er a t e ahead 

of t he g row i ng emb ryo by n u n- s y nc h r o nu u s  d i v i s ions . By t en day s the 

ce llula r endosperm , a l though ;:; t i l l  d iv i d i ng , h a s  bet. n a lmo s t  c omp l e t ely 

over t aken a n d  d i ges t e d  f r om b �.: h i n d b v  r: l w  l:'mh r v o . 

The haus t o r i um b e comes 11<o r e  c o ns p i c uous s ix t o  e i ght d a y s  a f t e r  

p o l l i na t i on . By e i gh t  day � -.� f t � J  1 ; o 1 U na t i o n  L h e  h a u s t o r i um a p pear s to b e  

b urrowing in t o  t he i n n e r  J n t c �umc n t .  l L  i s  s t i l l  v i s i b l e  � s  a nar r ow 

dens e l y  s t ai n i ng l a y e r . 

I n  T�ifo lium sem·ip-i- Lh!l"'''! ( \�h il e  a n d  \.Ji l l  iams 1 9 7 6 ) , t he end o sp e rm 

c o n t a in s  2 - 4  nuc le i on d a y  o ne anJ  3 2  n u c l e i  on t hr e �  days a f t er p o l l ina t ion . 

The end os perm is a t  t h e  f o u r -n u c l e a t e  :; L a ge \v h c n  tlte z y g o t e  be,;ins  t o  d iv i d e . 

Four days a f t e r  p o ll i na t i o n , t h e  e n d o s p l:' rm h a u s t o r ium i s  f o rmed a t  t he 

c: h a l a z a l  end . The J w u s t o r :i  um i s  f uLl y r o nnecl H h e n  t he end o s p ,  rm co � ta i n s 

J b o u t  5 0 0 - 5 6 0  n uc le i  up t o  l w � L v �  d a y b  � [ t e r  p o l l i na t i on . At f ou r t e en 



days a f t er p o l l ina t ion , t h e  e n d o s p e r m  h a s  be come cellu lar a t  the micropylar 

end but  rema ins free-nuc lea t e  in the chalazal half o f  the embryo sac . 

Endos p e rm development o c curs by success ive d o ub l i ngs o f  the numbers o f  

n uc l e i . 

In Trifo liwn ·p··,r[,:c; , zse f;:! v e n  t ho u �h t h ' developmen t  o f  the_ emb�yo_ .. and 

� ndo sp e rm is f a s t e r  i n  the t e t rap l o i d  t han the d ip lo id ( Pandey 1 9 55 : 

Evans 1 9 6 1 ) , the growth t r e n d  is v e r v  s i.mi la r  ( Evans 1 9 6 1 ) . 

The emb ryo : A f t e r  i t s  f o rma t i o n ,  t he z y go t e enters  a dormant s t age f o r  a 

ce r t a i n  p e r i o d . The t i.mc t a ken f o r  the zygo te to  undergo 

i t s  f i rs t  d i v i s i on va r i e s  w i t h  d i f f e r e n t  s p e c i e s ( Ma h e s hwa r i  1 95 0 ; Fahn 

1 9 7 4 ;  S p rone 1 9 7 4 )  a n d  i s  Lo some e x l c:: n t  dep endent on e nv i r o nme n t a l  

cond i t i ons ( Mah e s hwa r l  1 9 5 0 ) . Bha tnagar and J o h r i ( 1 9 7 2 )  repor ted that the 

r e s t i n g  p er io d u f  z y g o l e  i s  l onge r  w h e n  t he end o spe rm is  o f  t he nuc lear t y p e , 

a s  c omp a r e d  t o t he c e l l u la r L y p c . 

S ome v a r i a t io ns i n  r e s t -Lug p c r j o d have b e e n  r e p o r t e d  in some Trifo lium 

s p e c i e s .  I n  T. nigres��r!J [ o r  exarup l �  t h e  zygote beg ins to  d iv i d e  on the 

d ay of p o l lina t i on ( Chen and G i b s on 1 9 7 4 )  wh i le in T . r•epens d iv is ion 

b e g ins 2 4  h o u r s  a f t e r  p o l l l n. n i o n  ( Ch e n  a n d  C ib s on 1 9 7 1 )  a n d  in T. amb·iguu.m 

b e t w e e n  24 and 48 hours a f te r  p o l l . L na U o n ( \h l l i ams and Wh i t e 1 9 7 6 ) . 

G e n er a l l y . t h e  zygo t e  b e g i n s  t o  d i v i de a f t e r  t h e  d iv i s ion o f  the 

JH ' ima r y  e ndos pe r m n u c l e u s  ( Naheshwa r l  1 9 5 0 : Bha tnaga r  and J oh r i 1 9 7 2 ; 

Fahn 1 9 74 ) . I n  T. nig.r·2Sc:en;; ( C h e n  . t n d  G ih s o n  1 9 7 4 )  and i n  1'. semipi loswn 

( \.J'h i t e and W i l l i ams 1 9 7 6 ) , t he e n d o s p e rm is a t  t h e  f o ur-nu c l e a t e  s t age when 

t h e  xy g o t e  b e g i ns to d i v i de wh i l e i n � .  ��pens , the endo s p e rm con t a i ns 

f rom 2- 1 4  n u c l e i  wh e n  t he p r oemb ryo cons i s t s  o f  2-4 c e l l s  ( Chen and G i b son 

1 9 7 1 ) . 

I n  v e ry rare  s i t ua t i o n :-, , L l l e  f i r s t  d i v i s ion o f  t h e  z y g o t e  i b  g o2 ne r a l lv 

fo l lm.,red b y  t h e  f o rma t ion o f  a t ra n sv e r s e  wa l l  ( Na h e s hwa r i  1 9 5 0 ; \.Jard law 

1 9 5 5 ; Foster and G i f f o rd 1 9 5 9 ; S p o r n e  1 9 7 4 ) . Of t h e  two c e l l s  t h u s  f ormed , 

t h e one ly i n g ne a re s t t o  t h �  nd c r u p y l e  Ls cal leJ t he " b a s a l  c e l l " , 

\v h i le t h e o th e r  o n e  ly i n g  t owa rds t h e  i n t e r  i. or o f  t h e  e111 b r v o  s a c  is c a l l e d  

t he " t e rmi nal o r  d i s t a l  c e l l "  ( Ha h e s !Hvd r i  1 ':) 5 0 ; Neus h u l  1 9 7 4 ; S p r o ne 

1 9 7 4 ) . The b a s a l  c e l l  may en l 3 r g �  \v i t ho u t  f ur th e r d iv i s i.o n , o r  may und e rgo 

u n umb L· r  w �  t ransve r s e  di v i s i ons , w h i l e t he t e rm i na l c e l l  d i vides  e i t h e r  

l o n g i t u d i n al l , o c  t r a n s v e r s o..: ly ( Ha h e s ltwa r i  1 9 50 ; Fos t e r and G i f f o r d  1 9 5 9 ; 

Fahn 1 9 7 4 : S p r on e 1 9 7 4 ) . 
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The early s tages o f  emb ryology are s imilar in mo s t  angiosperms , b u t  the 

later s tages of de velopmen t a r e  ca te go r i z e d  as mono c o t y l edonous or  

d ic o t y l e donous t y p e �  ( Rave n and C ur t i s 1 9 7 0 ;  Neushul 1 9 7 4 ) . As the 

sphe r ical  mas s  of c e l l s  increases in s i ze , i t  gradua l l y  begins t o  take 

on a c h a r a c t e r i s t i c shap e . At this point , one o f  the leading d if ferences 

be tween the Nonoco t y l e d o n s  and t h e  D i co t y ledons becomes eviden t .  In 

t he Dicoty ledons , t he ce ll s of  t h e  embryo  p r o p e r  con t inue t o  d ivide 

e sp e c ial ly i n  those two areas whe re the c o ty ledons will develop . At  

this s tage the emb ryo is  h e a r t - s h a p e d  L n  long itud ina l v iew ( Fahn 1 9 7 4 ) . 

As a resul t o f  fur ther ce l l d iv i s i on ,  the coty l edons e longa t e , and the 

emb ry o  resembles  a t o r p e do i n  s h a p e  ( Raven a n d C ur t i s  1 9 7 0 ) . During the 

l a t e r  s tages o f  deve lo pme n t , t h e  l ty p o co t y l and c o t y le dons bend to  

conform to the s ha pe o f  the emb r y o  s ac (Ma hesh\var i 1 9 50 ; 1 '  os ter  and 

G i f ford 1 9 5 9 ) . Be twee n  t h e  two c o t y le do ns i s  t h e  mer i s tem ( P l umule 

or sho o t  ap ex) , a reg i on of a c t i v e  ce l l  d i v is i o n  in w h i c h  f u ture growth  

w il l  take p l ace ( Fahn 1 9 7 4 ; B ra c � g i rd J e  and Mi les 1 9 7 6 ) . 

The Mono co t y l ed onous emb r y o d i f f e r s i n  t ha t  the apical par t o f  t he 

emb ryo de ve lop s i n t o a s i n gl e (mono ) c o t y ledon wh i le the ap ical me n.s tem 

( the shoo t a p e x ) is l a t e r a l  in p o s i t i on ( Rave n and C ur t i s 1 9 7 0 ;  Neushul 

1 9 74 ) . 

Du r in g r e c e n t yea r s , n.o re dl� t a l  l e d  ac c o un t s have ap peared o f  cell  

f o rma t ion i n  dev e l o p ing emb r y o s  o f  s o me 'l'r ij "v l i wn s p e c i e s . I n  T .  r-epens� 

t h e emb ryo cons i s t s  o f  22 c e l l s  48 hou rs a f t e r  p o l l ination ( Chen and 

Gib son 1 9 7 1 )  wh i l e  in 'l' . ll i� 7 h'::�: , � ,- , t3� i t  con t < d_ ns abou t 5 9  nuc le i  at the 

c o r r e s p o n d i n g  p e r i o d . Th r e e  days a f t e r  p o l l i na t ion t he emb ry o become s 

sph e r i cal  b u t  t h e r e  i s  Hu i n d i. L: a t i o n  o f  d i f f e r e n t ia t i o n  ( C h en and G ibson 

1 9 7 1 , 1 9 7 4 ) . On the f o u r t h  d a y , co t y l e donary o u t g rowt hs o f  the embryo 

a re c o n s p i c uous i n  b o t h s p e c i e s . T h e  hy ro co t y l and epicotyl  a r e  we l l  

d i f f e ren t i a t ed in s ix day - o J d  s e � d  ( C h e n  and C i b son 1 9 7 1 ) . In e i g h t  

t o  t en day - o l d  s ee d , the emb r y o i s  we l l  deve lop ed and t h e  c o ty led on s  

o c c upy t h e  who l e  c h a l a za l  p o c ke t ( C h e n  a n d  C i b s o n  1 9 7 1 ,  1 9 7 4 ) . 

S im i l a r  r a t es o f  emb t· y o  dcvc l o pm� n L  have b e e n  r e p o r r � d  i n  T .  c1mbiguwn 

(Wi l l iams and \·lh i te 1 9 7 6 )  l:' V e n  t h o ugh L l t \.:!  ea r l y  d e v e l o pmen t a l  s t age 

o f  t l tc  eml.J ryo is s l ow . Hmvcve r ,  j n  � · . ;:;,;rn :l/'": lo.:J&u.'l ( W h i t e  and H i l l i ams 

1 9 7 6 ) , it has b e e n  ob s e rved t h a t  t he T il te of emb r y o  dev e l opme n t  1 s 

much s l mver t h a n  in t h e  a b u V L:!  me n t i u t t c: d  s p c c i 12 s . T h e  zygo t e  i s  und i v i ded 

24 h o u r s  a f t e r  p o LL i ne1 Lio n  �. n d  i:l t t  ._. j  gl !  t c e l l e d L-mb r y o  i s  f o rmed o n  L ll c  
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third day . The embryo contains only abou t  1 5  cells  a t  f our day s  and 

65 cel ls at eight days after pollina t ion . However ,  i t  develops  rap idly 

a f te r  that period . Therefore , the embryo comp r ises abo u t  440 cells  

b y  12  days and some embryos have d i f f erentiated cotyledonary outgrowths 

14 days af ter p o l l ina t ion . 

Evans ( 1 9 6 1 )  observed tha t  in d ip loid  red c lover , the emb ryo 

becomes spherica l  on the f ourth day and cotyledonary outgrow ths are 

eviden t be tween the f i f th and e i gh t days a f ter p o l l ination . On the tenth 

day , the embryo  d i f feren t i a te s  into cotyledons , hypocotyl  and epico tyl 

and the seed is fu lly f o rmed by t h e  f i f teenth day af ter p o l l ina tion . 

Du re ( 1 9 7 5 )  reported  tha t  in t he Leguminosae , the growth o f  the 

embryo is  found a t  f i rs t  to be r a t he r  s l ow but then to accelerate . 

The f inal cell  number o f  the emb ryo is  found to be  reached rather early 

in i ts ontogeny and its sub seq uent i ncrease in mass  occurs as the resu l t  

o f  c e l l  exp ans ion and concomi tant depo s i t ion o f  s tarch and s to rage 

pro tein . McKee et a l .  ( 1 9 5 5 )  f o und that  the f inal number of cells 

o f  the pea embryo (Pisum sa ti vwn L )  f or example is  reached less than 

half  \vay through the per iod of seed format :l  on . S imilarly , in Phaseolus 
vulgar•is� Loewenberg ( 1 9 5 5 )  repor ted  t h a t t h e  f inal number o f  cells  

in the embryo i s  reached w h e n  t h e  d ry we ight o f  the embryo is  only one­

s ixth o f  i t s  f ina l  value . Thi s n umber  is reached about three weeks a f ter 

poll ina tion whereas seed f o rma t i on and ma turat ion is  no t comp lete unt i l  

about 4 4  days . 

The s uspensor : In several  p lan t s , t he s uspensor o f  the embryo shows 

grea t vari a t ion w i t h regard to i ts s i ze ,  shape and number 

of cells ( BhatnagAr and J o h r i  1 9 7 2 ) . A var ie ty o f  mod i f ications o f  the 

s uspensor are known in the L e g um i nosae and have been reviewed by 

Haheshwari ( 1 9 5 0 ) . L i t t l e  a t tent ion has generally been paid to  the 

s uspenso r ,  s ince i t  has no s p e c i a l  f unc tion in the majori ty o f  angiosperms 

exce p t  tha t of p ushing the emb ryo i nto the endosperm (Haheshwar i 

1 9 50 ) . 

Af ter the f ir s t  d ivis ion o f  t h e  zygote , the c e l l  p ro d u c e d  at  the 

Micropy lar end undergoes a ser ies o f  t ransverse divisions to form a 

s uspensor . In Capse l la ,  t h e  s us p ensor i s  developed f r om the t\VO 

basal cells  o f  the p roemb ryo during the  forma t ion o f  the oc tan t s tage 

of the emb ryo p roper (Ward law 1 9 5 5 ; Fo s t e r  an d G i f f o rd 1 9 5 9 ) . Joha nsen 



( 1 9 5 0 )  repor t ed tha t in Trifo l ium minus� a g lobular o r  ob late  suspensor 

i s  formed as a resul t o f  the d ivision of the basal c e l l s . 
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RESULTS 

Developmenta l sequences o f  the ovu le , endosperm , emb ryo and surrounding 

ma ter nal t i s s ue s  are shown in P l a t e s  ( 9- 2 0 ) . 

I n  Trifo liwn [Y't'a tene:;e c . v .  ' Pawe ra '  each ovary generally con tains 

two ovules in t he early s tages of deve l opmen t (Plate  9 ) . However ,  

usua l l y  only one ovule develops into  a seed ( P l a te 1 1 ) . Obs e rvat ions 

f rom dis sec t ions of ovaries 8 to 10 days a f ter  p o l l ina t io n  showed the 

s hrunken and abor ted ovule a t tached to the ovary wa l l . There is  no 

tendency for ovule abo r t ion to  be c o n f i ne d  to any one p os i tion wi thin 

the ovary . Ovules f rom b o th uppe r  and l owe r p o s i t ions in the ovary 

col lap s e d  w i t h  almos t equal f req uenc y . 

The Ovul e : The campy lo tropous ovu l L: i s  a t t ached to the p lacenta b y  a 

sho r t  funiculus ( P l a t e  1 1 ) . A l t ho u gh the s t alk o r  the 

funiculus i s  shor t in the  young uvule i t  be come s longer in the l a t e r  

s tages o f  seed developmen t .  I t  h as two i n t eguments ; t he ou ter in tegumen t  

consis t ing o f  4- 7 c e l l - r ows and the  i nner i n tegument  o f  2-3  c e l l - rows 

( P l a t e  1 0 ) . Immedia t e ly ins ide the i nn e r  i n t eg umen t , the s ingle layer 

o f  end o thel i um cells  ( in t e g umen t a r y  t i l p e t um) enve lops  the cav i ty ( embryo 

sac and nucel l u s ) .  These o b s e rva t i ons  show the  s t ruc tural appearance 

o f  the ma ternal t i s s u e s  j us t  b e f o re p o l l ina t ion . The cells  o f  the inner 

integument  and the endo t h e l ium a r e e n larged and their c y t o p lasm s ta ins 

less in tens e l y than tha t o f  the o u te r  i n tegumen t (Plate  1 0 ) . Howeve r ,  

f rom four day s af ter p o l l i n a t i o n  onwa rds e n d o t h e l i um c e l l s  s ta i n s l igh t ly 

darker than those o f  the i nne r i n tegumen t .  

The e p id e rma l c e l l s  of  the o u te r  i n tegumen t begin t o  e longa te rad ially , 

a t  the micropy lar and c h a l a z a l  e n d s  o f  the o v u l e , a p proxima t e ly 4 8  

hours a f t e r  p o l l ina t i on ( P l a t e 1 1 ) . E longa t i o n  in  o t he r  regions o f  the 

e pidermis is  s l ower and in c e n t r a l  a reas is  no t obvi o us un t i l  e igh t 

days a f ter  p o l l i na t ion . C e l l e l o nga t i o n b e c omes p r o g r e s s iv e l y  more 

consp icuous and a row of c e l l s  i mmediately  b e l ow t ha t  layer a l so b e c om e s  

enlarged ( P la te 1 2 ) . 

The inner in tegu111L!D t b e g i ns t o  de· gene ra t e  a round the  emb r y o  a L t he 

micropylar end o f  the  ovule s ix d a y �  H f t e r  p o l l inat ion ( P l a t e  1 5 ) . 

D i ges t i on o f  the i nn<:! r  i n t q ; ume n l  p r ,1 c e e d s  t mJa r d s  t h e  c ha l a z a l  end and 

i s  a lmo s t  comp l e te by U 1 e  t i me L h e  embryo has r e a c h e d  the t o rp e do 

s t age abou t 1 0  days a f t e r  p u J l L na L i ,l n . 



P l R t e  1 0 :  S e c t ion A o f  Pl a te 9 .  

8 9  

Plate 9 :  Two ovules in the 

ovary of a f loret 

j us t  before 

Pollina tion . 

o ,  ovary ; os , ovules ; 

s ,  s trophiole ( 1Sx60) 

ed , e ndo t h e l i um ;  i i , inner integument ;  oi , outer integumen t ; 

nu , n u c e l lus  ( LS x 4 00 ) . 
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Plate 1 1 :  Two days after  

pollination - an 

ovule wi thin the 

ovary . 

es , embryo sac ; f ,  funiculus ; 

m ,  micropyle ; nu , rema ins o f  

nucellus ; s ,  s trophiole 

(LS X 60) . 

P l a t e  1 2 :  Four day s a f ter p o l l ina t ion - an early g lobular embryo . 

e t ,  cytoplasm ;  e ,  embryo wi th s ix cells in this section ; 

en , endosperm nucl e i ;  mp , ma lpighian cells (LS x 400) . 
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The endo the l i um a l s o  begins to  break do�1 abo u t  eight days af ter 

p o l l ina tion when the emb ryo reaches the hear t-shaped s tage . The c e l l s  

o f  the endo the l i um become f l a t tened and s tretched per i c l inally (Plate 1 7 ) . 

Dige s t ion s ta r t s  near the emb ryo and is  comp lete  about 1 8  days a f t e r  

p o l l i.na t ion . 

The vascular b undle f r om the f unic ulus enters the ovule through the 

outer  layers o f  the o u ter i n tegumen t  at the end of t he h i lum oppos i te 

the mi.cropyle ( P la te 4 5 ) . This bundle terminates a t  the chalaza l  end 

o f  the ovule . 

In the young ovule , the micropyle is na rrow ( P l a te 1 1 ) . However ,  in 

the l a ter s tages , i t  becomes an open cana l at the radic le s ide of the 

h i lar region (Plates 1 5  and 1 9 ) . 

Emb ryo s ac : The embryo sac  o f  a ma ture  ovule can be seen in Pla te ( 1 1 ) . 

Two day s af ter p o l l ination , the rema ins o f  the nucellus are 

seen immedia tely outs ide the antipodal end o f  t he emb ryo sac . No 

t race of synergids or ant ipodal c e l l s  were observed during this s tudy . 

Un til  1 0  days af t e r  po l l ina t ion , nuce llar t issue is  s ti l l  de tec tab le a t  

the chalazal end o f  the ovule . As emb ryo deve lopmen t p rogresses , the 

embryo sac becomes large r and i t s  curva ture becomes mo re conspi cuous 

(Plates 15 and 1 8 ) . 

Fer t i l i za tion : The early s tages o f  fe r t i l i za t ion , tha t i s , the grow th 

o f  the po l len tube and the fus ion o f  male geme tes w i th 

the egg and two po lar nuc lei o r  second a ry nuc leus \vere no t de tee ted in 

this s tudy . 

Early endo sperm and emb ryo deve lopmen t 

I t  was obs erved tha t there wer e  t iming var i a t ions in the early 

development of the emb ryo . For examp le , d i f fe r en t  s tages of globular 

embryo developmen t were o b s e rved in s ix day o l d  seed samp les . S imi larly , 

emb ryos ranging from hear t- shaped t J  torpedo- shaped s tages were observed 

e i ght  days a f ter pollina t ion , and a f t e r  10 days , deve lopment ranges from 

the torpedo to the c o tyledonary s tages . 

Endosperm : The pr imary endosperm nuc leus beg ins to d iv i de about two 

days a f t e r  pol l ina tion , be fore the f i rs t divis ion o f  the zygo te . 

By f our days af ter poll ina t ion , a numb .;; r o f  f ree endosperm nuc l e i  are 
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present in the c y top l asm around the d ividing zygo t e  ( P la t e  1 2 ) . During 

the globular phase of  embryo deve lopmen t ,  mos t  of  the e ndosperm nucl e i  

a r e  co1 t�entrated aro und the emb ry o , a l though a few migra te towards the 

cha la za l  end of the embryo sac ( P lates  14 and 1 5 ) . 

At e ight  day s af te r  poll i na t ion , the endo sperm b ecome s c e l lular 

around th e hear t-shaped emb ryo (Plate 1 6 ) . T h e  r ema inder o f  the 

e ndosperm remains f ree-nuc leate , and an accumulation o f  nuc l e i  and 

c y top lasm a t  the chalazal end of  the emb ryo sac f o rms an endosperm 

haus to r ium ( P l a te 1 6 ) . The cellu lar region o f  the endosperm f o rms a 

tub e  around the emb ryo ( P late 1 7 )  and proliferates  ahead o f  i t  as  i t  

grows ( P la te 1 8 ) . The d iv i d ing c e l l u l ar endosperm i s  progr e s s ively 

over taken and d iges ted f rom beh ind by the growing embryo (Pl a te 20) . 

Th e zygo te begins  d i v i s ion n t  ab o u t  two days a f ter p o llina t ion , 

and the young emb ryo i s  glob ular in s h a p e  u n t i l about  s ix days a f te r  

pollinat ion ( P l a t e s  1 3 ,  1 4 , . rnd 1 5 ) . l n  t h e  l a t e r  g lobular s tage , the upper 

end of the globe becomes f la t tened . The central c e l l s  o f  the f l a t  area 

become vacuo l a te , wh i l e  t h e  c e l l s  on e i ther s i d e  cont i nue d ividing 

to i n i tiate  coty ledona ry o u t - g r ow t h s  ( P l at e 1 4 ) . 

The emb ryo p rogresses  th ro u gh h e a r t - sh a p e d  and t o rpedo-shaped s tages 

( P l a t e s  1 7 ,  18  and 1 9 )  t o  r e a c h  an e a r l y c o t y l e d o na r y  s tage by  abou t 

1 0  days a f te r  p o l l i na t i on ( P l a t e  2 0 ) . L n  P la t e  ( 2 0 ) , the  shoo t 

apex is seen b e tween the two co tyledons . 

P l a t e  ( 1 9 )  s hows the s us p ens o r  a t  L h e  base o f  the rad icle  end o f  

t h e  emb ryo near t he mi cropy  L � . 

o ther f igures . 

I t  i s  not  i n  the p l ane of  sec t ion o f  



l'l a t e  l J :  
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S i x  days af ter pol l ina tion - globular embryo ( LS x 4 40 ) . 

P l a t e  1 4 : S ix days af ter po l l ina t ion -

globular embryo , j us t  before 

the ini tiation o f  c o ty ledonary 

outgrowths . 

e t , cy top lasmic thread s ;  

e ,  embryo ; en , endosperm nuc le i ;  

ed , edo thel ium ;  o s , os teosc lereids 

( LS X 1 20) . 
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P l a t e  1 5 :  S ix days a f ter p o l lina t i on - an ovu l e  showing embryo and 

endo sperm deve lopment and degenera tion of the inner integumen t . 

h ,  h i l um ; i i , inner int egumen t ;  me , micropylar canal ; 

o i , ou ter int egumen t ( LS x 1 60) . 

/ 7 

P l a t e  1 6 :  Eigh t days af ter po l l i na t ion - ob l ique sec t ion through a 

heart- shaped embryo whi ch is surrounded by cellular endo sperm . 

c e ,  c e l l ul a r  endosperm ; e ,  embryo ; eh , endosperm haus torium 

( L S  X 1 6 0 )  . 
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P l a t e  1 7 : Eigh t  days a f ter 

poll ina tion - torpedo 

shaped embryo 

enveloped by a tube 

of cellular endosperm . 

cp , counter palisade ; 

ed , endothelium ;  

p ,  pal isad e ;  t ,  tracheid 

(LS X 70) • 

P la t e  1 8 :  Ten days a f ter p o l l i n a t ion - cellular endosperm prol i fera ting 

ahead o f  a torpedo-shaped emb ryo towards the chalazal end 

o f  t h e  emb ryo sac . 

c c , c e l l u l ar  end osp erm ; e ,  embryo ; t ,  tracheid (LS x 60) . 



Pla t e  20 : 

9 6  

Pla t e  1 9 :  Ten days af t er pollina tion -

curved t orpedo-shaped embryo 

showing the suspensor a t  the 

m i cropylar end . 

e ,  embryo ; f ,  f uni culus ; me , 

mi cropylar canal ; s ,  su spensor ; 

t ,  trac heid (LS x 40) . 

Ten days af ter p o l l i na t i on - early c o t y l ed onary s tage embryo . 

c e , cellular endosperm ; cs , c o t yledons ; pl , plumule ; 

r ,  rad i cle (LS  x 6 0 ) . 
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D I SCUSS I ON 

S ince ovules are no t a lways arranged in the same p lane in the ovary , 

some ser ial sec t ions show only  one ovule in the young ovary even though 

the lat ter  ac t ually  conta ins two ovu l es . However ,  in later  harve s t s , 

s ta r t ing from four days .:1 f te r  po l l ina t ion , mo s t  ovaries con s i s t  o f  

only one ovule w i t h  the deve lop ing embryo . S imilar ob servat ions have 

b een repo r t ed by Chen and Gib son ( 1 9 7 4 )  that  unf e r t i l i zed ovules in 

TY'ifo l iwn nigrescens b e g i n  t o d e g e n e ra t e  t h ree days a f t e r  pollina t ion . 

Ovar y  d i s s e c t ions also p r o v e  t hat a l l o r t. l on n f  an ovule o ccurs w it h in 

1 0  days a f t e r  poll ina t i on as s ta t ed b y  Pandey ( 1 9 5 5 ) , Povilai t is and 

Boyes ( 1 9 6 0 )  and Ev�ms ( 1 9 6 1 ) . Th e r e fo re , the results  in the presen t  

s t udy agree w i th the f in d i ngs o f  t he s u workers a n d  Ai tken ( 1 9 3 9 )  who 

repor t ed tha t  only one seed i s  f o r me d in each ovary . However , as in 

d iploid  red c lover ( Pandey 1 9 5 5 ; Evans 1 96 1 )  it is only rarely in 

the t e t raploid variety ' Pawe ra ' red c l over t ha t  two d eveloped seeds are 

found in one ovar y . There f o r e , t h e  f orma t ion of  two seeds in an ovary 

may no t be a u n ique f e a t ure o f  t e t ra p lo L dy . 

The ovule i s  camp y l o t ropous <:� s found in  o t he r  'l'rifo l-iwn species  

(Hindmarsh 1 9 64 ; Chcn and Gib s on 1 9 7 1 ;  Hh i t e  and Williams 1 9 7 6 ; 

Willi ams and Wh i t e 1 9 7 6 ; Remb e r t 1 9 7 7 ) . The numb e r  o f  cell  layers 

in both t he outer and inner integumen t s  are in accordance with the 

general p a t t e rn d e s cribed by Corne r ( 1 95 1 )  f o r  leguminous seeds . With 

respe c t  t o  developmen t ,  f unc t i on and s t a i n  a f f ini ty ,  endo the l i um appears 

t o  b ehave s imilarly t o  t ha t  of d i p l o i d  red c love r  'I'!.•'ifo l iwn pratense 

( H indmarsh 1 9 6 4 ) , 'l'rifo l 'iu.m n-t-gr•e;_;c .c:!lc (Chen and G ibson 1 9 7 4 )  and .1'. 

arnbiguwn (Wi l l iams and Wh i t e 1 9 7 6 )  J n d  'I'. semipi loswrt (Wh i t e and 

W i l l iams 1 9 7 6 ) . 

Degenerat ion o f  the endo t h e l i u m  l > L'g i ns a t  the  hear t-shaped s tage o f  

emb ryo development  as found b y  C h L' n  a nd G l bs on ( 1 9 7 1 ) , Bha t nagar and 

Johri ( 1 9 7 2 ) , and Whi t e  and H i ll i mns ( 1 9 7 6 ) . Chen and G i b s on ( 1 9 7 1 , 

1 9 7 4 )  f ound the  endothe l i um t o  b e  a l mo s t  comp l e te l y  d iges ted i n  the ir 

mos t  a dvanced samples c o l le c t ed 1 0  d . .  y s  a f t e r  po l l inat ion . However , 

in  the present s tudy t r aces o f  t h e  �ndo t he l i um a r e f o und t o  p e r s i s t  

i n t o  the la ter  s t ages o f  d c u 2 l opm� n t . 

The p a t tern o f  d i ge s t i o n  of  t hL: i nn e r  i n t e gumen t  i s  very s i mj lar  

to t hat  ob s erved b y  Chen  and G l b s on ( 1 9 7 1 )  a nd hl i l l iams a n d  Wh i t e  ( 1 9 7 6 ) . 



I t  i s  somewhat less  s imi lar t o  that described by Chen and Gibson ( 1 9 74 )  

and ID1i t e  and Will iams ( 1 9 7 6 ) . Small d i f ferences in t iming may b e  

due t o  spec ies d i f ferences o r  t o  d i f ferent environmental cond i tions 

dur ing seed developmen t .  

The vascular sys tem o f  the ovule shows a s imilar p a t tern t o  that 

of  diploid red c l over (Hindmar sh 1 9 6 4 ) . However , in t e t rap loid  ' Pawera ' 

red c l over , the micropy l e  is a curved canal which does no t have the zig- zag 

c on f igura t ion a s  described by Hindmarsh . In the la ter  s tages o f  seed 

developmen t ,  as t he mi cropy lar cana l  .i s sur rounded by t he outer in teg­

ume n tary t is sue , it might be  describt-;J by t he t e rm " exos tome " as 

def ined by Rembert  ( 1 9 6 7 ) . This con t ras t s  w i th t he observat ion o f  

three s e c t ions o f  micropylar canal s u rrounded by inner and outer integumentary 

t i s s ue in Wis teria sinensis . 

As harves t ing was done on a l terna t e  days , s ta r t ing f rom the date o f  

p o l l i na t ion , the ear ly s t ages  o f  f e r t i l iza t ion a s  descr ibed by o ther 

workers  ( Pandey 1 9 55 ; Fo s t e r  and G i f ford 1 9 5 9 ; Chen and Gib s on 1 9 7 1 ,  

1 9 74 ; Fahn 1 9 7 4 ; W i l l iams and Whi t e  1 9 7 6 )  were not detec ted . Fur ther­

more , s ince the numb er of ovar ies  used for s e c t ioning was no t large , 

the chances o f  f inding s u f f i c ient corre c t ly or iented sec t ions for  analysis  

o f  the contents  of  the embryo sac j us t  before and a f t er fer t i l i za t ion 

were very s l im .  Remnan t s  o f  nuce l lus 1vere de tec ted a s  reported by 

Whi te and Wi l l i ams ( 1 9 7 6 ) . Howeve r , i n the present s t udy t hese nuce llar 

r emnan t s  were apparen t l y  mo re pers i s tan t t han those descr ibed by Whi t e  

and W i l l iams . 

Endosp erm d iv i s i ons a r e  in i t i a t e d  earlier  than those o f  the zygo te 

a s  repor ted b y  Dnyansagar ( 1 9 5 4 , 1 9 5 6 ) , Pandey ( 1 9 55 ) , Schopmeyer ( 1 9 7 4 )  

and Whi te and W i l l iams ( 1 9 7 6 ) . The genera] pa t t ern of  endosperm 

d evelopmen t  agrees w i t h  t ,  � f ind ings o f  prev i ou s  wo rkers  in s ome l egume 

spec i es including Tr>ifo li�un p1•a teu. -� and 1'. repens ( Pandey 1 9 5 5 ; 

Raven and Cur t i s  1 9 7 0 ; Chen and G ibson 1 9 7 1 , 1 9 74 ; Cu thber t son 1 9 74 ; 

Wh i te and W i ll iams 1 9 7 6 ; \Vi l l iams <mu Hhi t e  1 9 7 6 ) . 

The f o rmat ion o f  t h e  endosperm haus t o r ium and t he ini t i a t i o n  o f  

c e l lu lar i t y  is  s l ower in ' Pawera ' r e d  c lov er than i n  '!.'rifo l iwn r.2perzs 

(Chen and Gib son 1 9 7 1 )  or T. arnb,iguwn (Wi l l iams and Whit e 1 9 7 6 ) . 

Howeve r , c e llu lar endosperm deve loprn2n t o cc urs ea r l i er in ' Pawera ' 

red c lover than i n  1'. oetrd;; -iz.oswrt ( Wh i t e  and W i l l L am s  1 9 7 6 )  1-1he r e  wa l l  

f ormat ion i s  de la yed up t o  14 days a f t e r  pol l i na t i on . 
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S ince who l e  seeds were s e c ti oned only up to 1 0  days af ter pol linat ion 

owing t o  d i f f icul t ie s  in se c tioning o lder seeds , no ob servations wer e  

mad e  o f  cL i l u lar endosperm deve lopme n t  b eyond t h i s  t ime . However , i t  

i s  p o s s i b l e  that  thi s process f o l lows t he pa t t ern o bserved i n  Trifo lium 
�.-vnb-iguwn ( W i l l iams and Wh i t e 1 9 7 6 ) . 

The zygo t e  appa rently b � g ins to d i v ide b e tween two and f our days 

a f t er p o l l ina tion , s inc e  mo s t  four d a y  o l d  ovules contain early g lob ular 

emb ryos . Compar ed w i th o t h e c  Tr>ifo liwn spec i e s  s tudied b y  Chen and 

Gibson ( 1 9 7 1 ,  1 9 74 )  a nd l.H l l l ams and I·Jh i te ( 1 9 7 6 ) , th is s low developme n t  

o f t h e  emb ryo may b e  d u e  t o  a s low r a t e  o f  p o l len tube growth ( Evans 

1 9 6 1 )  o r  to  a longer zygo t �  r e s t i ng p � t  iod (Maheshwar i  1 9 5 0 ;  

Fahn 1 9 7 4 ; S p rone 1 9 7 4 ) . T h e s e  two fac tor s may b · · inf l uenced to  some 

exten t by  env ironmen tal c o nd i t ions (Hi.l he shwar i 1 9 5 0 ) . 

As repo r ted b y  Hah e s hwa r i  ( 1 9 5 0 ) , B l 1a tnagar and Johri ( 1 9 7 2 ) , 

Chen and G ib s on ( 1 9 7 4 ) , Fahn ( 1 9 7 4 )  and Wh i te and W i l liams ( 1 9 7 6 ) , 

the f i r s t  division o f  the zygo t e  o c c ur s  af ter t ha t o f  the prima ry endosperm 

nucleus . The early s tages o f  emb r y o  deve lopment up to the globular-shaped 

s tage wer e no t observed i n  th i s s t udy b u t  are assumed to  f o l low t he 

general p a t tern d es c r ibed f o r  o t h e r  ang i o s perms in gene ral texts , such 

as tho s e  by Maheshwar i ( 1 9 5 0 ) , Ward law ( 1 9 5 5 ) , Fos t e r  and G i f f ord ( 1 9 5 9 ) , 

Fahn ( 1 9 7 4 )  and Sprone ( 1 9 7 4 ) . 

From s ix days af ter p o l l inat ion t h e  emb ryo begins to  p roduce 

co ty ledonary ou tgrowths f o l l owing the  norma l p a t tern of d i co ty ledonary 

deve lopmen t as d e s c ri bed by a number  o f  workers ( Raven and Cur tis  1 9 7 0 ; 

Fahn 1 9 7 4  and Neushul 1 9 7 4 ) . The emb r y o  p r o g r e s s e s  through the hea r t­

shaped t o  the torp edo-shaped s tages 1 1s  o u t l i ned by Raven and C ur t i s  ( 1 9 7 0}  

Fahn ( 1 9 7 4 )  and Will iams a nd Wh i t e ( 1 9 7 6 ) . A t  t he early c o ty ledonary 

s tage , the emb ryo also b e g i ns t o  Lend to adap t to t he shape of the 

emb r yo sac as in o ther sp e c i e s  ( Ha h e shwa r i  1 9 5 0 ; Fos ter  and G i f ford 

1 9 5 9 ) . A t  this  s tage , t h e  a p i ca l  nK� r b t e m  ( p lumul e )  i s  consp i c uous ly 

d i f ferent f rom t h a t  o f  th e monoc o t y l edonous emb ryo (Raven and C ur t i s  

1 9 7 0 ; Fahn 1 9 7 4 ; Neushul 1 9 7 4 ) . 

A l t hough i t  was no t p o s s i b le t o  d e t e rmine the s tage a t  \v h i ch the 

emb r y o  reaches i ts f i nal c e l l  numbe r- ,  i t  a t t a i ne d maximum s i .:: e 1 4  

days a f ter p o l l i na ti on . A t  t h i s  s t oge , the c o tyleJons haJ r e a c he d  t he 

cha 1azal end o f  the emh r y o  ;; a c  !J u t  t h L  d ry \vt:: i g h t o f  tile s e e J  �vas only 
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about  40% o f  i t s  maximum dry wei gh t . ( Page 40 ) . These f indings 

appear to b e  in accordance wi th the resul t s  of Loewenberg ( 1 955)  

and McKee e t  a l .  ( 1 9 5 5 )  and also show that the  maximum s i ze of  .the 

emb ryo i s  reached much ear lier than the maximum wei gh t of the s eed . 

100 

The p a t tern o f  embryo development in t e t rap loid ' Pawera ' r ed 

c lover i s  s imilar to tha t s een in d i p loid red c lover by Evans ( 1 9 6 1 ) , 

and a l though developm�n t is s l ightly s l ower in ' Pawera ' ,  the p a t tern 

i s  also s imi lar to tha t r ep o r t ed for certain d i p loid Tr•ifo liwn species 

( Chen and G ib son 1 9 7 1 ,  1 9 7 4 )  and for t e t raploid  Tr>ifo liwn amb-iguwn 

(Williams and Wh i te 1 9 7 6 ) . 

The early s tages o f  suspensor f o rma tion were no t c learly observed 

in this  s t udy , b u t  is  assumed tha t deve lopmen t f o l lows the general 

p a t tern seen i n  o ther l egume s ( Ward l aw 1 9 5 5 ; Fos ter and G i f ford 1 9 5 9 ) . 

The s i ze ,  shape and numb er o f  c e l l s i n  the suspensor can vary be tween 

s pecies  ( Bha tnagar and J ohri  1 9 7 2 )  even wi thin the Legumino sae 

(Maheshwar i  1 9 50) . However , in t h e  l a ter s tages of emb ryo deve lopmen t ,  

the s us p ensor o f  ' Pawe ra ' appears a s  a globu lar shaped s truc ture whi ch 

resembles the Trij'o liwn minus s u s p enso r  descri bed by J ohansen ( 1 9 50) . 



B .  CELL STRUCTURE CHANGES IN THE SEED COAT DURING SEED DEVELOPMENT 

LITERATURE REVIEW 

The important role o f  the impermeab le seed coat in small-seeded 

legumes in ma intaining seed v iab il i ty and caus ing delay in germina t ion 

has been wel l  recogn i zed . It has been s ugges ted by var ious workers 

that the failure of germina t ion of viab le legume seeds was mainly due 

to the impermeab l e  layer i n  the seed coa t . Although p revious workers 

have inve s tigated the c' Ll s truc t ure in the seed coat of d if feren t plan t  

s pec ies , including sma l l-seeded l egumes , no detailed accoun ts o n  the 

seed coa t s truc ture of red c lover d u r i n g  dif ferent seed developmental 

s t ages have appeared i n  the l i tera ture . Therefore , investiga ti on of  

changes in cell  s t ruc t ure i n  tl 1e seed coat during seed  development in  

1 Pawera 1 red clover wa s \va r ran ted . 

As the ovule ma tures into a seed , the integuments undergo consp icuous 

change s . In legume seeds , the inner o f  the two integuments  disappears 

during the on togeny of the seed , whereas the outer integument d i f fer­

entuates  into a varie ty o f  dis t inc t layers ( Esau 1960) . Mos tly these· 

involve a reduc tion in thickness and d i sorganization but somet ime s , 

addi t ional layers may be fo rmed and the th ickness becomes increased 

(Bha tnagar and Johri 1 9 7 2 ) . 

Ballard ( 1 9 73 )  def ined " seed coa t "  a s  the covering s t ruc tures such 

as glume s , lemma s , paleas , frui t wal l , tes ta , and even deeper layers  

l ike endosperm . In leguminous seeds , the seed coa t i s  ra ther comp lex , 

coni s t ing o f  a number o f  s t ruc tures , o f  which one or  more may be tne 

cause of ' hard seededness 1 •  The ou te rmos t  cell  layer o f  the seed 

coa t known as the malpigh ian or pal i sade layer i s  generally assumed to 

be respons ible for imp e rmeab i l i ty ( l l arnly 1 9 3 2 ; Mar tin and Ha t t  1944 ; 

Watson 1 948 ; Pandey 1 9 5 5 ; Bal lard 1 9 7 3 ;  McKee e t  a l .  1 9 7 7 ) . However , 

this layer itself  cons i s t s  o f  s e ve r a l  c losely related s t ructures namely 

the cuticle , sub-cu t i cu la r  layer , dome s , l ight l ine and cell lumen 

(Hamly 1 9 3 2 ; Corner 1 95 1 ;  Chowdhury and B u t h  1 920 ; Mar tin and Wat t  

1 944 ; Wat son 1 948) . I n  Lo tus spec ies , however , t h e r e  is ano ther 
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layer o f  emp t y  c e l l s  b e tween the ma lp ighian and o s teosclereid c e l l s  

w i th r egular dimens ions and arrangement which is  termed the intermediary 

layer ( Wa t s on l 9 4 8 ) . S co t t  e t  a l .  ( 1 9 6 2 )  f ound tha t there are two layers 

o f  o s teosc lereid c e l l s  wi th a f ibrous zone and vas cular t issue b e tween 

t hem in Cercidium floridum ( Le guminosae ) .  

Interior t o  the o s t eo s c lereid layer , t here is  a nutrient layer 

whi ch cons is t s  of a few l ayers of t hin-wa lled c e l l s  of various s i zes 

( Panune l 1899 ; Coe and Mar t in 1 9 20 ; l-lamly 1 9 3 2 ; Mar t in and Wa t t  1 9 4 4 ; 

Wa t son 1 9 48 ; McKee e t  a l .  1 9 7 7 ) . A band , ,, r-obably made up o f  c o l lapsed 

nutrient c e l l s  i s  p resent  j us t  be lmv t h e  nut r ient  layer in the s e ed of 

Lotus spe c ie s  and in s ome s p e c i e s  o f  Tvifo liwn and Medicago ( Ha t son 

1 9 48 ) . A f ew layers of endos p e rm c e l l s , includ ing the a leurone layer 

are formed innnediately  s ur r o u nd i ng t he emb ryo ( Hamly 1 9 32 ; Watson 

1 9 48 ; McKee e t  a l .  1 9 7 7 ) . 

a .  Cu t i c l e : The c u t i c l l '  L, t he ou termo s t  layer o f  the seed coa t and 

is bes t seen in long i t i ud i n a l  s e c t ions ( Chowdhury and 

B u th 1 9 7 0) . I t  appears i n the ve ry e a r l y  s t age o f  ovule deve lopmen r 

( Parome l 1 8 99 ) . In t he seed o f  Me Z.i lu tu.J spec ies  (Hart i n  and Wat t  1 9 4 4 ) , 

the c u t i c le become s d i s t i,lgu i shab le a b o u t  8 days af ter po l l inat ion . In 

ma ture seed of Tr ifo l -iwn pi•cct<on;:;e� t he c u t i c le forms a cont inuous even 

layer with darker co lour t han t he c u t i c u l a r i z e d  l ay e r  ( Pamme l 1 8 9 9 ) . 

Hamly ( 1 9 3 2 )  reported  t h a t t he c u t i c le o f  swee t  c lover (Me l i lotus 

a lba ) is a very t h i n  l a y e r  w h i ch c ove r s  the s u b c u t i c u lar la y e r  externally . 

S imil ar l y , Ai tken ( 1 9 3 9 )  f o un d  t h a t  t hL· o u t e r  surface of  t he me lp igh ian 

c e l l s  i s  covered by a t h i n c u t i c l e  i ll .s u b ter ranean c love r ('l'r•i f'o l ium 

subte1'Y'aneum) . In beans and p ea s , t h e  e p i de rmis is h ig h l y  s p e c :L a l i z e d  a t  

mat ur i ty and posse s s e s  a we l l -de f in e d  c u t i c l e  ( Re eve 1 9 4 6  a , b ) . The 

c u t i c l e  on the seed of mo s t 'l'r·ifo liwn s p e c i e s  ( in c l u d i n g  T. pY'utense ) i s 

thin but  a f ew o t her spe c i es have a f a i r l y  th i c k c u t i c le (Wa t son 1 9 48) . 

Corner ( 1 9 5 1 )  r epor ted t ha t i n  l e g um i n o us seeds , t h e  c u t i cle i s  gene ral ly 

thin and smoo t h . In a l f a l f a ( !cJed-iengo sa tiva ) , a s l-i gh t ly t h i c ke r  l ayer 

o f  c u t i n  i s  present on t he o u t e r  tang e n L i a l  wa l l s o f  t h e  rna l p i gh ian 

cells  in ma ture seeds than i_ n  t h e  wa U s  of inuna t ur c  ones ( An o n .  1 9 5 2 ) . 



b .  S ub- cuticular laver : Thi s  is  a layer in which the ap i ces o f  the 
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malp ighian cells are proj ected as cones or 

caps and i s  covered externally by  the cuticle (Panunel 1 8 9 9 ; Coe and 

Mar tin 1 9 2 0 ; Hamly 1 93 2 ; Watson 1 9 4 8 ) . In sweet  clover seed , two 

dis t inct  regions occur in this layer , one cons t i tu ting the cone- like 

s tructures and the other forming a continuous layer over these cone-l ike 

s tructure . 

Aitken ( 1 9 3 9 )  reported tha t in sub terranean c love r , the sub-cut i cular 

layer (ma t r ix) is  fonned in the later s tages of  seed development . 

Mar tin and Wa t t  ( 1 944)  found tha t  this layer and domes appear in the 

seed coat o f  sweet  clover seed about 13 days after poll ina tion . In 

mature luce rne (Medicago sa tiva ) seed , the radial walls  of the malpighian 

cells are no t visible and appear as a continuous sub-cut icular layer 

(Anort 1 9 5 2 ) . This layer is also known as the euticular ised layer" 

(Pammel 1 899 ; Coe and Mar tin 1 9 20 ; Hamly 1 9 32 ; Mar t in and Wat t 1944 ; 

Anon 1 9 5 2 ) . 

c .  Malpigh ian ce lls : In the seed coats of the Leguminosae , a layer o f  

radially elongated cells exis t .  These cells 

are palisade-like but devoid of  intercellular spaces and have been 

termed malp ighian cells a f ter t he investigator who f irst described them 

( Fahn 1 9 7 4 ) . The oute rmo s t  cell  layer or the outer ep idermis of the 

outer integument in legume seeds develops into the ma lp ighian layer 

(Coe and Hartin  1 9 20 ;  Mar t in and Wat t  1 94 4 ; Corner 1 9 5 1 ;  Anon 1 95 2 ;  

Chowdhury and Buth 1 9 7 0 ; McKee e t  a l .  1 9 7 "1 ) . This' point is  �mphas ized 

by Corner ( 1 95 1 )  s ince , in the seeds o f  some o ther families , this layer 

originates f rom the outer epidermis of the inner integumen t .  This 

la t ter case i s  true in Gossypiwn her>bacewn (Malvaceae ) 

( Bhatnagar and Johri 1 9 7 2 ; Fahn 1 9 74 )  and Ma Zva sy lves tr>is (Malvaceae ) 

(Fahn 1 9 7 4 ) . 

These cells have been var ious ly designated as malp ighian ce lls  

(Pammel 1 8 9 9 ; Coe and Mar t in 1920 ; Hamly 1 9 3 2 ; Aitken 1 939 ; Mar t in 

and Wa t t  1 9 7 4 ; Wa tson 1 94 8 ; Hag on and Ballard 1. 9 70 ; Ballard 1 9 7 3 ) ; 

palisade cells (Corner 1 95 1 .  1 9 7 6a . b :  Hyde 1 95 4 : Esau 1 960 : Chov1dhury 

and Buth 1 9 7 0 ; Vaughan 1 9 70 ; Bhatnagar and Joh r i  1 97 2 ; Ambegaokar 1 9 7 6 ) ; 

Macros clereids (Reeve 1 9 4 6  a , b ;  Esau 1 960 ; Fahn 1 9 7 4 ; McKee et a l .  

1 9 7 7 )  and prism cells (Reeve 1 94 6  a) . Pammel ( 18 9 9 )  p o inted out that the 

term ' palisade ' should not be used because i t  is usually appl ied to  the 

e longa ted , thin-\val led parenchyma of the leaf where it is connec ted 
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w i t h  photo synthe s i s . whi l e  t h e  f un c t ion o f  t h e  malpigh ian c e l l s  is  

chie f ly mechan i c al . Mal p i gh ian cells  are 5 6  � long in red c lover seed . 

The f orma t ion o f  malp ighian c e l l s  and their  components in some 

legume seeds has been t horoughly s t udied by Reeve ( 1 946 a ,  b ) , S co t t  et a l . 

( 1 9 6 2 ) , Chowdhury and Buth ( 1 9 7 0)  and Ambegaokar ( 1 9 7 6 ) . 

Mar t in and Wa t t  ( 1 9 44 ) wor king wi t h  swe e t  clover seed s , reported  

that the  d i f f eren t ia t ion o f  the ep i � e rma l and  o ther cell  layers o f  the 

outer integumen t begin at the m i cr o p y l ar and c ha laza l ends o f  the  seeds 

f rom wh ich they s p re ad to o t he r p a r t s . Wi th in the ma lp ighian c e l l s  

t h e  cut i cularized l a y e r , domes and l i gh t l ine a p p ear i n  success ion . 

These cons t i tu t e  a barr ier t o  wa ter move ment in r ipe seeds . 

In Pisum sativwn� Reeve ( 1 9 4 6  11 ) o b s e r v ed t ha t  the macro s c lereid 

c e l l s  are der ived f r om a we L l  d e f ine d p r o t o d e rm in the young ovule . 

These c e l l s  f o llow a reg ional p at t er n o f  d i f f e ren t ia t ion over the tes ta , 

f ir s t  b e coming ext reme ly e longa ted in t h e  s t r o p h i o le region b e fore 

app r e c ia b ly e longa t ing in t h e  l a t e r a l  wa lls  of t he ovul e . Ear l y  

c i r c umferen t ia l  growth o f  t h e  ovu l e  o c c u r s  whi le t he ma croscleroids 

undergo rap i d  an t i c l inal d i v i s i o n s . l � l e r g rowth occurs d uring fur ther 

e longat ion and a ls o  e n l a rgeme n t  o f  t he mac r o s c lere i d  c e l l s  in a tangen t ia l  

direc t ion . 

The early s tages o f  s e conda r y  wall f o rma t i on begin in h i s t o lo g i c a l l y  

o r d e r  p o r t ions of  the t e s t s  s u c h a s  t h e  s t r o p h i o lar region . Secondary 

wa l l  deve lopment in the ma c r os c ] e r e i d s  a l s o  f o l l ows a reg iona l pa t t ern 

which mos t ly parallels  t h e s e q ue n c e  of c e l l  e longa t i on . When the 

macros c l er e id has a lmos t a p p r oa c h e d i t s maximum l en g t h , s e c ondary wal l  

t hi c ken ings have a l ready b e g un . The ma c r o s c l e r e id c e l l s  are charac t e r ­

i sed a t  mat ur i ty by  f luted , tw i s t e d  \.Ja l l  t h icken ings which a r e  mos t  

p ronounced i n  the a p i ca l  p a r t s  o f  t h e  c e l l s . 

Amb egaoka r ( 1. 9 7 6 )  r e p o r t e d  t h a t  t h e  s i ze o f  the p a l i s a d .:: c e l l s are 

uni f orm a l l  over t he see d of Vigna t 1• ·i lol;a� excep t at t he reg ion of 

the h i lum and horn ( s t roph i o l e ) . �1 i l e they a r e  sma l l  and nar row in 

the region o f  the h i lum ,  t h e  max i mum h e i gh t  i s  in t he region of  t h e  

horn and gradua l l y  d e c r ea s • on e i t h e r  s i d e . The c e l l s e long a t e  t2.ngen t­

ially and develop secondar y t hi c ken i n g  f r om t he a p e x  to b a s e . I n  sur face 

view these c e l l s  appear t a e xa g o na ] and t he l ume n s hows l i gni f i e d 

t h i ckening s . 
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d .  Muci lage s tratum :  In some leguminous seeds , the outer p er i c linal 

wa l l s  of the pal i sade c e l l s  become more or less 

gel a t inous and o f ten show successive thi ckening . This  f ea ture i s  

very obvious on the s ides of the seed o f  Erythroph loeum guineense 

( Corner 1 95 1 ) . The outer , f irmer ends of the c e l l  wal l s  proj e c t  as  

cones or cap s  into t he muc i lage s t ratum ,  the forma t ion o f  which takes 

p lace by per i c l inal zones o f  hydrat i on o r  vacuo la t ion in the outer wal l s . 

In De lonix Y'egia and ma ny o t her s pe c ie s  this layer i s  absent o r  s o  

s light as t o  b e  d i f f i cu l t  t o  obse rve . I n  Bauhinia fassogl ensis each 

pal isade ce l l  is  sur rounded b y  a muci lage shea t h ,  der ived f rom t he pr imary 

layer of the \va l l  ( Corner 1 9 5 1 ) . S co t t  e t  a l .  ( 1 9 6 2 )  f ound that  in 

Cercidium floY'idum� t he muc i lag inous zone is  f o rmed in:-:; ide the  i nner 

hour-g l a s s  cells  by b ord er ing w it h  t rans i t iona l  p arenchyma t ous elements . 

e .  Ligh t  l i ne : A thin l i ne wh i ch runs across  the upper port ion o f  t he 

pal isade o r  ma l p ighian c e l ls and parallel to  t he 

sur face o f  t he seed i s  called t he ' 'light l ine" (Hamly 1 9 3 2 ; A i t  ken 1 9 39 ; 

Har tin and Wa t t  1 9 4 4 ; Reeve 1 94 6  a , b ; Wat son 1 9 48 ; Sco t t  e t  a l . 1 9 6 2 ; 

Chowdhury and Buth 1 9 7 0 ;  Ba l l a rd 1 9 7 3 ; HcKee e t  a l .  1 9 7 7 )  or the 

" l inea luc i da" ( Cor ner 1 9 5 1 ;  Amb egaokar  1 9 7 6 ) . 

Coe and Mar t in ( 1 9 2 0 )  re po r t ed t ha t  i n  Me li lotus a lba and M. ofj'-ic­

'ina l s  a wel l-deve loped l igh t l ine appears inuned ia t e ly b e low the bases 

of the cones . The l ight - l ine i s  mo re cons p i cuous be cause i t  r e f rac t s  

ligh t  much more than the r e g i o n s  a b o v e  and be low i t .  

The o p t ical and chemi cal p r o p e r t .i e s  o f  t h e  l igh t l ine have been 

thorough l y  s tudied by Ham l y  ( 1 9 3 2 )  and Ree v e  ( 1 946a ) . Hamly ( 1 9 3 2 ) 

considered t ha t  the light l i ne s e ems t o  b e  formed by d i f ferences in 

r e f rac t ive index be tween the c omp o s i t ion of the s uberin caps and t he 

under lying wa l l s  o f  the ma l p i gh i an ce l. l s . l t  is  t he r e f ore c onc luded 

that t he p henomenon of t he l i gh t l i n e  i s  due to t he cond i t ions p roduced 

by the j uxtapos i t ion o f  t h e  c e l l u l o s e  a n d  t h e  s u b e r in . 

Reeve ( 1 9 4 6  a )  r ep o r t ..: d  t h a t  t he l i gh t l ine in the ma crosc lereid 

of p ea s , beans and o t he r  l � g u m i n o u s  � � � d s  may b e  o b s e r ved i n .  c lose 

proxim i t y  to  t he termina t i o n  o f  t h �  l u me n  and whe r e  t he f l u t ed t h i c k en­

ings converge to f o rm the e nJ �va l1. . He <J l s o  found tha t there i s  no 
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chemical d i f f e rent ia t ion of the l igl 1t  l ine f rom t he res t o f  the secondary 

t h ickenings of the c e l l s . There fore , he concluded tha t i t  does no t 

seem log i c a l  t o  a s s i gn specia l i zed funct ions o f  t exture and p ermeabi l i ty 

t o  an op t ical  i l lusion . 

Sco t t  e t  a l  ( 1 9 6 2 )  carried out  a l igh t a nd e l e c t ron microscopi c  

s tudy o n  the seed coat o f  Cer·cidiwn flor·dwn (Leguminosae) . They 

obs erved that the micro f ib r i l lar pat tern throughou t t he lengt h  of f langes 

of c e l l s  is dominant ly parallel  bu t a change t o  a r e c t iculate  arrangement 

o ccurs in the l igh t l ine reg i on . S imilar ly Reeve ( 1 9 4 6 a )  repo r t ed 

tha t even though there is  no di f f er enc e � in  t he s truc t ural o r i en t a t ion 

of the c e llulo s ic f i b r i ls , the change of  pos i t ion caused by the convergence 

of the thickenings over t he apex of t h e l umen is observed . 

Accord ing to Mil ler ( 1 9 6 7 ) , t h e  l i gh t l i ne ma y be a common phenomenon 

i n the seeds o f  le gumes and c e r t a j n  o t her fami l ie s e . g .  Cucurb i taceae , 

Lab ia t ae , Malvaceae . He found no ind ica t ions tha t t he radial wal l  o f  

t h i s  region i s  chemically a l t e r ed or d i f ferent f r om the  r e s t  o f  the 

c e l l .  I t  does not  cont a in a depo� i t  o f  amy loid , c a l los e , c u t in ,  

l igni n , s uberin  or wax . 

f .  Osteosclereid c e l l s : Th e s e  c e l l s a r e  der ived f rom the c e l l s  of  

the sub-ep id� rmal l ay e r (Mar t in and Wa t t  

1 9 44 ; Esau 1 9 6 0 ; Vaughan 1 9 7 0 ; ,uube gaokar 1 9 7 6 )  o r  the outer hypoderm i s  

of the o u t e r  integument as i t  i s  c a ll e d  by some workers ( Reeve 1 946a ; 

Corner 1 9 5 1 ; Mi l le r  1 9 6 7 )  and in s 0 me cases f rom i t s  i nne r e pidermis 

(Corner 1 9 5 1 ) . The se c el l � l i e  b e t w e e n  t he mal p i gh ian c e l ls and t h e  

nutr ient layer (Pamme l 1 8 9 9 ; C o e  a n d  Mar t in 1 9 2 0 : Esau 1 9 60) . 

Usua l ly these c e l l s  are i n  a s i n� l e  layer ( C o rner 1 9 5 1 : Mi l le r  

1 9 6 7 : Ambe eaoka r  1 9 7 6 )  b u t. t her e a r e  t\.,ro rows i n  t h e  o u t er hypodermis 

of  De lon-ix regia (Caesa l p . )  l·. h il e  in t he Pap i l tonaceous Canava l -ia . Onr;os-ia 

and Vicia , there may be 2 - 6  rows near t he h i l um (Corner 1 9 5 1 ) . In  

Voandzeia and Canavo l ia accord ing t o  Ambegaokar ( 1 9 7 6 ) , t b e c e  are 4-5 

layer s , the  lowe r l ayer s c o ns i s t i n g  o f  sma l l er cel ls  wh i ch gr a d ual ly 

merge into  the spongy parenchyma . l n  o ther s eed s , there  a r e  no ho ur g las s 

cells  or they may be so r ud imen t a r y  a s  t o  be  ind i s t i n g u i s !t.J b le (Corner 1 9 5 1 ) . 
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Reeve ( 1 9 4 6  a . b )  repor t ed that d i f feren t ia t ion of  t h e  o s t eosclereid 

cells occurs in a regional pat tern over the t e s t a  paralleling that 

o f  the macrosclereids . However , there i s  no def inab le hypodermal laver 

when the macrosclereids of the s trophio l e  are wel l  e longa t ed . Thi s  

is  b ecause t h e  early s tages o f  c e l l  d i f feren t ia t ion l a g  cons iderab ly 

behind the growth o f  the macr o s c l ereids . 

Wat son ( 1 9 4 8 )  exp la ined tha t os teosc lereids are a lways present 

in the seeds of  some legume species but they are much larger and more 

c onspicuous i n  some s eeds than in o t hers . In s ome seeds they are hourglass 

shaped and separa ted b y  l a rge t r iangular or small  p r i smat ic intercellular 

spaces . 

Ambegaokar ( 1 9 7 6 )  iden t i f ied t hree t ypes o f  hourglass cells . Type 

(A) cells  are sorne\vhat  elongated and d umb e l l- shaped and occur in 

Canava�ia, Voandzeia� and Vigna . Ty p e  (B ) cell s are characterized b y  

shor t e r  and b roader cells  with basal s t e l la t e  proj e c t ions as  in 

Cl -itorvia� Alysicarpus and 'h,iqoni e Ua . I n  Trifo �ium, b o t t le-l ike 

c e l l s  (Type C) are ob s erved . 

g .  Nutr ient layer : Thi s  l ayer i s  termed "nutr i en t "  b ecause i t s  cells 

are important in conduc t ing f ood p roduc t s  during 

seed development and event ua l ly c o l lapse when t he s eeds ma ture , appea r i ng 

only as a l ine (Pammel 1 89 9 ; Wa tson 1 94 8 ) . The c e l l s  o f  the layer 

contain not only water  but chlorophy l l  and also s t a. �h whi c h  serves 

to nour i sh the growing seed (Pamme l 1 8 9 9 ) . 

This t is s ue forms the body o f  the  t e s ta and deve lop s from the 

middle c e l l-layer or c e l l- l ayer s of the o u t e r  in tegumen t . Dur ing the 

r ipening o f  the seed , the t i ssue becomes thi ck-wal l ed and the cells  

cont rac t into  angular or conde ns e d shape s . Compar isons ar e d i f f icul t 

t o  make w i thou t reference t o  the unr i pened seed ( Corner 1 9 5 1 ) . 

Th is layer is  vario us l y  named t h e  " nu tr ien t la y e r "  (Pammel 1 8 9 9 ; 

Coe and Mar t on 1 9 2 0 ; Ham ly 1 9 3 2 ; A:L t ken 1 9 3 9 ; McKee e t  a l .  1 9 7 7 ) , 

" parenchyma" ( Reeve 1 9 4 6 a ; Esau 1 9 60 ; Mi l ler 1 9 6 7 ; Vaughan 1 9 7 0 )  

or ' �esophy ll t i s sue : (Corner 1 9 5 1 ; Chowdhury and B u t h  1 9 7 0 ) . I t  

h a s  a l s o  b een ca l led the " p igmen t layer"  because of  t h e  pre sence o f  p igmen t s  

(Panune l 1 89 9 ) . 



Pammel ( 1 8 9 9 )  f ound that in Trifo lium pratense� this  layer i s  

unequally deve loped , f rom a f e w  r ows o f  cells  t o  a dozen . The c e l l s  

a r e  t hin-wa l led , s omewha t e longa ted and c ompressed . S imilar ly , Coe 

1 08 

and Mar t in ( 1 9 2 0 )  repor t ed tha t this  laye r  ranges from four t o  s even cells 

in thickness in d i f ferent par ts  o f  the seed coat o f  Me li lotus spec ies . 

Miller ( 1 96 7 )  rep or t ed that t here are 3-5 layers o f  parenchyma 

c e l l s  immediately b e low the o s t eo s c lereid layer in Crotalaria seeds 

(Papi l ionaceae ) .  He f ound tha t  the cells o f  this rela t ively loosely 

or ganized t is sue w i th interce llular spaces are thin walled and p olyhedral 

in shap e . As the seed coa t  ma t ures , the cells  become horizontally 

compressed . They are even tua l ly crushed and dis integrate . The parenchyma 

i s  also various ly mod i f i ed in the h i lar region . 

h .  I nner integument and nuc e l lus : The inner integument forms usually 

as a s ingle r ow o f  cells during the 

earlier s tages o f  seed deve lopment in Pa p i l ionaceae . However , i t  i s  

very much compressed i n  the m a t u r e  s e e d  and i s  d i f f icult  t o  d i s t inguish 

f rom the nuc e llus . I n  Ca e s n lp inie ae t he inner integument may be  

observed even in ma t ure seed (Pamme l 1 89 9 ) . 

Pammel ( 1 8 9 9 )  also s ta t e d  tha t t he nuc e l lus usually d i sappears in 

the early s tages of f e r t i l ized ovule d evelopmen t  altho ugh it may be 

observed for  some t ime in the cha l a z a !  reg ion . The c e l l s  of this  layer 

have los t most of t he i r  s t ruc t ure and ap pear as e longa ted thread-l ike 

bodies . 

i .  Endosperm : The f o rma t ion o f  endo s p erm in the young ovule ha s been 

revi ewed in t he p r evious sec t ion . This s e c t i on 

describes the endosperm in the ma ture s e e d . Ear lier inve s t iga tors 

regarded legume seed a s  b e ing en t i r e ly exalbuminous or hav ing no 

s igni f i cant endosp erm . However , s ubseq uent i nve s t igat ions have revealed 

that the endosperm even tho ugh it may not be f ound in seeds of all  

species of  Leguminosae , d o e s  occur in e1 large number o f  them . 

Parrunel ( 1 89 9 )  repor t ed that the seed o f  Tri fo l iwn or'a tense contains 

the thick-walled cel l s  of the aleurone lnyer . Under l y ing this lay e r , 

pr imar y , thin-wa lled cel ls and one o r  two rows of e l onga t ed , t h i c k-wal led 

endosperm cells  are ob served . S imi l a r  f indings w l t h swe e t  c l over seed 



have been reported by Mar t in and Wa t t  ( 1 944) . They fur ther s ta ted 

tha t the endosperm , occur r ing as a mo i s t  b lanke t about the emb ryo , 

may poss i b ly p lay an imp o r tant role  in the longev i ty and germination 

of s eeds . 

Wa tson ( 1 948)  descri bed th a t  in  T. pPatense the aleurone layer 

appears as  a row of c u t icular i zed cells , c linging to the cotyledons 
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ins t ead o f  the n u t r i e n t  layer as o c c u r s  in  mos t  s eeds . No o ther endosperm 

l aye r s  ins ide the aleurone cells  are ob served i n  these three genera . 

Anon ( 1 9 5 2 )  repo r ted that  the aleurone c e l l s  in the ma ture seed o f  

Medicago sa tiva� have v e r y  th i ck wa l l s  which are cons idered muc i lagino us . 

M i l ler ( 1 9 6  7 )  found that a l l  mature Crota laria seeds contain a 

d i s t inct endosperm comp l e tely  enve lop i ng the emb ryo . The endosperm 

appears opaq ue r e la t i vely ha rd and shrunken in dry s eed . I t  becomes 

gela tinoid and increases cons iderab ly in volume when in con tac t w i th 

wa ter . In i ts dry cond i t ion i t  has been described as b e ing horny . 

The endo sperm t issue cons i s ts o f  3-5 layers . The cells  are parenchyma tous , 

thin walled , and c ompac t \v i  th apparently no intercellular spaces . 

They are more o r  l e s s  po lyhedral and so mewhat  rec tangularly e longa ted 

around the emb r yo . Th e inne rmos t c e l l s  o f ten appear c rushed and 

d i s i n tegra ted . The cells  of the a leurone l ay er are cub ical , w i th thei r  

outer  t angL. ,t tial  wal l thi cker than the o ther s . The aleurone i s  two 

to three layered in the s ubhi lar reg ion and i s  o f ten several layered 

i n  the radicle tip r e gion . 

Paramonova ( 1 9 7 5 )  rep or ted tha t  the endo sperm in many l egumes 

( inc l ud ing peas and beans ) r ema ins non-cellular un t i l  the end o f  i t s 

exis tence . He recorded tha t the enili r y o  i s  enve loped by a thin f i lm 

o f  endosperm in the r ipe seed o f  b eans . I n  crownve tch seed (Le guminosae ) ,  

the p resence o f  a s i ngle laye r  o f  a l e u rone cells  in the tes ta has been 

repo r ted . The endosperm cells  are a l so prese nt b e low the a leurone 

layer (McKee e t  a l . 1 9 7 7 ) . S i dhu and Cavers  ( 1 9 7 7 )  a l so observed a 

thin sheath o f  endosperm s u r ro und ing t he embryo in  Medicago 7 upu lin.t.l. 

j . D i f fe rences in  the t e x t ure o f  c e l l s : A l t h o u gh no p ub l i i h e d  informa t ion 

on d i f f e renc es in the t e x ture 

o f  cells  at d i f f e rent pos i tions on t he s urface of  the seed coat apparently 
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occurs in the l i tera ture , the s truc ture o f  the seed coa t s  o f  permeab le 

and impermeab le s e eds has  b een examined by prev ious workers . 

In  swe e t  clover , t here i s  no maj o r  d i f ference in chemical s truc ture 

b e tween permeab le and imperme a b le s e ed c o a t s . Thos e  d i f f erences which 

are observed are in the charac ter and amoun t  of thi ckening of  the malpighian 

c e l l  wall  (Coe and Mar t i n  1 9 2 2 ) . S imi lar ly , S tevenson ( 19 3 7 )  f a i led 

to de tec t any s t ruc tural di f f er ences b e tween the p s e udo-hard and hard 

seeds of  swee t c lover . 

Ai tken ( 19 39 )  repor ted tha t  the t e s t as o f  b o th s o f t and hard seeds 

o f  sub terranean clover s how the sa me phys i cal and chemical organisa t ion . 

The pri ncip a l  d i f f erence i s  ma i n l y  d u e  t o  t he forma t ion o f  various 

permeabl e  s i te s  on the seed c o a t s  o [  so ft s e e d s . 

On the o ther ha nd , U e ki and S ue t s u g u  ( 1 958 )  found d i f f erences  in 

fue morphological appearance of the s t r o p h l o l e  i n  s o f t  and hard Genge 

s eeds (As traga lus sinicus L ) . Seeds w i t h  t rans pa ren t s t rophioles were 

hard and those  hav i ng o p a q u e  s t r o p l 1 i o J e s  were s o f t .  They no ted tha t the 

t ransparency 0 1  the s t roph i o le c o u l d  b e  a l ter ed by tempera ture trea tmen t s . 

When hard seeds w i t h  t r a n s p a r e n t s tr op h l o l e s  we re e xp o sed to a l te rna t ing 

t empera tures o f  4 0° a n d  20°C , t 1� a n s p a r c n t s t rop h io l es be came opaque 

or so f t  due to change in t he s t r o p h i o l e  t i s s ue . They also ob served 

tha t the palisade l ayer , p a r e n chyma a n d  c o ty ledons we re t igh t ly 

appressed a t  the s troph i o l e i n  h a r d  s e e d s  b u t  they w e r e  separa ted in 

s o f t  ones . 

S ome morpho logical d i f f e re n c e s  L n  t he coA t s  o f  p e rme a b l e  an i 

:i mpermeab l e  seeds o f  Pi;:;wn .:: Z.,-c t 1> i&  w e r £>  r e c en t ly repor t ed by Har bach 

and Hayer ( 1 9 7 4 ) . Th ey f o u n d  d i f f e r e n c e s  i n  the o u te r  s t r uc t ur e  o f  

t he seed coa t s  o f  a i r  d r i e d and va c u um d r i e d  see d s . The s tructure  o f  

the s e ed c o a t  o f  air d r i e d  s e e d  \"a s  r l' g u l a r a n d  \"e l l  o r ga n i s ed \.Jh i le 

va cuum dried seed s how e d  s e e d c o a t  c e l l d e f o rma t i o n  a nd i r r e gu l a r i ry .  

The former was imp e r f!le ab l l.:!  t o  \·Ja t c l- 1vh L:' re.:1s the l a t t e r  a l l 01.;re d the  

en t ry o f  mo i s ture in t o  t he s . � d . 
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RESULTS 

The morphologi ca l  appearance of cel l s tr u c t ures in the seed coat  

a t  d i f f erent  s tages o f  seed  de ve lo pmen t was inves t igated . However ,  emphas i s  

w a s  p l aced o n  three main s i tes  i . e .  h i l um ,  micropyle and s trophiole -

s ince these a re as are assumed t o  be re spons i ble f o r  t he hardening or 

s o f ten ing o f  seed . 

P la tes ( 26 , 32-38 , 4 5  and 4 6 )  are mainly concerned w i th the c e l l  

s truc ture a t  the h i l a r  region a l t hough some also include t h e  micropy le . 

Plates ( 2 1-24 , 4 2 , 44  and 5 1 )  sho\v the changes in cell  s truc ture a t  the 

s troph io lar re g ion . P la t es  ( 2 8 ,  40 , 4 1 ,  46 and 5 0 )  s how details  of the 

s truc t ures of c e l l s  f rom o t her p a r ts o f  t he seed coa t .  S ome of  these 

p la tes are p res e n t ed in S e c ti o ns A and C .  

The c e l l  s t r u c t ure o f  t he seed coat  is ex t reme ly comp lex . Al though 

it has been s tudied in cons iderab l e  de t a i l  and there is  general agreement 

on the f o rm and func t ion of t he va r i ous c e l l  types , some nomencla ture 

v ar i a tion oc curs be tween d i f f e r e n t  workers . In o rder t o  ob tain uni form i ty 

o f  nomencla ture i n  the p re s e n t  s t u dy i t  wa s d e c i d e d  to use the f o l lowing 

terms to id en t i fy the c e l l s t r uc t ures of t he see d coa t .  

a .  

a .  C u t i c le 

b .  S ub- cu t i c u l ar lay e r  

c .  Mal p i gh ian ce l l s  ( P a l i s a de ce J l s )  

d .  Muc i lage s t ra t um 

e .  Li gh t l ine 

f .  Os t e o s c le reid c e l l s  

g .  Nutrien t  layer 

h .  Endo sperm 

i .  Ce l l  sur face tex t ure 

Cu t i c le : The cu t i c l e i s  s u f f i c i e n t l y  d i f feren t ia ted to be 

ob served in the t e s t a  o f  s e c t i o n e d  s e ed s approxima tely 

e i gh t  days after  poll i na t ion . I t  a p p e a r s  as a thin layer in young seed 

a n d  b ecomes a l i t t le thi c k e r  as t h e  seed ma t ure s . Th is smoo th cu t i cular 

l ayer w i th darke r  co lou r i ng than t he s ub c u t i c u l a r  layer , covers t h e  

l a t ter ex terna l ly ( p la t e s  2 8  a nd 3 3 ) . I t  s e ems t o  a p p e a r  a t  the m i cropylar , 

hi lar and s troph i o l a r  reg i o ns e a r l i e r  t h a n  in o t he r p a r t s  o f  t h e  s e e d  coat . 
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b .  S ub-cut i cular layer : Thi s  i s  a continuous layer in which  the caps 

of the ma lp i ghian cells  are embedded . Mos t  

o f  i ts thickness i s  o ccup ied by the ma lp ighian cel l caps and the r e s t  

o f  the outer p o r t i on forms a cont inuous layer immediately b e l ow the 

cut i c le . 

Th is layer can be  seen more clearly wi th a darke r  c olour than 

the ma lpigh i an layer (Plates  22 and 2 3 ) . The thickness of t he layer 

increases gradually w i th the progress of seed ma tur i ty . I t  i s  no t a lways 

a layer of even thi ckness , small  var i a t ions in thickne s s  be ing observed 

a t  mos t  s tages of seed developme n t  ( P l a t es 23 and 24 ) . Thi s  layer also 

s eems to  appear about  the same t ime as the cut icle  in the micropylar 

and s trophiolar regions . In the la ter s tages of seed developme n t  thi s  

layer can be  i den t i f ied i n  t he la teral wal l  o f  the tes ta ( P l a t e  2 8 ) . 

c .  t1alpigh ian cells : The outermo s t  l ayer of the o u ter i n tegumen t  

deve lops i n to the ma lp i gh ian laye r . S ome cells  

in  this layer become columnar a t  the s t roph i o lar region even in the 

ovule present in  the flore t j us t  b e f o re poll ina t ion ( P la t e  9 ) . Two 

day s af ter  p o l l ina t ion , ma lpigh ian c e l l s  a t  the micropylar region 

also begin to e longa te rad ially ( P l a t e 1 1 ) and two days l a ter the i r  

e longa tion becomes mo re cons p ic uous ( P late 1 2 ) . However , those malp i gh ian 

cells  away from the s t roph io lar and mic ropylar regions do no t s how 

any obvious change s in th c l r  shape unti l app roxima te l y  eight days 

af te·r pol l ina t ion . I n  the  la te r s tages of  seed developmen t ,  the 

s i ze of the ovule increases ra p i d l y d tJ e  to f ur the r c e l l  e longa tion and 

enlargemen t .  

I t  has been observed that  i n  longi tudinal sect ion the caps of  

malp ighian cells  a t  the s trophio lar and mi cropylar reg ions are pointed 

especially during the early s tages o f  deve lopment  (Plate  2 1 )  whereas 

those o f  correspond ing cel l s  in t h e  l a teral wal l  o f  the testa are mo re 

or less f la t tened . The re is no i n t erce l l ular space b e tween the cells 

s ince they are t igh t ly p re s s e d  toge ther . Dur ing the early s tages o f  

seed development , the cel l is  wide r  ( P l a t es 2 1  dUd 2 2 )  b u t be come s 

nar rower and sp indle shaped i n  the l a t � r  s tages o f  seed ma tura t ion 

( P lates 2 3  and 2 4 ) . 



P l a t e  2 2 : Four t e e n  d a ys a f t e r  p o l l i n­

a t i o n  - w i d e ma l p i gh i an 

c e l l s  w i t h  th i c k e ned wa l l s 

a nd c e l l l ume n . 

m p , ma l p i gh i a n  c e l l s ;  c l ,  

c e l l  l ume n ;  s r , s c l er-

e n c hy·ma c e l l s  ( LS x 3 5 0 ) . 
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Eigh t days a f ter p o l l ina t i on -

p o i nt ed cap s o f  malp igh ian c e l l s  

and l o o s e  s cl erenchyma c e l l s  

a t  the s trophio l e . 

ea , cap o f  malp ighian c e l l s ; 

sr , s c l erenchyma cel l s  (LS x 300) 

P l a te 2 3 :  

' 
,� 

p • 

Twenty s ix days 

a f t er p o l l ina t ion -

sp ind l e  shaped 

malp ighian c e l l s  over 

lying the s c l erenchyma 

c e l l s . 

s e , sub- c u t ic ul ar layer ; 

mp , mal p ighian c el l s ; 

sr , sc lerenchyma cel ls 
(LS X 300) . 



1 1 4  

The ce l l  lumen is  formed f rom the b o t tom up to  the l ight l ine 

leve l (Plates 2 2  and 2 3 ) . S ec ondary wall t h ickening seems to  appear 

14 days a f t e r  p o l l ina t i o n  ( P la t e 2 2 )  b u t  i t s  f orma t ion is  more obvious 

s ta r t ing approxima t e l y  1 8  days a f t e r  p o l l ina tion . The margins o f  t he 

malp igh ian caps j o in toge ther j us t  above the l i gh t  line (Plates  2 3  and 

2 4 ) . In a ma ture seed , t he ave r age l eng t h o f  mal p i gh i an c e l ls a t  the 

s t rophiole i s  abo u t  1 20 � c omp ared w i t h  on ly 40 � in the lateral wa l l . 

d .  Muc i lage s t ra t um : No la yer o f  mu c i l age s tra tum was observed in 

the s e e d s o f  ' P awera ' red c l over . 

e .  Ligh t line : Th i s  i s  a t r ans l u c e n t  l in e  t ha t  f orms across the upp e r  

po r t ion o f  t h e  ma l p i g h ian ce l l s immedia tely b elmv 

sub-ep i de rmal layer . The r e  is  no l i g h t  l i ne i n  t he t e s t a  o f  young s eed 

b u t  a thin f a in t l i ne b e g i ns t o a p p e a r  abou t 12 days a f ter  po l l in a t ion 

a t  t he s t rophiolu . This l ine b e c om e s  mo r e  cons p icuous s ta r t ing 

ap pr oxima te ly 18 day s a f t e r  p o l l i1 1a t ion when se condary wall t h i c kening i s  

we l l  developed ( P l at e s 2 3  and 2 4 ) . A l t ho ugh i t  i s  a continuous l ine 

a r o und the seed it can b e  seen mo r e  c l e a r l y  at the h ilar (Plates 2 6 )  and 

s t rophio lar reg io ns ( P l a t e s  24 and 2 5 )  t han e l s ewhere in the tes t a . 

This  l ine i s  i n te r r up t ed o n ly b y  the v a s c u l a r  bund le and micropy lar 

c ana l at  the h i l ar region ( P l at e  2 6 ) . 

f .  Os t eo s c l e r � i d c e l l s : These d e r i v e  f rom the c e l l s  o f  the sub-ep idermal 

l ay e r  o f  t h 0  ou ter integumen t .  Sub-epiderma l 

c e l l s  are vacuo la te and c ub i c a l  i n  four d ay o l d  s eed . Howeve r , they begin 

t o  deve lop a n d  to tran s f o rm t h e i r sha p v s ta r t i ng f rom t h e  micro py lar 

regi on adj acen t t o  the emb r yo a b o u t  s i x days af ter p o l l ina t ion ( P l a t e  

1 4 ) . A t  1 0  d a y s  a f ter p o l l i n a t i o n ,  t i le c e l l s  i n  the lat eral wa l l  s t i l l  

r e tain their c ub i c a l  sha p e  w i t ho u t  h il v i ng any o bv io u s  i n t e r c e l l u l a r  

s p ac e s  ( P la t e  2 0 ) . T h e  i n t e r c e l l u l a r  space i s  s h a l l ow and nar row a t  

t h e  b e ginning o f  c e l l  f o rma t i o n . H oweve r ,  t he space be twe en t h e  ce l ls 

becomes dee p e r  and wider w l  :.. h t he p r o g r e s s  o f  se e d deve lopme n t .  

A t  the . a r ly s t a g e s  o f  ce l l  f o rma t ion , ab o u t  1 0  t o  1 8  d . y s  a f t 2 r  

p o l l i na t i on , t he s e  c e l l s a t t a i n  a f la s k  o r  b o t t l e shape w i t h  a nar row 

neck and r o unded b o t tom hav ing la rge t r i a n g u lar o r sma l l  p r i sma t i c  

in ter ce l lular spa ces ( P l a t e s  2 7 ) . When t he s e e d s  b e come ma t u r e , h e  

o s te o s c l ereid c e l l s  r e s e mb le � p l J l a r u s  t h e  i n t e r c e l l u l a r  s p a c e  b e come s 

much wider ( P la te 5 0 ) . Hl "-' v c r  t he s hi.l n e  a nd s j. z e  o f  b o t h  t i le  c e l l  and 



Plate 24 : 
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Eigh teen days af ter 

pollination . 

al , aleurone layer ; 

11 , l ight l ine ; nl , 

nutrient layer ; (LS x 2 1 0) . 

P la te 25 : Eighteen days af ter poll i na t ion - scanning elec tron micrograph 

(SEM X 300) . 

1 1 , l igh t line . 



P l a t t• 2 6 : 

1 1 6  

Th i r ty t\vO days a f ter po l l ina tion - hi lar region . 

J J ,  l igh t l ine ;  me , micropylar  cana l ;  tb , tracheid bar ; 

vh , vascular  bundle ( L S  x 1 60 ) . 

• 

' • ' 
--

P l a t e  27 : Ten days a f ter pol l ina tion - lateral wall  of the seed coa t . 

os , os teos c lereid c e l l s , i s , intercel lular spaces (LS x 60) . 
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intercellular space are d i f f e r en t  a t  d i f f e rent  po s i t ions i n  the s ee d  

c o a t  ( P la t e  5 0 ) . I n  ' Pawera ' r ed c lov er . only a s ingle layer o f  os t eo­

s clereid  c e l l s  are formed be tween the malp ighian and nutr ient layers . 

g .  Nutr ient laye r : This layer i s  formed b e tween the layer o f  o s teosclereid  

c e l l s  and the aleurone lay e r  (Plates  4 9  and 5 0 ) . 

I t  c on tains relat ively loose ly ar ranged p arenchyma c e l l s  w i th inter­

c e l l ular spaces ( P la t e  4 9 ) . The s e  cells are polyhedral  i n  shape w i th 

thin wa l ls . They s eem to  devel op f rom the i nne r layers o f  the outer  

integumen t .  The  numb e r  of  layers o f  c e l l s  var ies  f rom about four t o  

m o r e  than 10 depending on t he p os i t ion in t h e  s e e d  coat a n d  t h e  s tage 

of s ee d  mat ur i ty . 

Th i s  layer can be seen c learly a f ter the degenera t ion o f  the endoth e l­

i um and the f orma tion o f  the aleur one l aye r . The wid th o f  the layer 

b e comes narrower gradual ly wi th the advance in seed ma tur i ty . The 

cells  b ecome e l onga ted and compressed ho r i z on t a l l y  and eventua l ly form 

the b o dy o f  the t e s t a  ( P l a t e  4 4 ) . 

h .  Endospe rm : As descr ibed in  the p r ev ious se c t ion , the c e l lu lar 

end o s p e rm seems to be d iges ted b y  the growing embryo . 

No endosperm c e l l s  i n s i d e  the a l e u rone layer were ob s e rved in e i ther 

t ransverse or l ong i tudinal  s e c t i o n s  o f  seeds ( P lates  44  and 4 9 ) . 

Hmvever , in s ome c r o ss s e c t i ons  o f  ma t u 1: e  seeds , ve s t iges o f  thin-wa lled 

endosperm cells were obs e r ved c l i n gi ng to t he aleurone l ayer a t  the 

rad i cle end ( P la t e  2 8 ) . 

A lay e r  o f  aleurone c e l l s  a d h e r i n g  t o  t h e  nu t r i ent layer appears 

obvious ly in the tes t a s t a r t i n g  f r om 18 d ay s a f te r  p o l l ina t ion ( P lates 

2 8 , 4 9  and 5 0 ) . The inne r t angen t i a l  \vall  o f  the a le urone layer se ems 

to d e r ive f rom the cor re s p o nd i ng w a l l o f  t he end o the l i um a f ter degener a t ion 

o f  the la t te r . The outer t a ngen t i a l  wD l l  o f  the aleurone layer be come s 

thicker and cut icular i sed wh i le t h e  j nne r one r ed u c e s  i n  t h i c kne s s  

gradua l ly wi th inc reasing s e ed ma t u r i t y . 

The aleurone cel l �  are f o r med e n v e l o p ing t he embryo i n  a s i ng l e  

lay e r  excep t at the s t rop h i o l a r  reg i u n wh e re 2 - 3  c e l . L-laye r s  appear 

(Plates 2 4  and 4 9 ) . Th e s e  t h i c k  \val l c d  c e l ls are mo r e  o r  l e s s  c ub i c a l  

in the early s tages o f  f o rma t ion b u t  b e come s t r e t c h e d  o u t  and e longa ted 

p e r i c l ina l l y  i n  ma t u r e  s e e d s . T h e  a l � u rone lay e r  b e c ome s a p p r e s s e d  
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P l A t e � 8 : E i gh t e e n  d a y s  a f t e r  p o l l i na t i on - h i lar and radicular regions . 

a l , a l eurone l a y e r ; c ,  c u t i c l e ;  enc , thin-walled endosperm 

c e l l s  i n s i d e  t h e  a le urone l aye r ; s e , sub-cuticular layer 

( C S  X 7 0 ) . 

Pl a t_��: S c anni ng e l ec t ron m i crog raph s how ing the morphological appearance 

of a r or t i on of the s eed coa t on the cotyledonary lobe ( SEM x 2800) . 
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to the testa as the nutrient layer collapses , especially at  the s trophiolar 

region when the seed is  ma ture (P lates 44 and 5 0 ) . 

i .  Dif ferences in c e l l  textures on the surface of  the seed coa t :  
' 

Dif ferent types of  morphological appearance were observed a t  

d i f ferent pos i tions o n  the s e e d  c o a t  surface o f  hard seeds . C e l l s  o n  

the o u t e r  or more exp o s e d  areas o f  the seed coa t  possess a n  outer 

covering of  patches of waxy f l akes ( Pla t �  2 9 ) . This is  particularly 

evident at  the area cove ring  the co t y l edonary lobes . Thos e  cells a t  

the less exposed areas , such a s  a r ound t he hilar region be tween the 

radicle  and cotyledonary lob e s , g ive t h e  appearance of  a covering of 

smoo ther or even waxy c e l l s  (P la t e  30) . I t  was also found tha t the 

patte rns of  surface c e l l  a£r a n gemen t and appearance at the s trophi olar 

region was d i f ferent f r om o ther par ts of the seed coa t .  As s een in 

P late  ( 3 1 )  the c e l l s  at the s t r o p h i o le seem to be arranged l inearly 

along the p lane of s ymme t ry b u t  t h e  appearance of individual cells  

shows more corruga tion w i th l a r g e  and deep grooves occurring in the 

intercel lular spaces . 
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P l a t e  30 : S ca n n i n g  e le c torn m i c rograph s howing the morphological 

app earance of an a r ea near the h i lum o f  the seed coa t .  

( S EM X 2800) . 

P l a t e  3 1 :  S cann i n g e l e c tron m i c rograph showing the arrangement 

o f  the c e l l s  a t  the s trophi o l a r  region ( SEM x 2000) . 



D I S CUSS ION 

Although sma l l  var iat ions were no ted , c e l l  s t ru c t ures in the coat  

o f  ' Pawera ' red c lover show general s imi lar i ty w i th corresponding 

s t ruc tur e s  in the seed coat of mos t leguminous seeds , especially w i th 

those o f  1'rij'o liwn species . No comp l e t e  informa t ion app ears in the 

l i t erature on c e l l  s t ru c t ure changes in the seed coa t o f  red c lover 

during seed developmen t .  The present s t udy was des igned t o  a t t emp t to 

r e c t i f y  t h i s  s i t ua t ion . 

S ince yo ung ovules were s e c t ioned long i tudinally , in mos t  cases 

s imilar sec t ions were mad e  wi th older seeds to observe the g radual 

1 2 1 

c hanges o f  c e l l  s t r uc t ures o cc ur r ing in the seed coat . According to 

Chowdhury and Buth ( 19 7 0 ) , long i t ud ina l sec t ions are pa r t i cular ly s u itable 

for  examining the cuticle o f  t he seed co a t . However s ince t he c u t i c l e  

i s  not eas i ly ob served in mo s t  se c t ions , i t  c a n  no t be  seen c learly i n  

mos t  o f  the p lates  pre sen ted . A s  mo re empha s i s  was p laced o n  t h e  o ther 

s t ructures , this  par t icu l ar s t ruc L ure was general ly not we l l  f ocused . 

However , as previous worke r s  (Hamly 1 9 3 2 ; Aitken 1 9 3 9 ; Mar t in and Wa t t  

1 9 44)  have pointed ou t .  the cu t i c le appears a s  a thin darker layer in 

the ear l ie r  s tage of seed deve lopment . Even though t here i s  a small  

change i n  its  thickness d u r ing seed deve lopmen t ,  t h i s  increase i s  no t 

very obvious . C u t icular roughne s s  as occurs in a few other legume 

species ( Chowdh ury and B u t h  1 9 7 0 ;  Ambe gaokar 1 9 7 6 )  does not seem to be 

a common p henomenon in ' P awe ra ' r e d  c l over . 

The general s t ruc tur e o f  t h e  s ub- c u t i.c ular layer i s  s imi lar �vi th 

those o f  some o ther  legume s p e c i e s  ( Coe and Mar t in 1 9 20 ; Hamly 1 9 32 ; 

Wat son 1 9 4 8 ) . As repor ted by Ai t ke n  ( 1 9 3 9 ) , this  layer in the lateral 

wal l  of the tes t a  i s  observed in t he l a t e r  s tages of seed development 

a l t hough it  can b e  observed in t he ea r l i e r s tages o f  seed growth in 

the micropy lar and s t ro p h i o lar regions . I t  seems to  p lay a role 

at leas t par t l y  in the imp e rmeab i l i ty o f  the seed coat  i n  o l der seed as 

the th ickne s s  o f  th i s  layer i n e t c.a s e s  wi t h i nc rea s ing seed ma t ur i ty . 

Al though ma l p ighian c e l l s a r e  var j ous l y  te rmed b y  di f f eren t 

workers t hey are mos t  commonly known a s  rna lp i gh lan o r  pa l i sa de c e l l s . 

Accordi ng to the d e f i n i t i ons by ParmnE:' l ( 1 8 9 9 )  and Fahn ( 1 9 74 )  t hese 
c e l l s  in  the s eed coa t o f  ' Pawera ' r e d  c l ove r sho u l d  a l s o be ca l l ed 

mal p i gh ian cells  s ince no interce l l u l a r  s p a c e s  o r  connec t ion w i t h  photo­

s y n t he s i s  was observed . Tl 1e  term ma l p i gb ian c e l l s , t he r e f ore has been 
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used in the presen t s tudy . These  cells develop f rom the outermo s t  cell  

layer o f  the outer integument but  not  o f  the inner integument as  

recorded in some species of  Malvaceae (Bhatnagar and Johr i 1 9 7 2 ; 

Fahn 1 9 7 4 ) . 

As r eported by var ious workers (Mar tin and Wat t  1944 ; Reeve 1 946b)  

conspicuous cell elongat ion is  observed from the very early s tages of  

embryo development . Secondary wall  thickenings seem to form when the 

malpighian cells reached the i r  maximum heigh t  (Reeve l 946b ) . No 

apparent change in the length  of malp i ghian cells was observed during 

seed r ip ening although this has been recorded by Reeve ( 1 94 6b ) . Ins tead 

the d iameter  of  these cells seems to reduce a l i t t le with advanc ing 

s eed mat ur i ty . In longimedian sect ion the average leng th o f  the malpighian 

cells in the lateral wall of �awera ' red clover seed seems to be a 

lit t le shor ter than the corresponding leng th in o ther red clover 

cul t i vars recorded by Pamme l ( 1 89 9 ) . Howeve r ,  in ' Pawera ' red clover 

the length of  these cells also varies f rom 40-50 � in d i fferent sections . 

The s ize and length o f  the malp ighian cells i s  more or  less uniform on 

the lateral wall o f  the seed but  they have a dif ferent morpholo?.ical 

appearance in the hilar , s trophiolar and micropylar regions as  described 

by Ambegaokar ( 1 9 7 6 ) . Var ia t ions i n  the  thickness  of the wall  o f  the 

malp i ghian cells are no t always obvi ous . 

Even though the presence o f  mucil age s t ratum in the s eed coat of 

a few legume species has been previous l y  reported (Corner 195 1 ; 

Sco t t  e t  a l . 1 9 6 2 ) , such s t r uc t ure d i d  not seem to o ccur in the seed 

of ' Pawera ' red clover . Th is is cons i s t ent with the findings of other 

worker s  in some other Tr·ij'o l iwn s pe c i e s . Therefore , the forma tion of  

hard seed  or seed  coat  imp e rmeab i l i ty i n  ' Pawera ' red  clover 

may no t be d irec t ly related to t h e  pre::,ence or absence of this layer 

in the tes ta .  

The l igh t line in the tes ta o f  ' Pawera ' red clover seed appears 

in the normal p o s i t i on as described w i t h  other legume species . This 

line seems to begin development ear l i e r  i n  the seed of ' Pawera ' red 

c love r than in Me lilotus a lba ( Ha r t i n and Hatt  1 94 4 ) . Reeve ( 1 946a)  

found that in r ipened seed t h i s  l i ne c a n  be iden tified  eas i ly . In 

' Pawera ' red clover , the l i gh t l i ne i s  generally t h i n , a l t hough it may 

appear to  vary in wid th due to the t h i c kn e s s  o f  c u t  sect ions (Reeve 

1 94 6a) or due to the types of l i gh t used for observa t ion (Watson 1 948) . 
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Although , Reeve ( 1 946a)  pointed out  the impor tance of  mount ing media 

in highligh ting the appearance and pos i tion of  the l i gh t  l ine , the 

media used in this s tudy does not s eem to  have had any adverse effect  

on this  aspec t .  The l ight l ine does  no t always a�pear very c learly 

in o ther par ts of  the seed coat when compared with the h ilar and · 
' 

s t rophiolar regions . This may be the reason why Corner ( 1 9 5 1 )  concluded 

that the ligh t  l ine occurs only at the hilum . According to  Chowdhury 

and Buth ( 1 9 7 0 )  who did no t observe the light l ine in Indian pulse s , 

the occurrence o f  a l igh t l ine may not be a common phenomenon in mos t  

legume seeds a s  s ta ted by Mil ler ( 1 9 6 7 )  although i t s  presence seems 

to be a s t ruc tura l f ea t u re of mos t  sma l l-seeded l egume s . 

Observat ions made by  Reeve (1 9 4 6 a ) and more recent ly by Scot t e t  a "l .  

( 1 9 6 2 )  have shown that the forma t ion o f  a ligh t  l ine i s  mos t  l ikely t o  

b e  due to  a change i n  the arrangement o f  the microfibrils  o n  the 

malpighian cells  in  tha t region . Sco t t  et a"l. ( 1 9 6 2 )  also proved the 

weakness of that zone to  conf irm the ir hypothesis . On the o ther hand , 

t he report o f  Hamly ( 1 9 3 2 )  seems to con f irm that the l ight l ine occurs 

due to differences in the refract ive index b e tween the areas above and 

b elow the light l ine region . S ince Reeve ( 1 9 4 6 a ) and Miller ( 1 9 6 7 )  did 

not f ind this region to  be chemica l ly dif ferent f rom the res t of  the 

cells , the mos t  appropr iate sugge s t ion about the phenomenon of  the 

light l ine may be tha t  i t  is due t o  c h ange s in micro- f ibril lar arrangement 

which in turn may cause d i f ferent ial refract ion of l igh t at tha t  region . 

Os teosclereid cells  in the seed o f  ' Pawera ' red c lover or igina te 

from the sub-epidermal laye r o f  the outer int egumen t  as observed in 

mos t legume species (Mar t i n and Wa t t  1 9 4 4 ; Esau 1 9 6 0 ; Ambegaokar  1 9 7 6 )  

but not f rom i t s  inner e p i d e rmis a s  o c c ur s  i n  some cases (Corner 1 9 5 1 ) . I t  

i s  a s ingle-celled layer b e tween t h e  ma lpi g hian and nu t r ient layers  

as repor ted by Hamly ( 1 9 3 2 ) , Jv!i l le r  ( 1 9 6 7 ) and Ambegaokar ( 1 9 7 6 ) . 

The osteosclerid cell laye t· h a s  not been reported in some o Lher 1'1•ij'o Uwn 
species to con s i s t  of mo r e  than one r ow of cells  as found in other 

genera ( Corner 1 9 5 1 and Amb egaokar 1 9 7 6 ) . 

The early s tages o f  forma t ion of  o s t e o s c l. e r id ce l ls are very 

s imilar to those occur r ing in Pi s um BaU. vum L .  (Reeve 1 9 4 6 a , b ) . 

Reeve ' s  f indings on the p a t t e r n  o f  c e l l d i f f e ren t ia t ion agree with those 

in the p resen t s t udy . Amb e 1-•,a o kar ( 1 9 7 6 )  has su gge s t ed tha t the bot t le­

shaped cel l s  are typ i ca l  in s e e d s  of 'i'r· i[o "l iwn . However in the 

present s tudy , thi s type of ce l l  s h ap e i s  o b s erved only before  seeds 
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have r eached matur i ty . In mature seeds the shape of  these cells resembles 

the p illar cells described by Corner ( 19 5 1 ) . S ince the shape of  the 

o s t eo sclereid cells var ie s  wi th seed matur i ty it may not b e  appropr iate  

to  term t h�m ' bo t t l e-shaped ' cells or  ' p i llar ' cells . In the present 

s tudy , the commonly known term 'os teosc lereid ' cells has been used in 

p reference to  these terms . The appearance of os teosclereid cells in 

' Pawera ' red clover is  not s imilar to  that  of  corresponding cells in 

Me U lotus a lba (Hamly 1 9 32 ) . The varia t ion in shape and size  of  inter­

cellular spaces in os teosc l e reid cel ls  i n  different part s  o f  the seed 

coat agrees wi th ob servat ions  by Pamme l ( 1 899 ) . However , Watson ( 1 948)  

has  sugge s ted t he re may b e  dif f erences in the  appearance and s i z e  o f  

t he cells in d i f ferent seeds . 

The shape and appearance of  c e l l s  o f  the nut r i ent  layer in 

' Pawera ' red c lover are ve ry s imilar  t o  thos e  observed in seeds of  

o ther legumes (Corner 1 95 1 ;  Hillc.r  1 9 6 7 )  and in o ther cult ivars o f  

Trifo liwn pPa tense (Pamme l 1 89 9 ) . A s  repor ted prev ious ly b y  Corner 

( 1 9 5 1 ) , these cells der ive from the i nner layers of t he outer integument . 

The number of  layers  of  cel l s  observed in ' Pawera ' red c lover are 

s imilar to those f ound in some other l egumes (Coe and Har t in 1 920 ; 

Miller 1 9 6 7 )  and espec ially  in d i p l o i d  J'yvifo Z ium pPatense (Pammel 1 8 99 ) . 

The format ion and appearance o f  th� inner integument and nucellus 

in t he early s tages of seed deve lopment have been described in sect ion 

A.  Although the inner integ ument of the  seeds of  mos t  species of  

Pap i U.onaceae conta ins a s i n g l e  r ow o f  cel ls (Pamme l 1 8 9 9 ) , in ' Pawera ' 

red clover two rows o f  cells  a r c  o b s erved in young ovules . However , 

no ves t iges o f  the nuce llus o r  inner i. n L e gwnent  were observed in mature 

seeds . Obviously these s t r uc t u r e s  d i sappear in the later s tages of 

seed development .  

The presence of th in-wa l led endo sperm cells immediately ins ide the 

aleurone lave r in some cross sec tions af>, ree w i th repo r t s  by Pamme l 

( 18 9 9 )  and Hiller ( 1 9 6 7 ) . Fur t hermo r e , the results of Haml) ( 19 3 2 )  

and recent repor t s  b y  Paramonova ( 1 9 7 5 ) , McKee e t  a l . ( 1 9 7 7 ) 

and Si dhu and Cavers ( 1 9 7 7 )  conf i rm t he pres e n c e of an endosperm layer 

in the seeds of some legum i nous s p eci es . 
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However , as repor ted by Wat s on ( 1 94 8 )  with  seeds of  some Lotus� 

Medicago and TY'ifo liwn spec ies ( inc lud ing 'I' . pY'atense ) , no endosperm 

cel ls excep t those of the a leurone layer were observed in longi tudinal 

or t ransverse sec t ions in the present s tudy . The inab i l i ty to detect  

t he presence o f  the endosperm l ayer in sec t i ons cut in these planes 

may have been due to i ts remova l  along with  t he embryo when the latter 

was removed f rom the seed coat at the t ime o f  embedding . 

The present s tudy con f i rms observn t ions by Watson ( 1 948)  and Anon . 

( 1 9 5 2 )  that the a leurone ce l ls have th i c k  walls  and that the outer 

tangen t ia l  walls are thicker than the o t hers . A s imilar e f f e c t  has been 

repor ted in • 7Y'ota laY'ia (Mi ller 1 9 6  7 )  . However , there i s  partial  

d i sagreement \vi th observa tions by Mil le r  ( 1 9 6 7 )  that  only a s ingle row 

o f  cells  o ccurs around the radicle  t i p  and two or three layers 

of cells  are p resent at  t he cha laza ! r�g lon ins tead of the sub-h i lar 

regi on .  Horeover , in ' Pawera ' red c lover the a leurone layer is not 

at tached to  t he c o ty ledons as r e c o rded by Wa t son ( 1 94 8 )  but c lings to the 

nut r ien t  layer . 
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The general cell s t ructure in the seed coat dur ing s eed deve lopmen t 

has b een described in S e c t ion B .  However , in the seed coat there 

are s ome more specialised reg ions wh ich should be examined . In the 

Pao i l ionaceae , the three s p e c i a l i sed regions o f  the t e s ta connec ted 

with the loss or gain o f  seed mo i s ture are the micropyle , the h i l um 

and the s trophiole (Hagon and Ballard 1 9 70 ; Ballard 1 9 7 3 ) . 

1 .  H i lum :  In the Legumino sae , when the seed breaks f rom the funicle , 

an ab s c i s s ion layer i s  developed so that the hilum i s  

clearly d e f ined ( Corner 1 95 1 ;  Bha tnagar a n d  Johr i 1 9 7 2 ; Fahn 1 9 7 4 ) . The 

h i lum of the p u l s e s  shows a grea t deal o f  var i a t ion in shape and s i ze 

( Chowdhury and Buth 1 9 70 ) . The shape var i e s  f r om round t o  ob long , 

oval or e l l i p t ical (Corner 1 95 1 ;  Miller 1 9 6 7 ; Chowdhury and But h  1 9 7 0 ) . 

The h i lum is at a lower level than the seed surface and i s  surround ed 

by a sma l l  r im (Miller 1 9 6 7 ; Chowdhury and Buth 1 9 70) . The appearance 

of the h i lum con t r ibutes to the general seed conf igura t ion . The h i lar 

s inus angle , f o rme d b e tween the coty ledonary and rad i cular lob es i s  

very charac t er i s t i c  f o r  each species (Mi l ler 1 9 6 7 ) . 

In the long axis o f  the hi lum there i s  a g roove in the fun i cular 

t is sue coincid ing with a f i s s ure in the ep idermis o f  the t e s ta ( Corner 

1 95 1 ;  Hyde 1 954 ; Fahn 1 9 7 4 ) . The f i s s ure i s  an a i r  passage in the 

r ip e  seed according to the se inves t i gators . The h ilar g roove or f is sure 

is usually visible only in seeds where the funicular remnan t is not 

predominant ( Corner 1 95 1 ;  Miller 1 9 6 7 ; Chowdhury and Buth 1 9 7 0 )  or 

whe re the h i lar s inus is no t occ luded by the radicular lobe (Miller 

1 9 6 7 ) . 

The p a :l i sade o f  the tes ta cover s the face of the h i lum and a layer 

of the cells in the fun i c l e  is tran s f ormed into a layer of counter­

p a l i sade cells ( Corner 1 9 5 1 ;  Esau 1 9 60 ; M i l l e r  1 96 7 ) . Thi s  count er­

pal isade layer is fused \·li th t he p a l i sade l ayer of t he h i l um {Corner 

1 95 1 ;  Fahn 1 9 74 ) . Ove r ly ing the coun ter p a l i s ade layer i s  parenchyma 



1 2 7 

w i t h  large intercel lu lar s p a c e s  ( Hyde 1 9 5 4 ; S idhu and Cavers 1 9 7 7 ) . 

The h i lar f i s s ure or groove l eads to a group o f  trache ids termed 

the " t racheid i s land " ( Reeve 1 9 46b ) , the " t racheid  bar" (Corner 1 95 1 ; 

Fahn 1 9 7 4 ) , or the "vascu l a r  i s l e "  (Hyde 1 9 5 4 ) . · In tru.nsmedian sec t ion , 

t he trache id bar i s  f unnel shaped (Reeve 1 946b ) , or ova te (Corner 1 9 5 1 )  

or U-shaped (Mi ller  1 9 6 7 )  in some legume seeds . I n  Crota laria seed , 

the tracheid b�r i s  e n shea t hed by a two to three layered non- s t e llate  

parenchyma which is in t urn envel oped by a cont iguous t rans i t i onal 

f o rm (Mi ller 1 96 7 ) . Hyde ( 1 9 5 4 )  also reported tha t  t he t racheid bar 

is surrounded by s tellate  c e l l s  and the interce l lu lar sp aces of these 

c e l l s  are con t i nuous with those o f  the sub e p idermal layer o f  o s t eo­

s c lereid  c e l l s  wh ich und er l ie s  the e p i d.:;rmi s  everywhe re excep t a t  

the h i lum and the s t rophiole . 

I n  long imedian s e c t iona l v iew , t h e t rache id bar deve lops as an 

e longated c re scen t shaped b a nd o r  b a r  bo unde d above by t he brachys c ler­

eids and below b y  t he s t e l l a t e  pa r e nc l 1ylni.l (Mi l le r  1 9 6 7 ) . Reeve ( 1 964b ) 

f ound tha t the t rans i t i ona l f o rms o f  t r ," cheary e l eme n t s  o f  the t racheid 

bar i s  connec ted w i th t h� xylem o f  t he ovule bundl e .  Corner ( 1 9 5 1 )  

also repor ted tha t t he t ranche id bur  0x tends the length o f  t he hi l um 

f rom the raphe a lmo s t t o  t he mi cropy l e . At t he raphe end i t  con ta c t s  

t h e  sheath o f  the vascula r  b und le or may s top s h o r t  o f  t h e  va scular 

b undle . 

The t rache id bar appea r s  a t  an ear J y  s t age i n  seed deve lopment 

a s  a f irm s trans o f  wa tery t i s s u e  s u ,  ro unded by a na r row sheath of 

sma ll - c e l led parenchyma (Corm' r 1 9 5 1 ) . B e f o r e  a ny p ronounced d i f f e rent­

i a t i on o f  the t ra che id bar u c c u r s , ear l y  d i f f e ren t i a t i o n  o f  the pa l i sade 

c e l l s  over th e lu lum i s  v i r t ua l lv c omP L e t e .  T h e  ce l l s o f  the bar a re 

the last to b ecome wel l-d e f ined as  a t L s sue zone (Reeve 1 94 6 b ) . 

At ma t u r i t y  t he thi ckened t r ache i d s  con t a in a i r  and t h e  bar forms a s  a 

white  s t rand in the subh i la r  re g i on ( C o rne r 1 95 1 ) . He fur t he r  s ta t ed 

tha t t he t rache id bar a c t s  as a w a t e r - r e s e rve f or ma intaining the 

longev i t y  of the embryo i n  t he Pap l li o rw c �.: a e . The d r i e d  out h i l um 

and t h e  dried ou t t ra c h e  Ld b a r  ma y s "· r v �.:  t o  a e r a t e  the germinat ing s eed . 

During the e a r ly s t a ges o f  o v cd_c' d e v e l o pme n t , t h e  h i l um reg ion 

i s  s t i l l  h i ghly me r i s t ema L i c  i n  c on t ra s t t o  t h e  d i f f e r t.::! n t i a t ing pa r enchyma 

cells  o f  the r e s t  o f  t h t:;; o v u l e  w a l l  ( l � v < 'Ve 1 9 4 6 b ) . E l o ng a t i o n  o f  t he 
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palisade cells in t h e  h i l um r e g ion p rogresses from a l l  sides towards 

the centre of th e a r e a . Howeve r , this d i f feren t ia t ion appears to 

p ro c e e d  mo r e  rap i d l y  f rom the s t roph io l a r end than f rom elsewhere 

( Reeve 1 9 4 6b ) . T h e  p a l i sa d e  c e l l s  o f  this region are s im ilar t o  

t ho s e e l sewhere i n  th e t e s t a  with t he excep tiori tha t they a r e  small  

and narr ow ( M i l l e r 1 9 6 7 ; Amb e gaoka r 1 9 7 6 ) . There i s  a reduc t ion 

in the i r  h e i gh t on the s i d e s  o f  tl 1e h il a r g r oove (Mi l ler 1 9 6 7 )  or 

towards the c en t r e  of t h e h i lum ( C h owd hury and Bu th 1 9 7 0 ) . 

The tissues comp r i s i ng t h e  h i l a r  and sub h i lar r eg ions of the legume 

s ee d  a r e  u n i q u e ly c omp l ex . A g r ea t e r var i e ty of cell  types appears 

h e re t han anywh e r e e l s e  i n  t h e t e s t a  ( Re eve 1 9 46b ; Miller  1 9 6 7 ) . 

This may be a cha r a c t e r i s t i c  f ea t u r �  o f  the h i lar t is sue of a l l  P ap i l­

i o na c e a e  o f  t h e  Legumi n o s a e  ( Co r n e r  1 9 5 1 ; Mi l ler 1 9 6 7 ) . Corner ( 1 9 5 1 )  

s ummar i zed th e c harac ter i s t i c s  o f  t he Pap i l ionaceous seed par t i c ularly 

by the h i lum whi ch h a s  ty p i c a l l y  a r i m-a r i l , m ed i an groove , coun ter­

p a l i sade , t rache id b a r , two r � c u r r � n t  va s c u la r b undles and the vascular 

supp ly wi thou t pos t-cha l a za l ex t e ns i o n . In  Mimoso id-Caesal p ino id 

s eeds there is  o f t en a h a r d , c o mp a c t t i s s u e  of 2-6 rows of very 

t h i c k-wa l l e d , p i t ted , con t i g uou s c e l l s j us t  b elow the h i lum . These 

s e rv e  a s  a s tr u t  aga in s t  t h e  c o n t r a � L i o n  o f  the tes ta on to the rad i c l e  

( C o rn e r  1 9 5 1 ) . 

C o r n e r  ( 1 9 5 1 )  f u r th e r men t i o n e d  t ha t  i n  many l eg uminous seeds 

there is no l igh t l i ne i n  the t es t a • 'Xc e p t  i n  the h i l um p a l i s ad e . 

Mi l l e r  ( 1 9 6 7 )  r epo r t e d tha t i n  CJ'o t a ZJ.ria seed there is  no c u t i c le 

be tween the coun t e r-pa l i sade and p a l i s a d e  ce l l s of  the h i lum tes ta , th e 

cu ti c le termina ti ng on t h e  h i l a r  r i m s l i gh t ly ins ide the hilar si nus 

a nd at the po in ts of a t t a c h me n t  o f  t h �  f un i c u l ar t i s sue . I t  i s  a lso 

absen t over the surf ace o f  t h e  h i l a r groove . Howeve r ,  Hy d e  ( 1 9 5 4 )  

exp l a ined tha t t h e  c o u n t e 1 - p a l i s a d e  l a y e r  i s  i n  c o n ta c t w i t h  t h e  

c u t i c l e  o f  t h e e p id e rm i s  of  t h e  t e s t s  i n  l u p i n  s e e d . Os t e o s c l e r e i d s  

do no t o c c u r  i n  t h e  h i lar r e g i o n  ( H y d e 1 9 5 4 ; Mi l l e r 1 9 6 7 ) bu t t hey 

b eg i n  to a p p ear d t  a d i s t a n c e wh c r �  t h e  coun t e r - pa l i sade c e l l s  d i s a p p e a r  

( Chowdhu ry and B u t h  1 9 7 0 ) . 

M i l l e r  ( 1 9 6  7 )  d e s  e r  i b e J  t i l 0  e t:' l l  s o f  t h e;  s ub e p i d e rmal region 

i nm1e d ia t e l y  sub t t:nd i ng t h e p a l i s a J v L c1y er o f  L he h i l a r  r i m  a s  

s c l e r e nchyma to u s . They f o rm a mt:: c h a n i c a l  t i s s u e  c o n s i s t i ng o f  numerous 

sho r t  b r a c hy s c l e r e i J s . 1 ' 1 1 �  t i s s u � � o n t a i n s  a n  a b u nd a n c e  of i n t e r c e l l u l a r  

s pa c e s . l n  lo n g j  t.\, ,. � - s c' c  L .l o n  I h v  l i s s u e  a p p e a r s  a s  a c u rv e d  ma s s  
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s ub tending the h ilar ep idermal laye r . I t  appears as subep idermal 

mass e s  immedia tely b e low each s ide o f  the h i lar rim in t ransmedian sec t ional 

view . 

2 .  Micropyl e : Ana tomi c a l  obse rva t ions both on ma ture seeds  and on 

seeds a t  d i f ferent  s tages o f  developmen t show c learly 

tha t the micropy lar cana l is blocked (Pres ton and S co t t  1 9 4 3 ) . They 

f ound tha t in Phaseo lus., the micropy lar o r i f i c e  r emains open b u t  the canal 

is b locked by the swo l l en c e l l s  of the s uspensor . In Vicia� the l ips  

of  the micropy le c lo s e  the po re · ln the dry seed . 

Mar t in and Wa t t  ( 1 9 4 4 )  a l s o  r e po r ted tha t  the micropyle is  perfec tly 

c lo sed in S\vee t c lover seeds . When th e seeds are sec t ioned the pre ssure 

of the kni f e  o f ten causes b reaks in the pal isade layer a t  the micropyle 

but in i n tac t p e r f e c t  s e c t ions , the p a l i s ad e  c e l l s  are c lo s e ly uni ted 

abo u t  the micropy le . 

In Crota laria seed , M i l l e r  ( 1 9 6 7 )  found a minu t e  micropyle opening 

in the palisade t i ssue b e l ow the r im of the s inus . Thi s  pore occurs 

on the radi cular lobe s i de of t he seed , s ligh t l y  b elow the a t tachment 

o f  the funicular remnan t .  TI1e appearance o f  the radial wa l l s  o f  the 

palisade lay e r  is s lightly  c urved a r ound the micropyle . 

According to  o ther wo rke r s  ( Es au 1 9 60 ; 1 9 65 ; Fahn 1 9 7 4 ) , the 

micropyle may be ob l i terated or may rema in v i s i b le as a d is t inc t p o r e . 

3 .  S t rophiole : Th i s  i s  � na r r ow e l onga ted depress ion , s urrounded 

by  a r a i sed bo rder � l o s e  to the h i l um on the s ide 

oppo s i te the micropy le (Hamly 1 9 3 2 ; Ma r t in and Wa t t  1 9 4 4 ) . Hagon and 

Bal l a r d  ( 1 9 7 0 )  d e f ined i t  as a sma l l  s we l l ing o f  the tes ta on the raphe 

b e tween the h ilum and c ha la za . Howeve r ,  i n  s ome genera e . g .  in 

Bauh inia the lens ( s t roph i o le ) i s  on t he m i cropylar s i d e  of the h i l um 

( Co rner 1 9 5 1 ) . 

Th i s  region i s  r e f er red to  as t h e  " s t roph i o l e "  (Hamly 1 9 3 2 ; 

A i t ken 1 9 3 9 ; Mar t i n and Wa t t 1 9 4 4 ; Reeve 1 9 4 6 b ; Hagon and Ba llard 1 9 7 0 ; 

Ballard 1 9 7 3 ) , "lens" ( Corne t" 1 9 5 1 ; B a l l ar d  1 9 7 3 ) , " b o s s "  ( Hi l l e r  

1 9 6  7 )  o r  "horn" (Amb e gaokar 1 9 7 6 ) . 



Ai tken ( 1 9 39 )  found tha t  in T .  subter•ranewn, the malpighian cells  

a t  the s t roph iole are more vacuo la te and have less c onsp i cuous nuc lei  
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i n  the very early s t a g e s  o f  seed deve l opmen t .  In o lder seeds , the 

malp i gh ian cells  are b e n t  in t h is a r e a  a n d  3-4 t ime s longe r t han cells  

i n  t h e  res t o f  t he t e s ta . D ue to  e ar l i e r  and q uicker developmen t o f  the 

ma l p i gh i an ce l l s , th e l i gh t l ine app e a r s a t  t h i s  region bef ore the seed 

is fully f ormed and d r i e d  o u t . 

Reeve ( 1 946b ) rep o r t e d t ha t  i n  Pi0 �il·'l sa ti.vwn, the height o f  the 

malp igh i an cells  a t  the s t r op h i o l <:>  in a very y o u ng ovule may be ten to 

f i f teen t imes as grea t as t h o s e  o f  ad j acen t e p ide r ma l  c e l l s . 

Mil ler ( 1 9 6 7 )  f o u nd a round e d  i n Lt · g ume n t a ry bulge , a sho r t  d i s tance 

ab ove the h i l a r  r i m on t h e  s e c.� d  coa t of ('y•()ta lar•ia . He exp L ... ined 

tha t i t s  pos i t ion , d e g r e e  o f  c o n f i g u r a t i o n and c o loura t ion was somewha t  

var iab le depend ing upon t h e  s p e c i e s . The degree o f  the prominence of  

the b os s  ( s trop h i o le ) re s u l t s  f rom t h e  p r o g re s s ive elonga t ion o f  the 

ma l p i gh ian c e l l s  in t h i s  re g i on . Jl e  f o u nd L lla t  the leng th o f  the cells  

i s  about t\v i c e  tha t o f  t he o t h e r  c e l ls in t h e  tes ta and t he lower 

port ion o f  the rad ial w a l l  i s  o f t � n  c u rved . Lagenosclere ids (o s teoscle r­

e ids ) are ab sen t i n  th i s  r e g i on , o c c u r r i ng  only on the ou ter margins o f  the 

hypo de rmi s .  

Mi ller ( 1 9 6 7 )  f ur the r s e a t ed t h a t p igme n ta tion a t  the s t roph i o lar 

a r e a  i s  o f ten devoid o r  i t  ma y be o f  a l i gh t er o r  da rke r hue than t he 

remai nder o f  the seed coa l . He conc l uded tha t i ts co lour a tion and 

prominence could b e  used J n  seeJ i d� n t i f i ca t i o n . 

Hagon and Ba l lard ( 1 9 7 0 )  c l a imed L l w t t he long , na r r ow ma lpighian 

cells  o f  the cent ral  re g i o n o f  t h e  s l r u p h L o l e  have d e f i n i te caps , 

whe r e a s  the adjacent  ce l l s  have mo r� f J d t tene d e nd s . A s im i l a r s i tua ti on 

h as a l s o  b e e n  r e po r t e d i n  1 l 1 <:  L e s t o  o f  .: .•<,' li lotus a lba by Ham ly ( 1 9 3 2 ) . 

4 .  Vas c u l a r  b und le ( s ) : The va s c u l a r  s y s te m of s ome l e g ume se ed s  

h a s h '" ' " t h o rough l y  s tudieJ  b y  Co rne r ( 1 9 5 1 ) . 

He e xp la i ne d tha t t h� r e i s  mu c h  mo re v a r i a t i o n i n  t he vas c u lar supply  

in the Pap i l ionaceous t h .1 n  i n  t l w  H i llns o i d -Cae s a l p i n o i d  seed . I o  

CJ•o ta lar>ia 1•e tusa� t he v a s L· u l a r  s up p l y  ( ons i s t s o f  a s h o r t  p re-chaJ  u za l  
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vasc u lar bundle and two shor t recurrent vascular bundles wi tho u t  b ranches 

to the sides of  the seed . However ,  in o ther legume seeds , he f ound b o th 

p re-chal a za l  ( in E'ry thr>ina) and pos t-chalazal vascular bundles ( in 

Canava lia) wi th shor t b ran ches t o  the s ides of  t he s eed . 

Esau ( 1 960)  also  repo r t ed tha t the vascular sy s tem o f  many legume 

seeds is we l l  deve loped . The vascular b und le ext ends f rom the funiculus 

to the chalazal region where i t  b ranc hes . 

Mille r ( 1 96  7 )  found t ha t  in the seed o£ CY.o ta laria J a minute 

s ingle vascular bund le en t e rs the seed b e lmv t he r im o f  the h i lum on 

the c o ty ledonary lobe s ide oppo s i t e the micropyle . This vascular connect ion 

b e tween the s eed and the f uniculus has no con tac t �vith  the emb ryo . 

I t  cons is t s  entire ly o f  pr imary xylem d n d  phloem e leme n t s  whi ch are 

enve loped b y  thin-wa lled parenchyma ce l l s .  The vascular trace trav e r ses 

the epidermi s ,  b rachysc lere ic! s  and a po r t ion of the s te l l a t e  parenchyma 

be fore termi na t ing w i t h i n  t h e  parenchyma s ub tending the malp ighian 

ce l l s  o f  the s t roph i o la r  regio n . 

Fahn ( 1 9 7 4 )  repo r t e d  t ha t  re l a t i v � ly we ll - deve loped vascular bundles 

may be observed in the tes ta  o f  c e r t a i n  l e gume seeds ( e . g .  Arachis ) J wh i l e  

i n  o th e r s  (Piswn a n d  La th:1r•v�..; ) ,  t: l1l:y c a n  no t be eas i_ly  ide n t i f ied . 
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RESULTS 

1 .  Hi l um :  A t  s eed ma t ur i ty t he r e  i s  no mor e f o o d  t r anspor t f rom the 

paren t plant t o  t h e  s e e d . A t  thi s s tage the seed i s  dis conne c ted 

f rom the f un i cu lar t i s s ue . A ro und s un k e n  h i lum app ears be tween the 

r a d i cular and co t y ledon ary l o b e s  ( P l a t e s 3 6  and 47 d , £ ) . The ove r lying 

pa ren chy ma c e l l s  o f  f u n i cu l u s  can u s ua l l y  be s een at the h i la r  region 

(P la tes  3 2 , 33 and 4 6 ) . 

A hi l a r g r o ove a p p e a r s  i n  th e funic u l us r igh t on top o f  the h i lar 

epiderma l  f i 0 s u re in l o ng i t ud i na l  v i ew . Ge nerall y , t he h i lar f is sure  

o f  the  ep i de rmi s i s  no t v i s ib l � d u 2  t o  t h e  over l y ing f unicular  t i ss ue . 
Howeve r ,  the h i l a r  re g t o n imme d i A t e l y  b e l.ow the pali sade layer i s  

o c c u p p i e d  b y  the t rache i d  b a r , t h e  u p p e r  e nd o f  whi ch leads to the h i l ar 

f iss ur e . P la t e  32  s hows t h e  c l o sed h i l ar f i s sure w i th over ly ing 

parenchyma and f u n i c ulus . The h i l a r  f is s ure in P l a t e  3 3  is abou t  

to open and t h a t  o f  p la te 34  i s  o p e n  w i d � l y . 

In f a c e  v i ew , a n  open h i lar  g r o o v � ( P l a t e 35 ) and a h i lar groove 

p a r t ly cover e d by the f un i c u l a r  t i s s ue ( P late 3 6 )  can be s een . In 

c r o s s  s e c t ion , t h e  h i la r  groove i s  par t l y c ove r ed by the o ve r lying 

p arenchyma ce l l s  when i t  i s  c u t  at a ! t it;ll level ( P la t e  4 6 ) . However , 

i n  l a t e r  se r ia l sec t i ons the l • i l a r  g r o ove can b e  seen obv i ous ly ( P la te  

37)  an d the h i lar f i s sure o f  t he e p i d e rm i s  a ppear s c le a r ly a s  t h e  d e p t h  

o f  cu t t i ng p roceeds t o  lower leve l s  o f  the h i l um region ( P la te 3 8 ) . 

The shape o f  t he tradlL'; i d  b a r  i n  t r ansmed i a n  s e L  .__ i o n  i s  ova l  i n  

' Pawe ra ' red c love r ( P l a tes 32 , 3 3  a n d  3 4 ) . This  b n r  i s  imm.:d i a te l y 

e nvelop e d b y  one t o  two rows o f  t h i n wal l ed c e l l s wh i ch a r e  in t urn 

s u r r o unded by s te l la te ce l l s  ( P l a t e s  32 and 3 3 ) . The in terce l l u la r  

s pac �s o f  the s e c e l l s  a r e c o nn e c t e d  w i t h t h o s e  o f  t h e  o s t e o s c l e r e i d  

c e l l s (P l a t e s  33  and 3 4 ) . 

The t r a c h e i d  b a r  appei:l r s  <J S  a c r e s ce n t  shap ed b ,. , i J  ho uDded above 

by the s c lerenchyma c e l l s  ( b r a c hy s c l e r c i d s )  and b e low b y  t h e  s t e l l a t e  

(pare nchyma ) c e lls  as s e e n  i n  l o n g i me d l a n s e c t i o n  ( P l a t e  2 6 ) . The 

tra che a ry e l eme n t s  uf the t ra c he i d  bar d r e i n  c o n ta c t  \v i t h  the vas c u l a r  

b un d l e . A s  s e e n i n  P la t e  2 6  o n e  e n d  o f  t h d  t r a c h e i d bilr  s to p s  s ome 

d i s tance f rom the microp y l e  wh L l e  the.:  , > t hl.:! r  enJ 12x tends to the vascular 

L u nd l e . The t rache i d t i s s u '-'  beg 1 ns l .  J<:'ve lop e igh t d a v s  a f c e r  p o l l i na t i o n  



? l a t e  3 3 : Eigh teen days af ter p o l l ina t ion - hilar region . 
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Eigh teen days 

af ter pol linat ion -

h i lar reg ion . 

eh , c losed hi lar 

f i ssure ; f ,  funiculus ; 

pa , parenchyma ; 

r ,  r im-aril ; tb , 

tracheid bar (TS x 1 80)  

. ' 

c ,  cut i cle ; cp , coun ter pa l i sade ; hf , hilar fissur e  about 

to open ; 1 1 ,  l ight l ine ; p ,  palisade ( TS x 1 80) . 
·, 



P l a t e 34 : Th i r t y  s i x  days  af ter poll ination - hi lar region . 
oh , open h i lar f issure (TS x 1 80 ) . 

Plate  3 5 : Surface view o f  the h i l um .  

1 3 4 

hg , open h i l a r  groove ; mip , micropylar pore ( SEM x 240) . 
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P J <l t l' 3 6 : S u r f f.l c e  view o f  the h i lum. 

f t ,  f un i c u l a r  t is sue co ver i ng the hilar groove (SEM x 2 20 ) . 

Pla te 3 7 : Hilar groove as  seen in cross sec t ion a t  the hilum . 

hg, hilar groove (CS x 1 80 ) . 
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( P late  1 7 )  and d i f ferentia tion o f  the bar b ecomes more pronounced 

two days la ter ( P la t e  1 9 ) . In  t h e  ea r ly s tages o f  development ,  

t racheids s tain we l l  b u t  i n  more ma ture seed these c e l l s  take up less  

s tain ( es p ec i a l l y  wi th t o l u id i ne b lue)  and the bar appears as  a whi te 

band i n  t he s ub - h i l a r  r e g i o n . 

Pali sade and coun t e r  p a l i sade t i ssue a t  the h i lum beg ins to 

f o r1n s ix days af t e r  p o l l ina t ion and c an b e  seen obv ious ly in the la ter 

s tages o f  seed deve lopmen t ( P l ates  1 7 , 18  and 3 3 ) . \fuen the c e l l s  o f  

the trachei d  b a r  appear c l ea r ly , the coun ter p a l i sade and pali sade 

c el l s  are also we l l d e f i ned , ( P l a tes  1 7  and 3 3 ) . The coun ter p a l i sade 

s eems to develop f rom t h e  f u n i c u l a r  t i s s u e and the former is a t tached 

t o  the p a l i sade of th e l a i l um when the funicu lus  breaks . The c u t i c l e  

c a n  b e  seen be tween the  coun ter  pa l i sade and pali sade layers ( P late 3 3 ) . 

The palisade ce l l s  a t  the h i l um a r e  sma l l  and narrow wi th a sma l l  

re duc t ion in th e i r  h e igh t . T h e  c uun te r p i.! ] i sa d e  c el l s  wi th thi ckened 

wa l l s  excep t a t  the o u t e r  ends , show some r e d u c t io n  i n  the i r  height 

on the s ides o f  the  h i l a r  f i s s u r e  and on the e d g e s  around the h i lar 

rim ( P la t e  3 3 )  . 

Immed i a tely  o u t s i d e  a nd a b o v e  t h e  h i l a r  r im , a r im-a r i l  i s  

formed surround ing the p a renchyma o f  t he f un iculus  ( P la te 3 2 ) . N o  

os teos c lereid c e l l s a r e  J o rmed a t  t h e  h i l a r  r e g i on . Ins tead , br achy­

s cle reids ( s c l e renchyma c e l l s )  o c c u r a s  hypod erma l t i ssue  ( P la t e s  26 , 

3 3  and 3 4 ) . 

'2 .  Mi c ropyl e : The n l i • 1 op y l e  o c c u r s  immed i a te l y o u t s i d e  the funicu l ar 

n:mnan l o f  t h e  h i l um on the rad icular  lobe  s ide o f  

the seed ( P la t e s 3 9 , 40 a nd 4 5 ) . I n  mo s t cases t he ou ter end o f  the 

m icropy lar cana l  of an i n tac t seed a p p e a r s  a s  a m i nu t e  po r e ( P l a tes 

19 and 4 0 ) . Seed s e c t i o n s  s how t h a t ne i th e r the J i p s  o f  the orif ice  

nor the  canal i t se l f  i s  c l o s e d  or b l u c k e d  b u t  s how c ] early tha t the 

mic rop y l e  canal does no l � x tend m u c h  i n to the i n t e r i or o [  the s e e d . 

( P la t e s 1 5 , 1 9 , 2 6 , 28 , 4 1  a nd 4 5 ) . l n  l ongimed i an sec t io n  i t  c an b e  

s een a s  a curved o p e n  c i l n ;_d , t he d i ame t e r  o f  \vh i ch i s  a bou t 4 0 )J  a t  

the p a l i sade r e g i o n . 'l' l J Lc a p p c a rcm c e  u f  the p a  1 i sad e c e l l s  around the  

m i c ropyle i. s s l i g h t l y  c u r v �d ( P l a t e s  2 8  a n d  4 5 ) . 

3 .  S t r oph i. o l e : T h �  s t r o p h i o l t: i s  a s ma ll  swe l J ing o f  the t e s ta 

b e t \ve e n  t h e  c l l c d a z.J and h i lum on the s id e  o p p L) S i t e  t he 

mi c r o p y l e . The m u r p h<J l u g i c a l  a p p � a r.Jn c e  o f  t h e  s t r o p h i o l e  o f  ' Pawe ra ' 

r e d  c l ov e r  seed 
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P l o t c  38 : H i l a r  f i s s ure c u t  a t  a lower p lane a t  the hilum than in 

P l a t e  3 7 . 

h f ,  h i lar f issure (CS  x 1 80) . 

P l a t e  39 : Mi cropylar pore immedia tely o u t s i de the h ilum r im .  

mip , micropylar pore (SEM x 2 20 ) . 
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Plate 40 : Surface view of  the outer end o f  the micropylar canal 

immediately outside the hilum r im .  (SEM x 1 5 00 ) . 

Plate 4 1 :  The outer end o f  the micropylar canal a t  the h ilar region . 

(TS X 1 80 ) . 



can be seen in the p la t e  ( 4 7 )  p r e s e n t e d  in sec t ion ( c ) . The degree 
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o f  prominence o f  the s t r o p h i o l e var i e s f rom s e e d  t o  seed . The co lour 

of this region is s l i gh t l y  d a rker t han tha t of the chalaza! region and 

the co lour of the la t t e r is usual ly l i gh t e r  t han tha t of o ther p a r t s  o f  

the seed coat . 

The malp igh i a n  ce l l s a t  t h e  s t r op l ! i v l e  a r e longer than corresponding 

c e l l s  i n the la te ra l  wa l l  of t h e  t e s t a . ( 4 - 5  t imes longer in the 

young ovu l e  and 3-4 t imes l o n g e r  in o l d e r  s e e d ) . The ini t i a t ion of 

c e l l  e l onga t i o n  s ta r t s  a t  tl 1 i s  r e g i o n  b P g i nn i n g in the very early 

s tages of  ovule f orma t i on ( P l a t e s  9 ,  1 5  and 4 2 ) . The conf igura t ion of 

the s trophio lar re g ion in l o n g imed i a n  s e c t i on is shown in P la te s  ( 2 3 , 24 and 

4 4 ) . The malp i gh i an c t: Ll s  of th i s  a rea a r e  s i ted above the b rachy­

s c l e re id s ( s c lerenchyma c e l l s ) . T h e s e  b rachys c lereids s tar t to app ea r  

a t  this r e g i o n  s ix da y s a f t t: r  p o l l i na t ion ( P la te 1 5 ) , and become 

more ab undant and "'ort:' o b v L o u ��  w i t h t h i ckened c e l l  wa lls in the later  

s tages o f  seed deve l opmen t .  T h ey a r e  mu s t l y  loosely arranged and can  

b e  seen c learly i n  l o n g i t u d i 1 1a l s t: c t i on ( P la te s 22-2Lf ) . 

I: la_t�-�?_: Ha l p i g h i a n  c e ll  e 1  u n g a  t i on a t  t h e  s tro p h i o lar r e g i o n  two days 

a f t e r  p o l l i na t i o n . 

mp , ma lp i gh ian c e l l s  (LS  x 3 0 0 ) . 

Transmed ian sec t ion ,, s h L l\v t l w r t h e  -! t: e d  c o a t i s  b i l a t e r a l ly 

symme t r i cal about t he me d i a 1 p l a n e:  ( P b t e  4 3 ) . I' he ma l p i g h i a n c e l ls 

a t  t h e  c en t re o f  t h e  p l anv , , f  s ymme t r y d r e  s tr a i g h t  whereas t h o s e  C L; l l s 

on e a c h  s i de o f  the c e n t r a l  p l ane a r e  b e n t . Tht' ma l p i g h i a n  c e l l s 

ct long the p l ane are l u:lg a mi J l cJ r row b u t  c• tl l; o t l J s .i d e s  o f  t he p lan e , 

t h e i r  l eng th i s  r e d uc e d  d t J t "  t 0 t- h ._,  p r ,.: S L' l1 C t.:  o f  t h e  u n d e r l y i n g s c lerenc h yma 
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P l a te 4 3 :  Eigh teen days af ter  pollina tion - transmedian sec tion 

showing the unique s t ruc ture of  the cells at  the s trophiolar 

region ( TS x 4 30)  . 

Plate  4 4 : For ty days af ter pollinat ion - cell  s truc ture a t  the 

s trophiolar region o f  a mature s eed . 

al , aleurone layer ; mp , malpighian cells ; nl , nutrient 

layer ; sr,  sclerenclyma cells (LS x 3 2 0 ) . 
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cells ( Plate 4 3 ) . The b la c kened lame l la o f  the ma lp ighian c e l ls can also 

b e  eas i l y  s een . Imme d ia tely under the mal p i gi l ian cells  of  the med ian 

p lane a f e\v compac t  laye rs o f  c e l l s  a re f ormed ( P la t e  4 3 ) . ��hen the seed 

i s  ma ture the compac t c e l l l aye r s  and nutrient  layers are appressed 

t i gh tl y  toge ther a t  the b a s e  of the mal p i ghian cells  o f  the s trophiole 

b y  the ale urone layer ( P late 4 4 ) . 

4 .  Vas cular b und l e : The vascular b undle f rom t he f uni c ulus enters 

the seed at  the h ilum on the cotyledonary lobe 

s i de ( P l a tes 2 6  and 4 5 ) . Tlte v a s c u l a r  e lements w i t h  condu c t ing ves sels 

pass through the rnalp ighian l a y e r , b ra c hy s c l e r e i d s , a portion o f  the 

s te l la te c e l l s  and termina te w i th in the nutr ient lay e r  of  the chala zal 

region . No pos t- chalazal v a s c u l a r  b undle o c curs b u t  shor t b r anches to 

the s ides of the seed are fo rme d b e t w e e n  the chalaza and h i l um ( P l a t e  

46) . There is  n o  d i rec t con t ac t b e twe�n t h e  vascular bundle a n d  the 

embryo . 



P l a t e  4 5 : 

P l a t e  4 6 : 
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T e n  d a y s  a f t e r  p o l l i n a t i o n  - h i l a r  s t r u c t u r e  w i t h  v a s c t t l a r  

b und l e  and t r a c h e i d  b a r . 

f ,  f un i c u l us ; me , m i c r o p y l a r  c a na l ; t b , t r a c h e i d  b a r ;  

vb , v a s c u J a r  b und l e  ( L S  x 1 80 ) . 

A c ro s s  s e c t i o n  s h ow i ng t he va s c u l a r  a r r angemen t a t  t h e  

a r e a  b e twe e n  t h e  h i l um a n d  cha l a z a ]  end . 

h g , h i l a r  g r o ove p a r t i a J l y  c o v e r e J  by t h e  p a r en c h yma c e l l s 

( p a ) ; vb , b r a n c h e s  o f  va s c u l a r  b u nd l e . ( CS x 7 0 ) . 



D I SCUS S ION 

In ' Pawera ' red c love r seed , a g rea t  va r i e ty o f  c e l l  types occur 

a t  the hilar a n d  s ub - h i l ar r e g i on s  and th e t i ssues of these regions 

are extreme ly comp lex . Th'-' shape and p o s i t i on of the hilum is 
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s imila r  to t h a t f o und i n  s ome o t h e r  t y p e s  of le gume seeds ( Corner 1 9 5 1 ;  

Hi l l e r  1 9 6 7 ; Ch m-1d hu r y and H u t h 1 9 7 0 ) , a l thou gh the hilar s inus i s  no t 

o cc luded b y  the radicular l o b e as f o u n d  in s ome s pe cies e . g .  Crotalaria 

CHill er 1 9 6  7 )  . The r e f o r e , t h e  h i l um can be seen c learly when the f un i c u l u s  

i s  d e t ached f rom the se e d . l n  g e ne r a l , ce l l  s t ruc ture and the arrangemen t 

o f  t he t i s sue s a t  t he hi Lu1n i s  mo r e  o r  l e s s  t he same as described in 

the s e e d s  o f  Cr•o ta laria s p e c i t:! S  (�1 i l J L' r  1 9 6 7 )  and Lup inus species 

(Hyde 1 9 5 4 ) . 

The s hape o f  the t r a c h e i d  b a r  ;md s u rrou nd ing cells  also shows s imil­

ar i t y to c o r r e s J, o n d i n g  s c r u c t u r L: s  in s owe o t he r l egumes .  S ince the 

t racheid t is sue i s  c o nne c t e d  v: i t h  t h L!  v a s cu la r b undle there seems t o  be 

s ome f unc t i ona l r e l a t i onsh i p  b e t w L!en these s tru c tu res . Thi s  r e la tionship 

may be impor tan t  p a r t i c u l a r l y  i n  t he e a r l y  deve lopme n ta l  s tages o f  the 

s eed wh ich d e p e n d  on t he s up p l y  ll f nu t r h: n t s  from the parent p lan t . 

The emb r y o  may po s s i b l y  o b t a in n u t d v n t s  n o t  onl y f r om the vascu lar 

s upp l i es b u t  a l s o  t h ro u gh t L e  t r a d 1 e  L d  t i s sue s s ince the la t te r  occupies 

mo s t  of  the s ub -h i l a r r e g ion . 

The dev e lopmen t and d i f f e r e n t i a t i o n  o f  p a l i sade c e l ls and tracheid 

t i s s ue a t  t he h i l ar re g i on o c c u r s  d u r i ng t he ear l y  s tages of  .seed 

develo , ::le n t  as rep o r L , d by c ,J c n <.: r  ( 1 Y 5 1 ) . The present f indings a l so 

s how ::;ome a g r eeme n t  \v i t h t ll L:  \vO J "k  o r  �1i ller  ( 1 9 6 7 )  and Amb egaoka r  

( 1 9 7 6 )  o n  the s i z e  and s hape o f  p a l i s u d e  c e l l s  and w i t h  Mi l ler ( 1 9 6 7 )  

and Cho\vd h u r y  and B u t h  ( 1 <:17 0 )  u t i  c h e  a r rangeme n t o f  t hese ce l l s  a t  t h e  

h i. l um . T h e  h i la r reg i on o r  ' l ' mv e r a ' n� J  c l ove r s eed c on t a i n s t h e  

t yp i c a l cha rac t e r i s t i cs o f  s e e J s  o f  memb e r s o [  the  Pap i l iona c eae . 

In  ' Pawera ' red c l o v e r , a d a r ke r  c o l o u r e d  l ine a p p e a r s  a s  t h e  

c u t ic l e  o f  t he te s t a  i s  ob s e rv e d , 1 y j ng b e twe e n  t h e  p a l i . , .Jde a n d  coun t e r ­

p al isade ce l l s  a t  t h e  h i l um .  A s i m i l a r e f fec t h a s  b e e n  r e p o r ted b y  

Hy de ( 1 9 5 4 )  i n  d i p lo i d  r �d d n v l:! r . HO\vcver , t-l i l l L:I  ( 1 9 6 7 )  r e p o r ted 

that t h e re is no c u t i c le b e l \.Je ( • J  t 11 l  :, ..: Ldy e r s  o f  c e l l ::;  i. n c b L� s e e d  o f  

Cl�ot.l la.r•z:a s p e c i e s . 
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Usually sclerenchymatous tissues a t  the sub-epidermal region do 

no t conta in any obvious intercellular spaces . However , as s tated by 

Miller ( 1 9 6 7 ) , intercellular spaces occur at the inner por tion of  the 

t is sue which is  i ntegra ted w i t h  the parenchyma of the sub-h i lar region . 

The pos i t ion of the micropyle in the seed of ' Pawera ' red c lover 

i s  s imilar to tha t  found in Crota laria seed (Miller 1 96 7 )  and i s  

probably the same in some other Trifo lium species . Although , the micro­

pylar pore is open in mos t  seeds the mi cropylar orifice , appears to be 

b locked in some seeds . The micropyle , therefore may be blocked or 

may remain open as repor ted by Esau ( 1 9 6 5 )  and Fahn ( 1 9 7 4 ) . In seed 

sec tions , s ince the micropyle appears as an open canal , observa tions 

in the present s tudy do no t agree wi th reports  on the s truc ture of the 

micropyle in Phaseo lus and Vicia (Pres ton and Scott  1 94 3 ) . Moreover , 

in no cases were t he pal isade cells found to be closely uni ted about 

the micropyle as found by Mar t in and Hat t ( 1 94 4 ) . I f  the micropylar 

end i s  not blocked , the mic ropylar canal appears as an open canal in 

seed sections . However ,  the inter ior end of the canal terminates 

before reaching the embryo . 

The pos ition and shap e o f  the s trophiole in 1 Pa;vera ' red c lover 

is s imila r  t o  tha t f ound in Me l i l otus a lba and 1'r-ifo Zium subterraneum 

(Hamly 1 9 32 ; Hagon and Ba l la r d  1 9 70) . As repor ted by Miller ( 1 9 6 7 )  

w i t L  seeds o f  Crota laria� some var iat i ons i n  the degree o f  configurat ion 

was noted within seed samp l e s . S imi lar l y , colour var ia tion was a 

cons tant fac tor . There fore , ne i ther of these aspe c t s  appear to be 

reliably useful for seed iden t i f i ca t ion as previously sugges ted by 

Miller ( 19 6 7 ) . In longimedian  sec tion t he configura t ion of the strophiole 

can be called doub ly convex a s  termed by Miller . In ma ture seeds , the 

p ropor t ion of the height o f  the ma lp ighian c e l l s  a t  the s t rophiole 

compared with correspondi t,M c e l l s  in the lateral wa 1 1  shows a s imilar 

arrangement  to t h a t wh i c h occurs in rf'r>ij'o l ium subter•raneum (Aitken 

1 9 39 ) . However ,  even i n  young ovules of ' Pawera ' r e d  c love r , differences 

in the height  of  t he mal p ighian c e l l s  u t  the s trophiole compared wi th 

the ·ells of the la te ra l wa l l  i s  no t aR large as in Plswn su tivum 
(Rc�uve 1 9 4 6b ) . 
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The arrangement of  the cells a t  the p lane o f  symme try i s  s imilar 

to tha t found in sub terr anean clover (Hagon and Ballard 1 9 7 0) . The 

presence of the underlying s clerenchyma cells at the s t rophiole seems 

to be a characteri s t i c  o f  Trifo l ium spec ies . Moreover , as found in 

Me li lotus a lba (Hamly 1 9 3 2 )  and Tr•ifo lium subterraneum (Hagon 

and Ballard 1 9 70 ) , the long and narrow malpigh ian cells of the central 

region of the p lane seem to show def inite caps when compared to their 

adj acent cells . 

The p resence of  the compac t cell layer de tec ted immediB:tely beneath 

the malpigh ian cells of  t he central plane in the s trophiole o f  ' Pawera ' 

red c lover seed has not been reported by previous workers .  As this 

s truc ture seems to appear only a t  cer tain s tages of  seed development ,  

i t  may not be possib le to identify this s truc ture in mature seed . 

Moreover , thi s  s t ructure can only be seen in transmedian sect ion .  

The vascular sys tem in the seed o f  ' Pawera ' red c lover seems to 

be  s imilar to that found in some o ther legume seeds (Martin and Wat t  

1 9 44 ; Esau 1 9 60 ; Fahn 1 9 7 4 ) , al though there may have some variation 

in different species , genera , or sub-fami l ies  (Corner 1 9 5 1 ) . In the 

p resen t  s tudy no recur ren t  and post-chalazal vas cular bundles were noted 

as reported by Corner ( 1 9 5 1 ) . Howeve r ,  the r epor t s of Corner ( 1 95 1 ) 

and Esau ( 1 9 6 0 ) agree with the p resen t  f indings that the vascular 

bundlH s tops a t  the chaluzal region with shor t  branches ex tending to  the 

s ide o f  the seed . The vascular s y s t em j_ n the seed of ' Pawena ' r ed 

c lover is t he re fore a lBo ve ry � im i lu r to t ha t  described by  Mi ller ( 19 6 7 )  

in CY'o ta laria . 
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( b )  Seed coa t s t ruc ture and i t s  re lations to impermeab il i ty 

LITERATURE REVIEW 

The longevi ty o f  viable seeds and their abi l i ty or o therwise to 

germina te .ilien p laced under cond i tions sui tab le for growth is  s trongly condi t­

ioned by the abi l i ty o f  seed to imbibe w� te r . The seed coat o f  mos t 

mat ure legume seeds i s  hard , res i s tant to ab ras ion , covered w i th a 

wax- Like layer and imperemab le to wa ter . Thi s  phenomenon i s  mos t  widespread 

in the Leguminosae and some o ther famil ies such as Cannaceae , Convolvulaceae , 

Geraniaceae , L i liaceae , and Malvaceae ( Harrington 19 1 6 ; Coe and Mar t in 

1 92 2 ;  Watson  1 948 ; Anon 1 9 5 2 ; Cracker and Barton , 1 9 5 3 ;  Ballard 1 9 7 3) . 

The seed coats in several gene ra o f  the Leguminosae have been 

inves t i gated extens ive ly to  de termine the s tructure concerned w i th  the cause 

o f  impe rmeab i l i ty ( Pammel  1 899 ; Whi te  1 908 ; Hamly 1 9 3 2 ; Ai tken 1 9 39 ; 

Mar t in and Wa t t  1944 ; Wa t son 1 948 ; Anon 1 9 5 2 ;  Hyde 1 954 ; Bal lard 19 7 3 ; 

McKee e t  a l .  1 9 7 7 ) . I t  has been agreed b y  mos t  workers (Mar t in and Wat t  

1 94 4 ; Reeve 1 9 4 6a ; Corner 1 9 5 1 ; Hyde 1 9 54 ; Esau 1 960 ; Quinl ivan 1 9 7 l a •  

Ball ard 1 9 7 3 ; McKee e t  a l . 1 9 7 7 )  tha t the outer-mo s t  c e l l  layer o f  the seed 

coa t ,  known as the malpighian or pali sade layer i s  responsible for the 

p revent ion of wa ter en try i n to t he se e d . However ,  as the seed coat is rather 

c omp lex , cons i s t ing o f  a numbe r  of s t r uc t u r 12 s , opin ions are also d iv ided 

ove r the p a r t icular str uc tu res invo l veJ . 

As early as 1 876 , Nobbe ( c i t e d  b y  Harton 1 9 65 b) sugges ted tha t imper­

meab i l i ty is due to a waxy layer over t he s e ed s . Some o ther early workers 

(Pammel 1899 ; \vh ite  1 90 7)  repo rted that the cut icle of the seed coa t is 

impermeab le to wa t e r . They rec orded t ha t  t he d e g r e e  of  .i mperme a b i Li ty is 

i ncreased w i t h  the thickening o f  the cu t i c le .  Rees ( 1 9 1 1 ) suppo rted their 

f ind l.ngs tha t t h e  seed coa t s  of s oml' s pec ies  o f  Ind'igo.fer·a� Cy tisus� and 

Ac:acia are more imp e rmeab l e  b e c a u s e  o f  t h e  pre sence of  a thicker cuticle . 

She also s ugges ted tha t i mp e rmeab i l i ty i n  Acacia loph2ntl� and [�nna indica � 

i s  due tn cuticu lari z ed th i,: k e n  L n g i n  t h e  ma l p igh .ian c e l l s . 

Ma r t i n  und Ha t t:  (l 9 L1 4 )  rl' IH> r t u d  t h n t th�' c u t i c u l n r i :.-!l.'d l i.lye r ,  domes 

and l igh t l ine cons t i t u te a ba r r i e r  to  water in  dry r i pe seeds o f  sweet  

c love r .  To rrey ( 1 968 )  gene r<� l l y  s ug ge s t e d  tha t in some s e e d s  impe rmea b i l i ty 



to water or oxygen o r  to both may be due to waxy or impervious layers in 

the seed coa t .  
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Gutterrnan and Heydecker ( 19 7 3 )  found that seeds o f  Ononis sieuZa 

( Leguminosae) which have matured on the parent p lant during long days take 

a longer t ime to imbibe water than those  ma tured in shor t day s . They put  

forward  a p roposal that cuticular thickn�ss o f  the seed  coat is  respon s ib le 

for  the delay in imb ib i t ion oc curring in long day seed s . Smar t t  ( 19 7 6 ) , 

working with some tropical pulses , described the presence o f  a water-proof 

imperv ious layer in the tes ta and a waxy deposi t  over the h ilum and micropyle 

preven t ing the movement of  water into the seed . 

Watson ( 19 48) , however concluded that in the twenty-one species of  

legumes he examined , variation in the thickness  of  the cuticle was extremely 

sma l l  and could not be linked with the degree of impermeabi l i ty of  the seed . 

Rees ( 19 1 1 ) explained tha t in the seed of  Me Zi lotus a lbus� the sub­

cuticular layer may act as a cemen t subs tance to hold the cuticularized ends 

of the cells together and cause impermeability . S imilarly , a report by 

Hamly { 19 32)  claimed tha t the impermeable region o f  the seed coat of  

Me li lotua a lba i s  £on11ed by a layer of tightly appressed suberin caps 

o f  the mal p ighian cells . 

Ai tken ( 1�39 ) also no ted that the wa lls of the upper ends Of the 

malpighiun c,el ls are impermeab le to water due to s uberisat ion . She also 

meniioned tha t hardseededness  is dependen t on continuity of the suberin 

layer over the caps o f  the malpighian cells o f  the tes ta .  This  cont inui ty 

depends on the degree of dehydra tion and thickness  of  deposition which in 

turn is based on condi tions o f  seed ripening in the burr in Trifo Zium 

subterraneum . She sugge s ted  tha t the degree of hardness  ( i . e .  whe ther 

seeds were capab le of sof tening wi thin a few weeks in the soil  or whe ther 

impermeabi l i ty lasted up to one or more years )  i s  controlled by the tension 

of the s trophiole cell walls and the toughness  of the s uberin . These aspects  

depend on the rgte o f  seed development and degree of drying . 

However , a tepor t p resented b y  Watson ( 1 948 )  e:litp la ined thfi t the presence 

of very s itni l�li:'  types of  t h i ckerted , sub er i z ed or cu t t cular:tzed malp ighian 

caps occurs :in both Me l i lotuG a Zbue and M. off·iaina Zis but there is a great 

d i f ference between their  germina tion percentages . 



Coe and Mar i n  ( 1 920)  also worked wi th Me lilotus officinalis 

and M. a lba and sugges ted t h� t  the l ight  l ine in the tes t a  prevents  the 

absorp t ion of water . They f ound tha t the ab sorp tion of wa ter was no t 

p re ve nted by e i ther the c u t icular i zed layer or  t ! t e  cone-shaped s tr uc tures 

of the mal p i ghian layer . I n  many permeab le s eeds , canals be tween the 

mal pi ghian cells  are found to extend acro s s  t he l i gh t  l ine . I t  has 

a l s o  b een s ugges ted by S t evenson 0.9 3 7 )  tha t the l igh t l ine p lays an 

impor tant role in seed coa t pe rmeab i l i ty in Swe e t  c lover . A i t ken ( 1 9 39 )  

and Esau ( 1960 , 1 96 5 )  a lso agreed tha t t lw l igh t l ine was imp e rmeable t o  

water due t o  the presence o f  impermeable s ub s tance s . 

Reeve ( 1 946a)  found in the tes ta o f  Piswn sativwn t ha t  

textur e  and p ermeab i l i ty are re lated to  t he p en to san-ce l lulosic  compl ex 

o f  the secondary wa l l  developme n t  o f  the malp ighian cells . Corner 

( 1 95 1 )  suggested t ha t  hardseededness  of the dried tes ta i s  caused 

mainly by the cont1·ac t ion of the wa l ls of t he malpigh ian cells  as the 

seed r ipens . Anon ( 1 9 5 2 )  a l s o  repor ted tha t the imp ermeab i l i ty o f  

the s eed coa t o f  lucerne , red c l over , and swe e t  clover is  bel ieved 

to  be due to the p resence of · u t in and suberin in the cel l wal l s  o f  

the tes ta . 

Esau ( 1 960)  s t a t ed tha t the ma l p i ghian layer is assumed to be  

connec ted with  a high degree o f  impe rmeab i l i ty i n  hard legume s eeds . 

Baciu-Ml c laus ( 1 9 70 )  found t h a t  sem i p e nneabi l i ty in hard soybean 

s eeds is due to a large q uan t i t y o f  f a t  be twe en the wa lls  o f  the 

ma lpigh ian ce l ls . He s u gge s te d  t ha t a h igh l igni f icat ion level 

o ccurred a t  the b a s e  o f  t h e  ma l  p 'L g h hm  c e l l s  and a t  the  top of 

the spool ( os t eosc l e re i d )  c e l l s . 

Ba l lard ( 1 9 7 3 )  s howed tha t the waxy c u t i c l e  is no t the impermeab le 

layer  but  the sube rised r e g i o n s  o f  t h e  ma l p i ghian cells  are conce rne d 

w i th wa ter e xc lus i on . Ue found t ha t t h e  imp e rmea b le region i n  the 

malp i ghian c e l l s s t i l l  p e rs i s ts we l l  b e low t he l ig l 1 t l ine t o  deeper 

le vel s  t han was p r e v i o us l y  though t . 

S imi la r f i nd ings h a v e  b e e n  repor t ed recently by McKee et  a l .  

( 1 9 7 7 )  who •vo rked w i th t h e  s eeds o f  c rownve tc h ( Cot•on-i l l a  varia ) . 



They repor ted tha t the imp (:!rmeable s t ruc ture i s  no t the cu t ic le 1 o r  

t he upper par t u t  the ma lp i gh i an c e l l s  o r  the l i g h t  l i ne . They 

ob served that in ab ou t 50% of t he seeds s tudied , the impermeab le 

region was be tween 5 9  and 7 2  pm be low t h e  surface o f  the seed coa t .  
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All seeds p ierced to  a dep t h  o f  9 8  lJm or more produced normal seed­

l ings whi l e  87% of those p ierced to a dep th of 47 lJm rema ined hard 

a f t e r  a ge rmina t i on te s t .  There for� they s ugges ted tha t the dep t h  o f  

p ene trat ion should include a l l  o f  the outer  integument and the a leur one 

layer in addi t i o n to p o r t i o n s  of the endosperm layer in some seeds 

i n  order to ob t a i n  the maxi mum germina t i on . 

Hyde ( 1 9 5 4 )  d emon s t ra t e d  t he fun c t i on of  the hi lum s truc ture 

whi ch p r oved to be related to the f orma tion of hard s eeds . I n  some 

Pap i lionaceous se0ds , the h i l um a c t s  as  a hygros co p ic va lve when the 

epide rmis be comes impe rmeab le . He showed t ha t  the f is sure tha t fo rmed 

a l ong the med ian groove o f  the hi lum , opens and c loses in response 

to changes in the rela t i ve humid i ty o f  the s urrounding a tmosphere . 

The coun t er p a l i sade o f  the f is s ure p :' r forms as a mo tor t is sue . Whe n  

the o u t s i de rela t ive humidi ty i s  low t h e  coun t e r  pa l i sade dries and 

s hr inks drawing the mar g ins o f  the f i s sure upwards and apar t .  When 

the rela t ive humi d i ty is high the coun te r pa l i sade s'..re l ls and the 

f i s s ure c loses . Thus the hi lum p rev ent s the en try of  wa ter into t he 

seed b u t  pe rmi ts the loss o f  mo is ture f rom the seed . This  des icca t ion 

p ro c e s s  leads to t he deve lopment  o f  an in tensely impe rmea b l e  testa . 



1 50 
D I S CUS S I ON 

I t  was imp o s s ib l e  t o  iden t i f y  the par t icular s tru cture o f  the 

seed coat o f  ' Pawera ' red c lover whi ch i s  respons ible for impermeab i l i ty 

j us t  by examining cell  s t ruc tures . However , acco rd ing t o  observat ions 

in th e present  s t udy , �erne comments  and compari sons can be  made 

in relat ion to the f indings of prev ious workers . 

Genera l ly i t  has been observed that the seed coa t o f  an imma ture 

seed is  mo re permeable than tha t o f  a ma ture one . However , no obvious 

d i f f erence in t he thicknes s  of the c u t icle of seeds o f  d i ff erent 

ma turi ties  or f rom d i f feren t samp les was observed . Therefore , t he 

impe rmeab i l i ty o f  the seed coa t o f  ma ture seeds may no t mainly be  

d ue to the c u t i c le . Th is  assump t ion agrees w i th the f indings o f  

Watson ( 1 9 4 8 )  b u t  disagrees w i th those o f  some ear l ier workers (Parnmel 

1 899 ; Wh i t e  1 9 0  7 ;  and Rees 1 9 1 1 ) and Gut terman and Heydecker ( 1 9 7 3) . 

The s ub-cu t icular layer may be  p ar t ly involved in impermeab i l i ty as 

far as the thi ckness o f  that l a y e r  is conce rned . In  ' Pawera ' red 

c lover the s ub-cuticu lar layer inc reases in thi ckne s s  w i th advanc ing 

s eed ma turi ty . Mo r eove r ,  it s e ems t o  ho l d  the cap s of the ma lp ighian 

cells t igh t l y  toge the r as r e po r ted b y  Rees ( 1 9 11 )  , Hamly ( 1 9 3 2 )  

and Aitke11 ( 1 9 39 ) . Howeve r ,  some mo r r e cent  workers have exhonoura ted 

t h i s  layer as a c a use of seed i mpe rme a b i l i t y  ( Wa t son 1 948 , Bal lard 1 9 7 3  

and McKee e t  a l .  1 9 7 7 ) . 

The light l i ne in the tes ta has been paid some a t ten t ion (Coe and 

Ma r t in 1 9 2 0 ; S tevenson 1 9 3 7  and A i t ken 1 9 3 9 )  for i t s  role in 

imp ermeab i l i ty . In  "Pawe ra"  red clove r ,  as  hard seed begins to appear 

in 12 day old seed  samp le s , a th i n f a i n t  l igh t l ine a t  the s t rophiolar 

region is  a l s o  f o rmed in some seeds . The l i gh t  line appears mo re 

clearly in the l a te r s tages o f  seed d eve lopmen t .  Even though the 

l i g h t  line is obvious i n  s ome s e c t i o n s  ( p la t es 24 , 26 and 4 3 ) , i t  

canno t b e  s een obvious ly l n  o ther cases . I t  i s  the refore d i f f i c u l t  

t o  eva l ua te the importance o f  .L t s  role  i n  rela t i on t o  s e e d  impermea b i l i t y . 

The impermeab i l i t y  o f  t h e  t e s ta  o f  ' Pawera ' red c l over seed may 

be d ue to the  p re s e n c e  o f  cu t in and s uberin in the wa l l s  of the 

mct lp i ghian c e l l s . Th i s  h i gh l y  s ub e r i sed or l i g n i f i ed reg i on may 
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also b e  present a t  the deeper l evel a s  sugges ted b y  Baciu-mi c laus 

( 1 9 7 0 )  and Bal lard ( 1 9 7 3 ) . Th i s  possib i l i ty may also agree wi t h  the 

results  of McK.ee et a l .  ( 1 9 7 7 )  who found tha t deeper mechanical 

p ierc ing o f  the seedcoa t was required t o  ob tain a higher p er centage 

of p e rmeab l e  s eed . 

As repor ted by Hyd e ( 1 9 54 ) , the hi lum s eems to ac t as  a one way 

hygroscop i c  valve in r e s ponse to ch
.
anges in envi ronmental cond i t ions . 

When ' Pawera ' red clover seed wi th  a high mo i s ture con ten t was placed 

in a sea l ed p e tr id ish con taining s i l ica gel , the h i lar f issure opened 

i n  a f ew minu tes . Thus , the seed los t i t s  moi s ture and � · onsequently 

becomes impermeab l e  due to d e s i cca tion . This type o f  mechanism could 

l ead to the forma t ion of hard s eeds i f  the s eeds are s tored i n  a 

p lace w i th low rela tive humid i ty .  
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(c ) Seed coat s truc ture and i ts relation to permeab i l i ty 

LITERATURE REVIEW 

The abi l i ty o f  legume seeds to germinate i s  p receded by  thei r  abi l i ty 

to imb ibe wa ter . Thi s  up take of  wa ter can only occur i f  the hard seeded 

cond i t ion described in the p revious section has been affec ted in 

such a way that the seed coa t is  rendered permeable to water . In nature , 

the ' so f tening ' o f  hard seed i s  considered to be influenced by the action 

of environmental and microb ial factors , while man ensures the reduct ion 

of hardseededness to accep tab le leve ls in  commercial seedlo ts by 

mechani ca l  scar i f i ca tion . 

S ince the 1 9 th century there has been cons iderable research and 

deba te on the s truc ture of the seed coa t responsible for the "sof tening" 

p roces s . Among differen t s truc tures , the s t ruc tures and functions 

of  the micropyle and h i l um have been par ticularly imp li cated in this 

proces s . However ,  no de tai led informat ion , espec ially about the hilum ,  

was availab le until  the funct ion o f  this region i n  legume seeds 

was conclusiv ly eluc idated by Hyde ( 1 954 ) . In add i tion , it is  only in 

recent years tha t the importance of  the s trophiol i n  the sof tening of 

hard seeds has r ec e ived c r i t i c a l  a t t e n t ion . 

1 .  Mic roE� le : Acco rd ing to P faef f l in ( 1 89 7 )  c i ted by Pamme l ( 1899 )  

the malpighian cells  next to  the micropyle take up  a 

large amount of  wa ter and the micropyle i tself allows the entry of 

water readily . They sugges ted tha t the micropyle acts  as a hygro s copic  

s tr uc ture , closing and opening accord ing to  environmen tal conditions . 

Exchange of gases is  also accomplished more readi ly through the micropyle 

than the tracheid  bar . Simp son et a l .  ( 1 940)  also found tha t the 

entry of water into cot ton seed is poss i b le through the micropyle . 

Pres ton and Scott  ( 1 943 )  ment ioned that the micropyle is  responsible 

for the absorp tion of water . They showed tha t  when the mi cropyle end 

of  t he seeds df  Phaseo lus mu ltiflorus and Vicia faba was immersed in 

water , the we lght of  t h a  seeds inc reasw d by 20% wi thin 24 hQurs . In 

Phaaoo Z.ua� {Bv'n though the mi cropy le i s  b locked by the c � ll s o f  tha 

s uspensor)  they suggested that wa t e r  conduc tion may occur due to the 

high pec tin conten t o f  the suspensor cells . Th is  s i tua tion is dif ferent 



in Vicia in that the swo llen suspensor i s  ab sent in the micropyl 

o f  ma ture seed . Ins tead the spongy t i s sue formed in the canal seems 
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to fac i l i t a te W11 t e r  entry a l though the l i p s  o f  the micropyle c lose the 

o r i f i ce . They also f o und tha t the upt ake of wa ter or  rate o f  absorp tion 

varies w idely from lo t to l o t  and even from seed to seed w i thin a l o t . 

( P res ton and S co t t  1 9 4 3 ) . 

S imilar f i ndings have been rep o r te d by Ky le ( 1 9 5 9 )  c i t ed by Hagon 

and Ballard ( 1 9 7 0 )  in work on the wa t e r  absorp t ion of t he seeds of 

peas and beans through the mi c ropyle . Ko l l e r  and Cohen ( 1 9 5 9 )  also 

f ound tha t  the percent age o f  swe l l ing decreases obviously when the 

mi c ropyl a r  tip is  embedded in  vas e l i ne , espec ially i n  ac i d  treated 

seeds of Convo lvulus spec i e s . Corner ( 1 9 7 6a) , a l t hough he d i d  no t ment ion 

the name of the p lant , has sugges ted t ha t  t he mi c ropyl e  can act  as a 

permeab le s i te . 

Conv e r s e l y  t h e re are some sugge s t i ons that wa ter  conduc t ion i s  

unl ike ly to occur via  the mi cropy l e  i n  impe rmeab le seeds ( Ma r t in and 

\-Ja t t  1 9 4 4 ; Bal lard 1 9 7 3 ; Smar t t  1 9 7 6 ) . 

V i l l iers  ( 19 7 5 )  s t ated tha t  the mic ropy le in l egume seeds opera tes as 

a hygroscop i c  va lve , preven t ing Ha t e r  en t ry and allowing wa ter vapour to 

difi u s e  o u t  o f  the seed . He  sugges t s  tha t this process t hu s  permi t s  

the seed  to main t a in i ts mo is t ure c o n t e n t  a t  a low leve l and extend 

l ts per iod of viab i l i t y .  

2 .  H i l um :  As early as 1 89 7 , Pfae f f l i n ,  c i ted by Pamme l ( 1 89 9 )  

men t i oned the hy groscop i c  a c t ion o f  the hi lar groove . 

S imilar f indings wi th some legume seeds have also been repo r t ed by 

Corner ( 1 9 5 1 ) . 

I n  1 9 5 4 , Hyde conduc ted an exc ! Lent  demons trat i on o f  t he performance 

of the hi lum i.n s ome Pap i l i ona ceous seeds . He showed tha t the h i l um 

ac t '· dS a one way hygros cop i cally ac t ivated va lve in dry seed , al low ing 

t he seed to dry out bu t obs t r uct ing the absorp t ion of mo i s t ure . However , 

he also found that the h i l a r  f i ss ure remains open when rela t i ve hum id i ty 

i s  increased ve ry gradua l ly , permi t t i ng wa ter vapour to d i f fuse into 

the seed unt i l  equi l i b r ium is reached . S imi l a r l y , Esau ( 1 9 6 0 )  

s t a t es that wa ter can e n t e r  t he s e e d  lv i th rela t i ve ease th rough L he h i l um .  



Burns ( 19 5 9 )  in work with b lue lup ine (Lupinus angustifolius ) ,  found 

that acid s carified hard seeds permit water ent ry through t he hilar 

f is sure due to par tial hydroly s i s  of the counter palisade. cells •. ' In 

sound seeds , normally t he counter palisade allows the hilum to close 

when the level of  mois ture outside the seed is higher than in the 

ins ide . 

1 54 

On the other hand , wa ter conduction can �parently also be  facilitated 

throqgh the vascular bundle s . At the h ilum ,  where the vascular 

vessels enter the seed , the light line and associated s tructures r elated 

to hardseededness  are interrup ted by the vascular elements .. When the 

outer ends o f  the vascular vessels are open , water can tranverse the 

malpigh ian layer through these vessels into the seed (Mar t in and Wat t  

1 944 ; Corner 1 9 7 6a) . 

3 .  .S trophiole : Hamly ( 19 3 2 )  was able  to detect  permeable s i tes of  the 

seed coat of bo th sof t and hard seeds in sweet 

c love t" (Me U Zotu.s a lba ) us ing osmic a c i d . Accord ing to  Haroly ,  the middle 
I 

lamel lae o f  some malpighian cel l s  a t  the s trophiole are observed in 

a l inear arrangement in the plat1e of th centre o f  the hilutn ,  In mature 

soft  ceed of Mo l i lo tus a lba, osmic acid s taining occurs about these 

l inenrly arranged c e l l s . 

He also reported that the stroph iole was found to be a permeable 

s ite of  the s eed coa t when the seeds of sweet clover and alfalfa were 

softened  with age under natural condi tions . When seeds were threshed by 

machine a high p ercentage stained with osmic acid at  this region . 

S imilarly , af ter s car i f i ca t ion , heat trea tment or hot wa ter trea tment , 

seeds became permeab le at this area . Naturally sof t  seeds of other species 

o f  Me lilotu.s, Medicago and Tr•ifo lium ( in c lud ing T.  pratense ) are also 

s ta ined at the s trophiole when they are immersed in osmic acid solut ion . 

Hamly ( 19 32 )  conc luded that the s trophiole cells in hard seeds 

are i n  a s ta te o f  metas cnb le equi l ibrium ,  which when upset ihduces 

sof t · tung fortlling a spl i t  along the middle lamell� in the pl ane of 

symm ' t ry . He further p u t  forward a hypo the � is tha t rapid d velopmen t o f  

t h e  cells a t  this region seems t o be  assoc iated with ready separat ion 

through a reduc tion i n  the adhesiveness  o f  the middle lamella . 



Aitken ( 19 39 )  also reported s imilar f indings with the seeds o f  

s ub terranean clover . She s tated that cle f ts appear at  the s trophile 

o f  lmpermeable seeds due to temp�:.;ra ture fluctuations or  bouncing . 
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As a rule , when hard seeds become sof t ,  water conduction occurs only at  

the s trophiole . She s ugges ted that the forma t ion o f  a split  at  the 

s trophiole is a func t ion of  tension between the cell s , the thi ckness 

o f  s�berin at the shoulders of  cells cap s , and the degree o f  dehydration . 

She also agrel'Ll wi th Hamly ( 1 9 3 2 )  that '  the rap id development o f  the 

cell s tructures at  this region seems to be linked with increased 

tension be tween the cel ls with consequent greater sensi t iv i ty to spl i t t ing 

than el sewhere . However ,  she gave a clear s tatement that t he s trophiole 

i.s  never permeable in original soft  seed s . Staining occurs a t  the 

s trophiole only in those soft  seeds that derive from hard ones . 

Mar t in and Wat t  ( 1944)  suppor ted Hamly ' s  ( 19 32 )  f indings that the 

s trophiole of both naturally soft  and sof tened seeds i s  the p lace 

where water enters into the seeds ini tially . In hard seeds of  sweet 

clov� r ,  the B trophiole i s  impermeable until  the seeds are sof tened by 

wea thering o r  ar t i f i c ially . 

Anon ( 19 5 2 )  with alfalfa also described that water enters into the 

seed through the clef t at  the s trophiole but not at the h ilum or micropyle . 

Seed sections reveal tha t  the malpighian cells at  this area are very 

s trai gh t  and they appear as though they migh t s p l i t  apar t very readily 

even �ith a s ligh t  b low . 

Ueki and Sue ts ugu ( 1 958 )  repor ted t hat nat urally sof t  r ipened Genge 

(Ast1•agalus sinicus L . ) seeds absorb water through the s trophiole . 

Thei r  anfitomical s t udies show that the palisade layer at the s t rophiole i s  

thicker than at  other par ts  o f  the seed coat and there are n o  epi therial 

cells (os teosclereid cells ) in this region . They found no tannin in 

the pal isade cells in the middle par t of the s trophiole , these cells 

therefore d i f fering f rom those found in o ther par ts  of the seed . 

l3urn ( 19 5 9 )  found tha t  in b lue lupine (Lupinus angustifo lius ) .,  water 

conchH� t ion occurs at thE!, s t rophiole a f t:er  the seeds have tak�n up 

wa ter and been r edried . Th is p rocess ini tiates the formation of  a cleft  

i n  th • s trophiole . 



On the o ther han d , Quinl ivan ( l 968a)  w i t h  sand-p lain (Lupinus varius 

L . ) reported tha t  hard seeds w i t h  a mois ture content of les s  t han 8 . 5 % 

w i l l  sof ten at  the s trophiole when they are exposed to daily alternat ing 
0 0 t empera tures o f  1 5  C and 6 5  C .  Such tempera ture t reatment causes a 

f rac ture at  the strophiolar region . This pat tern o f  sof tening i s  common 

w i th the seeds of some o ther p lan ts , s uch as Lupinus cosentini, 

Trifo lium subterraneum and pos s ib ly with other genera and species (Quin­

l ivan 19 7 1  a , b ) .  

Hagon and Bal lard ( 1 9 7 0 )  carr ied out an experiment to  s tudy the 

e f f ec t of percuss ion on hardseededne s s  and on the s t rophiolar s truc ture 

o f  seeds o f  s ub te rranean c lover . They f ound t ha t  percussed seeds 

become permeable only at  the s troph io l ar region but that s trophioles 

can b e  resealed by s toring them a t  rela t ive humidi ties of 1 0% or 

less  for a f ew day s . I t  i s  s ugge s ted that the res torat ion of impermeab­

i l i ty by exposing p er cussed seeds to low relative humidi ty may be due 

t o  shr inkage of the seed coat and internal t is s ues by d ry ing . 

They a lso s howed a phot ograph o f  the ana tomical s t ructure of a pe rcussed 

s trophiole o f  subte rranean c love r  seed . Accord ing to the i r  observat ions , 

a s l i t  occurs ex ten d ing through the mal p igh i an cells of  the med ian 

region . Howe ver , whe ther the f orma t i on of a frac ture is due to a 

percus s ion e f fect  or thr ough tearing during s ec t ioning was not determined . 

Hagon ( 1 9 7 1 )  con f i rme d t he e f fec t o f  daily tempera ture f luctuat ions 

that cause a f rac ture on l y  a t  t he s t rophiole of sub te rranean clover seeds . 

Bal lard ( 1 9 7 3 )  also  demon s t ra t e d  the  s i te o f  ini t i a l  water entry a t  

the s t rophiole and d i f feren t s t age s  i n  t he imb i b i t i on o f  a s ingle seed 

of Medicago truncatu la Ga e r t n . cv . Cyp rus fol lowing percuss ion . 

Mayer an d Polj akof f-Ma yber  ( 1 9 6 3 )  s t ated t ha t  the maj o r i ty o f  

seedb tha t p o s s e s s  a me chanism o f  s o f t e11 ing through the s t rophiolar 

c l e f � belong L u  the Pap ! l ionaceae . 

4 .  Pe rmeabi l i ty a t  r andom s i tes on the seed coat : I t  has been repor ted 

t ha t  s ta in ing o c c urs 

at locali zed areas on t he t e s t a  o f  na turally so f t  seeds of sweet 

c lov� r when they are soaked in osmic a c i d  ( Hamly 1 9 3 2 ) . W i t h  sweet  c love r , 

S t ev�nson ( 1 9 3 7 )  al s o s t a t ed  t ha t the absorp t ion o f  mo is ture takes 

place at va r i ous po in t s on t h e  seed coa t and i s  no t res t r i c t ed to any 

par t i cular r e g i o n . 
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Ai tken ( 1 9 3 9 )  found tha t the tes ta of young sub terranean clover 

s eeds i s  rap idly permea ted by osmic acid over mos t  of  the surface . 

However , when seeds reach their  maximum s i ze , scat tered s tain patches 

appear at the radicle tip or in nearby areas on the tes ta of  matured 

dried original sof t seeds . Thi s  permeabili ty is due to incomplete 

formation of the suberinogene tic  layer in the cell  caps o f  those 

areas where  the light line has no t appeared . If such seeds are dried 

fur ther , they may become hard due to con tinu i ty o f  the impermeable 

layer . 

Burns ( 1 9 5 9 )  also described tha t permeab i l i ty in sof t lupi n  

s eeds (Lupinus angus tifo Zius ) occurs through the seed coat as  a whole , 

and i s  no t l imited to any pa r t icu l a r  area . 

S imi lar ly , Qu inlivan ( 1 968a)  wi th sand-p lain lupin (Lupinus varius 

L) found tha t na turally soft  seeds or those hard seeds wi th a mois ture 

con tent above 1 0% p ermi t mo i s ture pene trat ion at random si tes over the 

who le tes ta bu t no t a t  the h i l um or s t rophiole . 
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RESULTS AND DISCUSSION 

Among the three specialized s t ructures o f  the seed coa t ,  the 

micropyle , h ilum and s trophiole , the lat ter apparently p lays a mos t  

important par t i n  the sof tening of  hard seeds . Therefore , more a ttention 

has b een paid to this region rather than the micropyle and hilum . 

Micropyle : As described in the previous sec t ion , the pore and canal o f  

the microvple o f  ' Pawera ' r ed clover i s  not closed o r  blocked . 

Nevertheless , no water conduc t ion through the micropyle appears to  

occur , unlike the s i tua t ion in  Phaseo lus and Vicia (Preston and Sco t t  

1 9 4 3 ) . In hard ' Pawera ' r ed c lover seeds no increase in seed weight or 

s ize  occurred when they wer e  immersed in water . I t  is  also con f irmed 

that the micropyle is not a permeable s i te for moi s ture up take in both 

o r iginally soft and p ercussed seeds because no s taining due to  imb i t i t ion 

o ccurred at  the micropyle when such seeds were  soaked in ferrous 

solution . this f inding agrees with reports by Mar tin and Wat t  ( 1 944)  

and Ballard ( 19 7 3) . The micropyle also does not seeni to act  as a 

hygroscopic  valve as s tated by P faefflin ( 1 89 7 )  and Villiers ( 1 9 75 )  

s ince n o  s t ructure at this  region appears to perform as a motor tissue 

s imilar to that •Jr i ch occurs a t  the h i lun . 

Hilum : S ince the hilum of red clover seed i s  though t to act only as  

a one way hygroscopic valve (Hyde 1 9 5 4 ) , no  water conduc t ion 

s eems to oc cur through thi s  region . However ,  it may be poss ible that 

t he hilar fissure remains open when the outside relat ive humidity i s  

increased very gradually (Hyde 1 9 5 4 ) . When both percussed seeds and 

original sof t seeds o f  ' Pawera ' red clover were immersed in ferrous 

s olut ion , no permeability or  s taining was not iced at the hilar region . 

Moreover , s ince no ini t ial s ta ining or swelling i s  observed at 

the vascular area in the tes ta when seeds are soaked in water or  

f errous solut idn , water conduc t ion seems to be impos s ible through the 

vas cular b undJ es . I t  i s  pos s ible that the outer ends of  the vascular 

vessel s are tiased when the latter breaks f rom tha fun i c ulu� during 

s eed disat t i eula tion . Otherwi se it �e ms lbgi cal tha t the�e vessels , 

because of their s t ruc ture , wo uld be involved i n  water conduc t ion as 

s ugges ted by Martin and Wat t  ( 1 9 4 4 ) . 



S tro_Ebiole : The s trophiole o f  ' Pawera ' red clover seed was found to 

be an ini t ia l  permeab le s i te of the seed coat when hard seeds were 

sof tened by percuss ion , s car i f i ca t ion or by natural environmen tal 

condi t ions . 

When a p ercus sed ' Pawera '  red  clover seed ls immersed in ferrous 

s o l ution ( 0 . 003  MFe
++ 

s o l ut ion) a minute b lack spot s tar ts  to appear 
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a t  the centre  of  the s t roph iolar region (Plate  47a ) . I f  a t ransverse 

sec tion is  cut  through thi s  spo t , s tained malp ighian cells at the cen tre 

o f  the p lane o f  synnne try are observed . These s ta ined malp ighian 

cells  prove tha t ini t ia l  imb ib i t ion occurs through a s p l i t  in tha t 

par t i cular area . When p er cussed seed is  kep t  in the ferrous solution for 

a longer period the solution spreads to other parts of the seed coa t w i th 

the sequence o f  s ta ining shown in Plate ( 4 7  b-i ) . The pat tern o f  

s ta ining follows a very s imilar  pat tern to that found i n  Medicago 

truncatu Za b y  Ballard ( 1 9 73 ) . 

When hard seeds of ' Pawera ' red c lover are s carif ied us ing the 

apparatus employed by  Ball ard and Grant-Lipp ( 1 9 6 5 ) , the chalazal end , 

rad i c le end and the bend on the la teral wa l l  are affec ted seve rely i f  

h igher s car i f i ca t ion pressure ( 1 5-20  PSI f or 1 Min . )  or lon�er scarif­

icat ion durat ion ( 1 0- 1 5  PSI  for 2 Min ) are used ( P late  48 ) . Howeve r ,  

i f  the pressure or durat ion o f  scar i fica tion i s  reduced ( 5  PSI for 

1-2 Min) only a small  p ercentage of  vis1ble damage is  observed . Even 

though mechanical  damage on the seed coat is not  s een through the microscope , 

about 9 8- 1 00% of s uch s cari f ied seeds become permeable and s tain a t  

t he s trophio le i f  t hey are imb ibed i n  f errous solution . The p a t t ern o f  

s taining is  almo s t  exa c t ly the same as found i n  percussed seeds . 

Therefore as  suggested  by llamly ( 1 9 3 2 ) , only s light impac t ion is  required 

t o  make seed permeable at t he s trophiolar region . S imilarly '1in Pe e t  a l .  

( 19 74 )  found tha t l igh t s car i f i ca t ion was a s  e f f e c t ive a s  heavy impac t ion 

in reducing the hard seed content of  Centrosema pubescens . 
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a b c 

d e f 

P l a t e  4 7 : P la tes showing the i n i t i a l  s i t e  of  wa ter entry a t  the 

s t rophiole  and the pa t tern of  subsequent  s taining in  ferrous 

( 0 . 00 3  1'1Fe-H-) s o l u t ion . 

h ,  h i l um ;  s ,  s tr o p h i o le . 



P l a t e  Lt 8 :  B lack s t a i ns o n  t h e s e e d  co a t s how the a f f ec ted areas 

d ue to s c a r i f i c a t i o n . 
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s a , s t a i n i ng a r e a s . 

Tempe r a t u r e  f l u c t ua t ions may af f ec t the s t rophiole more s everely 

th an e l s ewh e r e  in the seed coat due to the lack of  intercellular 

spaces . Hea t  may b uild u p  q u i c k l y  in that  area and the bent c e l l s  

seem to r e s p ond to h e a t  more re ad i ly and consequent ly p u l l  apart as they 

expand . Th us , i f  a s e e d  i s  s ubj e c t ed to f luc t ua t ing t empera t ures , the 

a dhes i veness of t he middle l ame l la e of t h e  malp ighian c e l l s  at the 

cen t re o f  the p lan e may b e  r e d uced g r a d ua l ly due to the inte rmi t ten t 

p u l l in g  me chan ism o f  the s u r r ound i n g  c e l l s . 

S eed oa t ana tomica l o b s e r va t ions s how t ha t  the arrangement of  the 

mal p i gh ian cells at  and a r ound t he p lane o f  symme t ry and the p resence 

o f  t h e  fou nd a t io n  l aye r s  r> f the  comp a c t c e l l s  ap pear to encourage the 

f o rmat ion of  a c le f t a t  t h i s  area b y  < i  s l igh t b low ( P l a te 4 9 ) . 

S ince the ma l p i gh i an ce l l s  i n  the  c en tre  o f  the p lane are s t r ai gh t  wh i l e  

the  s urro und in g c e l l s  a r �  b e n t , t he l a t t e r  seem t o  b e  r e ady t o  pull  

apa r t . Fur thermo r e , i n t e r c e l l u l a r  s p a c e s  a long wi th t he o s t e o s c l e r e i d s  

occ u r  a round the  s ee d c oa t  exce p t  a t  the s troph iolar r e g io n  ( P l a t e  50 ) . 

There fore , when a h a r d  s c� e d  i s  p e r  ' u s s e d , s c a r i f i e d , o r  t re a t ed by 

any o t h e r  means , the o t h e r p ar t s  o f  the seed c oa t seem to r e s i s t t he f o r ce 

to some e x t en t b y  t h e  c u s h i o n ing e f f e c t  o f  the in t e r c e l l u l ar s p a c e s  
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F l a t <:>  4 9 : J: i g h t l' o n  d a v s  <J f t e r p o l l inat ion - the  arrangemen t o f  the 

m-1 l p i g h i a n  a n d  o t h e r  accompany ing c e l l s  at the s t rophi o lar 

n g i nn .  

a J , n l o u rone l a ye r ; c c , c ompac t c e l l  layer ; mp , malp ighian 

c e l l s ,  n l , nu t r ie n t  layer ; s r , s c l e renchyma c e l l s  (TS x 2 10) . 

P la te 5 0 :  A t ransverse s e c t ion of  a ma t ure seed coat showing the i n t e r-

c e l l u l a r  s p a c e s  a ro und the  s eed excep t a t  the s trophi o lar 

r e g i on . 

a l , a l eu rone layer ; i s , i n t e r c e l lular space s ; nl , n u t r i e n t  

l ay e r ; s ,  s t roph i o l e  ( T S  x 7 0 ) . 



1 6 3 

P l a t e  5 1 : A n a t o m i c a l  f e a t ures a t  t h e  s t rophiolar region o f  a 

ma t u r e  s ee d . 

c o t , c o t y l ed onary t i s sue ; nu , nutrient layer ( LS x 200) . 

Pla t e  5 2 : A f ra c t ure  a t  t h e  s t rophiole showing the general appearance 

o f  the sur f a c e  of the s trophiolar region . 

s ,  s troph i o l e  ( S EM x 6 0 ) . 



whi ch may assist  the seed coa t by developing res i lience . Conversely , 

at  the s trophiole , the presence o f  a few layers o f  compact cells and 

fue tigh t ly a p p r e s s ed s truc ture at the base of the malpighian cells in 

mature seeds (Plates 44 and 5 1 )  appears to act  as a good hard support 

to any ou ts ide force . This suggests  that the malpigh ian cells a t  this 

area are likely to be affec ted more severely than anywhere else . 

All these s ituations therefore comb ine to increase the sens i t ivity 

o f  the s t rophio lar area to impaction and create condit ions which induce 

this area to become an ini t ial permeable s i te on the seed coa t . In other 

words , format ion of the cell s truc ture at the s trophiole is in a s tate 

o f  me tas table equilibrium as s tated by Hamly ( 1 9 3 2 ) . On the other hand , 

the rap id development o f  the cells at the s trophiolar region may be 

connec ted with the mechanism of separa tion due to increased tens ion 

b e tween the c e l ls or due to a reduc t ion in the adhes iveness of the 

middle lamella (Hamly 1 9 3 2 ; Ai tken 1 9 3 9 ) . Such an ef fect i s  eas i ly 

shown in freeze frac tured seeds o f  ' Pawera ' red clover (Plate 5 2 ) . 

Other plac e s  o f  t he s e e d  c oa t : I t  has been found that wa ter absorp tion 

takes p lace rap idly at random and 

unlocalized  areas on t h  seed coa t o f  young ' Paw ra ' red clover seeds . 

S imilarly in we l l  deve loped o r i ginal so f t  seeds , the s trophiole is not 

a common ini tial permeable s i te of the seed coat but tva ter enters 

into the seed a t  r andom p laces ( P l a te 5 3 ) . Thi s  permeab ility of  the 

s eed  coa t may be d ue to incomp lete forma t ion o f  the suberinogeni t ic layer 

in t he c e l l  caps  of t ho s e  a reas (Aitken 1 9 39 )  or due to failure of the 

forma tion of sube r in or l i gnin in the ma l p igh ian cells . 

P l a te 5 3 :  S taining a t  various s i tes  o f  the seed coa t . 

s a , s tain i ng a r e a s . 



Occas ionally wa ter conduc tion oc curs a t  the chalazal end where 

the c i r cular arrangemen t of  the surface c e l l s  are formed . These 

c e l l s  are arranged in such a way tha t thi s area appears as a 

s ta r t ing or end poin t o f  the malp ighian c e l l s . ( P la tes 54  and 5 5 ) . 

S ince this s i te is very c lose to the s trophiole , the ini t ia l  s i te 

o f  penneab i l i ty can be  confused with the la t ter  i f  the early s tages 

o f  wa ter energy are no t d e tec ted . However , the r a t e  of  spreading 

o f  the solut ion i s  s lower than f rom the s t rophiole especially in the 

early s tages o f  imb ib i t i on . 

In general , as repor ted f o r  some legumi nous species by p r evious 

worke rs (Hamly 1 9 3 2 ; S t evenson 1 9 3 7 ; Burns 1 9 59  and
.

Quinl ivan 

1 9 68a) , p e rmeab ili ty in ori gina l l y  so f t  seed of ' Pawera ' red c lover 

is not l im i t ed to any particular area . 

The resul t s  ob ta ined i n  this s t udy suppor t observa tions b y  o ther 

worke rs that there is obv iously a d i f f erence in the s i te o f  permeab i l i ty 

of seeds depending on whe the r  they are origina l ly so f t  ( in whi ch case 

p e rmeab i l i t y occ urs a t  random s i te s  on the seed coa t )  or whe ther they 

a re rend e r  d permeab l e fo l l owing a period of  impermeab i l i ty or hard­

s �ededness ( i n  wh ich case pe rmeab i l i ty occurs through t h  s trophiole 

o n .l y ) . 



P l a te 5 4 : 
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S u r f a c e  view o f  the chalazal reg ion o f  a seed showing an 

a r e a  \vhe r e  t h e  arrangemen t  of the cells  appear to mee t  

toge ther ( S EH  x 1 2 0) . 

Plate  5 5 : S e c t ion ' B '  o f  Plate  54 showing the meet ing point o f  the 

sur face cells  ( SEM x 300) . 



CONCLUSION 

Although there were some variations in the rate of  deveLopment 

of seeds of  ' Pawera ' red c lover compared wi th s imil ar observations on 

o ther Trifo l ium species , the general pat terns o f  b o th endosperm and 

embryo developmen t showed close s imilar i ty . Normally only one s eed 

was deyeloped in a campylo tropous ovule . Significant cell degeneration 

and d i fferen tiation occurred during the period of  seed development .  

Cell s truc tures in the seed coa t ,  especially a t  the hilum and 

s trophiole closely resembled corresponding s truc tures in the s eed 

coat  of other Trifo lium species . However , due to lack of information 

about the changes in cell s truc ture occurring in the seed coat of  

o ther red  c lover varie ties , general comparisons have been made  

p r incipally wi th repor ts on seed development in o ther legumes . 

The format ion o f  hard seeds in dry seed samp les begin to appear 

about the time of secondary wal l  thi ckening in the malpighian cells 

of  the s�ed coa t .  The light line was observed to appear about the 

s ame time . The thick-walled aleurone cell  layer enveloping the embryo 

became more conspi cuous s tart ing 1 8  days a f ter pollina tion and cell 

d i f feren tia ti on p roceeded during the la ter p er iods of  seed development . 

As i t  was p roposed to ob tain detailed informa tion about the 

s truc tural changes occurring during seed development ,  a fair ly large 

number of plates were p resented in the interes t s  of clar i ty . Fur ther­

mQre , the present s tudy described more p reci sely the ana omical changes 

occurring a t  the s trophiolar region . Few previous ana tomical repor ts 

have apparen tly men tioned this s truc ture , al though a number of workers 

have highlighted the sensi tivi ty of  the s trophiole . The presented 

results  therefore add to our unders tanding of the role and f unctions 

of  thi s area . The present inves t iga tion throws new ligh t on the 

relationship  be tween individual seedcoa t s truc tures a.nd their 

respec tive roles in a f f ec ting the impermeabi l i ty mechanisms of  the 

hard seedcoa t in ' Pawera ' red c lover . 

The imbibi tion o f  water into originally permeab le seeds has 

been shown to occur at random s i tes - on the seed coat ra ther than 

a t  spec i f ic s i tes such as the s trophiole or hilum .  However the present 

s tudy has clearly imp l icated the s trophiole as the s i te at  which hard 

seed sof tening ( permeab i l i ty)  occurs following mechanical impac tion . 



CHAPTER I l l  

STUDI ES ON THE LONGEVITY Cf HARD SEEDS AND THE NATURAL BREAJ<IXMN 

EFFECT OF ENVI RONI'llHITAL CONDITIONS ON HARDSEEDEDNESS IN  THE F IELD 

INTRODUCTION 
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Seeds of  mos t  species of  cul t ivated p lants germinate readi ly when 

they are fully developed and are p rovided wi th favourab le cond i tions 

f or germination . However ,  seeds of  some p lant species , including small­

seeded legumes , may lie in the soil for varying lengths of  t ime wi thou t 

germinating . Under such cond i t ions , complete germina tion o f  a b uried 

seed popula tion may be spread over a period  of  years due to dormancy 

mechanisms . Al though dormancy can be due to various causes , hardseeded­

nes s  appears to be the principal fac tor caus ing delayed germination in 

l egumes . When such hard seeds are buried near the soil  surface , a proport­

ion o f  them will germina te and emerge whil e  in cases where hard seeds 

are buried deeper than the cri tical dep th for that  species , the 

seedling wil l  die  before reaching the soil  surface . In add i t ion , a large 

number  of  seeds will  remain in the soil  in a s ta te of dormancy . 

Hard seeds , even though they may remain in the soil  for a considerable  

period of  t ime , u tlimately are  induced to  germinate under natural 

env ironmental cond i tions . Buried crop and weed seeds , thus may become 

a maj or prob lem in seed cer tification schemes . Therefore , an unders tand ing 

of the longevi ty and charac teri s tics of seed s of individual species in the 

s o i l  is increasingly impor tant to the seed technologis t ,  agronomis t ,  bo tan­

i s t ,  ecologi s t ,  farmer and gardener . 

Nat urally when seeds are dropped f rom the p lan t , they lie  on the soil  

s ur face or  are j us t  covered by soi l .  On the o ther hand , the maj ori ty o f  

seeds on arab le land would b e  expected to be buried a t  various dep ths 

in the soil  during cul t ivation . There are various fac tors which p lay 

an impor tant role in affecting the population of hard seeds in the soi l .  

However ,  the rate o f  break-down o f  hardseededness may vary wi th soil  

type ( Evans 1 959 ; Lewis 1 96 1 ) , seed ma turi ty ( Quinlivan 1 9 7 1b pers. comm . )  

and c l imatic  cond i tions , particularly dai ly f luc tua ting temperatures 

(Quinlivan 1 96 1 ,  1 966 , 1 9 7 la ;  Taylor  and Ros s i ter  1 9 6 7 ; Kirchner and 

Andrew 1 97 1 ;  McComb and Andrews 1 9 7 4 ) . Seed samples  o f  ' Pawera ' red 



clover were buried in the soil  or s tored in the labora tory to determine 

the effect  of some of these variables on the natural sof tening of seed 

and reduc tion o f  hard seed populations in the f ield and in s torage . 

A f ield seedl ing emergence trial was also carried out to  ob tain 

fur ther informa t ion on the pat tern of  breakdown of hardseededness  and 

the germina tion charac teris tics o f  hard seeds in the soil . 

1 69 
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LITERATURE REVIEH 

Seed dormancy :  Some workers ( Barton 1 9 6 1b ; Koller et  a l .  1 9 62 )  

claim that the term "dormancy" has not been clearly 

def ined in the literature . Desp ite this , a large amount of  l iterature 

has appeared on seed dormancy . 

Seed dormancy has been described in a restricted sense as that 

condi t ion in which the seed , al though viab le , will not germinate under 

favourab le germination condi tions , viz . suitable temp erature , adequate 

water and oxygen (Mayer and Polj ako f f-Mayber 1 9 6 3 , 1 9 7 5 ; Roberts  

1 9 72b ; Chen and Varner 1 9 7 3) . In i t s  broades t sense , the term 

dormancy may b e  used to determine any s t age in the l i fe cycle , whe ther 

this be a regular phase in the development process or  a fortuitous 

occurrence , in which act ive growth is suspended for a period of  t ime 

(Villiers 1 9 7 2 ) . Nikolaeva ( 1 9 6 9 )  also broadly defined seed dormancy 

as the absence of germination ; as a greater or lesser reduct ion of 

the germinat ive power o f  seeds or as the maintenance of the capacity 

to  germinate only within a small  range o f  conditions . 

Amen ( 1 963 )  s t ated that seed dormancy is  an endogenously controlled 

and/or  environmentally imposed temporary suspension of growth and reduced 

metabolic activity which is independent of  immediate environmental 

conditions . Later , Amen ( 1 968)  also def ined seed dormancy as an aspect 

o f  the phenomenon o f  growth cessat ion which has as its crucial point 

the p roblem of preserving a po tential for growth without loss o f  

biological integrity . On the other hand , the onset  of  dormancy appears 

to  be regulated by a crit ical balance between growth promo ters and 

inhib i tors . During seed ma turation this balance is shifted in favour 

of the inh ib itor , thereby suspending embryo growth . As long as the 

balance remains in favour of  the inhib i tor , seed dormancy is maintained 

(Amen 1968 ; Adam et  a l .  19 70) . 

The term seed dormancy appears commonly throughout the l itera ture , 

has received much a t tent ion , and has been defined in d i f ferent ways 

by var ious workers . However , in mos t  cases , as pointed out by Thurs ton 

( 1960) , dif ferent workers use the same term with dif ferent meanings 

and dif ferent terms with almos t ident ical meanings . 
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The causes of dormancy have been considered by many workers 

(Cracker 1 9 1 6 ;  Bar ton 1 9 6 1 b ; Mayer and Polj akoff-Mayber 1 9 6 3 ; 

Villiers 1 9 7 2 , 1 9 7 5 )  and are generally divided into two types , namely 

p rimary dormancy and secondary dormancy . However ,  within the broad 

categories of p r imary and secondary dormancy , it  has become more 

common to refer to three types of dormancy which describe  more precisely 

the cause of the type o f  dormancy exhib ited by buried seeds . These 

three types are innate , induced and enforced dormancy (Harper 1 95 7 ; 

Thurs ton 1 9 60 ; Roberts  1 9 7 2b ) . 

Innate dormancy wh ich i s  also known as primary dormancy is  present 

in the seed at mat ur i ty , prevents  viviparous seed germinat ion and 

also p ers i s t s  for some time af ter harves t  or  shedding (Roberts  1 9 7 2b ) . 

Thurs ton ( 1 960)  s tated that seeds exhib i t ing innate dormancy cannot 

germinate unt i l  they have undergone an af ter-r ipening treatment or 

received some s pe c i f ic s t imulus e . g .  seeds of Heracleum sphondyl ium 

and Avena species . Many weed seeds in the soil  do not grow even 

when they are supplied with condit ions favourable for germination . 

They are the refore said to have a period of natural ( innate)  dormancy 

(Brenchley and War ington 1 9 30 ) . 

Induced or secondary dormancy occurs as a result o f  seeds 

b e ing supplied with water but in an environment  where some other 

part icular factor is  unfavourable for germination (Roberts  1 9 7 2b ) . 

The characteris tic  o f  persis tence of dormancy af ter removing the 

inhibi tory factor , dis tinguishes ' induced ' dormancy from ' enforced ' 

dormancy . Thurs ton ( 1 9 60)  has also stated that induced dormancy 

develops in non-dormant seeds by exposure to certain condi t ions , and 

continues a fter a change in these condi tions or the seed is removed 

from them . For ins tance , when seeds of  Sinapis a lba are exposed to 

h igh carbon d ioxide concentrat ions or Avena ludoviciana to high 

temperatures , dormancy develop s and some special treatment is  required 

to  b reak i t . S imilarly , Bar ton and Cracker ( 1 948)  reported tha t 

seeds of Xanthium can be induced to enter a dormant  s tate by exposure 

to  an a tmosphere enriched wi th carbon d ioxide or  lacking in 

oxygen . It is  further sugges ted that this type o f  dormancy i s  mos t  

effectively induced b y  high temperatures . 
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Harper ( 1 9 5 7 )  s tated that an enforced condit ion d i s t inct from 

b o th innate and induced dormancy is  met when seeds are p revented 

from germination by purely external environmental  l imi tations . King 

( 1966 )  reported that non-dormant weed seeds may be forced into 

dormancy if p laced under warm , mo ist  condi tions wi th an excess o f  

carbon d ioxide or deficient oxygen . S imilarly , Williams ( 19 7 0) , 

1 9 7 2 )  also found that seeds o f  the perennial weed (Agrostis gigantea) 

( Gramineae) are not innately dormant but exhib i t  enforced dormancy 

following burial . 

Enforced dormancy describes the condi tion when viable seeds do 

not germinate because of  some l imitat ion in the environment (Roberts  

1 9 7 2b ) . This dormancy type mostly  occurs in s eeds buried in the soil  

and has b een at tributed to various factors such as high carbon d ioxide 

leve l s , lack of  fluctuating temperature and darkness which are mor e  

p ronounced b eneath the s o i l  surface . The ready germination of  seeds 

b rought up to  the surface of  the soi l f o llowing burial at  lower 

depths indicates that seeds buried in the soil  are prevented from 

germination by enforced dormancy .  Although a l l  forms o f  dormancy 

are important in maintaining the viab i l i ty of seed in the soil , enforced 

dormancy is  vital to the s urvival of  buried seeds . A very large 

p roport ion of seeds buried in the soil  exhib i t  this dormancy type 

(Rober t s  1 9 7 2b ) . 

Hardseededness : The dormancy mechanism which prevents the movement of  

water through the seed  coat is  referred to as  " imper­

meab i l i ty" or "hardseededness"  and the seeds concerned are known as 

" impermeable  seeds" or "hard seeds" (Quinlivan 1 9 7 1 a ) . Many workers 

s imp ly defined thi s  phenomenon as tha t cond i t ion where seeds do not 

absorb water when p laced in we t or moist  s urroundings b ecause of  an 

impermeable seed coat . (Harrington , 1 9 1 6 ; Cracker 1 9 1 6 ;  Barton 

and Cracker 1 948 ; Anon 1 95 2 ; Rincker 1954 ; Mayer and Polj ako f f­

Mayber 1 96 3 ; Barton 1 9 6 1b , 1 9 65b ; Villiers  1 9 7 2 , 1 9 75 ) . 

Anon ( l9 7 6a)  s t ated that " seeds o f  Leguminosae and Malvaceae , which 

remain hard at  the end of the prescr ibed l aboratory germinat ion tes t 

period b ecause they have not absorbed water due to an impermeable  

s eedcoa t , are clas s i fied as hard seeds" . 
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Thi s  type of  dormancy mechanism · appears to be one of  the s imp les t 

but  mos t  highly ef fec tive means of  delaying germinat ion and spreading 

the produc t ion of  seedl ings f rom any parti cular lo t of  seeds over a 

period of  t ime . 

Seed dormancy due to hardseededness or  impermeabi l i ty belongs 

to the ' pr imary ' or ' innate ' dormancy type (Cracker 1 9 1 6 ; B ibbey 1 94 8 ; 

Barton 1 9 6 2 ; Mayer and Polj akof f-Mayber 1 9 6 3 ; Villiers 1 9 7 2 , 1 9 7 5 ) . 

The bes t known dormancy mechanism in species o f  agricul tural crops i s  

caused by seed coats whi ch a r e  impermeab le to wa ter o r  gases (Copeland 

1 9 7 6 ) . Impermeab i l i ty ,  a lthough it occurs in many o ther p lan ts , is  

common in alfalfa , c lovers and o ther legume species . There is  usua l ly 

s ome var ia tion in the extent o f  impermeabi l i ty o f  the tes ta even in 

s eeds wi thin the same lot . A few seeds are usually permeable and 

cap abl e  of germination when they fall  f rom the mo ther p lant whi l e  o thers 

may remain in the dormant s ta te for varying lengths o f  t ime (Villiers 

1 9 7 5 ) . 

In some cases , this type of dormancy mechanism has value in 

agricultural p rac t ice . Some workers (Gladstones 1 9 58 ; Williams and 

E l l io t t  1960 ; Quinlivan and Millington 1 9 6 2 ; Quinlivan 1 9 7 0 ;  1 9 7 1 a ,  b )  

have c laimed the impor tance o f  seed coat impermeabi l i ty i n  the survival 

of f orage legume crops . Some p lant breeding and selec t ion p rogrammes 

have also  been carried out to increase the percentage of hard seeds 

in Crimson c lover (T. incarnatum) ( Benne t t  1 95 9 )  and Persian c lover 

(T. resupinatum) (Weihing 1 96 2 ) . 

On the other hand , it  has been c laimed that hardseededness , 

especially in sma l l-seeded l egumes , may be an undes i rable character 

from an agricultural s tandpoint s ince hard seeds are o f  no value 

f o r  p lanting and special devices or techni ques may be required to 

overcome thi s  p rob lem (Bar ton and Cracker 1 948 ; Anon . 1 9 5 2 ; 

Wheeler and Hill  1 9 5 7 ) . Seed coa t impereab i l i ty in some Medicago 

species for examp le , has been found to be the greates t  s ingle factor 

a f fe c t ing p lant popula tions in na turally regenera t ing pas tures 

(Crawford 1 9 7 1  pers . comm . , Quinlivan 1 9 7 1b , pers . comm . ) .  
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B reakdown e f fect  of environmental condi tions on hardseededness  

Under natural condi tions , the hard seed coa t may be  broken 

or eroded by na tural mechanical abras ion , microbial and insect 

a t tack , pas sage through the diges tive tra c t  o f  animals or  exposure 

to alternating high and low temperatures (Bar ton 1 9 6 1 a ; Mayer and 

Polj akof f-Mayber 1 96 3 ;  1 9 7 5 ; Adams et a l .  1 9 7 0 ; Villiers 1 9 7 5 ) . 

However ,  i t  is imposs ib le to es tima te the proport ion of impermeable 

seeds tha t will produce seedlings in any given leng th of t ime 

(Harring ton 1 9 1 6 ) . The rate of  seed sof tening also depends on the 

species , the s tage of seed ma tur i ty , the maximum tempera ture and the 

d ai ly temp era ture f luc tua tions to which seeds are exposed ( Quinlivan 

1965 , 1 9 66 , 1 9 7 1a ,  1 9 7 1b pers . comm) . 

Some early workers (Cracker 1 9 1 6 ; Harrington 1 9 1 6 )  ini tia ted 

s tudies connec ted with the sof tening of hard seeds under natural and 

s torage condi tions . They reported tha t hard seeds became p ermeable 

very s lowly in dry s to rage , more rapidly in germina tors , and p romp tly 

under widely f luc tuating na tural condi tions . Ai tken ( 19 39 ) , with 

sub terranean c lover , recorded the effect of f luctua t ing temperatures 

on the softening of hard seeds . Rincker ( 1 95 4 )  also repor ted the 

effect  of regulated heat treatmen t in increasing the permeab ility 

o f  hard seeds of  alfalfa and red clover . However ,  seed samples 

o f  the same crop showed varia tion in response to the same trea tment . 

In recent years , more research workers ,  especia lly in Aus tralia 

( Quinlivan 1 96 1 ,  1 9 6 2 , 1 9 65 , 1 9 66 , 1 9 6 7 ,  1 968a , b ,  1 9 7 1 c  pers . comm . ; 

Quinlivan and Mil lington 1 9 6 2 ; Hagon 1 9 7 1 ; Kirchner and Andrew 

1 9 7 1 ;  McComb and Andrews 1 9 74 ; Ballard et a l .  1 9 7 6 )  have shown 

interes t in those factors which cause the breakdown o f  hardseededness 

under natural environmen tal condi tions . Thei r  resul ts  generally 

s how that daily f luctuating temperature is the maj or  fac tor reeulating 

the s o f tening of hard seeds under both f ield condi tions and in 

s torage . 

Quinlivan ( 19 6 1 )  worked with the seeds of  some legume species 

and found that a high cons tant tempera ture ( 60°C)  was more ef fective 

than a low cons tant tempera ture ( 1 5°C)  and all f luc tuating 

tempera ture trea tments are mos t  effec tive in reducing hardseededness 
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S imilarly , the impor tance of daily temperature f luc tua tions , especially 

during the s ummer , in inducing the sof tening o f  impermeable seeds 

has been reported in T�ifo lium subte��aneum (Quinlivan 1 9 6 2 , 1 965 , 

1 9 6 6 ; Quinlivan and Millington 1 962 ; Taylor and Ros s i ter 1 96 7 ;  

Kat znelson and Carpenter 1 9 7 2 ) , Ornithopus comp�essus ( Barret t-

Lennard and Glads tones 1964 ) , Ladino whi te c lover (Robinson 1 9 60) , 

Lupinus cosentini (Quinlivan 1 9 6 2 ) , Medicago t�unaatula (Quinlivan 

1 9 6 2 ; Kirchner and Andrew 1 9 7 1 ) , Lupinus varius (Quinlivan 1 9 66 , 

1 9 6 7 )  and some annual legumes (Williams and Elliott  1 9 60 ; Taylor 

1 9 7 2 ; McComb and Andrews 1 9 7 4 ) . 

Conversely , Glads tones ( 1958)  has s tated that seed moi sture 

content is  the main factor - and perhaps the only factor - controlling 

the impermeab ility  of  the seed coat in Aus tralian b lue lup in 

(Lupinus digitatus) .  He showed tha t when the moi s ture content o f  

the seed was above 1 4% , the seeds readi ly swell when soaked in 

water . Below 14% seed moi s ture , impermeab ili ty gradually increases 

and at  1 1% no more seeds swell  within 14 days . Impermeabi l i ty i s  

s ti l l  reversible be tween 14%  and 1 1% b u t  i t  i s  vir tually i rreversible 

below 9% seed mois ture content . S imilar f indings have also been 

reported by Quinlivan ( 19 70)  who also worked wi th species of genus 

Lupinus . 

Although i t  is  cons idered tha t daily fluctuating temperature 

in the top layer of the soil is the impor tan t factor affecting the 

b reakdown of hardseededness , the ac tual cause of this effect  was 

not known unt i l  Quinlivan ( 1 968a) reported his f indings with the 

s eeds of sand-plain lup in (Lupinus va�ius) .  He sugges ted a 

relationship between the rate o f  sof tening with tempera ture f luc tuat ion 

and seed moi sture content .  When the origina l  moi s ture content o f  

the seed i s  above 10% , a s low moisture pene tration occurs through 

the seed coat and not through the hilum or s trophiole with sudden 

changes of humidi ty or in moi s t  soil . However he also showed that 

fluctuating temperatures make hard seeds wi th low moisture contents 

permeable by cracking the tes ta at the s trophiole . Such sof tened 

seeds germinate within a few days following moi s t ening of the soil . 

This type of  sof tening does not occur in seeds with a mois ture 

content above 8 . 5% .  



Buried seed populations and seed longevi ty in the soi l :  

The presence o f  a large propor tion o f  viable buried seeds has 

been repor ted by various workers . Buried seed populations are dynamic 

(Roberts 1 9 7 0 ; S chafer and Chilcote ( 1 970) , the density of  buried 

s eeds in the soil  varying enormously (Hyde 1 9 58 ;  Roberts 1 958 , 1 9 6 3 ; 

Darlington and S teinbauer 1 96 1 ;  Roberts ( 1 9 70) depending on 

the types of crop grown (Brenchley and Warington 1 9 3 0 ,  Hyde and Suckling 

1 95 3 )  and soil  and c limatic condi t ions ( Brenchley and War ington 1 9 30 ;  

Hyde and Suckling 1 9 5 3 ; Budd e t  a l .  1 9 5 4 ;  Evans 1 960) . Recently , 

Klingman et a l . ( 1 9 7 5 )  and Sagar and Mortimer ( 1 9 7 6 )  also presented 

detailed reports on the popula tion dynamics of buried seeds and thei r  

longev i ty i n  the soi l .  

The results o f  some workers who have at temp ted to de termine 

b uried seed popula tions are summarised in Appendix ( 32 ) , the number 

of seeds recovered from soil samples being as high as 2400 million/ 

hec tare . 

The seeds of some species re tain their viab i l i ty for many years 

when b uried in the soil . I t  has been repor ted that mos t  of  the seeds 

whi ch have been found to have a long li fe-span possess impermeable or 

h ard seed coats . It  is  assumed that this  feature contributes to the 

longev i ty of seed by decreasing or preventing gaseous exchange and 

by reducing me taboli c  rate wi thin the seed (Harrington 1 9 1 6 ;  Youngman 

1 95 2 ;  Owen 1 956 ; Barton 1 9 6 1  a ,  b ) . On the o ther hand , the presence 

of unfavourable tempera ture conditions and soil a tmospheres may influence 

the reduc tion of me tabo lic activ i ty in seeds buried in the soil and 

thus retard deterioration (Darlington and S teinbauer 1 96 1 ) . I t  is  

however , d i f f i cu l t  to explain the extended l ife-span of some species 

in the soil (Barton 1 9 6 1 a ) . 

Various repor ts on the seeds of some species possessi ng long 

lif e-span have been summarised in Appendix ( 33 ) . These results 

show there is  cons iderable varia tion in the longev i ty of buried 

seeds of different species . I t  has also been sugges ted tha t even wi thin 

a species the longevi ty of seeds in the soil may vary wi th dep th of 

burial , soil type , cultivation prac tices and some o ther fac tors . 
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Depth of burial and seed longevi ty :  The p a ttern of  sof t ening of  

hard seeds in  sweet c lover 

varies invers e ly wi th the dpe th to whi ch they are buried in the soil  

(Mart in 1 945 ) . He  found that a large number of  seeds  buried  at  

1 and 3 inches produced i n  situ germinat ion but no  germination 

occurred from sof t ened seeds b ur ied at  lower dep ths unti l  they were 

brought up to the s urface . At the deeper burial , the failure of 

germination may b e  due to unfavourable  condi tions of  the soil  

atmosphere wi th respec t  to oxygen and carbon d ioxide content . 

S imilar f indings have been recorded in white c lover ( Robinson 1 9 60) , 

red c lover (Ramp ton and Ching 1 9 70 and Lewis 195 8) and a range of  

weed species (Brown and Porter  1 9 42 ; Taylorson 1 9 70 and S to ller and 

Wax 1 9 7 4) . 

Toole and Hol lowe l l  ( 19 3 9 )  stated that surface s o i l  t emp eratures 

are subj ect  to greater variation than those below the surface . 

The refore the average daily maximum temperatures a t  the surface 

are doub t less  higher and occur somewhat ear l ie r  in the spring than 

corresponding tempera tures at some dis tance below the surface . Thi s  

dif ferential soil  temperature e f f e c t  has been shown to have a very 

marked influence upon hardening and subsequent sof tening of hard 

seeds of a range of  legume species (Kirchner and Andr ew: 1 9 7 1 ,  

and Quinlivan 1 9 7 1 c  pers . comm . ) .  

S t imul i ,  s uch as light , photoper iod, thermoperiod , high oxygen 

tension or leachin g ,  which may b reak see d dormancy are mos t  effec tively 

encoun tered at  the so i l  surface (Harper 1 9 5 7 ) . Therefore , mos t  

forms o f  innate dormancy are broken naturally at  the surface o f  

the soil  ( Chep i l  1 946a , b ) . When seeds requiring such s t imul i  

are buried i n  the soil  the intens ity  o f  s t imul i  becomes reduced and 

thus deeply buried weed seeds remain dormant for a long t ime (Harper 

1 9 5 7 ) . As deep burial in the soil  exc l udes l ight , l igh t-s t imulated 

seeds s uch as celery , tobacco , and timothy may remain in the soil for 

s everal years in a dormant condi t ion (Cracker 1948) . More recently , 

Harris ( 1 9 5 9 )  gave a more precise exp lanat ion why bur ied seeds may 

maintain their viab i lity  for a considerab le time . Many s eeds are 

b e t ter p reserved at  dep th below the sur face where the soil  mois ture 

level is  mor e  even , oxygen supp ly i s  lowered , and temperature reduced 

and less prone to f luctuation . I t  is also believed that deep b uried 

seeds will exhibit suspended dormancy due to the rais ing of the 



carbon dioxide and oxygen rat io (Moss 1 9 5 9 )  or due to h igh levels 

of  carbon dioxide in the soil (Wesson and War e ing 1 9 6 9 ) . However , 

due to f luctuations in carbon d ioxide concentrations of  the soil 

a tmosphere , seeds of  some species may b e  able  to germinat e  without 

the soil b e ing dis turbed (Wesson and Wareing 1 9 6 9 ) . 

Fate o f  seeds in the soil : In soil there are var iable factors that 

may s imultaneously interact to 

vary ing degree s  on seeds , including changes in exposure to ligh t , 

moi s ture , temperature and the gaseous environment .  Depending upon 

the posi t ion of seeds in the ' soil p rof i le and the s eason , the exposur e  

of  seeds t o  these variables d i ffers considerably b o t h  quantitatively 

and qual i tat ively . The inf luence of  all the s e  interact ing factors 

upon the pat tern of  seed s urvival and germinat ion in the soil is 

not fully unders tood . Presumably , the phys iology of buried seeds 

d i f fers consi derably from that o f  seeds s tored under laboratory 

condi t ions (Taylorson 1 9 70 ) . 

According to Barton ( 1 9 6 2 ) , gaseous exchange o f  imb ibed pigweed 

(Amaranthus retroflexus L . )  seeds show at  leas t a ten-fold reduction 

in respiration when such seeds are held in moi s t  s torage at  20°C .  

A s imilar e f fect  has also b een reported b y  Toole and Toole ( 1 953) . 

s ugge s t ing that some reduc t ion in the rate o f  life  p rocesses may 

b e  respons ible for  the s urvival of seeds in the soil . Barton ( 19 6 1a )  

also  reported that imbibed weed seeds can survive for  a considerable 

p er iod of  t ime in the soil . She also sugges ted ( Barton 1 9 6 lb)  

that a greater reduc tion in the ra t e  o f  resp i ra tion mus t take p lace 

in seeds buried in the soil than in moi s t  s torage . 

\ 
Lewis ( 1 96 1 )  s tated that the mos t  rap i d  depletion o f  s eed 

populations takes place in the f i r s t  year of  b urial . Although 

the cause of rapid loss has no t been inve s tiga ted , i t  may be due to 

soil  aeration which is curtailed later by compact ion (Lewis 1 96 1 ;  

Barton 1 9 6 2 ) . Depth of burial , the water level and soil  type , 

influence aeration and may affect  seed longevity . However the rap i d  

depletion o f  seed populations i s  mainly d ue to i n  situ germination , 

a lthough o ther factors , such as fungi and bacter ia may also be 

involved (Lewi s  1 9 6 1 ) . Lewis ( 1 958)  found some seedlings o f  

legumes at a dep th of  1 0 "  af ter prolonged bur iai i n  the soil . 

He s ta ted, however ,  tha t seeds of  mos t  legumes ( including red c lover 
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and whi te c lover)  do no t survive for long under we t condi tions in the 

soil . 

Hyde and Suckling ( 1 95 3 )  observed tha t legume seeds rarely lose 

their germinat ion capac i ty whil e  they remain in an impermeab le s ta t e  

in the soi l . However ,  they e i ther germinate or decay af ter becoming 

permeabl e . Evans ( 1 95 9 )  also reported tha t  germination in situ 

is  the principle  fac tor affec t ing the dep letion o f  weed seed populations 

in loam , sand and pea t soils . S imilarly , Taylorson ( 1 9 7 2 )  s ta ted that 

the decrease in numbers of  viable  weed seeds in the soil  i s  apparent ly due 

to germinat ion in situ when such seeds are a f ter-ripened and sown at 

shallow depths . 

S ome worker s  have a t temp ted to exp lain the fate of  seeds i n  the 

s o i l  using models . Schafer and Chi lcote ( 1 96 9 , 1 97 0 )  developed a 

population mode l  to analyse the persis tence and depletion of buried 

s eed  o f  a species at any par t icular point in t ime . They descr ibed the 

p ersi s tent segment of  the buried seed population using parameters of  

endogenous and exogenous dormancy with the nonpersis tent segment  determined 

by in situ germinat ion and nonviab i l i ty among ungermina ted s eed . Thi s  

mode l  was later e laborated b y  Roberts ( 1 97 2b ) . 

Period i c i ty o f  germinat ion : Many seeds buried in the soil  exhibi t  a 

periodi c i ty of  germina tion . As early as 

1 9 1 6 , Harrington repor ted thi s  charac teris ti c  in some l egume species . 

He f ound that under apparently favourable condi tions , only a sma l l  

p ropor t ion of impermeab le seeds i n  red c lover , whi te clover , alsike clover 

and sweet  clover germina ted promp t ly in the soil when sown in warm 

wea ther . However ,  50-60% of  them produced seed lings in the following 

spring a f ter  passing through the winter in the soil  without inj ury . 

Wi t te ( 1 938)  also repor ted tha t the germinat ion of hard seed in some legumes 

occurs a t  two periods , the f irst  during the f i r s t  few months af ter 

sowing and the second in the following spring . According to B laser and 

Kil l i nger ( 1 950) , mos t of  the whi te c lover seed which falls  to the ground 

r emains hard during the warm summer months . However ,  a dense population 

of seedl ings appear when the soi l becomes moi s t  af ter the f ir s t  f ro s t . 

With the seeds of  o ther fami lies , some workers have also repor ted 

periodici ty of  germination . Brenchley and War ington ( 1 930)  stated 

that the period of  maximum germina tion of weed seeds varies wi th the 
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species b u t  mos tly occurs in the autumn and winter . Maximum germin­

a tion never occurs during the summer mon ths . Apart from the periodic  

bulk germinat ion in each year , only relat ively f ew seedlings appear 

over the res t of the year . Bar ton ( 1 945 , 1 9 6 1 b )  also reported that 

pigweed (Amaranthus retrofZexus) seeds show a def inite periodicity 

of  germination which is  independent of external cond i t ions . Similarly , 

Chepi l  ( 1 946a) described that wi th mos t  species there  i s  a typi cal seasonal 

p eriodici ty of germination throughout the l i fe-span of seed s . The 

period o f  maximum or peak germina t ion varies wi th the species . 

Thurs ton ( 1 960)  found tha t seeds o f  some weed species germinate a t  

a defini te t ime of  year e i ther in spring o r  autumn o r  both . 

( 1 96 9 )  recorded a simil ar pat tern in a wide range o f  p lants . 

Nikolaeva 

This  

mechanism is  impor tant in insuring agains t untimely germinat ion , 

a lthough i t  has not yet  been exhaus t ively explained . Roberts  ( 1 9 70)  

has  observed that mor e  informa tion is needed about seasonal changes 

in the p ropor tion of  seeds under enforced-dormancy as compared wi th 

endogenous-dormancy and the fac tors which cause them . 

Seed ling emergence and depth o f  burial : The percentage emergence 

or maximum seed burial dep th 

from whi ch seedlings can emerge varies wi th species , seed s i ze ,  

temperatur e ,  soil  mois ture , soil  compression , soil  p ar ti c le s i ze ,  soil  

pa thogens and the compo s i t ion o f  the a tmosphere surrounding the seed 

(Heydecker 1 9 5 6 ; King 1 96 6 ;  S chafer and Chilcote 1 96 9 ; Roberts  1 9 70 ) . 

B lack ( 1 9  5 9 )  and King ( 1 96 6 )  defined 1 1  emergence 1 1  as the appearance 

of the f i r s t  aerial organ or par t above the soil  surface . 

There are a number of  repor ts of  the maximum dep th of  seed 

burial which s ti l l  allows seedling emergence for var ious kinds of 

weed seeds ( Brown and Proter 1 942 ; King 1 96 6 ; Cour tney 1 968 ; 

Rober ts 1 96 3 ;  Roberts and Feas ts 1 97 2 ;  Feasts and Rober ts 1 9 7 3) , 

and vege table , legume and cereal c rop seeds (Andrew 1 95 3 ;  Lewis 1 958 ; 

Hanna 1 9 7 3 ; Smith and Cooley 1 9 7 3 ;  Onwneme and Adegoroye 1 9 7 5 ; 

Hadj ichris todoulou et  a l .  1 9 7 7 ) . Those seeds buried below the 



1 81 

critical dep th for that species , may germinate but fail  to emerge 

through the covering soil layer or remain dormant (Brown and Por ter 

1 94 2 ;  Roberts 1 964 , 1 9 7 0 ; Roberts 1 9 72b) . 

King ( 1 9 6 6 )  s tated that as a ' rule-of-thumb ' for p lanting , 

seeds mus t be  sown no deeper than four t imes their diame ter . Accord­

ing to Moore ( 1943)  seeds of  red c lover and o ther c lovers almost 

comp le tely fail  to emerge when they are sown 5 cm deep . Murphy 

and Arny ( 19 39 )  also found that red c lover seeds produce satis factory 

s t ands when sown at  2 . 5  cm dep th on all soil types . However , 

no emergence of  seedlings o f  alfalfa , sweet clover , alsike clover , 

whi t e  clover and red clover is recorded from a 7 . 5 cm depth o f  

p lanting i n  mos t  soil  types . 

Bolton ( 19 6 2 )  repor ted that alfalfa seedl ings may emerge from 

dep ths of 3 . 8  cm to 5 cm in sandy soils but these dep ths are no t 

recommended on heavier soil  types . Peif fer e t  a l .  ( 19 7 2 )  s tated 

that s eedl ing emergence decreases signif icantly as the dep th o f  

p lanting increases . Op t imum p lan t ing depth f o r  crownvetch (CoroniZ Za 

varia L . )  is about 0 . 6  cm to 1 . 3  cm b ut vigorous seedl ings can emerge 

f rom depths of  3 . 8  cm . 

Permeab ility of seeds in dry storage : Permeability and longevity of  

seeds depends on the condi t ions 

o f  s torage . It has been genera l ly sugges ted ( Owen 1 95 6 ; Barton 1 9 6 1 a ; 

Harrington 1 9 72 ; Rober ts 1 9 72a) that high humidity and high temper­

ature tend to decrease seed viab i l i t y  while  low temperature and low 

humid i ty or low seed mo isture content are bene ficial to seed fo r 

maintaining their viab i l i ty for a cons iderab le period . 

Witte  ( 1 9 3 1a )  repor ted that seed hardness in sma l l-seeded 

legumes increases when samp les ar e kep t under  dry and warm laboratory 

condit ions . Bar ton ( 1 9 6 1a)  also s tated that seeds whi ch are permeable 

when harves ted may become impermeab le dur ing s torage under certain 

condit ions of  tempera ture and humid ity . Barrett-Lennard and 

G ladstones ( 19 64 )  found that ini t ially soft  seeds of Wes tern Australian 

serradella (Ornithopus compressus L . )  stored at 76% relat ive humidity , 

remained sof t whi le those kep t  at 44% relative humidity become 

impermeab le . Seeds stored at 52%  and 66% relative humidi t ies 

resulted in ' semi-hardness ' and showed delayed ge rmination . Breakdown 
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o f  impermeabi l i ty occurs in s torage only under alternating temperatures 
0 but not at  a cons tant tempera ture o f  20 C .  

Hagon and Ballard ( 19 70) , who worked with the seeds o f  sub terranean 

c lover , reported that some seeds revert to the impermeable cond i t ion 

when they are s tored at a low relative humidity . I t  is sugges ted that 

the res toration o f  impermeab ility  by exposure to low relative 

h umidity may be caused by shr inkage which is l ikely to occur on drying . 

In the case of  percussed seeds , when the s l i t  at the strophiole does 

not extend to the exterior the re-appos it ion of surfaces over only 

a part of  the length of  the s l i t  would probab ly be  suff i c ient to 

restore impermeab ility . The s trophiole can exhib i t  movements in 

response to changes in relative humidi ty . S uch movement however 

operates in the oppos ite  way to that of the hilum .  The s trophiole 

clef t is  closed only by dry condi t ions whereas the hilum can be 

repeatedly opened and closed . If commercial seed samples contain some 

s eeds whi ch are rendered permeab le at the strophiole only , the latter 

can be  resealed by s tor ing the seeds under low humidity conditions 

during the s ummer months (Hagon and Ballard 1 9 70) . 

According to Glads tones ( 19 58) , Australian b lue lupin (LupinuB 

digitatuB) seeds which are air-dried in the laboratory remain ful ly 

soft  for about one week af ter harves t and thereaf ter harden only 

s lowly . However , in red c lover , impermeab ility  develops immediately 

a f ter harvest  and sof tening occurs slowly during the summer and 

autumn and becomes more rap id in the winter . Subsequent ly the rate 

of softening s lows down again (Nakamura 1 962 ) . 



MATERIALS AND METHODS 

1 .  Seed b urial s ites and experimental layouts : 
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Two f ield s ites of d i fferent soil  types ( c lay loam and sandy 

loam) were selected . The size of  each plot  was approximately 22 . 32 

sq . meters ( 360 cm x 620 cm) , includ ing walking spaces between 

rep l i cates . Each rep licate measured 150  x 1 7 0  cm including a space 

for soil  moi s t ure and temperature measur ing ins truments and for soil  

s amp l ing . Along the s ides o f  each s i te , field emergence trials 

were carried out at both field sites . 

A randomized comp lete b lock des ign with dif ferent randomizat ions 

was used at each s i te . Three replicates were inc luded at each seed 

burial dep th (Figs 1 4&1 5 and P lates 56 &. 57 ) .  

2 .  S i te management : 

The two seed burial s i tes were deep ploughed and f inely t i l led . 

Each rep l icate was level led evenly to allow uni form dep ths of  seed 

b urial . 

vJeeds a t  the burial s i te and f ield emergence trial areas were 

sprayed twice with  Gramoxone ( paraquat)  at the rate of 6 l i tres in 

300 l i tres of water/ha , and twi ce wi th Reglone ( d iquat)  at the rate 

of 6 l i tres in 700 l i tres of water/ ha during the trial period . 

Hand weeding was also done whenever necessary . 

3 .  Seed source and preparat ion for burial : 

S ix seed samples with dif ferent maturi t ies (harves ted at 1 0 , 

1 4 , 1 8 ,  22 , 2 6 , and 30 days af ter peak f lowering) were taken from 

the 1 9 7 4  autumn-sown crop . From each samp le , about 1 3 , 000 seeds 

were used for seed b urial trials and f ield emergence tes ts . The 

remaining seed from each sample was s tored in the laboratory for sub ­

sequent laboratory germinat ion tes ts which were carried out at s imilar 

intervals to those from buried seed samp les . These six d i fferent 

maturity samp les are also refered to as " developmental stages or 

ages"  elsewhere in the text . 
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Small nylon bags (about 6 x 8 cm) were made f rom open weave 

nylon c loth . S eeds were put into these bags before burying them in 

t he soil . Each bag contained 100 seeds and bags were labelled 

with a different coloured p las tic  tag for d i fferent samples . 

Altogether 6 7 2  bags were used for the seed burial t r ial . 

Nylon mesh bags containing seed were b ur ied at  � cm dep th 

( j us t  covered by soil) or 1 5  cm deep in both soil types . The se bags 

were p laced about 15  cm apar t .  P lastic  label-pegs were p laced on 

the soil  surface to mark the position of each bag . 

For the f ield emergence trial , 100 seeds f rom each maturity  

were buried at  monthly intervals s tarting from July through to 

October .  Seeds were bur ied at both dep ths and soil  types described 

for the seed burial t rial excep t that the seeds were not enclosed in 

nylon mesh bags . 

4 .  Sample recovery and seedling counts : 

Seed bags bur ied in both so i l  types were removed at  intervals . 

Two weeks a f ter burying , all the bags buried at  bo th depths and soil 

types were removed to check the percentage germinat ion o f  seed in 

each bag . The germinated seeds inside the bag were counted and 

all bags were  then re-buried on the same date of remova l . However ,  

when bags were removed for germination tes ts at  later periods , they 

were not re-buried aga in . 

The first  four removals for germinat ion tes t s , (each removal 

cons i s t ing of 7 2  bags ) were carried out ini tial ly at monthly intervals 

commencing one month a f ter burial . Subsequent ly samples were 

removed at increas ing t ime intervals , the f inal sample being taken 

after an 1 8  months burial period . 

Seedlings that emerged from the soil in f ield emergence trials 

were counted and removed at weekly intervals . The emergence results 

for each seed maturi ty samp le were recorded separately . This trial 

was also conducted for 1 8  months . 



5 .  Measurements : 

At each t ime o f  removal , bags were thoroughly washed in 
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tap water and dried quickly be tween dry towels . The bags were then 

cut open and the seeds rema ining in each bag recorded as soft  or  

hard separately . Both the  sof t  and hard seeds recovered were tes ted 

for germinat ion commencing on the date of removal .  

Seed samp les s tored in the laboratory were also tes ted for 

germinat ion at the corresponding t ime of  each field removal .  

In all cases germina tion tes ts were carr ied out at 20°C for 1 0  days 

on top of paper (TP) in ac cordance wi th the I . S . T . A .  Rules (Anon . 1966 ) . 

To determine changes in the mois ture content of  seed during 

the burial per iod , add it ional seed samples were bur ied along with 

corresponding samples for  germination tes ts ( F igs . 1 4  & 1 5 ) .  Four 

mois ture determinat ions were made with buried seed samp les ( 1 ,  3 

1 2  and 18  months after burial) . For mois ture  tests , seed bags 

were removed , washed and dried quickly , These bags were t hen opened 

and seeds removed . Soft  and hard seeds were separated and the lat ter 

were dried between blott ing-paper . Only those seeds which appeared 

hard , were used for mo is ture determinat ion . 

Mois ture tests on seed samp les s tored in the laboratory were 

also carried out at  the same t ime as those f rom buried seeds . 

Mois ture determina t ion was conducted in an air  oven at 105°C for 1 8  

hours . 

Air and soil  temperatures were recorded at  both burial sites 

throughout the exper imental period . A recording thermograph 

was stationed at each experimental s ite about 10 cm above the ground 

to record dai ly amb ien t t emperatures . S imilarly , to measure soil  

temperatures , minimum-maximum thermome ters were buried at the � cm 

or 1 5  cm dep ths in repl icate I I  of  each s ite . ( Figs . \ 4  & 1 5 ) . 

Minimum and maximum soil  tempera tures were recorded at weekly 

in tervals .  

Soil  mo isture levels at d i f f erent depths and burial s i tes 

were determined gravimet rically at weekly int ervals . At each 



samp l ing about 500 grams of soil  was taken from each replicate and 

dep th at both s i te s . The samp les of each repl icate were thoroughly 

mixed and a 20 g sub-samp le was dried in an air  oven at  105°C for 

24 hours for mo isture determinat ion . 

Seed samples removed from the soil in March and July 1 9 7 7  

were washed and dried . Each samp le was p laced i n  ferrous solut ion 
++ 

( Fe 0 . 003  M) for 10  days to observe the s i te of  ini t ial 

permeab i lity o f  the seed coat and the number of permeable  seeds . 
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RESULTS 

A computer p rogramme us ing a spl i t  p lot analy s is wi th two sub­

factors was emp loyed to analyse data f rom the seed bur ia l  experiment . 

Tables o f  analysis of  variance , means o f  each t reatment and treatment 

interactions for seed recovered , hard seed and laboratory germination 

results are p resented in Appendices ( 3 4 - 36) for the c lay soil  s i te 

and in Appendices ( 37-39 ) for sandy soil s i te . 

A .  Seed germinat ion and viab i l i ty under f ield cond i t ions 

( 1 ) Germina tion in s itu in the soil : As shown in tab le ( 4) 

at  all  seed mat ur i t ies , 

excep t maturity one ( i . e .  seed buried in soil  following removal from 

p lants 1 0  days af ter peak f lowering) , the percentages of  germination 

in situ in the soil  af ter two weeks burial are s imilar to the 

correspond ing p re-bur ial laboratory ge rminat ion resul ts . The 

germinat ion in situ at a l l  maturi t ies at d i ff erent dep ths and in 

both soil types are s imilar for all of the e ight seed lots examined . 

TABLE 4 

Days 
after  
peak 
f lower ing 

Laboratory germina tion and in situ germinat ion in the 

soil  af ter 2 weeks burial (means of eight seedlots )  

Seed Laboratory germ- Germinat ion in situ ( % )  
maturity ina t ion tes t C layey soil  Sandy soi l 
( develop- immediately site s i te 
men tal prior  to seed � cm 1 5  cm � cm 1 5  cm 
age) burial ( % )  dep th dep th dep th dep th 

of  of  of  of  
burial burial burial burial 

10  1 20 9 7 7 7 

1 4  2 1 2  1 0  7 8 8 

1 8  3 1 2  1 1  8 9 8 

2 2  4 9 9 7 7 7 

2 6  5 1 0  1 0  9 9 1 0  

30  6 1 0  9 8 1 0  9 
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When seed samp les were removed after  burial for  one month ( i . e .  

a further f o r tnigh t  a f ter the interim removal shown in Tab le ( 4 )  ) , 

increased in situ germinat ion percentages were recorded in all  seed 

rna turi t ies but par t i cularly in earlier rnatur i ties at  b o th burial depths 

and in both soil t ypes (Appendix 40 ) .  Further increases in the 

percentage germinat ion in situ at the � ern dep th in both soil  types 

also occurred during the following 2 month burial per iod . In contras t 

to the result s  o f  previous mon ths , more obvious increases in in situ 

germinat ion were observed in the later seed rna tur i t ies ( i . e .  seed buried 

f o llow ing removal f rom p lant s  1 8 ,  2 2 ,  2 6  and 30 days after peak 

f lowering ) . Neverthe less , the germination in situ at the 1 5  ern burial 

dep th in both soil types de creased markedly in samples f rom all seed 

rnaturi ties . 

At the thi rd month , �n si tu germinat ion percentages at  the 

� ern dep th began to dec l ine whereas at the 15 ern dep th they increased 

a l i t t le in the c layey soil  while remaining at  about the same l evel 

in sandy soil . S imilarly , at  the removal a f ter four months of burial , 

percentages o f  in situ germinat ion a t  the 1 5  ern dep th showed a 

s l i gh t  increase , while  those a t  the � ern dep th dropped f ur ther to 

lower percentages . At later t imes o f  removal during the experimental 

p er iod , in situ germinat ion was negl igible at both dep ths and in 

both soil  types excep t at the seventh removal (after 15  months o f  

burial)  where a small  percentage o f  in situ germinat ion occurred 

at  the � ern dep th in both  so i l  types . (Appendix 4 0 ) . 

( 2 )  Seed re covered f rom the so i l : The percentage o f  seed 

recovered at d i fferent 

intervals of  removal s how� d  a sharper decl ine at  the � ern dep th 

than at  the 1 5  ern dep th in both soil types ( Table 5) .  A greater 

reduc t ion occurred be tween the f irs t and second t imes o f  removal at 

the � ern dep th . Never theless , at  mos t  removal t imes the percentage 

of seed recovered f rom the same dep th in both soil  types showed no 

obvious d i f ferences , a lthough the per cen tage of seed recovered was 

general ly much higher from t he 1 5  ern dep th than the � ern burial 

dep th ( Table 5 ) . 
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TABLE 5 Percentage means o f  seed recovered f rom the s o i l  a t  

d i f feren t in tervals of  seed remova l .  Date o f  burial -

1 0  6 . 75 . 

Period o f  Da te  of  C 1 a_ye_y_ s o i l  s i te Sandy s o i l  s i te  

b ur ial seed � cm dep th 15 cm dep t h  � c m  dep th 15 cm dep th 

(mon th)  removal 

1 9 . 7 .  7 5  74 . 6  78 . 3  7 5 . 8  73 . 7  

2 1 2 . 8 . 75 3 5 . 0  6 9 . 9  3 3 . 7  6 8 . 9  

3 1 1 . 9 . 7 5 2 3 . 5  6 3 . 8  2 3 . 9  6 2 . 2  

4 9 . 1 0 . 7 5 1 9 . 1 5 3 . 3  1 8 . 5  4 9 . 3  

9 9 . 3 . 76 1 5 . 2  46 . 7  1 6 . 8  40 . 9  

1 2  9 . 6 . 7 6 1 3 . 7  37 . 8  1 4 . 5  38 . 5  

1 5  9 . 9 . 7 6 6 . 2  3 3 . 6  9 . 4  3 6 . 7  

1 8  8 . 1 2 . 7 6 3 . 3  2 3 . 0  7 . 0  2 4 . 0  

The means o f  both depths for seeds recove red f rom t he c layey s o i l  

s i t e  showed a s igni f i cant ( P  < 0 . 0 1 )  decrease w i t h  later removals 

t h roughout the exp e r iment a l  per i o d  (Appendix 41 ) .  The resul t s  in 

s andy s o i l  showed a s imi l a r  p a t tern but the reduc t ion was so  sma l l  f r om 

the four th t o  s eventh t ime s of  removal tha t no s igni f i c an t  (P  > 0 . 0 1 )  

d i f f eren ces were recorded . Howeve r ,  t here was a s igni f i cant (P < 0 . 0 1 )  

redu c t ion in the percentage o f  s eed re covered a t  each o f  the f ir s t  f our 

removal t imes . The percentage of seed recovered at the last  remova l  

( a f t e r  1 8  months bur ial ) w a s  a l so s i gni f i cantly lower t han a t  a l l  

o t her t imes . (Ap p endix 4 1  ) . 

On the o the r hand , t he percentages of  seed recovered are very 

s imilar  at  each dep th for c o rrespond ing ma t ur i t ie s  in both  so i l  types 

( Tab le 6 ) . However , h i Eh e r  pe rcentages o f  seed were re covered from 

the deeper burial for a l l  ma tur i t ies . Moreover , d i f f erences in the 

percen t age of s eeds recovered b e tween ma t u r i t y  one and s ix at t he 15 cm 

dep th is about three t imes greater than the corresponding result  at 

t he � cm dep th in both s o i l  types . The d i f f erences be tween t he f irs t 

f ive ma t ur i t ie s  of the 1 5  cm dep th are a lso larger than corresponding 

d i f fer ences at  the � cm dep th ( Table 6 ) • 



TABLE 6 

Day s 
a f ter 
peak 
f lowering 

1 0  

1 4  

1 8  

1 93 

Percentage means o f  seed recovered f rom the soil  for  samp les 

of  dif ferent seed maturi ties 

� e ��----f-- Clayey so il,::__s:;__::.ic:t_.::._c ___ +-l----=sc__::a:c:.n-'-'d:c...l y'---'s=-·· o=-l=-
· 1
=:-=-s =i-=t-=e------1 

Ma tur i ty � cm dep th 1. 5 cm depth � cm dep th 15 cm dep th ( develop-
men tal 
age) 

1 1 7 . 0  

2 2 2 . 0  

3 2 3 . 1 

30 . 6  

4 5 . 3  

5 1 . 2  

1 7 . 7  

2 1 . 8  

2 3 . 8  

30 . 7  

4 2 . 3  

48 . 5  

4 2 4 . 0  5 6 . 7  2 5 . 6  2 2  5 2 . 8  

5 2 7 . 8  6 0 . 5  3 2 . 5  

6 28 . 9  60 . 5  29 . 2  

L----� �----�----------�----------�---------��-------�----:-�� 
The increase in the p e rcentage o f  seeds recovered (means o f  two 

dep ths ) w i th s tages o f  seed ma turity was also signif icant ly ( P  < 0 . 0 1 ) 

d i f ferent for mat uri ty levels  one _ to f ive . However ,  no sign i f i cant 

d i f f erences were observed be tween ma t ur i ty levels f ive and s ix in 

e ither soil  type . (Appendix 42 ) . 

( 3 )  Hard seed recovered f rom the so i l : At the � cm depth , the 

percentage of hard seed 

recovered f rom the soil  dropped dras tically from 6 9 %  to  28% in the 

clayey soil  and from 68% to 28% in the sandy soil  s ites be tween the 

f i r s t  and second removals . However , from the third t ime of  removal 

un t i l  the las t  removal this decl ine was more gradua l  ( Fig . 1 6  ) .  

S imi larly , a t  t he 1 5  cm dep th in both  soil  types , the level o f  hard 

seed content a lso decreased dur ing t he f irs t four mon ths and t hen contin­

ued to de c line more gradual ly w ith increased leng th o f  the burial period . 

As seen in Fig . ( 16) , the percentage o f  hard seeds recovered a t  any 

one dep th in b oth soil  types was rema rkably similar throughout  the 

experimental period . However , at the second  t ime of removal the 

percentages of  hard seed at the � cm depth in both soil  types 

were more than 50% .lov1er than those of their counterparts at the 

15 cm dep th . This  trend cont inued unt i l  the end of the burial period 

( 1 8 mon ths ) . 
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B .  Laboratory assessmen t  o f  the charac teris tics  o f  seed recovered 

from the soil  and seed s tored in the laboratory 

( 1 ) Germinat ion in the labo rato ry :  Seeds recovered from t h e  soil 

showed some germinat ion 

capaci ty when they we re tes ted under op t imum cond i tions for seed 

germina tion in the labor atory . The percen tage germinat ion recorded 

for seeds recovered from each dep th of burial at each t ime of removal 

is shown in Tab le ( 'I ) . A sudden drop in germina tion oc curred a t  

the second remova l time and again a t  t h e  third remova l  a t  the � cm 

dep th in both soil  types . Germina t ion was very lo\v in seed samples 

recovered a t  the third t o  fi f th times o f  removal a l though i t  increased 

a l i t tle  again at the sixth  and seven th remova l . 

At the 1 5  cm burial dep th , seed germina t ion capac i ty declined 

very gradual ly up to  t he fourth time of removal ( af ter 4 months 

b ur i a l )  in both s o i l  types . I t  t hen dropped dra s ti cally  a t  the 

f if th t ime of remo val , i ncreased sub s t ant ially at the s ixth and 

seven th t imes of remova l ,  and f ina lly fell  to the lowes t leve l a t  

the l a s t  removal  ( Table ' {  ) . 

TABLE 7 

r�eriod 
of 
b urial  
(months )  

1 

2 

3 

4 

9 

1 2  

1 5  

1 8  

Pe rcen t age germina tion ( means o f  six ma turi t ies)  reco rded 

at d i f feren t intervals of removal .  

Da te of  bur i a l  - 10 . 6 . 7 5 

Da te of  seed T�layey s o i l  s i t e  Sandy soil s i te 
remova l 

cm dep th I 1 1 5 !2 c m  depth 1 5  !2 cm dep th cm dep th 

9 . 7 . 7 5 30 . 2  39 . 0  ! 35 . 1 3 6 . 7  

1 2 . 8 . 75 1 3 . 2 35 . 1  1 5 . 7  40 . 1  

1 1 . 9 . 7 5 1 . 8  3 7 . 8  2 . 6  28 . 3  

9 . 1 0 . 7 5  0 . 7  29 . 8  0 .  7 1 7 . 3  

9 . 3 . 7 6 0 . 3  1 . 1  0 . 3  1 . 9  

9 . 6 . 7 6 4 . 8  1 3 . 0  7 . 8  2 2 . 3  

9 . 9 . 7 6 3 . 6  2 1 . 6  4 . 0  2 4 . 1  

8 . 1 2 . 7 6 0 . 0  1 . 8 0 . 0  0 . 2  

-------- · ··---· 



The reduc tion in the percen tage germination means of  seed 

recovered f rom both dep ths in both soil types from the f irst  to f i f th 

t imes of  removal showed s ignif icant dif ferences (Appendix 4 1  ) .  

In each soil type , these values a t  the f if th and eigh t  times o f  removal 

were also significantly ( P  < 0 . 0 1 )  lower than corresponding values 

ob tained at o ther removal t imes . 

I t  was also observed tha t a t  both depths and in both soil  types 

the seed germinat ion percentage increased with increasing levels of 

seed maturity (Table 8 and Figs 1 7&1 8 ). Although a gradual and small 

increase in percentage germina t ion occurred at the  � cm dep th , a 

more s ubs t antial increase was noted a t  the 1 5  cm in both soil types . 

However ,  a t  the same depth for both soil types , the germinat ion 

p er centages for corresponding maturi ties were s imilar although slightly 

higher percenta ges  were r ecorded a t  the � cm dep th of burial  in 

sandy soil . 

TABLE 8 : 

Days 
after  
peak 
flowering 

1 0  

1 4  

1 8  

2 2  

2 6  

30 

Percentage germinat ion (means of e ight removals )  of  seeds 

of  different matur i t ies  following seed removal 

Seed Clayey soil site  Sandy soil s ite 
maturity 

� cm depth 1 5  cm dep th � cm dep th 1 5  depth (deve lop- cm 

mental 
age ) ! 

1 I 4 . 0  8 . 5  5 . 3  7 . 8  

2 I 6 . 7  1 8 . 2  7 . 3  1 7 .  1 I 
3 I 6 . 9  2 3 . 2  7 . 6  20 . 6  

4 6 . 2  2 3 . 1 7 . 4  20 . 7  

5 8 . 3  3 1 . 3  1 1 . 0 3 2 . 8  

6 9 . 0  30 . 0  1 1 . 0 29 . 2  

In both soil types , there was a significant increase in seed 

germinat ion capacity between maturi ty ratings one and two (Appendix 42 ) .  

No signi ficant ( P  > 0 . 0 1 )  increases occurred between ma tur i ty levels 

two to four . However ,  the ge rmina tion percentages in ma turi ties 

f ive and six were both s igni fi cantly (P  < 0 . 0 1 )  higher than the values 

for o ther ma turi ties in both soil  types (Appendix 42 ) . 
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Fig 1 8 :  S e ed l o s s e s  in t he s o i l dur i n g  t h e  bur i a l  p e r i od o f  1 8  mon t h s  and t he ge rmi nab i l i ty o f  
seeds r e c ov e r ed f rom the 1 5 cm dep th 
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( 2 )  Level s  o f  hard seed per centage recorded a f ter l aboratory 

tests : 

1 99 

The percentage o f  seed remaining hard at  the end o f  laboratory 

germination tests  at each time o f  seed removal i s  presented graphically 

in Figure 1 9  . The per centage o f  hard seed dropped to about one 

half  of the original level in samples tested f o llowing removal a fter 

one month of burial at both dep ths and in both soil  • types . There 

were also marked reduc tions o f  the hard seed content be tween samples  

tes ted following one and two months o f  buria l , especially at the  � cm 

dep th . In both  so i l  types , the levels  o f  hard seed recorded in 

s amp les at the � cm dep th were generally maintained during 2 to 9 

months o f  b urial and then decl ined gradually . Conversely , the 

percentage of hard seed in samp les b uried at  the 15 cm depth in 

clayey soil  decl ined s harply af ter one to four months of burial and 

then rose to the highes t level at the f i f th t ime o f ' removal ( i . e .  

fo l lowing 9 months burial) . The per centage then decreased at the 

f o llowing two removals ( i . e .  up to 15 mon ths) and increased again a t  

the f inal removal ( Fig . 1 9 ) . 

A s imilar reduc t ion in the hard seed percentage , especially at  

the � cm dep th ,  also occurred in sandy soi l .  At the  1 5  cm depth , 

s tarting from the thi rd time o f  removal , the percentage o f  hard seed 

began to increase unt il  the f i f th removal t ime . It  then f o llowed 

a s imilar trend to the results in the c layey soil (Fig 1 9 ) .  

A s igni ficant ( P  < 0 . 0 1 )  reduct ion in hard seed percentage 

(means of  two dep ths ) occurred during the f ir s t  f our months o f  burial 

in seed samp les recovered f rom the c layey soil s i te . (Appendix 41 ) . 

Starting from the f i f th t ime and continuing to  t he f inal t ime o f  

removal , cons iderable f l uc tuat ion i n  hard seed content occurred . Seed 

recovered f rom the sandy soil  s i te showed s imilar but fewer s igni ficant 

reduct ions in the percentage of hard seed (Appendix 41 ) .  

The percentage o f  hard seed content also increased signi f icant ly 

with increas ing seed ma tur i ty up to ma turi ty four ( i . e .  seed harves ted 

22 days a f ter peak f lowe ring) . However no fur ther sign i ficant increases 

occurred in later seed maturity samp les \..4.pyend ix 42 ) • 

Moreover , no sign i f i can t d i f ference b e tween the percentages o f  hard 

seeds f rom the t\.JO soil  types was observed (Appendix 43 ) . 
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( 3 ) Seed coa t permeab i l i ty tes t :  When seeds were removed f rom 

the s o i l  in early autumn 

(March 1 9 7 7 )  af ter 2 1  months bur ial  and soaked in ferrous sol u t ion , 

a lmost  a l l  o f  then1 ( 9 9 % )  were hard . However , in samples  removed in 

the Hinter ( July 1 9 7 7 )  f o llowing 24 mon ths burial , a subs tan t iall y  

higher percen tage o f  seed ( 30%)  showed permeab i l i ty b y  absorbing the 

ferrous solut ion through the s trophiole . 

( 4 )  Seed s t o red in the labora tory:  The percentage o f  hard seeds , 

dead seeds , normal and 

abnormal seedlings ob tained from seed samples s tored in the laboratory 

are p resented in Figu.t·.,. ( 20 ) , Appendices ( 44 - 46 ) . The data 

was analysed us ing a comp uter  programme for  three-way ana lysis  o f  

variance . The s ta t i s tical resu l t s , i ncluding the means o f  each 

treatment and interac tions for hard seeds , normal seedl ings and 

dead seeds are p resented in Append i ces  ( �4-46 ) . 

The percentage of  hard seeds decreased gradually with increas ing 

s torage period f rom 82% a t  the beginning of the exper iment to 6 5 %  

after  1 8  mon ths s torage ( Fig . 2 0  a ) . Conversely , the  level  o f  normal 

seedl ings increased from 1 2% to 3 1 % during the s to rage period . However , 

the percen tage o f  dead seeds showed no signi ficant d i f ferences in  mos t 

o f  the tes ts , excep t a t  the test  carried out  af ter 9 mon ths 

s to rage ( Fig .:C:U a ) . 

The percentage o f  h ar d  seeds increased wi th increasing seed 

ma t u r i ty ( Fig . �0 b ) . B y  contras t ,  the percentage o f  no rmal seedlings 

decreased as seed ma turi ty increased . More dead seeds wer e  recorded 

in seed samp les harves t ed at the earlier st ages of seed deve lopment 

( 1 0 and 14 days af ter peak f lmver ing ) ( Fig . 20 b , Append ix 46 ) . 

( 5 ) Seed moi s t ure content :  Seed samp les s tored in the laboratory 

generally maintained , or showed only 

a sma l l  decrease in the i r  Ini t ia l  mo i s t ure contents throughou t the 

s torage period of 18 mon ths  ( Fig . : ' lband Appendix 47 ) . Seed samp les 

harves ted during the e a r J y  s ta ges of  ma tur i ty ,  genera l ly con tained a 

s l i gh t ly h i ghe r mo i s t ure content than those harves ted at  later 

ma turi ties . Howeve r ,  the range in seed mo i s ture con tent acros s d i f feren t 

ma t uri ties  during the s to rage period was only be tween 9 %  and 1 3% 

(we t weigh t  bas i s ) . T h l:!  leve l of rela tive humid i ty in the s torage 
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room ( 4 7- 6 8 % )  did not seem to have any s igni f i cant e f f e c t  on seed 

moi s t ure con ten t (Append ix 48 ) .  S imilarly , the rela t ively cons t an t  
0 

s torage tempera tu re ( 1 8- 2 6  C )  (Fig . 22 and Append i x  48 ) d id no t 

seem to  a f fe c t  the seed moi s ture levels . 

As shown in F ig . (2 1  b ) , those seed samp les recovered following 

bur ial  a t  the � cm dep th in clayey s o i l  also re tained their  initial  

mois ture contents  for a t  leas t t hree mon ths in the  s o i l . However ,  

high seed mo i s t ure contents  were r ecorded when seed moi s t ure 

t e s t s  were carried out a f te r  1 2  mon ths seed burial (Appendix 47 ) . 

The moi s t ure con tent s  o f  seed samples recovered f rom the sandy s o i l  

a f ter  one mon th o f  burial showed s imilari ty w i th ini tial  pre-burial 

seed moi s t ure levels  ( Fi g .2 1  c ) .  However , with  tes t s  af ter 3 and 1 2  

months o f  burial , the mo i s ture conten t s , espec ially i n  early ma tur i ty 

s amples , were s ubs t an t ia l ly h igher than init ial seed moi s t ure levels 

(Appendix  � 7  ) . 

The resul t s  o f  mo i s t ure tes ts carried out  on seed samples  b uried 

a t  the 15  cm dep th in bo th s o i l  types are shown in Figs . ( 21  d&e ) . 

In the clayey s o i l , mo is ture con ten t s  of  seed samp les tes ted a t  1 ,  3 

and 1 8  mon ths  follow ing burial were s imilar to the res u l t s  o f  the 

ini t ia l  tes t .  High mo i s ture con tents  in seed samples of mos t  

ma tur i ties  were noted when moi s t ure tes ts were carried out  af ter 

12  mon ths burial ( Fig � I u ) . In sandy soi l ,  seed from all  seed 

mat ur i ties , excep t ma tur i ty one  a f ter 1 2  and 18 months buria l , 

maintained the ir ini t ial  mo i s t ure leve ls ( Fig . 2 '1 e  and Appendix 47 ) . 

C .  Micro c l ima t i c  cond i t ions a t  the seed burial s i tes  and in the 

labora tory s torage r o o m  

( 1 ) Amb ient tempe r a t ure : Monthly  average amb ient  tempera tures 

recorded at t he two burial s i tes  in 

the f ie ld and also in the l abora tory where the remain ing seed samples 

were s tored , are presented in F i g . ( � 2  ) and Appendix ( 48 ) .  

I n  the f i e ld ,  bo t h  minimum and maximum amb ien t t emperatures 

recorded at  the c layey s o i l  b u r ial  s i te were generally s ligh t ly lower 

than corresponding va l ue s ob tn ined at the s andy s o i l  bur ial s i te 

from the commencemen t of  t he trial un t i l  J une 1 9 7 6 . S ub s e q uent ly , 

tempe ra tures a t  the c layey s o i l  s i te rose to  s ligh tly h igher levels  
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than those a t  the sandy soil  s i te unt i l  the end o f  the experimental  

period (Fig . 22 ) . Wider f luc tua tions in both minimum and maximum 

temperatures occurred a t  both f ield  s i tes than in the laboratory . 

As shown in Fig . ( 2� ,  both minimum and maximum t emperatures 

in the laboratory showed only minor f luc tua tions throughout  the 

s torage period . Monthly average maximum temperatures ranged f rom 
0 0 0 0 

2 1  C to 26  C and minimum temperat ures ranged from 1 8  C to 23  C .  
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The d i fferen t ial be tween the minimum and maximum, t empera tures remai ned 

rela t ively constant during the s torage period . The mos t  extreme 

daily amb ien t tempera tures occ urr ing during the experimental 

period in the laboratory and t he f ield are summarised in Table ( 9 ) . 

TABLE 9 Dai ly lowe s t  and highes t level s  o f  minimum-maximum ambient 

tempera tures ( °C )  recorded in the f ield and in the 

laboratory 

Burial/s to rage Tempera ture Min . Max . Dif ference 

s i t e  leve l 
o

c 
o

c 
o

c 

Labora tory lowe s t  1 5  1 7  2 

highes t 25 2 7  2 

C layey soil  lowes t -3 8 1 1  

s i te highes t 1 7  30 1 3  

Sandy soil  lowes t -2  9 1 1  

s i te highes t 2 3  3 3  1 0  

( 2 )  Soil  tem2era ture : Mon thly average soil  t emperatures 

measured a t  the � cm and 1 5  cm dep ths in 

b o th soi l  types are shown in Fig . ( d )  and Append ix ( 49 ) . As 

seen in Fi g .  ( 23 ) ,  there are four separat e  pairs o f  l ines with 

s imilar t rends . The top pair o f  lines shows the maximum tempera tures 

recorded at the � cm in b o t h  soil t ypes . These t empera tures increased 

s teadily  f rom July un t i l  O c t ober and then rose more gradually to March 
0 0 

where highes t tempera tures of  4 4  C and 40 C were recorded in  the c layey 

soil  and sandy soil  si tes respec t ively . 
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The second to top pair  o f  l ines ( Fig . 23 ) represents the 

maximum tempera tures measured at the 15 cm depth in  both soil  types . 

Highe s t  temperatures were recorded in January ( 2 7
°C in sandy soil  

and  25 °C in c layey soil) . The second lowes t  pair of  l ines shows 

the min imum tempera tures re corded at the 15 cm dep th in both soil  types . 

Lowes t tempera tu re s  o f  5 ° C  and 4
°

C in clayey and sandy soil  s i tes were 

measured . The bo t tom pa i r  o f  l ines represents the minimum tempera tures 

recorded at the 4 cm dep th . Lowes t  temperatures o f  - 1°C was recorded 

in both  soil  types ( Fig :�3 and Append ix 49 ) .  

( 3 )  S o i l  mo i s t ure : Monthly average soil  mois ture per centages 

measured at  the 4 cm and 15  cm dep ths in 

b o th soil types are shown graphical ly in  Fig . ( 24) with raw data in 

Appendix ( 50) . The s o i l  mo i s ture percentages a t  the 4 cm dep th dur ing 

t he f i rs t  four mon ths of burial were ra ther high and f ai r ly con s t an t . 

However , t hey began to  fal l f rom September and then shmved wide 

f luc tuat ions un t i l  t he beginning of the following winter ( June 1 9 7 6 ) . 

The lowes t mon thly mois ture con ten t s  o f  4% in sandy soil  and 7 %  

in  clayey soil  were recorded i n  December 1 9 75 .  Highe s t  mo is ture conten ts 

of 2 9 %  in both June and J u ly for clayey so i l  and 28% in Augus t 1 9 7 6  

for sandy s o i l  were meas ured . 

As shown in  F i g . ( 2 4 ) , the mois ture percentage a t  t he lower 

s o i l  levels  showed less fluc tua t ion ,  d i f ferences be tween the two soil  

t ypes being mo re o r  less c onsis tent throughout the  burial period . 

I t  can also  be seen tha t s o i l  mo i s t ure leve ls a t  both  dep ths in the 

clayey soil  ( and especia l ly at the 15 cm depth)  are generally higher 

than i n  sandy so i l . 

D .  F i eld eme rgence t r i a l  

Although seeds were h u r i e d  a t  4 c m  and 1 5  cm dep ths i n  both clayey 

s o i l  and sandy soil  s i t e s , uo seed l i ng eme rgence in the f ield was 

recorded from seed samp les b ur ied a t  the 1 5  cm dep th a t  e i ther s i te .  

Si nce seed s amp les buried a t  the 4 cm dep th  in s andy soil  produced 

only sma l l  numbers of eme r g ing seed lings (Appendices 5 1 -5 tj ) ,espec ial ly 

in the early dates  of  b u r i a l , f i e l d  eme rgence data is  no t presented 

zraphicall y . 
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Seed samp les buried at  the Yz cm dep th a t  the c layey soil  s i te 

produced a cons iderab le number of  seedlings f rom all  the matur i t ies 

and at var ious dates of  burial during the experimental period  (Fig 25 

and Append ices 5 1 -5 4) , When seed samples were buried in mid winter 

( July) , they produced cons iderab le percentages of emerging seed l ings 

during the f i r s t  two months of burial (Fig 25 a ) . Subsequent ly ,  the 

percentage of  seedl ing eme rgence declined to very low levels during 

the spring . Almost  no emergence was recorded during the following 

summer and autumn months . A very small  number of emerged seedlings 

appeared during the following winter (Appendix 5 1  ) .  

Seed samp les buried in Augus t showed a s imilar pattern of  seasonal 

seedl ing emergence al though the percentage of  seedlings emerging 

during the follo\ving months of b ur ia l  showed some reduc tion (Fig .25 b 

and App endix 52 ) .  In th is case , mos t  o f  the seed ma turity samples 

p roduced s imilar percentages of  emergence for the first two months 

of burial . Al though no seedl ing emergence was recorded during the 

s ummer ,  a small  percentage of seedl ings appeared during the f o llowing 

a utumn and winte r .  

Seed samp les bur ied in Sep tember showed a genera l ly similar 

pat tern of  emergence , especially during the f irst  two months . Mos t  

maturi ties produced a high per centage o f  seed l ing emergence during the 

month o f  buria l . In the fol lowing autumn and winter , s eed samp les 

from mos t  seed deve lopmental ages showed a sma l l  percentage o f  seedl ing 

emergence (Fig . 25 c and Appendix 53 ) .  

When seed samp les were bur ied in October , the percentage o f  

s eedling emergence from a l l  ma tur ities  was again fairly high during 

the month of  burial (Fig . 25J and Appendix 54  ) .  In the following 

month , the per centage of seedling emerging dropped about three-fold 

compared wi th a less ex treme reduc tion in samp les buried in July , August 

or  Sep tember .  However ,  a f ew seedl ings appeared even in the early summe r , 

followed by a s li ghtly higher and more sporadic emergence during the 

f o llowing aut umn , winter and spr i ng (Fig . 25 d ) . 
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DISCUSSION 

S eed growers canno t af ford to ove rlook the impor tant role 

buried seeds p lay in crop p roduc t ion . Volunteer crop p lants and 

weeds arising f rom b ur ied seeds cons t i tute  one of the main sources 

of contaminat ion in seed crops . The d emands by commerce for h igh 

q ua l i ty seed both by domes tic s eed growers and in international trading 

make the role of buried s eeds as crop contaminants of considerab l e  

impor tance . 

I t  is not surpris ing tha t seeds in a dry s tate and consequently 

o f  low me tabolic ac t ivity are capab le  of germination af ter years 

of  s torage . I t  is more d i f f icul t  however to explain the longevity 

o f  seeds buried under na tural condi tions in an of ten moi s t  medium 

such as soil  and of ten in an imbibed s tate . ' Pawera ' red clover 

seed exhib its  a relatively high d egree of  pers is tency under such 

f ield cond i tions . 

In the present s tudy , wi th ' Fawera ' red c lover , many of the 

origina l ly permeable  seeds were g erminabl e  within the for tnigh t 

following burial provided they were buried in mois t soil  under sui table  

environmental cond i tions . I t  is  sugges ted that these g erminated seeds 

were no t dormant at the time of burial and did no t enter into a 

s tate  of  dormancy fol lowing burial . Thereaf ter f ur ther seed germin­

ation in situ in the soil would have b een contributed mainly from 

the population of hard seeds present . A substantial breakdown of 

hard seededness seemed to occur during the first f ew months af ter 

bur ial under na tural environmental cond i t ions . 

The high ini t ial �n situ germination results , par ticularly at  

the � cm burial dep th s uppor t the reports of  previous workers 

( Evans 1 9 5 9 , 1 9 60 ; Lewis 1 9 6 1 ; Schaf er and Chi lcote 1 9 70 , Ta ylorson 

1 9 7 2 ) tha t the deplet ion of  seed populations in the soil  is apparently 

due to germina tion in situ al though other factors may a lso be involved . 

However , the loss of  seed viab i l i ty due to physiological ageing , 

par ticularly for hard seed would probably be negligible during the 

relatively shor t time of burial p eriod in the present experiment . 
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I t  is  possible that s o i l  cond i tions may also influence the longev i ty 

and population o f  buried seeds . In  the present s tudy in situ 

germinat ion accoun ted for the rapid depletion of buried seed populat­

ions , al though o ther fac tors such as fungi and bacteria may also 

have p layed a par t .  Al though , soil fungi and bac teria have long 

been thought to be involved in reducing the germinat ion of  buri ed seed , 

the re seems to be l i t tle direct  research evidence to validate thi s  

sugges tion (Cracker 1 938 ; Bar ton 1 965b) . 

Persis tence and viab i l i ty tend to increase wi th increasing dep th 

of buri al . Presumab ly the lower and mor e  s table soi l moi s ture and 

temperature levels , charac teris tic at greater soil dep ths assi s t  in 

maintaining seed dormancy and therefore seed p ersis tence . In  the 

present s tudy , the decline in seed germina tion in situ a t  the 1 5  cm 

burial dep th extending f rom the second to the fourth t ime of removal 

may have been due to the p resence of unsui table  condi t ions for  

germination a l though the hardseededness of  some seeds may have been 

b roken . High levels of carbon d ioxide (Mar tin 1 945 ; Wesson and 

Ware ing 1 96 9 )  low and re latively sma l l  fluc tuating tempera tures 

(Harris 1 959 ; Taylorson 1 9 70)  and consequently low intens i ty of 

s t imul i  (Harper 1 95 7 )  at thi s burial dep th have al l b een imp lica ted 

as factors resul ting in the poor e f f iciency o f  the soil  environment 

in breaking dormancy and in l ow levels  of seed germination . Ano ther 

reason for decl ining seed germina tion levels in situ af ter the f irst  

month o f  burial may have been the l imi ted soil  aera tion resulting 

f rom soil  compac t ion ( Lewis 1 96 1 ;  Barton 1 96 2 ) . I t  i s  also l ikely 

tha t the very low or  no in si tu germina tion observed at the 1 5  cm 

dep th during the later periods of  burial may possibly b e  due to warm 

soi l  temperatures and so i l  dryness during the summer and autumn 

followed by a high carbon dioxide concentration ,  and lack of  aeration 

during the winter and spring seasons . I t  is  also probable  tha t soil  

water levels  were impor tan t in af fec ting the  seed  survival pat tern . 

The sandy s i te was prone to winter f lood ing , an e f f e c t  whi ch Lewis 

( 1 96 1 )  has shown maintains and ex tends the period of  buried seed dormancy . 

Such a si tua tion possibly also imp lica tes the prob lems of lack of  

aeration occurring in  wa terlogged soils . 

The h igher percentages of  germination of  seeds bur ied near the 

sur face (� cm) was pos s i b ly due to be t te r  aera tion and more variab le 

tempera tures . I n  addi tion , i t  is possible in light requiring species 
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that exposure t o  l ight wil l  shor ten the dormant period a s  suggested 

by Hyde ( 1 958 ) . Moreover , as reported by Kirchner and Andrew ( 1 9 7 1 ) , 

a thin layer of  soi l ,  covering the seed seems to intensify those 

cond i tions which are respons ib l e  for the breakdown o f  hardseededness . 

Seed buried at the 1 5  cm dep th seemed to remain in a s tate  of dormancy 

under less  favourable  cond i tions for  germina t ion . These  f indings 

agree wi th r epor ts by o ther workers ( Robinson 1 9 6 0 ;  Ramp tom and 

Ching 1 966 , 1 9 7 0 )  who found that the seeds of whi te and red clover 

maintain their viab i l i ty longer when buried at dep th in the soil  than 

at  or near the soil  sur face . S imilar results have also been reported 

by Taylorson ( 19 70) , S toller  and Wax ( 1 9 74 )  and Klingman e t  a l .  ( 1 9 7 5 )  

i n  work with weed seeds . Such a n  e f f e c t  may also have been due t o  an 

unfavourable soil  a tmosphere whi ch reduces the rate of seed me tabolism 

and consequently de terioration (Youngman 1 9 5 2 ;  Bar ton 1 9 6 1a ; 

Darl ington and S te inbauer 1 9 6 1 ) . 

S eed samples from matur i ty level one ( seed harves ted 1 0  days 

af ter p eak f lowering) contained immature seeds which seemed to 

p roduce maximum germinat ion only under optimum cond i t ions provided 

in the laboratory . When they were buried in the soi l , mos t  imma ture 

s eeds were apparently more severely af fec ted by environmental 

cond i t ions and ei ther lost their  v iability or germinated wi thin a 

f ew days . General ly , as sugges ted by some workers , (McAliste r  1 94 3 ;  

Hyde 1 9 5 0 ; Bass 1 965 ; Shands e t  a l .  1 9 6 7 )  the rate o f  loss o f  

viab il i ty was found t o  be greater i n  seed samples  harves ted a t  ear l ier 

rather than later s tages of ma tur i ty . This effect  is  presumabl y  

because mature seeds possess a higher potential  vigour and larger 

food reserves and can therefore main tain their  viabili ty longer than 

imma ture seeds (Hyde 1 9 5 0 ;  Aus t in 1 9 7 2 ;  Pol lock and Roos 1 9 7 2 ) . 

Al though environmental condit ions at  the two bur ial s i tes were 

similar in many respects , the soil cond i t ions at the � cm b ur ial 

dep th in clayey soil  at  the t ime of  burial seemed to be  more favourable  

for  germination . However ,  in general , margina l ly higher levels of  

seed germina t ion i n  s i tu occur red at  the 1 5  cm  depth in sandy soil  

than in  clayey soil . This  may have resul ted from s light ly better  

aeration or b e t ter oxygen supp ly as sugge s t ed by  Kirchner and Andrew 

( 1 9 7 1 ) and Klingman et a l .  ( 1 9 7  5 ) . I t  could also be due to s light differ­

ences in environmental cond i tions a t  the two burial s i tes and to different 

reac tions by samp les o f  d i f feren t ages since differences were not 

a lways consis ten t .  Thi s effect  i s  consis tent wi th f indings by 



Lewis ( 1 9 6 1 ) , that soil type has l i t tl e  effect  on seed 

persis tence . However he did f ind that soil type can infl uence 

species d i fferentially . 
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The rate o f  breakdown o f  hardseededness was more rapid under 

natural environmen tal cond i t ions in  the f ield than in laboratory 

s torage . The greates t reduc tion in seed numbers in the f ield occurred 

mainly at the � cm dep th o f  burial , presumably because the dormancy 

b reaking s t imuli were more ac t ive than at deeper leve ls . 

I t  has been reported by  overseas workers (Ai tken 1 939 ; Quinlivan 

19 6 1 , 1 9 6 8a ;  Hagon 1 9 7 1 ;  McComb and Andrews 1 9 7 4 ) , that  

daily f luc tuating temperatures are  the mos t  important s ingle factor  

in breaking hard seed dormancy , al though o ther environmental 

condi t ions may also be involved . According to  some o f  these workers 

(Quinlivan 1 96 1 , 1 9 6 8a ,  1 9 7 l c  pers . comm ;  Hagon 1 9 7 1 ) , high summer 

temperatures and wide t empera ture f luctua t ions ( 1 5°C to 60°C or 

higher) are mor e  effec t ive than low temperatures in induc ing the 

germina tion o f  impermeab le annual l egume seeds . However , in ' Pawera ' 

red clover , the present inves t igat ion s ugges ts i t  is unlikely that 

amb ien t and soil maximum temperatures in the summer are maj or factors 

in b reaking hardseededness  s ince they are no t nearly as extreme as the 

cond i t ions which are imp l ica ted as e f f e c t ive in some overseas countries , 

e . g .  Aus tralia ( Quinlivan 1 96 1 ) .  Hyde ( 1 950)  has also sugges ted that 

the temperature extremes in the New Zealand c l imate may no t have a 

n1arked e f fect  on the r a t e  o f  reduc tion of hard seed . On the other hand , 

the ef fect  of  s ummer tempera tu res was unab le to be determined precisely 

in the p resent  s tudy , s i nce seed samples were originally b uried in 

the win ter and mos t germination occurred during the few months following 

burial .  This sugges ts tha t maximum temperatures may no t be  the 

sole impor tan t fac to r ; co ld and f luc tua ting temperatures also be ing 

respons ib le  at least par t i al ly , i f  no t en ti rely , in a f f ec t ing the 

b reakdown of hardseededness . 

The ini t ial moi s ture con tent o f  seed at the t ime o f  burial seems 

to p lay an impor tant rolt in seed sof tening and the subsequent 

germina tion of hard s eed (Glads tones 1 9 5 8 ;  Quinl ivan 1 96 8a , 1 9 70 ) . 

Accord ing to these  workers , the impermeabi l i ty of  seeds o f  some lup in 

species ·is reve r s i b l e  i f  th� mo i s ture con ten t of the seed is above 

1 0% ( dry weigh t  bas i s ) . In the  p r e s en t s tudy , the  ini t ial mo is ture 

) 
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conten ts o f  mos t  s eed maturi ties o f  ' Pawera ' red clover seed were 

above this moi s ture level , possibly a llowing a slow mois ture p enetrat­

ion into the seed through the seed coat but no t through the h ilum 

or s t rophiole as sugges ted by Quinlivan ( 19 68a) . 

Af ter  b urial the mois ture content o f  seed f rom later maturi ties 

fell to about 9% (wet we ight basis ) . This may be low enough to 

p revent the ab sorp tion of mois ture through the seed coat . However , 

the mois ture contents of  seed increased great ly in earlier and s l ightly 

in later maturi t ies during the wet season . This suggests  tha t seed 

mois ture content appears to be influenced by soil mois ture content 

and therefore b y  season . The fur ther increase in seed mois ture content 

following reduc tion to a fairly low level may no t only be due to the 

entry of moi s ture through random si tes . in the seed coat but also 

through the hilar fi ssure and/or  s trophiolar clef t . 

As sugges ted by Hyde ( 1 9 5 4 ) , the hilar f i ssure remains open 

under envi ronmental cond i t ions involving gradual increases in 

rela tive humidity . Al though the soil may be wet dur ing the win ter , 

the relative humidi ty o f  the soil  a tmosphere surrounding the seed 

may vary . S inc e ,  more f requent and extreme f luctuations occur at  or 

near the surface , the func tion o f  the hilum of seeds buried at the � cm 

dep th may wel l  be more ac tive than in seeds buried at the 15 cm 

dep th . Any such increase in mo is ture con tent ei ther through t he 

hilum or s trophiole , d id no t seem to increase the size  or obvious 

appearance of  the seed , all  seeds used for moi s ture tests  g iving the 

external appearance of hardness when they were removed from the soil 

during the we t seaso n .  Never theless , such seeds , and espec ially 

those of  ear lier ma turi t i es , con tained 20- 30% moisture . 

According to some workers (Wesson and Wareing 1 96 7 , 1 9 69 ; 

Tay lorson 1 9 7 0 )  l ight is  the principal fac tor control ling the germin­

ation of buried weed seeds . They further s ta te that even i f  seeds 

have no init ial req uiremen t  for ligh t , such a requirement may develop 

after  a period of burial in the soi l .  In the present s tudy , l ight 

did  not appear to be impor tan t in  con trol ling the do rmancy of  buried 

"Pawera" red c lover seeds . Seed of this spec ies normally  does not 

require l i gh t  for  germ i na t ion (Anon . 1 9 7 6a) and so f t ened seed 

had the ab ility to germinate in s i tu at the 1 5  cm dep th . Moreover , 

i f  ligh� is the princ i pa l f a c tor  governing dormancy , then seeds rQmoved 
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f rom the soil woul d  b e  expec ted t o  germinate readily  in the laboratory . 

S uch a s i tuat ion did  no t occur in the present  s t udy , support ing the 

contention by Cracker and Bar ton ( 19 5 3 )  that many legumes can 

germinate equal ly \.;rel l  in e i the r  l ight or darkness . 

The pat terns o f  seedl ing eme rgence , especially from seeds 

b uried in the soil  early in the season , are very simi1ar to the 

r esul ts of germina t ion in s i tu in the soil a t  the � cm depth . The 

moni toring of seedling emergence pat terns was carried out to ob tain 

more informat ion on the rate of b reakdown of  hardseededness and the 

pat tern of germinat ion in the soil as a complement to the seed bur ia l  

expe riment . However the res ul ts also r eveal tha t hard seeds b ecome 

permeable  and germina te sporad ical ly a t  d i f f erent t imes of the year 

b ut no t during the dry and relatively warm condi t ions p reva i ling 

in the late summer and early autumn . They also c learly show tha t 

the numb ers of  seedl ings emerging a t  various t imes during the 

experimen tal period depend on the t ime or date of seed burial during 

the s eason but no t on the length of the burial  period , as previously 

s ugges ted by Roberts  ( 1 9 6 4 ) . 

As reported by Wi tte  ( 1 9 38) , mos t  seedl ing emer gence occurs 

during the f i rs t few mon ths af ter burial followed by often low but 

sporad ic germina t i on in the following growing seasons . I f  seeds 

are buri ed in the soil early in the g rowing season , more seed lings 

emerge immedia tely following sowing followed by less emergence in 

the next growing season . Conversely , as  repor ted by Witte  ( 1 9 34) , 

low seedl ing emergence is  ob tained in the f i r s t  growing season and 

mor e  emergence appears in the f o llowing season when the date of  

burial  is extended nearer to the end of  the f irst  growing season . 

S imil a r  f indi ngs wi th Ag�opy�on �epens have been reported by 

I.Vi l l iams ( 1 9 70) . 

' Pawera ' red c lover exhib i ts a p eriod i c i ty of  seed germina tion 

as shown by seeds o f  some legume and weed species . (Harrington 1 9 1 6 ;  

B renchley and War ing ton 1 9 30 ;  Chepi l  1 946a ; Thurs ton 1 960) . 

S ince , l i ttle  i f  any germinat ion in ' Pawera ' red c:lover occurred 

during the summer months , this character insures agains t unt imely 

germina tion . The f indings of the present inves tigation agree with 

s imilar reports on whi te c lover  and some weed species by B renchley 

and Waring ton ( 19 30)  and Blaser and Kil l inger ( 1 9 50) . 
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The low percentage o f  seedl ing emergence f rom seed s  b uried a t  the 

� cm dep th in sandy soil  may be due to we t soil  cond i tions and poor 

aeration . As the sandy soil burial s i te \olas a low land area , i t  

was o f t en flooded throughout the winter season . Incr eases in the 

percentage of  seedl ing emergenc e  in mid-spring seemed to be d ue to 

improved soil  c ondi tions f o llowing a reduc tion in soil mois ture l evels 

and improved aerat ion as s ugges ted by Perry ( 1 9 7 3 ) . 9onversely , 

seedling eme rgence in clay soil  s i t e  was considerab ly higher 

possibly due to mo re favourab le so i l  cond i t ions since no f looding 

of the clay s i t e  occurred throughout the exper imental period . A 

s imilar e f fe c t  has been exp lained by Chepil  ( 1 94 6b )  as b eing due to 

the fac t  that c lay is  less  liable to develop a hard surface cru s t  

which would seriously impede seedling emergence . 

According to work by Murphy and Arny ( 1 9 39 ) , Moore ( 1 94 3 )  and 

King ( 1 96 6 ) , wi th legumes and \veed species there seems l it tle  

l ikel ihood that  ' Pawera ' red c l over seedl ings are  capable  of  emergence 

f rom a 15 cm burial dep th . This was cer tainly the si tuat ion in the 

present  s tudy . Al though , some workers (Bol ton 1 96 2 ;  Mil thorpe and 

Hoorby 1 9 7 4 )  have repor ted that the maximum dep th f rom which seedl ings 

can emerge varies  wi th s i ze of  seed , soil  type , e tc . , no eme rgence 

seems likely t o  occur i f  ' Pawera ' red clover seeds are buried a t  

a dep th o f  more than 5 cm in the soi l . This  has b een repor ted to 

be the maximum dep th f r om which emergence can occur for some clover 

S"�:pecies (Hurphy and Arny 1 9 39 ; Hoore 1 9 4 3) . 

The failure o f  germina tion of  viable ' Pawera ' red clover seeds 

s tored in the laboratory is assumed to be due to inna te dormancy 

( B r enchley and Warington 1 9 30 ;  Harper 1 9 5 7 ; Roberts  1 9 7 0 ;  Roberts 

1 9 7 2b )  or primary dormancy ( Crocke r  1 9 1 6 ;  Anon . 1 9 5 2 ; S chafer and 

Ch ilcote  1 969 ; V i l l iers 1 9 7 2 ; Maguire 1 9 75 ) . As inna te dormancy 

or hardseededness i s  not permanent , the coat o f  ind ividual seeds 

becomes permeable at  dif ferent periods a f ter harves t and the number 

o f  hard seeds gradua l ly dec lines . However ,  under more f avourab le 

s torage condi tions as repor ted by Barret-Lennard and G lads tones 

( 1964 ) , the ra t e  of  reduc tion of hardseededness is very gradual even 

though seeds may have been a f ter-ripened in dry s torage . 

\,Then ' Pawera ' r ed c lover seeds were buried in the soil , some 

germina ted sho r t ly af ter burial while  o thers persis t ed in the soil longer , 
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representing dif ferent types o f  dormancy mechanisms . Previous workers 

( S chafer and Chilcote 1969 , 1 9 7 0 ;  Roberts  1 9 7 0 ;  Roberts  1 9 7 2b )  

have developed models  t o  trace the persis tence and deple tion o f  

buried seed populations . A mode l  s imilar t o  that il lustrated by 

Roberts  ( 1 9 70) can b e  developed , based on informat ion f rom the 

present  s tudy , to moni to r  the fate of ' Pawera ' red clover seeds and 

dormancy mechanisms in the so i l . 

FIG .  2 6  : 
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Diagrama ti c  mode l  showing the dormancy mechanisms and 

fate of buried seeds ( af ter Roberts  1 9 7 0 ) . 
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The hard seeds of  ' Pawera ' red clover are generally i n  a s tate  of 

innate dormancy a t  the t ime o f  incorporation into the soil and some 

o f  them , especially those near the soil  surface , may b ecome p ermeab le 

gradually . Some originally s o f t  seeds and some hard seeds subsequently 

sof tened by environmental cond i t ions wil l  germinat e  and emerge f rom 

the soil  i f  they are buried near the surface . Those seeds buried below 

the ' cr i tical  depth ' for that parti cular species may germinate but 

not emerge and consequen tly die later . Some extreme ly immature seeds 

wi th low vigour may die  shortly  a f ter burial due to  the adverse effect  

of  na tural environmental cond i t ions and also  pos s ibly  due  to attack 

by soi l micro-organisms . 
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However , a cer tain percentage of hard seeds seem to be s t i l l  

innately dormant s ince some seed s d o  no t germinate when r emoved f rom 

the soil and germinated in the labora tory . Those seeds tha t become 

permeable  in the soil  may enter a period of enforced dormancy if they do 

not germinate or die  immed iately . S imilarly , as p reviously sugges ted , 

some origina l ly sof t seeds which fail  to germinate immediately following 

burial may also develop enforced dormancy due to unf avourab le 

environmental cond i t ions , such as high carbon d ioxide and low oxygen 

concentra tions , lack of moisture , or l ight for light requiring seeds 

and smaller tempera ture f luc tuations (Harper 1 9 57 ; King 1 9 66 ; 

Williams 1 9 7 0 , 1 9 7 2 ;  Rober ts l 9 7 2b ;  Mayer and Polj ako ff-Mayber 1 97 5 ) . 

When bur i ed seeds were removed f rom the f ield and germina ted 

under favourable germina t ion cond i t ions in the laboratory , enforced 

dormant seeds germina ted promp t ly ind icat ing a release from the 

restraining env ironmental cond i tions imposed in the soi l . Such 

types of hard seeds can also b e  described as ' cond i tiona l ly hard ' 

seeds . They appear hard but hardseededness  seems to be broken by 

na tural environmental cond i t ions . The remaining viable  seeds recovered 

f rom the soil failed to germina te p robably due to inna te dormancy . 

This type of  viab le seed can general ly be termed as ' genuine ' hard 

s eed . 

As sugges ted by Brown and Por ter ( 1 94 2 ) , Cracker ( 1 948 )  and 

Harper ( 1 9 57 ) , enforced dormancy appears to be more p ronounced in 

seeds buried at  dep th in the soil than in seeds � t  or near the soi l 

surface . Among enforced donnant seeds , a f ew which are no t buried so 

deeply , may produce seedlings coincident with their per iod i c i ty o f  

germination and a f ew may possibly die due t o  the ac tion of soi l  

organisms and/or phys iological agei ng . 

Some seed s appear to deve lop induc ed dormancy possibly due to 

high temperatures ( Barton and Cracker 1 948 ; Thurs ton 1 9 60 ; Roberts  

1 9 70 )  and dry environmen tal cond i tions or other par ticular factors 

unfavourab le f or germina tion (Roberts  l 9 7 2b ) . S imilar f ind ings have 

also been repor ted by Toole and Ho llowell ( 1 9 3 9 )  who showed that high 

soil  t empera tures c an inhib i t  the germina t ion of seeds of some winter 

annual Trifo lium species . Induced dormancy may b e  maintained through­

out the summer or dry season and seems to be r emoved during the late 

autumn , winter and early spring due to cold temp eratures and a moi s t  

soil environment ( Cour tney 1 96 8 ;  Rober ts 1 9 70 ) . 
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Induced dormancy i s  d i f ferent from enforced dormancy , b eing 

charac ter ised by the persis t ence of dormancy af ter  seed is removed f rom 

unfavourable  cond i t ions and the fai lure of such seed to germinat e  

under subsequen tly favourab l e  cond i t ions (Thurs ton 1 9 6 0 ;  Rober t s  1 9 7 2b ) . 

\Vhen seeds are in a s tate  o f  induced dormancy , a special treatment or 

s t imulus is  required to  b reak the dormancy (Rober t s  1 9 70 ) . ' Pawera ' red 

c lover seeds do no t seem capab le  of  p roduc ing seedlings when they 

are in the ' induced ' dormancy cond i t ion unless they receive a 

s cari fication t rea tment or  o ther extreme s timulus . I t  is  also doub tful  

fua t  these  dormant hard seeds  wi l l  die  due  to the  ac t ion o f  environmental 

cond i tions or micro-organisms . However , when induced dormancy is  

r emoved ,  seeds s eem to develop an enforced dorman t s ta t e  again and 

some of them may germinat e  or lose their viab i l i ty . Those  seeds 

that do  no t d evelop enforced o r  induced dormancy , s t ill  seem to 

r emain hard or in a s ta te of innat e  dormancy . 

S ince mos t  seeds so f tened near the soil  surface produce �n situ 

germina tion in the soil  during the t ime interval b etween any two 

r emovals , a great reduc t ion in the germina t ion capa c i ty of seeds 

r ecovered f rom the soi l  and tes ted for  viab i l i ty in the laboratory 

occurred dur ing the f irs t f e,., r emoval t imes . By comparison , sof tened 

seeds a t  the 1 5  cm burial dep th d i d  no t produce any s ignif icant 

percentage gennina t ion in situ unt i l  they were removed and tes t ed 

in the laboratory . In this la t ter cas e ,  i t  was therefore no t surpr is ing 

that laboratory germination r esults  were f ai r ly h igh and cons tant for  

the  f i rs t f our mon ths o f  the trial . Deeply buried seed s  tha t germinat e  

promp tly when brought t o  t h e  surface may b e  reac t ing favourab ly 

to increased oxygen supply (Kl ingman et a l .  1 9 7 5 ) . However , buried seeds 

were capable o f  producing only a very low percentage o f  germination 

in the laboratory when they were removed f rom the soi l  i n  early sumn1er 

and early au tumn . 

Seed samples  tes t ed for  germination in the laboratory fol lowing 

r emoval from the soil in the winter , and samples s tored in the labora tory 

under more even tempera ture and rela t ive humid i ty cond i tions 

and tes ted for germina tion in the winter bo th showed a marked ly 

increased germina t ion capac i ty compared wi th comparab le  tests  carried 

out in the s ummer and au tumn . This peridocity  e f f ec t  sugges ts tha t 

' Pawera ' red c lover seeds , while  they may lose their dormancy in the 

wi nter ( p resumably in r esponse to mo is t ,  cool cond i t ions) may also 

re-enter i nto a dorman t s tate  a t  the beginning of the dry season 



as s ugges ted by Cour tney ( 1 96 8 )  wi th Polygonum avicu lare . In 

add i t io n ,  i t  suggests tha t the per fod ic ity o f  germina t io n  exhibi ted 
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by ' Pawera ' red c lover is a l so a t  l east  par tially gene tically contro lled , 

s ince a s imi lar periodicity e f fe c t  oc curs i rrespec t ive of  the s torage 

environment ( f ield or l abora tory s torage ) . 

The increase in the p ercentage o f  hard seeds removed f rom the 

s o i l  during the dry season could poss ib ly be d ue to t*o factors . 

Firs tly , physiological changes or induced dormancy mechanisms as  

d iscus sed p reviously may i nhib i t  s eed germina t ion . Second ly , physical  

c.hanges or resealing of  the  s trophio lar frac ture may prevent wa ter 

c onduction through the seed coat and c onsequently germina tion of  the 

seed . 

The res toration o f  seedcoat impermeab i l i ty i s  thought to  b e  

possible by exposure to warm temperatures and dry environmen tal cond­

i ti ons (Hagon and Ballard 1 9 70) . Under dry cond i tions , the hi lar 

f is sure o f  the seed coat opens and al lows drying unt i l  the mois ture 

content of  the seed is  in equ i l ibrium wi th the lowes t relative 

humidity  o f  the surrounding a tmopshere (Hyde 1 95 4 ) . According to 

Hagon and Ballard ( 1 9 7 0) , very low rela tive humi d i ty l evels ( 1 0% or 

lower R . H . )  can cause the s trophiolar c le f t  to reseal in s ub terranean 

c lover seed . The extremely l ow mo is ture levels  ( 4%  and 7% in sandy 

and c lay respec t ivel0 s uggest  this  mechani sm may have b een invo lved 

in the present s tudy . However , according to Ai tken ( 1 939 ) , i f  the 

s trophiolar spli t  extends through the l igh t l i qe ,  there is no 

r eversion to impermeabi l i ty on fur ther drying . 

The s i gnif i cant reduc ti on o f  hard seed conten t during laboratory 

s torage in samp les o f  ear ly-maturities  shows tha t if  the seed i s  

r emoved f rom the mo ther p lant less than 2 2  days af ter peak f lowering , 

the rate o f  breakdown o f  hard- seededness  and deterioration is greatly 

i ncreased . However , mos t  seeds seem to at tain their maximum viab i l i ty 

and become impermeabl e  i f  they are al lowed to remain on the mo ther 

plant unt i l  22 days or la ter a f ter peak f lowering date . 

The present s tudy has a number of agr icul tural implications . The 

role of the contribut ion of buried seeds is impor tant in determining 

the e f f i c iency of pure seed p roduc tion and also in decid ing the value 

o f  crop rotations , £all owing a nd c ul t ivat ion techniques . One o f  the 
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requiremen ts under seed cer t i f i cation schemes is  the specification 

of a minimum number of y ears b e tween consecu tive p lantings of seed 

o f  d i f f erent vari e t ies of the same cul t ivar in the same f i e ld . In 

New Zealand the current cer t i f ication regulations specify  this 

requirement a s  three years for  l egumes , includ ing red c lover . This  

requi rement is  checked by examining paddock h is tory data supplied by 

the seed grower . Al though the present s tudy was terminated before 

two years it  suggests  tha t the survival o f  seeds o f  ' Pawera ' red clover , 

p a r ticularly when buried a t  dep th in the soi l ,  may we ll  exceed the 

minimum intervals  s p ec i f ied in the New Zea land cer t i f i ca tion scheme . 

I t  also sugges ts tha t f ur ther studies on the ef fec t o f  crop rotat ions , 

fallm.,ring and ' s tale seedbed ' or minimum cul tivat ion techniq ues , would 

be fruitful  as avenues of resear ch designed to reduce the hazards 

to pure l egume seed produc tion caused by residual bur i ed seed 

populations . 
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CONCLUS ION 

Th e ra t e  o f  breakdown of hardseededness  varied inversely wi th 

the depth of  seed buria l . Har e  pronounced b reakdown ef f e c t s  o f  

env ironmental condi t ions on hardseededness were recorded a t  the � cm 

than a t  the 1 .5  cm b urial depth . The results  o f  b o th germinat ion 

in situ in  the soil  and labora tory germina tion resul t� of seeds 

r ecovered f rom the s o i l generally rep resen ted the number of seeds 

s o f tened a t:  d i f f erent  time intervals during the burial  period . On the 

o ther hand , the p€rcen tage of seeds remaining hard at the end o f  

laboratory gennina t ion tes ts a l s o  expressed t h e  extent o f  dormancy 

b reakdown . Al l observed resul ts  f rom the two burial  s i tes were s imilar , 

the e f f e c t s  due to  sma l l  d i f f erences in micro-clima t i c  cond i t ions 

between the two seed bur ial  s i tes  and s o i l  cond i t ions were be ing 

g enerally ins igni f i cant . Seed samples  con taining mor e  imma ture seeds 

showed rapid and greater loss o f  v iabi l i ty in  the soil t han samp les 

of  more mature seed . 

The res u l t s  o f  the f i e ld emergence trial  also showed the rate  of  

breakdown o f  hard s eededness  and the general germina t ion charac ter i s tics  

of  hard seeds  in  the soil  a t  d if ferent t imes o f  the  year . These 

f indings suggest  that a large number of  seeds normally tend to germinate 

wi thin a f ew months a f ter  sowing . However , s ince ' Pawera ' red clover 

exhibi t s  a period i c i ty of germina t ion , very li t t l e ,  if any germina tion 

w i l l  occur during the f o llowing summer mon ths . 

The germination  capac i t y  o f  hard seeds i n  the soil  was mainly 

influenced by three types of dormancy - i . e .  inna t e , enf orced and 

induced dormancy . The f ailure o f  germina tion of  viab le seeds lying 

near the soil  surface under  favourab le germina tion cond i t ions was 

though t to b e  due to inna te dormancy while  the inab i l i ty o f  germina tion 

of  v iab le  seeds buried at  depth was as sumed t o  b e  due to enforced 

dormancy . The la t ter seemed to be superimposed by induced dormancy due 

to  high temp eratures or o ther fac tors unfavourable  for  germina tion . 

Howeve r ,  under cold tempera tures and mois t soil  e n vironmental cond i t ions , 

this dormancy could b e  removed and the seeds resumed an enforced 

dormant condi tion . 
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Wi thin a croppi ng rotation , bur ied seeds can b e  b rought up to  

the  so i l  sur face during s ubseq uent cultivat ion and p roduce unwanted 

volunteer p lants . Such types o f  crop contaminat ion f rom b ur ied seeds 

may a f f e c t  var ietal  puri ty ; cause rej e c t ion o f  seed f i elds f rom 

certif ica t ion ; re sul t in the produc t ion o f  lower seed c lasses or  

p roduce inseparab l e  mixtures o f  seeds . Therefore , the  requiremen t 

o f  l egume seed certif ica t ion schemes necessi tates the e l imina t ion 

of unwant ed cul t ivars from seed f ields . When a carry-over of  crop 

s eeds occurs , there may be d i f f iculties  in maintaining pure s tands 

o f  s imilar crops for cer t i fica tion purposes . 

S eed cer t i f i ca ti on s tandards are developed and precaut ions are 

taken to minimise the vol unteer p lant populat ion in seed crops . 

However ,  gener a l ly these s tandards and precautions have been es tab­

l i shed wi thout adequa te k nowledge of the longevity and dormancy o f  

s eeds buried i n  the soi l .  The present f indings show that ' Pawera ' 

red clover seeds buried in th e soi l ,  especially a t  deeper soil  levels , 

remain dormant for  extended per i ods  and in tensify  this  s i tua tion . 

Obvious ly , more informa tion on the longev i ty and germination character­

i s tics o f  the seeds of  p lant species buried in the soil  is  s t i l l  

needed t o  so l ve these prob lems . 



GENERAL CONCLUS ION 

"Grass l ands Pawera" tetrap loid red c love r , is a relatively new 

bu t never theless impor tant forage crop in New Zealand agr i cul ture . 

The inf o rma tion ob tained in the p r esent s tudy i s  of  b o th agronomic 
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and economi c value s inc e detailed work on the seed p roduc t ion and hard 

seed charac ter is tics of  New Zealand te traploid red c lover has p r ev iously 

b een very limi ted . 

' Pawera ' red clove r  crops s own in au tumn and spring tend to show 

some variat ion in in ternode numbers and period o f  f loral deve lopment ,  

this l a t ter aspec t taking relat ively longe r  in spr ing sO\m crops  than 

in autumn sown crops . S imilarly , the p eak flowering da te of the c rop 

also varies depend ing on the time of  sowing and climatic  cond i tions . 

The maj ori ty of  the f lo r e ts on individual heads are pollinated from the 

half- fully flowering s tage to  the s tage when the head is  fully f lower ing , 

maximllill nec tar produc tion occurr ing over this period . As w i th o ther r ed 

c lover vari e t ies , successful seed produc t ion in ' Pawera '  red c lover 

seems to depend chi e f ly on the population of e f f ec t ive bee pollina tors 

( e . g .  Bombus hor>tor>um and B. r··uder>a tus ) and on those c l imatic cond i tions 

occurring during the pollina tion period  which inf luence b ee ac tiv i ty . 

Temperature e f fects  show a r easonab ly direct  and pos i t ive relationship 

w i th the number of  bees present in the crop whi l e  bee numbers are  

nega tively correla ted wi th rela t ive humid i ty .  The higher numbers of  

seeds  set ting in the middle por t ions than the top  and b o t tom por t ions 

of indiv idual heads are  possibly due to easier  accessib i l i ty of central 

f lorets for bee visi tation . 

The pa t tern o f  change in seed components follows a typical trend 

o f  seed development . There are three s tages of development ;  the f i r s t  

o r  grow th s tage occup ies a per iod o f  1 0  days a f te r  pol l ina tion , the 

second or food reserve accumulation s tage takes about  1 6  days following 

the firs t s tage and the third of  ripening s tage las ts for a fur ther 1 0- 1 4  

days . Haximum seed dry weigh t ( s eed matur i ty)  is r eached 26 days 

a f ter pollina tion when seed moi s ture conten t is  57% . At  ma turi ty 

about 90% of seeds in f reshly harves ted samples have turned yellow , 

brown o r  purple . 



Firs t viab l e  seeds appear in seed sampl es harves ted 1 2  days 

a f ter p o l l ina tion but  mos t  of these produce abnormal seed l ings . 
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Maximum 

viab i l i ty is  no t a t tained unt i l  2 2  days af ter pol l ina tion in dry s tored 

s eed and 26  days a f te r  pollina t ion in freshly harves ted seed samp les . 

However ,  when viab i l i ty o f  f reshly harves ted seeds is d e termined by 

t etrazolium tes t ,  near ly 80% of seeds are shown to be viab le , b u t  no t 

germinabl e , even in seed samp les harves t ed 1 0  days a f ter pol l ina tion . 

In dry s tored s eeds , hard seed is f ir s t  detec t ed in sampl es harvested 

1 2  days af ter pollination . 

Seed mois ture con ten t  and seed coa t colour can b o th b e  used as 

ma tur i ty indices in pred i c ting the correc t time o f  harves ting . The crop 

can be cut  when s eed mois ture conen t is 5 7 %  or when mos t  seeds f rom the 

maj o r i ty of the highes t y i e ld ing heads begin to change colour f rom green 

to yell ow , b rown o r  purple . Harves ting at this s tage can b e  carried out 

w i thou t af fec ting seed viab i l i ty ,  seedling vigour , seed wetgh t or  s torage 

l i f e . However , the moi s ture con t en t  o f  seed tends to show s l igh t varia tion 

dep end ing on the pos i t ion of seed in the f lower head . 

Fresh ungermina ted seeds in freshly harves ted seed sampl es do no t 

respond to a numb er o f  labora tory s timul a tion ( prech i l l ing , gibberellic  

acid or high oxygen concen trat ion) trea tments . The germina tion failure 

of fresh ungermina ted seeds is  though t to b e  due to the presence of the 

membrane surrounding the embryo r a ther than to res trict ions imposed by 

the seed coat  i tself . Mos t  fresh ungermina ted see_ds develop the hard seed 

cond i t ion fol lowing a shor t period o f  dry s torage . Hard seeds in b o th 

f reshly harves ted and dry s tored seed samples show no apparen t  embryo 

dormancy since they germina te readi ly f o llowing scar i f i ca t ion . 

The sequences o f  embryo and endosperm developmen t in ' Pawera ' red 

c lover seeds foll ow the p a t tern oc curring in some o ther TY'ifoliwn 
spec ies . The grow th o f  the endosperm precedes the growth o f  the embryo . 

Endosperm forma tion is  nuclear b u t  becomes cellular in the la ter s tages 

of developmen t .  The zygo t e  b egins to divide be tween 2 and 4 days a f ter  

pol l ina tion and progresses through the globular , hear t-shaped , torpedo­

shaped s tages r eaching an earl y  cotyledonary s t age about 10 days a f ter 

po llina t ion . The embryo oc cup ies the entire ovular cav i ty 1 4  days 

a f t e r po l l i na t ion . 



Al though the young ovary con tains two ovules , normally only one 

ovule  develops into a seed , the o ther abor ting possibly as a resul t 

o f  nu t r i t ional comp e t i tion . The inner integument degenerates during 

the on togeny o f  the seed \vhi le the ou ter integument d i f feren tiates 

in to a var i e ty o f  layer s . 
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The seed coat is  rather complex , cons is ting o f  a n�mber of  s tructures . 

The outermo s t  cell  layer o f  the seed coa t ,  known as the malp ighian or 

palisade layer , is  assumed to b e  responsible  for impermeab i l i ty . This 

layer i tsel f consis ts o f  several closely rela ted s truc tur es namely the 

cuticle , sub-cu ticular layer , ce l l  caps , l ight  l ine and cell  lumen . 

lnunedia tely belmv this layer , there i s  a layer of  os teoc lereid cells  wi th 

large intercellular spaces . Interior to the os teosclereid layer , there i s  

a nu t r ien t lay er consis ting o f  a f ew rows of  thin-walled parenchyma cells . 

Below thi s ,  an aleurone layer of  thick wal l ed cells  is formed envelop ing 

the embryo . This layer is though t to b e  r espons ib le  for suppressing the 

growth o f  the embryo in f resh ungermina ted seeds . 

Although the cell  s t ruc ture o f  the seed coa t was s tud ied genera l ly , 

emphasis  was p laced on three impor tan t regions (micropy le , hilum and 

s trophiole)  wh ich are poss ibly connec ted wi th seed hardening or s o f t ening 

mechanisms . The micropyle  o ccurs immed ia tely ou tside the hilum on the 

rad icular lobe side of the seed . Al though the pore or canal of  the 

micropyle in ' Pawera ' red clover seed is  no t c losed or blocked , no wa ter 

en try into the seed appears t o  occur through this s truc ture . 

A round , sunken h ilum is formed be tween the radicular and co tyled­

onary lobes when the seed is  dis connec ted from the funiculus . This r eg ion 

is though t to ac t as a one way hygroscopi c  valve , opening when the outside 

r e la t ive humid i ty is low and closing when the lat ter is h igh . This 

mechanism allows the seed to dry to a mo is ture level  equival en t to the 

l owes t relative humidi ty of the surround ing a tmosphere . The seed thus 

becomes impermeab le due to desiccati on . 

The s trophiole  is a small  swollen area o f  the tes ta be tween the 

chal a za and hi lum on the side oppos i te the micropy le . The malp ighian 

cells  a t  the s trophi o le are 3 - 4  times longer than corresponding cells  

in the la teral wal l  of  the  tes ta . The malpighian cells  in the centre o f  

the p lane o f  symme try are s traight whereas those  cells  o n  each side o f  the 
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cen tral p lane are ben t .  No intercellular spaces occur a t  the s trophiolar 

region . Ins tead , a tightly appressed s truc ture is  formed at the base 

of  the malpighian cells . All of these s truc tures comb ine to increase 

the sensi tivi ty of  the s trophiolar region to impact ion and create cond­

i t ions tha t  induce this area to b ecome the ini tial permeab le s i te of the 

seed coa t .  

In ori ginally so f t  seeds , wa ter absorp tion takes place a t  random 

s i tes on the seed coa t ra ther than a t  any particular  area . However ,  

when a hard seed is sof tened under natural environmental condi tions 

or by any mechanical  trea tment ,  initial  water conduction occurs only 

at the s trophiole . 

In the field , a significan t reduc tion in a buried seed population , 

occurs throughout the burial period . A sharp drop in s eed numbers 

oc curred during the f i rs t f ew mon ths following burial , especially 

a t  the � cm dep th . The amount o f  seed recovered from a shallow (� cm) 
burial dep th in both  soi l  types was approxima tely one half of  the 

amoun t recovered from a deeper ( 1 5 cm) burial dep th . S imilarly the 

number o f  i mma ture seeds recovered following burial at both dep ths 

and in d i f ferent soi l types was also abou t 50% of the number of ma ture 

s eeds recovered . 

Seeds recovered from the soil  during the firs t few months o f  

b urial produce a cons iderabl e  amount of germination i n  the labora tory . 

The p ercen tage o f  germina tion increases wi th inc�eased seed ma turi ty 

especially i n  seed samples recovered from the 1 5  cm dep th . 

The percen tage of  hard seeds d rops dras tically f o llowing the f irs t 

two mon ths o f  burial a t  the � cm depth and then declines gradua l ly . 

A s imi lar but  smaller  reduc tion in hard seed content occurs a t  the 

1 5  cm dep th . The pe rcentage of s eeds remaining hard af ter labora tory 

germina t ion tests  on recovered seed samples also increases signi f icantly 

wi th increasing seed ma tur i ty .  

S imilarly , the percentage of  hard seed increases and germina tion 

decreases with increased s eed ma tur i ty in seed samp les s tored in the 

laboratory . Conversely , the percentage of  germina tion increases 

whi l e  tha t o f  hard seed declines signi f i cant ly with increasing s torage 

period . 



When seeds are s tored in the labora tory , initial  seed mois ture 

content is  ma intained throughou t the s torage period of 18 mon ths . 

However , when seeds are buried in the soi l ,  seed mo isture content 

increases considerab ly , especially in  imma ture seeds during the we t 

s eason . This si tua tion was more  obvious in seed samp les buried a t  

the � cm depth in  bo th s o i l  types . 

The grea ter rate  of  breakdown o f  hardseededness occurs a t  the 
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� cm d ep th of burial presumab ly because of the more  ac tive role o f  

d ormancy b reaking s t imul i  near the so i l  surface . The resul ts ind i ca te 

that cold and f luc tua ting temperatures and moi s t  soil  cond i tions in the 

winter are p rima r i ly r esponsib le for the sof tening of hard seeds . 

The find i ngs o f  both seed burial  and field seedling emergence 

trials c l early sugges t that the rapid deple tion of buried seed 

populations in  the soil  is mainly due to germina tion in situ . However , 

a certa in propor tion o f  the seed popula tion in  the soil , espec ially 

when buried a t  deeper levels , persis ts . This  longevi ty i s  closely 

l inked with d i f f erent types o f  seed dormancy mechanisms - namely inna te ,  

enforced and induced d o rmancy . When such dorman t seeds are b rought 

up to  the surface , especially du ring the growing season , some of them 

produce seed l i ng s . This type o f  regeneration o f ten results in the 

p roduc tion of unwanted volunteer p lan ts which intens ify the crop 

contamination prob lems associa ted wi th the p roduc tion o f  pure seed 

wi thin a seed cer tification  s cheme . A knowledge of seed dormancy 

mechanisms and thei r  e ffec t on the longevi ty o f  buried seeds would be 

of  great agronomi c va lue in enab l ing the developmen t o f  seedcrop 

managemen t  sys tems des igned to maintain high levels of varietal 

pur i ty i n  commercial  seed crops o f  ' Pawera ' red clover . 
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Append ix 1 :  Frequency dis tribution o f  number of  i nternodes on 

In ternode 

50  random s tems at the time of  f loral  ini tia tion and 

peak f lowering in bo th autumn and spring sown crops. 

Au tumn sown crop Spring sown crop 

at floral at  peak at floral at peak Number 
ini tiat ion f lowering initiation f lowering 

lrequency I % Frequency I % Frequencyl % Frequency ! 
3 - - - I - 5 10  - -
4 2 4 - - 7 14  - -
5 5 1 0  - - 1 2  24 - -
6 4 8 l 2 1 0  20 - -
7 1 1  2 2  5 1 0  4 8 3 6 

8 1 0  20 1 1  2 2  6 1 2  7 1 4  

9 8 1 6  1 7  34 6 1 2  5 10  

1 0  5 1 0  6 1 2  - - 1 3  26  

1 1  J 6 5 1 0  - - 1 2  24 

1 2  2 4 5 1 0  - - 6 1 2  

1 3  - - - -· - - 3 6 

1 4  - - - - - - 1 2 

-- ---- -- ------ -�------ ---
To t a l  50  1 0 0  50  l OO 50 l OO 50 l OO 

- - ------· 

% 



Appendix 2 :  Mean number of  fully f lowering heads and to tally wi thered 

heads in 5 ( 8m2 each) random plots . 

Da te o f  Ful ly f lowering heads To tally withered heads 

counting 
Mean S tandard Mean S tandard 

error error �-

1 6 . 1 . 7 5 1 83 2 1 . 7 3 1 8  5 . 98 

1 8 . 1 . 7 5 29 1 43 . 90 .  35  7 . 59 

20 . l .  7 5 353  42 . 24 6 1  1 3 . 36 

22 . 1 . 75 288 40 . 2 3 1 05 20 . 60 

24 . 1 . 7 5 34 3 3 2 . 1 7 1 26 2 3 . 30 

26  . 1 .  7 5 488 49 . 84 1 90 2 9 . 65 

28 . 1 .  7 5 582 4 7 . 3 7 248 34 . 6 2 

30 . 1 .  7 5  7 78 45 . 66 297  40 . 74 

1 . 2 . 7 5 859 46 . 1 3 374  44 . 7 5 

3 . 2 . 7 5 9 8 1  30 . 80 458 5 1 . 1 3 

5 . 2 . 7 5 1 068  34 . 7 5 645  66 . 20 

7 . 2 . 7 5 1087 63 . 94 827  89 . 7 6 

9 . 2 . 7 5 1 0 1 1  49 . 04 965  1 04 . 1 6 

1 1 . 2 . 7 5 9 36 57 . 1 5 1 1 00 1 1 0 . 95 

1 3 . 2 . 7 5 857  7 3 . 6 9 1 35 1  1 09 . 7 1  

...___. ..• 

• 



A)?pend ix 3 :  Bumb le  bee population visi t ing the crop a t  dif ferent 

t imes of  the day during the f lowering period (1 9 7 6) 

I 
Da te Time Mean bee Weather condi tion 

popula t ion 
p e r  hec tare Temp R . H .  Sky Rain Wind 

oc % (mm) 

1 8 . 2 . 7 6 4 . 30 pm 1 5 30  2 5 55  clear 

2 1 . 2 . 7 6 4 . 00 pm 1 04 0  2 3  6 6  par tly s l ightly 
cloudy cloudy 

22 . 2 . 7 6 1 1 . 00 am 1 800 1 9  85 " " 

2 3 . 2 . 76 1 2 . 1 0 1 2 90  24 6 5  clear " 
pm 

1 1  3 . 00 2 1 80 2 8  6 0  1 1  " 
pm 

1 24 . 2 . 7 6 5 . 00 7 7 0 2 3 6 5  " 1 1  
pm 

2 5 . 2 . 7 6 1 2 .  1 0 pm 770 20  77  c loudy 7 . 3  

2 7 . 2 . 7 6 5 . 00 pm 1 680 1 9  6 0  par tly 

28 . 2 . 7 6 1 1 . 00 am 9 9 0  1 8  6 8  " 

2 9 . 2 . 7 6 1 1 . 30 7 7 0 1 7  84 1 1  
am 

1 .  3 .  7 6  1 0 . 00 am 1 3 80 1 7 9 2  c lear 

2 . 3 . 76 1 0 . 30 am 2300 20 7 2  " 

3 . 3 . 7 6 9 . 30 L 68 0  1 6  9 5 " am 

4 . 3 . 7 6 l l .  DO nm 1 500  2 2  6 2  1 1  l igh t 
wind 

1 1  5 . 30 pm 1 800 2 4  5 5  " " 

1 1  7 . 00 pm 1 0 1 0 20 70 1 1  " 

6 . J . 7 6 1 0 . 00 2300 1 7  6 8  " " 
am 

7 . 3 . 76 1 0 . 00 1 6 3 0  1 8  7 5  " " am 

!.1 . 3 . 7 6 1 0 . 00 am 20 100 overcas t 0 . 2  windy 

1 0 . 3 . 7 6 9 . 30 am 1 4 4 0  1 7  7 2  clear slightly 
windy 

1 1 . 3 . 7 6 9 . 30 am 2050 1 7  8 7  cloudy calm 

1 2 . 3 . 7 6 9 . 30 am 1 1 4 0  1 7  9 3  " " 

1 4 . 3 . 7 6 1 1 . 30 am 2030 2 1  7 2 c lear ligh t w i n d 

1 6 . 3 . 7 6 1 1 . 00 am 1 7 80  2 1  7 0  par t ly calm 
c loudy 

1 8 . 3 . 76 9 . 30 am 2470  20  8 2  cleat' ligh t  
wind 

1 9 . 3 . 7 6 1 0 . 00 am 3 1 2 0  2 2  6 7  1 1  calm 

20 . 3 . 7 6 1 . 30 pm 2 7 0 0  2 4  56 " 1 1  

2 1 . 3 .  7 6  1 1 . 00 am 3000 2 2  6 2  1 1  1 1  

2 2 . 3 . 7 6 1 0 . 00 am 2 2 30 24 55 1 1  0 . 5  1 1  

24 . 3 . 76 1 2 . 1 0  pm 2 3 5 0  2 0  60 par t ly 0 . 8  1 1  

c loudy 

25 . 3 . 7 6 1 2 . 30 pm 2080 2 3  6 5  clear l ight 
wind 



Appendix 3 Contd : 

Da te Time Mean bee Weather condi tion 
popula tion 
per hec tare Temp F . H .  Sky Rain Wind 

oc % (nun) 
2 7 . 3 . 76 2 . 00 pm 890 1 6  7 6  c lear 3 . 7  s l ightly 

windy 

2 8 . 3 . 7 6 1 0 . 00 am i - 1 1  1 00 raining ) 1 1  

) 36 . 0  
" 5 . 00 1 3  1 00 " ) " 

pm -

29 . 3 . 7 6 1 0 . 00 am i - 1 7  1 00 drizzling 25 . 1  l ight 
wind 

30 . 3 . 76 9 . 30 d m  940 18  87 par tly ) 8 . 2  1 1  

) 
1 1  1. 30  pm 860 1 9  9 2  cloudy ) calm 

1 .  4 .  7 6  9 . 40 am 990 16  8 2  par tly - calm 
cloudy 

& I  1 1 . 30 am 2480 1 8  7 3  1 1  - light 
I 
I wind 
I 

I 
ar1 / I 2 .  '• ·  7 6  9 . 45  20 1 0  1 8  7 4  c lear - calm 

I 
5 . 4 . 7 6 1 0 . 30 am i 2 300 1 8  7 2  f t  light -

! I wind 
i 

6 , l, .  7 6  8 .  ':10 a
m i 2 7 0  1 3  1 00 cloudy - calm 

, ,  1 2 . 30 pm 1 680 2 2  7 7  pat "t ly - l i g h t  

I c loudy wind 
I 1 1  4 . 1 5  1 680 25  62  clC'lar c.alm I I pm -
I 

I 7 .  /j . 7 6  8 . 4.5 am1 1 3 1 0  1 4  9 4  c loudy - 1 1  
I I I I 1 1  1 . 00 pm · 1 860  22  82  par tly - light I 

c loudy wind 

I 1 1  4 . 30  80  1 1  1 1  
pm 3750  2 1  -

! 
8 . 4 . 7 6 8 . 4 5 7 20 1 4  1 00 c lear ) calm ' am 

i ) 1 . 9 

I 1 1  1 2 . 50 pm 2560 23  57  1 1  ) 1 1  

) 
" 4 . 30 pm 2260 20 8 1  cloudy ) light  

wind 

I 9 . 4 . 7 6 I 8 . 45 am - 1 8  l OO cloudy ) calm 
) 

1 1  1 2 . 50 pml 1 4 40 ? 2  80 1 1  ) 1 . 4 light 

I ) wind 
1 1  5 . 30 pm 670  1 9  92  1 1  ) 1 1  

1 0 . 4 . 76 8 . 30 affij 400 1 5  1 00 " - 1 1  

1 1  1 2 . 4 5 pml 1 830 2 1  80 clear - 1 1  



Appendix 3 contd : 

Da te Time Mean bee 
populat i on 

Weather cond i t ion 

per hec tare Temp R . H .  Sky Rain Wind 
C

O 
% (mm) 

1 1 . 4 . 7 6 8 L� 5 am - 1 4  1 00 partly - calm 
cloudy 

" 1 2 . 40 2 300 2 0  87  1 1  s ligh t ly pm -

windy 

1 1  4 . 45 pm 1 1 60 1 7  89 clear - ligh t  
wind 

1 2 . 4 . 7 6 9 . 00 1 2 20 1 7  82  1 1  - 1 1  
am 

1 1  1 2 . 50 1 900 20 6 7  " - 1 1  
pm 

1 1  4 . 20 2000 22 64 " - 1 1  
pm I 1 3 . 4 . 76 8 . 50 am 550  l .'i  9 1  1 1  - 1 1  

1 2 . 4 5 2080 
I 

2 1  67  " 1 1  
pm I -

I 

4 . 20 1 480 ' 2 1  69  " - sl igh t ly pm 
windy 

1 4 . 4 . 76 640 1 4  9 2  cloudy l igh t 
. ) 

9 . 00 am - I 

wind I 
! 
; 

1 1  1. 00 pm 1 1 40 20 7 0  clear - s li ghtly i 

windy i 
I 

" 1 1  1 1  
4 . 50 pm 7 70 1 6  80 - ' 

I 
1 5 . 4 . 7 6 8 . 55 am 1 09 0  1 4  90 1 1  - l i ght I 

wind 

11  1 2 . 40 pm 1 86 0  22  6 3  1 1  - 1 1  

1 1  5 . 00 pm - 1 6  l OO 1 1  - 1 1  

-----'---



Appendix 4 :  Number of  seeds per f lower head and number o f  seeds per  1 00 f lore ts  o f  an individual f lower head harves t ed 

a t  six dif ferent random times ( 19 7 5) 

-

Head l 
number I 1 2 

No . of  seeds No . of seeds 

per I per 1 00 per I per l OO 
head . f lorets  head I flore ts  

' I 108  ! I 1 94 ' 6 2  7 6  
I I I I 2 84 6 7  9 8  I 69 ' 

i 

3 9 3  I 7 7  1 05 I 70 

4 68  I 60 74  I 66 
i I I 5 I 1 1 2  8 1  I 1 1 9 75  I I l I i I I I I I I 

6 1 1 4 87  I 9 6  74  I I 
7 9 5  6 7  I 1 23 70 

8 9 6  63  1 1 4 7 5  

9 62  5 2  1 04 7 5  

1 0  7 1  5 6  1 08 80 

Average 89 6 7  1 05 7 3  
------

Number o f  harves t s  

3 

No . of seeds 
I 

per per l OO I 
h ead f lorets  j 

' 

I 46 I 44 

I ' ' 
9 3  82  

5 1  43  I 
76  I 7 3  

8 1  7 3  i i 
7 2  5 5  i 
9 9  6 3  i I 
89 55 

I 
I 

1 10 83 I I ' 
67  5 4  I 
78  6 2  

4 

No . o f  seeds 

r I per 1 per l OO 

head 1 f lore ts 
i 

1 25 ! 7 1  

1 1 3 78  

6 5  6 2  

7 4  i 70  I ' I 
5 1  ! 38 I I I 

1 0 1  7 1  I 
8 3  7 8  I 

' 

1 0 2  ' 7 3  : 

1 0 2  6 5  

7 4  6 3  

89 6 7  

5 6 

No . o f  seeds No . of  s eeds 

per  per 100  per  p er l O O  
head florets  head f loret s  

' 
85 5 4  1 05 6 9  

88 67 78  63  

7 7  I 7 1  1 0 3  8 5  

1 08 7 5  1 06 8 3  

7 0  5 9  1 3 2  80 

1 0 5  7 2  1 1 3  7 7  

5 5  5 1  87  7 0  

7 9  6 5  85  69 

5 9  5 6  8 8  7 4  

68  7 4  1 00 7 9  

7 9  6 4  1 00 7 5  
-------- ---------



A p p en d i x  5 :  

Me thod o f  

P o l l ina t i on 

Con t ro l le d  

I P o l l i n a t i on I 

! 
i ' I I L I 
! Open 

! P o l l i n a t i on 
I I 
I 

Mean numbe r s  and p er c entages o f  s ee d s  and f lo r e t s  in d i f f e r e n t  p a r t s  o f  ind ivid u a l  f l ower h ead s ( 1 9 7 6) 

( Average o f  30 f l ower heads o f  e a c h  p o l l ina t ion me thod ) 

P o r t  i on of f lower head I Seeds 

examined 
No . i� 

Top 9 . 2  I 1 7 . 2  

Hid-upper 1 4 . 1 I 30 . 4  
' I 

Hi d - l owe r 1 5 . 6  I 3 2 . 6  ! I I 
' Bo t tom I 9 . 7  i 1 9 . 8  I I i I i I ' 

I \>.Th o l e  head 1 48 . 6  1 00 . 0  
I 

' i \ Top i 1 0 . 1  I 2 1 . 9  I 
I Mid-upp e r  1 3 . 9  I 29 . 6  I 
I 

I M i d - l ower 1 3 . 4  2 9 . 0  

B o t tom 8 . 8  1 9 . 5  

\.-Tho l e  head 46 . 2  1 00 . 0  

------- -- --

F l or e t s  

No . I % 
I i 

I 26 . 4  I 24 . 5  

2 7 . 3  I 
24 . 9  I I I I 2 7 . 1  2 !t . 5 I I 

28 . 6  26 . 1 

1 09 . 4  1 00 . 0  

25 . 8  I 2 Ll . 6 

2 5 . 0  24 . 1 

2 5 . 5  24 . 4  

2 8 . 3  2 6 . 9  

1 04 . 6 1 00 . 0  

Numb e r  o f  seed per 

I 
I 
' 

---- - -

lOO f l o r e t s  

34 . 9  

5 1 . 7  

5 7 . 6  

3 3 . 9  

44 . 5  

39 . 2  

5 5 . 6  

5 2 . 6  

3 1 . 1  

4 4 . 6  

------ -------



Appendix  6 :  Weight o f  seed samples with d i fferent ma tur i ties and d ifferent seed colour categori es a f ter 3 months s torage 

( 1 9 7 7 )  

rDays af ter Yellow Ligh t brown Dark brown I Ligh t  purple  Dark purple 
I I 
pollinat ion I mg/

1 00 
% mg/ 1 00 % mg/ 100 % mg/

1 00 
% mg/

1 00 
% 

I 
1 0  9 1  4 2  3 I - - - 6 - - -

' 1 2  9 1  7 6  4 - - - 5 - - -I 1 4  I 88 1 1 0 7 - - - 5 I - I - -I 18  78 1 7 5  I 6 i - I 3 - 9 2 1 6  4 -

I 22 37 3 10 I 1 2  I 34 1 1 2  3 4 2  2 0  3 4 7  1 9  34 1 I I I 
26 7 . 302 1 1  348 30 355  1 5  3 5 2  I 3 7 355 

l 30 7 342  6 346 1 9  3 5 1  1 2  350  56  353  
I I 40 I 1 7  3 1 9  8 347  1 7  350 30 344  2 8  3 4 8  



Appendix 7 :  Colour s tandards and colour nomenc la ture ( R .  Ridgway 1 9 1 2 ) . 

Seed colour 

1 .  yel low 

2 .  light brown 

3 .  dark brown 

4 .  1igh t purple  

5 .  dar k p urp l� 

Reference 

P l a t e  No . Tone 

4 
1 6  

30 

40 

45  

50  

44  
1 1  

1 1  

26 

37  

44  

i 

i 

i 

k 

k 

k 

i 

m 

m 

m 

k 

---------- - -- --- -------�� ----- ---

Colours of  £lates coinciding 

wi th seed colour 

sulph ine yel.low 

o l ive lake 

Isab e l la colour 

dark o l:l.ve-buff 

dark grayish brown 

deep s laty brown 

anthracene purple 

dul l  Ind ian p\lrple 

b lackish purple 

dusky auricula purpl e  

dark livid purple 

dark s late-purple 



Appendix 8 :  Fresh wei gh t  (F . W . ) dry weight ( D .W , )  and moisture content 

of freshl y  harves ted s eeds at diff erent developmental s tages 

( 1 9 7 6 ) . 

Date of Days af ter mg/seed Moisture 

harves t  pollina tion 
F , W .  D . W .  Absolute % 

moi s ture 

26 . 2 . 7 6 8 2 . 7 5 0 . 5 7 2 . 1 § 7 9 . 3  

28 . 2 . 7 6 1 0  2 . 95  0 . 6 2 2 . 3 3 7 9 . 0  
l .  3 .  76 1 2  3 . 8 2 0 . 8 2 3 . 00 7 8 . 5  

3 . 3 , 7 6 1 4  5 . 38 1 .  2 2  4 . 1 6 7 7 . 3  

7 . 3 . 7 6 1 8  7 . 06 1 .  7 5  5 . 3 1  7 5 . 2 

1 1 . 3 .  7 6  2 2  8 . 9 3 2 . 96 5 . 9 7  66 . 9  
1 1 7 . 3 . 7 6 24 9 . 56 3 . 46 6 . 1 0 6 3 . 8  

1 9 . 3 . 7 6 26 8 . 30 3 . 54 4 . 7 6 57 , 4  

28 . 3 . 76 30 5 . 69 3 . 4 3 2 . 26 39 . 7  
9 , IL 7 6  3 6  4 . 1 3 3 . 1 4 0 . 99  24 . 0  
7 . 4 . 7 6 40 3 . 7 9 3 . 2 0 0 . 5 9 1 5 . 6  

·-

Appendix 9 :  Fresh wei gh (F . W . )  dry we i g h t  and mois ture content of  f reshly 

harves ted seeds a t  d i f f eren t developmental  s tages ( 1 9 7 7 ) , 

Date of Days a f ter mg/ seed Moi s ture 
po l li nation 

-

harves t F . lv .  D . W .  Absolute % 
mois ture 

1 4 . 2 . 7 7 8 2 . 46  0 . 54 1 .  92  7 8 . 1  
1 6 , 2 . 7 7 1 0  3 . 5 3 0 . 8 1  2 . 7 2 7 7 . 1  
1 8 . 2 .  7 7  1 2  4 . 9 8 1 . 1 8 3 . 80 7 6 . 3  
20 . 2 .  7 7  1 4  5 . 8 7  1 . 40 4 . 4 7 7 6 . 2  
24 . 2 .  77 1 8  7 . 84 2 . 2 2 5 . 6 2 7 1 . 7  

9 . 3 .  7 7  22 8 . 5 1  2 . 9 5 5 . 56 65 . 3  
1 1 . 3 . 7 7 2 4  8 . 7 6 3 . 2 3 5 . 5 3 6 3 . 1  
1 3 . 3 ,  7 7  26 7 . 9 9 3 . 4 4 4 . 5 5 5 7 . 0  
1 7  . 3 . 7 7  30 4 . 9 5 3 . 28 1. 6 7  3 3 . 7  
2 3 . 3 .  77 36 4 .  1 0  3 . 3 1 0 . 7 9 1 9 . 3  
2 7 . 3 . 7 7 40 3 . 56 3 . 1 0 0 . 4 6  1 2 . 9 



Appendix 1 0 :  

Date o f  

harves t 

3 1 . 1 . 7 5 

4 . 2 . 7 5 

1 1 . 2 . 7 5 

1 5 . 2 . 7 5 

27 . 2 . 7 5 

3 . 3 . 7 5 

Append ix 1 1 :  

Dat(: 

ha rv 

28 . 3  

30 . 3  

1 . 4 

3 . 4 

7 . 4 

1 1 . 4 

1 3 . 4  

of  

es t 

� 

. 7 5 

. 7 5  

. 7 5  

. 7 5 

. 75 

. 7 5 

. 7 5 

. 7 5 

. 7 5 

--

Fresh weigh t ( F . W . ) , dry weight ( D . W . )  and mois ture 

content of freshly harves ted seeds of  d i ff erent f lower 

head tagging dates ( 1 9 7 4  autumn sown crop ) . 

Days af ter mg/ s eed 
Mois ture 

tagging 
F . \L D . W .  

10  4 . 6 3  1 .  27  

1 4  7 . 00 2 . 23 

1 8  7 . 5 7  3 . 00 

2 2  7 . 1 7 3 . 20 

26 3 . 26 2 . 86 

30 3 . 04 2 .  7 1  

Absolute 
moi s ture 

3 . 36 

4 .  7 7  

4 . 5 7  

3 . 9 7  

0 . 40 

0 . 33 

% 

7 2 . 6  

68 . 1  

60 . 4  

5 5 . 4  

1 2 . 3  

1 0 . 9  

--·- � 

Fresh weigh t (F . W .) ,  dry weigh t (D . W .) and mois ture content of  

freshly harves ted s eeds at  d i fferent f lowerhead tagging 

da tes ( 1 9 7 4  spring sown crop) 

Days af ter mg/seed moi s ture 

tagging 
F . W .  D . W .  Absolute % 

muis ture 

8 3 . 24 0 . 7 4 2 . 50 7 7 . 2  

1 0  3 .  7 5  0 . 90 2 . 85 7 6 . 0  
- --

1 2  5 . 5 1 1 . 34  4 . 1 7 7 5 . 7  

1 4  6 . 02 1 . 6 1  4 . 4 1 7 3 . 3  
- --

1 8  6 . 98 2 . 07 4 . 9 1  70 . 3  
- ·-- --

2 2  7 . 8 1  2 . 5 7 5 . 24 6 7 . 1  
- --

24 8 . 48 3 . 1 3 5 . 35 6 3 . 1  

26  8 . 00 3 . 04 4 . 96 6 2 . 0  
- -- -- --

30 7 . 20 3 . 0 1  4 . 1 9 58 . 2  
- --

�-



Appendix 1 2 :  

Dates o f  

harves t  

1 7 . 2 . 7 5 
2 1 . 2 . 7 5 
25 . 2 . 7 5 

1 . 3 .  7 5  
5 . 3 . 7 5 
9 . 3 . 7 5 

Fresh weigh t ( F .W . ) , dry weigh t ( D . W . ) ,  and mois ture 

�ontent of  freshly harves ted seeds a t  dif ferent dates 

af ter peak f lowering ( 1 9 7 4  autumn sown crop) 

Days a f ter mg/ seed moisture 

p eak 
F .W .  D . W .  Absolute % 

f lowering moi s ture 

1 0  7 . 2 3 2 . 4 7  4 . 76 6 5 . 8  
1 4  6 . 5 3  2 . 3 5 4 . 1 8 64 . 0  
1 8  6 . 54 2 . 59 3 . 9 5  60 . 4  
2 2  4 . 5 5 2 . 88 1 . 6 7  3 6 . 7  
26 3 . 3 7 2 . 7 4 0 . 6 3  1 8 . 7  

30 3 . 44 2 . 7 9 0 . 65 1 8 . 9  



Appendix 1 3 :  Clima t ic condi tions during s eed developmental period s . 

1
Season of [ Year Month Number Total I Relative 1 Ambient  temperature ! Number  of � Wind speed 

harves t j of  rain- � rainfall humid i ty (mean d a i l ) I sunshine hour km/h 

l days (mm) I % 1 i (mean daily ) (mean) 
( d . 1 ) max . m n .  

Fir s t  

season 

Second 

I season 

Thi rd 

season 

I 
mean a1 y , L 1 I I I 

! 
I 

1 97 4  

1 9 7 5  

1 9 7 5  

1 9 7 5  

1 9 7 5  

1 9 7 5  

1 97 5  

1 97 6  

1 9 7 6  

1 97 6  

1 9 76  

1 97 6  

1 9 7 7  

I 1 9 7 7  

1 9 7 7  

1 9 7 7  

Dec 

Jan 

Feb 

Mar 

Apr 

May 

Dec 

Jan 

Feb 

Mar 

Apr 

Dec 

Jan 

Feb 

Mar 

Apr 

7 

7 

8 

1 3  

1 4  

20 

1 2  

1 6  

9 

9 

9 

1 1  

1 6  

6 

8 

1 8  

7 7 . 9  

37 . 7  

I 
29 . 6  

5 3 . 2  

7 1 . 4  

I 1 29 . 5  
I I 

1 0 1 . 7  

90 . 2  

60 . 4  

85 . 4  

5 1 . 6  

82 . 3  

6 5 . 9  

4 3 . 8  

45 . 9  

6 8 . 5  

I 
I 7 3  

7 1  

7 6  

7 6  

80  

85  

7 4  

7 9  

8 0  

7 5  

7 7  

7 6  

7 6  

7 7  

7 5  

7 8  

: 2 2 . 8  1 2 5 . 0  

1 24 . o  

i 2 2 . 4  
i 
I I 
I 
I 

I 

1 8 . 8  

1 5 . 2  

1 8 . 9  

20 . 6  

1 8 . 9  

2 1 . 2  

1 8 . 0  

1 9 . 9  

26 . 2  

2 2 . 2  

2 1 . 1  

1 9 . 9  

1 2 . 5  

1 5 . 0  

1 4 . 6  

1 3 . 3  

1 0 . 4  

8 . 8  

1 1 . 0 

1 3 . 7  

1 0 . 1  

1 1 . 3  

9 . 5  

1 3 . 1  

1 6 . 1  

1 2 . 4  

1 2 . 1  

9 . 3 

7 . 5  

7 . 5  

5 . 7  

4 . 8  

4 . 6  

3 . 0  

6 . 2  

4 . 2  

5 . 8  

6 . 2  

4 . 5 

4 . 9 

5 . 6 

7 . 5 

5 . 6 

4 . 5 

1 0 . 3  

1 0 . 6  

1 3 . 2  

1 2 . 2  

9 . 0  

i 1 2 . 6  

I I 
� 
I 

1 5 . 5  

1 4 . 2  

1 2 . 4  

1 2 . 4  

1 0 . 8  

1 3 . 2  

1 5 . 8  

1 0 . 6  
I 
I 1 2 . 4  

1 0 . 0  



Append i x 1 4 : 

Me thod o f  

po l l ina tion 

!con trol l ed 
!po l l i na t i on 
I 
I I 

Open 

p o l l in a t i on 

Mean f resh we i gh t ,  dry weigh t and moi s ture conten t  o f  seeds taken f rom different par ts o f  f l ower h ead s 

( 1 0 flower h eads at each harves t) harvested 8 ,  1 0 ,  1 8  and 30 days a f ter pol l ination ( 1 9 7 6 ) . 

I Pos i tion o f  
, seed i n  the 
r - 1  h d 1 :t.lower ea 

I 
I Top I Mid-uppe r I l 
I Mid-lower I I 

Fresh weigh t  (mg/seed) 

8 1 0  1 8  30 

I 
I I 

1 .  7 4  4 . 4 7 8 . 32 
I 

7 .  7 3  1 
1 . 86 4 . 50 8 . 29 8 . 4 7  I I I 
1 .  87  4 . 6 7  8 . 1 1  8 . 6 4 : 

Dry weight  (mg/ seed) Moi s ture conten t ( % )  

8 1 0  1 8  30 8 1 0  1 8  30  

0 . 29 0 . 9 3  2 . 90 3 . 46 83 . 5  7 9 . 1  6 5 . 1  55 . 2  
0 . 3 3 0 . 9 6 2 . 8 3 3 . 49 
0 . 3 7 0 . 9 7  2 . 60 3 . 6 2 I I I Bottom 1 . 80 4 . 1 8 8 . 02 8 . 4 3 0 . 32 0 . 9 0 2 . 58 3 . 39 [1 8 2 . 0  78 . 7  6 7 . 9  59 . 7  I 

1 : I 
Top 

�1i d-upper 

Mi d-lower 
Bottom 

I I u -- -u- --- • 

1 . 7 3  3 . 7 2  7 . 1 8 8 . 7 1  I 0 . 3 5 0 . 83 1 . 9 8  2 . 94 I 7 9 . 9  7 7 . 8  7 2 . 5  66 . 2  I I I 1 . 9 8  4 . 56 8 . 09 8 . 94 I o . 4o 1 . 03  2 . 40 3 . 1 5 . 7 9 . 8- 7 7 . 3  7 0 . 3  64 . 8  
1 . 89 4 . 7 5 8 . 26 8 . 7 8 I o . 36 1 . o9 2 . 54 3 . o9 80 . 8  7 7 . o  69 . 3  64 . 8  
1 . 50 4 . 54 7 . 2 2 8 . 24 i 0 . 2 9 1 . 05  2 . 1 1  2 . 7 0  80 . 8  7 6 . 9  70 . 7  6 7 . 3  



Appendix 1 5 :  Percentages o f  germination and viabi l i ty o f  f reshly harves ted seeds a t  dif ferent d evelopmenta l s tages ( 1 9 7 6 )  

jna te o f  I Days after Normal seedl ings I Abnormal f Fresh Hard I To tal I Seed jharve s t  
I 

p o ll ina tion Germinat ion period seedlings I ungermina ted s eeds J viab l e  ( non-vi ab l e )  

I ( days ) seeds seeds s eeds 

I I 7 I 1 0 I 3o 
i I I i i i I ! I - ! I I I 2 6 . 2 . 7 6 I 8 ' 1 00 I - I - - ' - - -

J 28 . 2 . 7 6 i I ! I l 1 0  I - - i - - - I - - l OO 
i I I ! I I I I i 1 .  3 .  7 6  I 1 2  I - I - ' - I - - - - 1 00 

i I I I I - ! : 3 . 3 . 7 6 1 4  I ·- ! - 4 4 - 8 i 9 2  j ' 

i I 
I i i ' I 7 . 3 . 7 6 1 8  I - - I 32 1 0  2 2  I - 6 4  I 36 

I - I I 1 1 . 3 . 7 6 2 2  
i 

4 2 8  i 2 i 6 0  I - 9 0  1 0  
I I 1 0 ! I 1 9 . 3 . 7 6 26 i 4 ! 3 2  2 6 4  I - 9 8  2 

l i I 
; 28 . 3 . 7 6 i 30 i 4 I 4 i 2 0  

I 
2 7 2  i - 9 4  6 

I i I I I I i 9 . 4 . 7 6 36 I 6 : 1 2  30 2 I 2 8  I 3 6  9 6  4 I I I I I I I I 7 . 4 . 7 6 
1

1 0  i I 40 j 6 26 I 2 1 4  I 4 2  84 1 6  j I 

! 
I 
I I I 



Appendix 1 6 : Percentages of germina tion and viabili ty of f reshly harvested seeds a t  d if f erent d evelopmental s tages ( 1 9 7 7 ) . 

Da te of 

harvest 

1 4 . 2 . 77 
1 1 6 . 2 . 7 7 
1 8 . 2 . 7 7 

I 1 20 . 2 . 7 7 
!24 . 2 . 7 7 
I ' 9 . 3 .  77  i 1 3 . 3 . 77 
1 7 . 3 . 77 
23 . 3 . 77 
2 7 . 3 . 7 7 

I 
J 

Days o f  

poll ination 

8 
1 0  
1 2  
1 4  
1 8  
22 
26 
30 
36  
40  

I i Normal seedlings 
Germination period 

( days ) 
7 

I -I ­I � 1 -
, -I 2 

4 

1 0  

2 
1 4  

2 
2 
4 
6 

1 I 
30 

6 
42 
26 
1 2  
1 4  
1 2  
1 2  

Abnormal 

seedlings 

6 
6 

2 
2 

·Fresh 

unge rminated 

seeds 

2 
1 0  
1 6  
68 
80 
36 
1 2  
1 2  

Hard 

seeds 

30 
7 6  
7 6  

To tal 

viab le 

s eed 

2 
2 Z  
6 4  
94  
94  
82 

1 00 
lOO 

Dead J 
(non-viable )! 

seeds 

1 00 
1 00 

98 
7 8  
36  

6 
6 

1 8  



Appendix 1 7 :  
0 Daily maximum and minimum tempera ture C recorded in the 

labora tory 

Date Tempera ture Days of  the week Weekly 
1 2 3 4 5 6 7 AvPr� �>"P. 

2 1 . 3 . 7 7  Max . 24  24  2 2  2,1 2 2  2 2  24 23 

Min . 20 20 20 1 9  1 8  1 7  20 1 9  

28 . 3 .  7 7  Max . 2 3  2 3  2 4  2 5  2 5  2 3  2 3  2 4  

Min . 1 9  1 8  2 0  2 0  2 0  2 1  1 9  20 

4 . 4 .  7 7  Max . 2 3  24  24 2 3  2 1  2 1  2 1  23  
I 

Min . 2 1  20 1 8  1 9  1 8  1 8  1 8  1 9  

1 1 . 4 . 7 7 Max . 2 1  2 2  2 1  2 1  2 1  2 1  2 1  2 1  

Min . 1 9  1 8  1 8  1 7 1 7  1 9  1 6  1 8  

1 8 . 4 . 7 7 Max . 22 2 2  2 1  1 9  2 0  1 9  20 2 0  

Min . 1 7  1 7  1 6  1 6  1 5  1 5  1 5  1 6  

2 5 . 4 .  7 7  Max . 1 8  2 1  1 9  1 8  1 8  20 1 9  1 9  

Min . 1 5  1 6  1 5  1 2  1 4  1 7  1 2  1 4  

2 .  5 .  7 7  Max . 1 9  1 9  1 8  20 20 1 9  1 8  1 9  

Min . 1 3  1 4  1 4  1 3  1 4  1 3  1 5  1 4  

9 . 5 .  7 7  Max . 1 7  1 7  1 7  1 7  20 1 9  1 8  1 8  

Min . 1 3  11 1 2  1 2  1 2  1 6  1 5  1 3  

1 6 . 5 . 7 7 Max . 1 7  1 5  1 5  1 8  1 9  20 1 7  1 7  

Mi n .  1 3  1 2  1 1  1 0  1 2  1 5  1 5  1 3  

2 3 . 5 .  7 7  Max . 1 9  1 9  1 9  1 8  1 6  1 7  1 7  1 8  

Min . 1 5  1 6  1 6  1 6  1 3  1 2  1 5  1 5  

30 . 5 . 7 7 Max . 1 8  1 8  1 9  1 8  20  1 7  1 7  1 8  

Min . 1 5  14  14  1 6  1 7  1 6  1 5  1 5  

6 . 6 .  7 7  Max . 1 7  1 7  1 8  20 20 1 8  1 8  1 8  

Hin . 1 6  1 5 1 5  1 5  1 5  1 4  1 5  1 5  

1 3 . 6 . 7 7 Hax . 2 1  1 9 1 9  20 20 18 1 7  1 9  

�fin .  1 7  1 6 1 6  1 6  1 8  1 5  1 5  1 6  

20 . 6 .  7 7  Max . 2 1  1 7  1 9  1 1  20 1 6  1 7  I 1 8  I 
Mi n .  1 6  1 5  1 3  1 5  1 4  1 3  1 3  ; 1 4  

2 7 . 6 . 7 7 Max . 1 8  1 8  1 9  1 9  20 1 9  1 7  1 9  

Min . 1 5  1 5  1 5  1 5  1 3  1 6  1 3  1 5 I ' 



Appendix 1 8 :  Daily maximum and minimum relative humidi ty percentage 

recorded in the labora tory 

Da te Hum idi ty Days o f  the week ' Weekly 

1 2 3 4 5 6 7 Average 

2 1 . 3 . 7 7 Max . 60 6 0  6 7  68 6 2  5 9  6 5  6 3  

Min .  48 56  6 0  5 8  5 4  5 6  60 56 
' 

28 . 3 .  7 7  Max . 58 62 7 3  7 0  64 70 68  6 6  

Min . 5 2  5 2  60 6 3  60 6 2  6 4  59  

4 . 4 . 7 7 Hax . 64 6 4  6 3  58 60 68 7 0  6 4  

Min . 60 54  4 9  5 2 54 60 68 5 7  

1 1 . 4 . 7 7 Max . 7 0  7 2  6 9  7 0  7 0  7 2  6 8  7 1  

Min . 6 7  6 3  6 1  6 4  6 5  68  60 64 

1 8 . 4 . 7 7 Max . 68  68  60 64 5 9  6 2  60  6 3 

Min . 6 2  4 8  54 54 4 7  5 3  54  53  

25 . 4 '  77  Max . 6 2  6 7  6 7  6 4  6 8  68 6 2  6 5  

Min . 6 0  5 8  6 3  6 0  5 9  6 3  58 60 

2 . 5 . 7 7 Mux . 6 7  65  69 68  65  65  68 67 

Min . 6 2  6 2  6 3  6 3 6 2  60 6 1  62 

9 . 5 . 7 7  Max . 6 9  68  6 1  64 7 0  7 0  6 7  6 7 
Min . 58 58 58 50 5 5  58 58 57 

1 6 . 5 . 7 7 Max . 7 2  6 8  65 60 6 1  60 60 64 

Min . 6 4  6 0  5 8  s o  5 0  5 5  5 8  5 6  

2 3 . 5 . 7 7 Max . 7 2  7 2  64 62 60 60 64 65 

Min . 6 2  6 2 58 58 58 58 6 1  60 

30 . 5 . 7 7  Max . 68  6 2  59  68  68 64 5 5  6 3  

Min . 6 2  50  50 56  6 2 6 1  4 9  5 6  

6 . 6 . 7 7 Max . 64 58 58 58  54 48 58 57 
1-Un . 58 54  56 50 44 43 50 5 1  

1 3 . 6 . 7 7 M1.1x . 58 56 60 64  60 58 64 60 

M:h1 . 4 9  5 2  56 55  58  54 55 54  

20 . 6 .  7 7  M x .  6 6  5 5  6 0  5 9  59  58  60 60  
Min . 48 5 2  5 2  5 4  4 8  50 55 5 1  

2 7 . 6 . 7 7 Max . 6 5  6 8  64  6 5  6 2  6 1  6 3  64 

Min . 56 6 2  60 5 9  5 4  5 4  55 57  

-



Appe n d i x  1 9 .  

�a te of 

a rvest  ! 
1 4 . 2 . 7 7 

1 6 . 2 .  n 
I 
j l 8 . 2 . 7 7 i 

I 
20 . 2 .  7 7  I 

I 2 4 . 2 .  7 7  I 
9 .  3 .  7 7  I 

1 3 . 3 . 7 7 I 
I 

1 7 . 3 . 7 7  I 2 3 . 3 .  7 7  l 
2 7 . 3 . 7 7 I 

The e f f e c t  of  seed s torage for 3 months on the p ercen tages o f  germination and viab i l i ty o f  seed 

samples  harves ted at  d i f ferent d evelopmental s tages ( 1 9 7 7 )  

Days af ter Normal seedlings Abnormal 

pollination Germina tion period I seedlings 
( days ) 

I i 
I 

7 1 0  I i 
8 i 

- - I -

I 1 0  ' 
- - I -I I 1 2  I 4 4 4 I 

I 1 4  I 20 24 I 1 2  

I I 

1 8  20  24 I 2 

I 2 2  6 6 -
I 

26 4 4 -

30  6 6 -

36 4 4 -

40 4 I 4 -

I 

F resh I Hard 

ungerminat ed I seed s 
seeds 1 

-

-

2 

4 

4 

- I 
- I 
-

-

-

-

-

2 

4 

6 2 

94  

96  

9 4  

9 6  

9 6  

I 
I 

Total  

viable 
seeds 

-

-

1 2  

4 4  

9 2  

l OO 

1 00 

l OO 

l OO 

l OO 

---· ---------

I 
I I I 

-

Dead 

( non-viab le)  
seeds 

1 00 

l OO 

88 

56 

8 

-

-

-

-

-

---- -- -- ------

l 

I I I i 
I 



�endix 20 :  Percentages of germination and viability o f  freshly harves ted seeds at  d i f ferent f lowerhead tagging da tes 

( 1 9 74 autumn so�� c rop) . 

Da te of Days af ter Fresh Hard Total 

harvest tagging 

Normal s eedli ngs I 
Germination period I (days>.��-·--- � 

Abnormal I 
seed l ings ! ungermi:1a ted seeds 

I Dead 

viable s eeds , (Non-viab le) 

7 j 1o ! 30 I seeds 

3 1 . 1 .  75 I 1 0  1 2  1 20 I 26 I 1 0  I - I - 36 

4 . 2 . 7 5 1 4  9 I 25 }i 75 I 3 1 2  
- 90 

seeds 

64 

1 0  

4 1 1 . 2 . 75 r 1 8  4 1 1 6  . 53 r _ 4 3  _ 96  
I I t 

1 1 5 . 2 . 75 I 2 2  2 I 1 4  I 40 I - 5 6  l 9 7  3 
[ I I I . 

1 2  7 . 2 • 7 5 I 2 6 - ,, 1 i 5. '! - 4 9 1  1 00 - I 
I 3 . 3 .  75  l 30 

------- - I - l 3 l 1 

l -
9 5  __

__ 

--- --- 9 9  I 1 I 



Append ix 2 1 : 

Date o f  

harves t 

I I I 
I t 
/ 1 7 . 2 . 7 5 I I I 1 2 1 . 2 . 7 5 

2 5 . 2 . 7 5 

1 . 3 . 7 5 

5 . 3 . 7 5 I 9 . 3 . 7 5 
I l 

Percentages of  germina tion and viabil i ty o f  f resbly harves ted seeds at  d i f f erent d a tes af ter p eak 

f lowering ( 1 9 7 4  autumn sow� crop )  

-

Days a f ter Normal seedlings 

peak 
Germination period 

(days) 
f lowering ! ! 30 7 i 10  

I ! 
! I l 2 8  1 5 1  1 0 4 I 

I I I 1 4  3 I 2 2  I 39 

1 8  I 
4 I 1 4  I I ! 42  I I 

22 1 I 1 0  1 24 

26 1 I 4 I l l I 3 0  I 3 5 1 4  I I I 

I 
I I 
I I 

I 

I Abnormal Fresh 

s eedl ings ungerminated 

seeds 

7 24 

2 5 3  
2 5 2  
2 38 
- 1 1  
- 1 6  

I Hard Total  I Dead 

seeds v iable s eeds (Non-viab le) 

seeds 

I - 8 2  1 8  I I - 94  I 6 

4 - 96 

I 3 5  9 9  1 

7 7  99  1 
66  96  4 

I 



Appendix 2 2 :  

/Da te of 

I harvest 

I 1 28 . 3 . 75 

1 30 . 3 . 75 

I 1 . 4 . 75 
I 

I 3 . 4 . 7 5  

I 7 . 4 . 75 

1 1 . 4 . 75 
1 1 3 . 4 . 7 5 
i 
1 1 5 . 4 . 75 
I [1 9 . 4 . 75 

l 
' j 
I 
I 
J I 

Percentage s  of germinat ion and viability of fresh ly harves ted seeds at d i f f erent flowerhead tagging dates . 

( 1974  spring sown crop ) 

Days af ter 

tagging 

8 

1 0  

1 2  

1 4  

1 8  

2 2  

24 

26 

30 

I Nn-mal seedlings I �rnination period I (days ) I 
7 

1 

1 0  

9 

25 

6 

. I 
1 0  1 30 

I 
I 1 2  j u  
I 2 7  i I 1 29 

! 3 2  

1 6  

I = 
I 2 

28 

45 

6 1  

5 2  

65 

33 

Abnormal 
seedlings 

3 

3 

2 

6 

5 

I 
I I 

Fresh I 
ungerminated 

seeds 

1 1  

25 

28 

28 

1 7  

58 

Hard 

seeds 

I I I 
Total 
viable 
seeds 

2 

42 

7 3  
9 1  

86 

87 

9 1  

Dead 
(non-viable ) 

seeds 

1 00 
l OO 

98 

58 

2 7  

9 

1 4  

1 3  

9 



Append ix 2 3 :  Te trazolium tes t res u l t s  on freshly harves ted seeds a t  
d i f f eren t deve lopmental s tages 

Da t e  o f  Day s a f ter Well s tained Doub tful Uns tained 
harves t  po l lina t i on seeds ( % )  seeds ( % )  seeds 

26 . 2 . 76 8 44 38 1 8  

28 . 2 . 76 1 0  7 6  1 2  1 2  

1 .  3 .  7 6  1 2  80 1 0  1 0  

3 . 3 . 76 1 4  9 1  5 4 

7 . 3 . 76 1 8  9 7  2 1 

1 1 . 3 . 7 6 2 2  9 7  1 2 

1 7 . 3 . 76 24 9 7  2 1 

1 9 . 3 . 76 26 88 2 0 

28 . 3 . 76 30 1 8  0 0 

* v iab le seeds : uns tained due to seedcoat impermeab i l i ty 

( % )  

Impermeable 
seeds (%) 

0 

0 

0 

0 

0 

0 

0 

1 0  * 

8 2  * 



Appe n d i x  24 : 

Me thod o f  

Per c e nt a g e s  o f  ge rmina t i on and viab i l i ty o f  f r e shly harv e s ted s e e d s  taken f rom d i f f e r e n t  p o s i t i o n s  i n  

f l owe r heads harves ted 30 days a f ter p o l l i n a t ion ( 1 9 7 6 )  

P o s i t io n  o f  s e e d  Normal I Abno rmal I F r e s h  Hard T o t a l  I D e ad 
p o l l i na t i on in the h ead s ee d l ings i s e e d l ings 1 ungerrr.:.:1a t ed s e e d s  v i ab l e  s eed s j ( non-via b l e )  I I i ; 

I i s e e d s  1 s e ed s 
[ Top 24 j 6 I 68  - 98 I 2 I ! Con trolled Mid-upper j 22 J 0 i 7 2  - 94 1 6 1 j po l l i na t i on Mi d - lov.,e r j 36 ! 2 I 5 8 I - 96 l 4 I ! B o t t om i 46 I 6 J 40 - I 9 2 I 8 

I , i I : I I I Top ! 50 ! 6 I 34 j - I 90 1 0  J 
Onen 11 l I i i · Hid-up p er ! 48  j 4 ! 3 6  •1· - ,. _88 1 2  11 . . I I p o J l l.n a t l on Mid- l ower j 48 ,. 4 �- 42 I - I' 94  6 I 

B o t t om I 66 4 1 6  I - 86 1 4  j 



Append i x  2 5 : 

!Days af ter ! 

I lp o l l ina t i on i 

I : 
I 

L 
I 
l 

I I 
I ! 
I 1 8  i I 
i I 

I i I I I ! 
i I I I I 

i i 
I I i I 

2 2  I 

I 

P e r c en t ages o f  g e rminat ion and viabi l i ty of freshly harve s te d  s e e d  s amp l e s  \vi th d i f f e r en t  rna tur i  t i e s , 

prechil led a t  5°C f o r  d i f feren t  periods ( 1 9 7 6 ) . 

I 
Prech i l l ing ! N ormal s e e d l i ng 

period ( day s )  ! Ge rmina t i on per iod 

0 
2 
4 

6 

8 

0 

2 
4 
6 

8 

: ( days )  j 7 1 1 0  1 30  

I - I - ! 2 2  
I I I 3 4  -
I 
-

• 

I i 2 I 40 i - I 
I . 

i - ! - 3 0  

I I - 2 I 36 
I I I 
I I 

I 

I i - 2 I 30  
! - i 2 1 6  

2 8 2 4  
4 1 0  26 
4 8 24 

I 

I 

Abnormal I F r e sh I Hard To t a l  Dead I ( non-vi ab l e )  s e ed l i ngs I ungermina t e d  s e e d s  Viab le 
s e e d s  s ee d s  I s e e d s  

1 0  1 8  - s o  s o  

2 2 2  - 5 8  4 2  

6 I 2 2  6 8  3 2  -
1 6  5 2  4 8  6 -

6 8 - s o  s o  

2 6 2  - 9 4  6 - 80 - 96  4 - 6 0  - 8 4  1 6  - I 64  - 9 0  1 0  - 6 2  - 86 1 4  I - · 

I 



Append i x  2 6 : 

Day s a f t e r  
p o l l i n a t i on 

I 

I I 
I I I I I 

22  

Percentages of germina t i on and viabi li t y  o f  f re s h l y  harve s ted s e ed s amp l e s  p r e c h i l l e d  a t  5°C for d i f f e r e n t  

ner iods ( 1 97 7 )  

Prechill ing 

period 

( d ays )  

0 

l 

2 

3 

4 

5 
6 

7 

� Norma l s e e d l in8s 
Germina t i on p eriod 

1 
( d ays ) 

r 7 ! 1 0  3 0  
I 

- I 2 3 6  

I 4 4 2  I 
-

I 2 4 2  I -
i I I 2 ' 4 4  - ! I 

48 2 I 6 I 34  2 I 6 
I I 

2 I 6 ' 36 
I - I 4 38 

I 

I 
Abnorma l I F r e s h  Hard T o t a l  Dead 

s ee d lings ung e rmina t e d  s e e d s  v i ab l e  s eed s (non-v i ab l e )  I s e e d s  I s e e d s  

1 2  I 22 - 7 0  30 

8 3 0  80 20 I -
I 

1 2  I 24  - 7 8  2 2  

1 4 I 2 2  - 80 20 

8 I 2 8  84  1 6  I -

8 I 3 0  - 7 2 28 
I 

6 I 26 - 68 3 2  I 
1 0  3 0  - 7 8  2 2  

-- -

I 



Appendix 2 7 : Percentages of ge rmina t ion and total viab i l i cy o f  f reshly harve s t ed s e e d  samp l e s  t r e a t e d  w i th gibb e r e l l ic 

acid ( 1 9 7 7 )  

Prechi lling i GA 3 t r eatment 
I 

( 1 000 ppm) I ! 
I I 
I 
I \ No t r ea tment 

5°C for 
I I 4 days I S ee d s  pla ced on 

b l o t t e r s  soaked I \ wi th GA 3 s o l u t ior 

I I S ee d s  p laced on 

I blo t te r s  soaked 
without ! with GA 3 s o lu t i or 

prechi ll ing I S eed s soaked in 

GA 3 so lut ion 

before germin-

at ion 

!Days a f ter 

p o l l i na t ion 

1 8  

2 2  

2 6  

1 8  

2 2  

1 8  

2 2  

1 8  

2 2  

2 4  

26  

I Norw�l see d l i ngs ! Abnormal ! Germination period ! s e ed lings 1 (davs ) 1 

1 0  30 

2 I 42 
I I 1 4 ( 26 

22 44 I i I I 

I I 2 1 6  

6 28  I l I I 
I 2 1 4 

2 2 2  

- 1 6  

4 60 I 1 6  36 

4 26 

6 

-

-

4 

-

1 0  

2 

4 

6 

-

4 

Fresh Hard ! T o t a l  Dead 

unge rminated s e e d s  viab le ( non-v i ab le )  

seeds s eeds I s eed s 

1 6  - 64 3 6  
6 8  - 94  6 

34 - 7 8 2 2  

1 2  - 3 2  6 8  

6 0  - 88 1 2  I 
8 - 3 2  6 8  

6 6  - 9 0  1 0  

8 - 28 7 2  

1 4  - 80 20 

50 - .86 1 4  

6'4 - 9 4  6 

I 



Append i x  28 : 

Prech i l l ing 

Wi thou t 
prechi l ling 

Prechi l led 
a t  5°C for 

4 day s 

Percen t ages o f  germina t i on and total vi ab i l i ty of f reshly harve s t ed s e ed s amp l e s  ( 24 day-old) germina ted 
in an 0 2  enriched atmo sphe re ( 1 97 7 )  I l Oxygen 

t re.atmen t  

I 

Norma l seedlings 
Germina t ion Period ;I• 

( days )  
1 0  3 0  

N o  treat- I 1 6  44 
j men t . Add r 0 2  at gerrn- 1 6  

at ion . I 1 I 
Add 0 2  at I 2 2  

I 

I 

germina t ion I and again 
I 4 days later ' 

Add 02 a t  

prech i l l i ng 
and a t  
germina tion 

2 8  

3 6  

40 

48 

Abnorma l 

seedlings 

.,..----------,...------.....-------------

1 Fresh I Hard To t a l  

r unge rmina t e d  s e e d s  . viable 
! seeds I seeds j 
I 

5 2  9 6  

5 8  9 4  

58 9 8  

48 9 6  

Dead ·-�l ( non-viable ) 
s e ed s  

4 

6 

2 

4 



Appendix 29':  

I \ 
Days af ter 

Perc entages of germi na t i on and viabili ty o f  f r eshly harve s t ed s eed samp les rece iving d i f f erent 

inten s i t ie s  of s e e d  cua t inj ury ( 19 7 7 )  

I I - I Trea tmen t Norma l seed l ings Abnormal Fresh Hard To tal I I 
p ollination ! Germinat ion period see d lings I ungerm i na ted seeds Viab l e  seeds I ( days ) ! i s e e d s  l 

I l 7 1 0  30 
' I Intact seed - 8 4 2  2 30 - 74  

Cut through 
I I 2 2  seed coat I 2 I 1 0  3 2  4 2 6  - 6 2  � only . ( shall- j I I 

t ow cutting) I I I I 
i Cut thr ough 

' 
I 1 6  44 I 7 0  - - - 7 0  

I I I seed coat ! 
I ' 

I membr ane I I \ 
_1 L_ I ( deep cu t t in g )  l 

I Dead 

I ( non-vi ab l e )  

s e e d s  I 

2 6  

38 

I 

30 I 
! 



App end i x  30 : 

l con<ii tions 
I 

o f  s e e d  

P e r c en tages o f  germina t i on and viab i l i ty o f  ma ture s e ed samp les wi th d i f f e r e n t  s e e d  co l ou r s  ( 19 7 7 ) . 

Seed 

colour 

I Norma
-�-

s�l��s� Abnorma l Fresh 

! Germina t ion p e r i o d  1 s e ed l ings ung e rmina ted . I I ( days )  J l s e e d s  

Ha rd 

s e e d s  

1 j To t a l 

viab l e  

s e e d s  

Dead 

( n on-viab l e )  

s e e d s  � 7 I 10 I 30 � ! 
�· ___ _._: __ ______.__: --+- i l I I I I I Ye l l ow ' 4 4 I 22 I - r 1 6  6 2  100 i - ! 

, Brown 2 4 1 1 8  1 - i 4 7 8  1 100 J -
Freshly 

, ha rves ted 
i ' s e e d s  

A f ter  

t hr e e  mon t hs 

s t orage 

' ' I I I I P urp l e  - 2 4 l - 1 1 0 8 6  J 100 , -
Ye l l m-.r 10 

Brown 4 

Purp l e  
3 

i 

_j I ! i 
I 1 2  f- � -r-- - f- 2 i 8 6  ! 1 oo ! I I I I 5 I - I - I - I 9 5 I 100 I I I 

3 I - I - i - 9 7 I l OO 

I I 



I 

Appendix 3 1 : Germina ti on percentage of  unscari f ied and mechani cally 

s car i f ied  ' Pawera ' red c lover seed f o llowing 3 months ' 

s torage . 

I Scar i fi c a t ion Norma l Abnonnal Hard Dead 

treatment seedl ings seed lings seeds seeds 

Unscarif ied control  4 - 9 6  -

--

Mechanical  s ca r i f i c a t i o n  

Dura tion I Press ure 

(min) I <rs i ) 

1 1 0  9 3  - 2 5 

2 " 9 5  3 1 1 

3 " 96 2 - 2 

t, " 9 6  3 - 1 
5 I " 9 6  2 - 2 
6 I 1 1  9 4 4 - 2 

2 4 9 3  1 3 3 

u 6 9 5  - 3 2 
1 1  8 98  1 - 1 
1 1  10  9 5  2 - 3 
1 1  1 2  95  3 - 2 
1 1  1 4  9 2  7 - 1 

----- ·-- -----�---- .. - _______ _. 



Appendix 32 Bur i ed seed population in the soil  

I I 

Name o f  crop 

Red c lover (Trifo lium pratense )  
1 1  1 1  I f  I f  

1 1  1 1  1 1  I f  

Whi te c l over (T.  repens) 
1 1  1 1  1 1  

I f  1 1  1 1  

Suckli ng clover (T .  dubiwn) 

! various clover s pec ies (Legwninoseae ) 

I Gorse ( Ulex euPopaeus ) I Fathen ( Chenopodium album) 

I 1 1  

1 Dock (Rumex species)  

1 1  1 1  

Poppi e s  (Papaver species ) 

Agro s t i s  (Agrostis species)  

Weed s 
1 1  

1 1  

1 1  

1 1  

I Vari ous plant species I " . . . , 
1 1  1 1  " 
1 1  1 1  " 

I 

i 
I 

Numbers of  seed 
(mil/ha) 

1 
6 

1 2 7  
2 8  
2 0  

490 

34 3 
32-385 

29 
59 

548 
40 

280 
1 4 1  

4 25-2400 
76- 884 
1 1 - 328 
37- 1 28 

566 
42- 2 6 7  
ZO- 2 1 5  

860 
395  

I I I 

! 

i 
i I 
! 

S ource 

Milton 1 94 3  
Harri s  1 9 59 
Hyde & S uckling 1 9 5 3  
Mil ton 1 9 4 3  
Champness  & Horri s  1 9 4 8  
Hyde & S uckling 1 9 5 3  

1 1  " 
Raf far 1 9 7 1  
Mos s  1 9 59 
Hyde 1 9 5 8  

1 1  

Rober t s  & S trokes 1 9 66 
Hyde 1 9 5 8  
Brenchley & Warington 1 9 30 
Champness  & Morri s 1 9 4 8  
Raffar 1 9 7 1  
Brenc l ey & Warington 1 9 30  
Rob inson 1 9 49 
Roberts  1 9 6 3  
Rober t s  1 9 5 8  
Milton 1 9 4 3  
Champnes s  & Morr i s  1 94 8  

Rober t s  & S t rokes 1 9 6 6  

! 
i 
I 
i I I I 
I 

Conunents 

Grassland Fields 

Arable land 

Pas ture land 

Grass land fields  

Grass land f ields 

Pasture land 
1 1  I f  

S heep pas ture 

Unp loughable h i l l  country 

Dairy pas ture 

Under vegetab le crops 

Dairy pas ture 

Wheat plots  

Grassland f ields 

Sheep pas ture 

Barley oats 

Crop f ield 

Vegetable crops 

Arable field 

Grass land f ields 

Grass land f ields 

under vegetab l e  crops 

Dair as ture 

I I 
I 
I 

i i 
I 
I 
I 

I 
l 
! 
j 
i I 



Appendix 33  Long l i fe-span of  seeds o f  d i fferent species in  the soil  

Common name 

Arct i c  tundra lupine 

Lotus 

Fa then 

Spurry 

.Achira 
I Meeds 
I 
iMo th mullein 

!curl ed dock 
I J Evening primrose 

i !Mo th mul lein 

, Gorse 

IRed c lover 
I 
Hhi te c lover 

I 
I 

Scient i f i c  name 

Canna species 

Verbascum b lattaria 
Rumex crispus 
Oenothera biennis 
Verbascum b la ttaria 
Ulex europaeus 
Trifo lium pratense 
Trifo lium repens 

Family Longevi ty 

I (years)  

Cannaceae ; 
Scorphulariceae 

I 
P olygonaceae 11 
Onagraceae 

I 
S corphy laric eae l! 
Leguminosae :: I 

500 

300 
90 
80 
80 

80 

30 
4-39 
4-30 

S ource 

Pors ild et  a l  . 1 96 7 . 
Went 1 96 3 . 

l �d um 1 9 6 5 . 

Sivori et  a l  . 1 968 . 
Tur ri l l  1 9 5 7 . 

Kivi laan and Bandurski 1 9 7 3 . 

I 
Darl ing ton & S teinbauer 1 9 6 1 

Moss 1 9 59 . 

Kj aer 1 9 4 0 , 1 94 8 ; l Goss  1 9 24 ; 
Toole & Brown 1 9 4 6 ; 

Madsen 1 9 6 2 . 

I I 
I 



\ppendi x  3 4  : Seed burial t rial : Analysis of  var i ance for seed recovered from clay soil  s i te . 

30URCE DF MS F CAL F REQ LSD 
1 PC 5 PC 1 PC 5 PC 

Blocks 2 4 7 . 2 5 3 5  1 .  4 8 7 8  9 9 . 00 1 9 . 0 0 

rreatment A 1 5 248 8 . 0000 1 6 5 2 . 6 2 46 9 8 . 49 1 8 . 5 1  

'fain plot  error 2 3 1 . 7 6 04 

rrea tment B 5 2946 . 88 89 1 1 0 . 6 1 6 0  3 . 1 1  2 . 2 6 2 . 7 1 5 1  2 . 06 5 8  

rreatment c 7 1 4 7 1 6 . 6 1 9 1  5 5 2 . 4 1 0 9  2 . 7 3 2 . 05 3 . 1 4 2 7  2 . 3 9 1 2  

Interaction AB 5 6 7 1 . 7 8 3 3  2 5 . 2 1 6 4  3 . 1 1  2 . 2 6 3 . 8 3 8 2  2 . 9 2 0 4  

Interac tion AC 7 1 1 80 . 1 9 05 4 4 . 3003 2 .  7 3  2 . 05 4 . 4 3 20 3 .  3 7 2 2  

Interaction BC 3 5  46 . 2 4 7 6  1 .  7 3 60 1 .  74 1 .  4 9  7 . 6 7 6 5  5 . 8408 

Interaction ABC 35 4 1 . 9 4 5 2  1 . 5 7 4 5  1 .  7 4 1 . 49 1 0 . 8560 8 . 2 6 0 1 

Res idue 1 8 7 2 6 . 6 4 0 7  

Coe f f  var = 1 3 . 8 4 

Block means 36 . 6 7 8 1  3 7 . 1 7 8 1  3 8 . 0 6 3 5  

A means 2 3 . 80 6 6  5 0 . 8 0 6 6  

B means 2 3 . 8 1 35 3 3 . 6 4 6 8  3 7 . 1 2 6 0  4 0 . 3 5 5 2  4 4 . 1 6 7 7  4 4 . 7 30 2  

c means 7 6 . 44 5 4  5 2 . 4 1 7 7  4 3 . 6 3 9 9  3 6 . 1 9 5 4  30 . 9 454 2 5 . 7 5 1 0  1 9 . 8 8 9 9  1 3 . 1 6 7 7  

AB means 1 7 . 00 1 0  3 0 . 6 2 6 0  2 2 . 00 1 0  45 . 2 9 2 7  2 3 . 0843 5 1 . 1 6 7 7  24 . 04 2 7  5 6 . 6 6 7 7  2 7 . 7 9 2 7  6 0 . 5 4 2 7  

AB means 28 . 9 1 7 7  60 . 5 4 2 7  

AC means 74 . 5566 78 . 3 34 3  34 . 9454 69 . 8899  23 . 4454 63 . 8343 1 9 . 05 6 6  5 3 . 3343 1 5 . 1 6 7 7  4 6 . 7 2 3 2 

AC means 1 3 . 7 2 3 2  37 . 7 788 6 . 22 3 2  33 . 5566 3 . 3343 2 3 . 00 1 0  

B C  means 6 1 . 50 1 0  7 2 . 3343 7 9 . 00 1 0  83 . 3343 80 . 8343 8 1 . 66 7 7  36 . 50 1 0  5 2 . 1 6 7 7  5 5 . 1 6 7 7  5 2 . 00 10 

BC means 58 . 8343 59 . 8343 3 2 . 1 6 7 7  43 . 66 7 7  4 3 . 8343 46 . 1 6 7 7  46 . 66 7 7  49 . 3343 23 . 5 0 10 34 . 1 6 7 7  

B C  means 35 . 1 6 7 7  3 8 . 3343 4 2 . 66 7 7  43 . 3343 1 4 . 3343 25 . 1677  29 . 8343  3 9 . 3343 36 . 66 7 7  40 . 3343  

B C  means 10 . 66 7 7  18 . 1 6 7 7  2 3 . 1 6 7 7  30 . 00 1 0  35 . 6677  36 . 8343 8 . 1 6 7 7  1 4 . 3343 1 8 . 50 1 0  2 1 . 1 6 7 7  

B C  means 29 . 50 1 0  27 . 6 6 7 7  3 .  66 7 7  9 . 1 6 7 7  1 2 . 3 343 1 2 . 50 1 0  22 . 5 0 1 0  1 8 . 8343 

ABC means 60 . 00 10 63 . 00 1 0  7 1 . 00 1 0  73 . 66 7 7  7 6 . 00 1 0  82 . 00 1 0  7 9 . 00 1 0  87 . 66 7 7  82 . 00 1 0 7 9 . 66 7 7  

ABC means 7 9 . 3343 84 . 00 1 0  26 . 00 1 0  47 . 00 1 0  3 7 . 66 7 7  66 . 6677  37 . 00 1 0  7 3 . 3343 29 . 3343  7 4 . 66 7 7  



A p p_e n d i x  3 4  c o n t d : 

,\ BC means 1 5 . 6 6 7 7  

ABC means 20 . 6 6 7 7  

AB C me a n s  1 7 .  6 6  7 7  

ABC 1-:1eans 1 1 .  331 -d 
ABC means 5 .  66 7 7  
ABC means 2 1 . 0 0 1 0 

ABC means 9 .  6 6  7 7  
ABC mea n s  3 . 00 1 0 

8 2 . 00 1 0 -'+ 4 . 00 1 0  

7 1 . 6 6 7 7  26 . 3 3 4 3  

5 2 . 66 7 7  1 9 . 6 11 7 7  

3 9 . 00 1 0 1 2 . 6 6 7 7  

1 5 . 6 6 7 7  9 . 0 0 1 0 

5 '2 . 6 6 7 7  2 .  6 6  7 7  

4 ')  . .3 34 3 t O .  0 0 1 0  

2 2 . 0 0 1 0 5 . 0 0 1 0  

7 5 . 6 6 7 7  2 2 . 3 3 4 1 
6 7 . 0 0 1 0 2 5 . 00 1 0  

5 7 . 00 1 0 2 5 . 3 3 4 3  

4 7 . 00 10 2 0 . 00 1 0  

2 7 . 3 34 3 1 2 . 6 6 7 7  

1 3 . 6 6 7 7  '3 . 6 6 7 7  

4 5 . 3 34 1  0 .  6 6 7 7  

4 0 . 00 1 0  6 J J 0 1 0 

4 2 . 0 0 1 0  

7 1 . 6 6 7 7  

6 0 . () 0 1 0  

5 8 . 6 6 7 7  

3 3 . 66 7 7  

2 5 . 00 1 0 

6 .  6 6 7 7  

J 1 . 6 6  7 7  

2 4 . h 6 7 7  

1 2 . 3 34 3  

2 2 . 3 3 4 3  

1. 7 .  0 0 10 

1 2 . 6 6 7 7 
..1 . 3 3 4 3  
1 .  6 6  7 7  

:-la i n  f a c t o r  1 c\ '  i s  d e p t h , f a c t o r  ' R '  i s  ma t u r i t v ,  f a c t o r  ' (. ' i s  i n t e rva l b e rween s e ed remova l s . 

6 2 . 6 6 7 7  2 L  . 6 6 7 7  6 6 . 0 0 1 0 

34 . 6 6 7 7  1 7 . 0 0 1 0 5 1 . 1 3 4 3  

6 4 . 3 34 3 6 . 3 34 3  1 1.  3 3 4 3  

5 6 . 3 3 4 3 2 3 . 6 6 7 7  5 7 . 00 1 0 

4 7 . 3 3 4 3  2 1 . 3 1 4 3  5 0 . 00 1 0 

1 3 . 6 6 7 7  8 . 00 1 0 3 4 . 1"5 4 3  

1 6 . 6 6 7 7  3 .  6 6  7 7  2 1 . 0 0 1 0 



AQpend ix 3S : S e ed burial t ri a l : Ana l y s i s  o f  variance for hard s e e d  f r om c lay s o i l s i t e 

SOURCE DF MS F CAL F REQ . LSD 
1 PC 5 PC 1 PC 5 PC 

B l o cks 2 6 1 . 9 30 6 0 . 3 7 5 9  9 9 . 00 1 9 . 00 

Trea tme n t  A 1 9 7 5 3 . 3 8 8 9  5 9 . 1 9 6 2  9 8 . 4 9 1 8 . 5 1  

}1a in p l o t  e r ror 2 1 6 4 . 7 6 3 9 

T r e a t me n t  B 5 5 1 0 . 3 4 7 2  2 6 . 1 8 6 2  3 .  l l  2 . 2 6 2 . 3 2 1 0  1 . 7 n 6 o  

Treatmen t C 7 4 1 0 0 . 5 0 6 0  2 1 0 . 3 9 9 4  2 . 7 3 2 .  ( ) �. 2 . 6 8 1 6  2 . 04 0 4  
I n t e r <J c t i on AB 5 6 8 . 0 3 89 3 . 4 9 1 1  3 . 1 1  2 . 2 6 3 . 2 8 2 9  2 . 4 9 7 8 
I n t er a c t ion AC 7 9 7 9 . 5 6 3 5  5 0 . 2 6 2 0  2 .  7 3  2 . 0 5 3 . 7 908 2 . 88 4 3  

i n t e ra c t i on B C  3 5  1 1 5 . 7 5 3 6 5 . 9 3 9 4  l . 7 :.. 1 . 4 9  6 . 5 6 5 7  4 . 9 9 5 7  
I n t e r a c t i on AJ3 C 3 5  6 7 . 3 1 83 3 . 4 5 � 1 1 .  7 4  l .  4 9  9 . 28 5 4 7 . 0 6 4 9  

R e s i d ue 1 8 7 1 9 . 48 9 2  

Coe f f  v a r  = 1 9 . 6 6 

K l c c k  means 2 2 . 75 1 0  2 1 . 5 4 2 7 2 3 . 0 6 3 5 

/\ me a n s  1 6 . 6 3 29 2 8 . 2 7 1 8  

]} means 1 6 . 9 38 5  2 0 . 8 7 6 0  2 1 . 9 80 2 25 . 5 4 2 7  2 4 . 1 88 5  2. 5 . 1 8 8 5  

c means Ll 0 . 8 34 3  2 7 . 6 9 54 2 3 . 6 3 9 9  20 . 8 8 9 9  3 0 . 2 5 1 0 1 6 . 86 2 1 7 .  2 7 88 1 2 . 1 6 7 7 

AB means 1 2 . 3 3 4 3 2 1 . ') 4 2 7  1 4 . 5 8 4 3  2 7 . 1 6 7 7 1 6 . 0 4 2 7 2 7 . 9 1 7 7  1 7 . 6 6 7 7  3 3 . 4 1 7 7 1 9 . 3 34 3 2 9 . 0 4 2 7 

AB means 1 9 . 83 4 3  3 0 . 5 42 7 

AC means 4 2 . 6 1 2 1  39 . 0 566 2 1 . 0 5 6 6  3 4 . 3 3 Lf 3  2 1 . 3 8 9 9  2 5 . 889 9 1 8 . 4 4 5 4 2 3 . 3 3 4 3  1 4 . 8 3L d  4 5 . 6 6 7 7  

AC :  means 8 . 9 4 .S 4 24 . 7 7 88 2 . 6 1 2 1 1 1 . 9 4 5 4 3 . 1 6 7 7  _ i . l u 7 7  
H C  means 39 . 1 6 7 7  4 1 . 00 1 0 4 1 . 5 0 1 0 4 8 . 3 3 4 3  3 3 . 8 34 3  4 1 . 1 6 7 7  2 3 . 5 0 1 0  2 7 . 8 34 3 10 . 5 0 1 0  30 . 6 6 7 7  

R C  means 2 5 . 8 34 3 2 7 . 8 34 3 24 . 8 3 4 3 2 5 . 3 3 4 3  2 2 . 0 0 1 0 23 . 50 1 0 2 0 . 8 3 4 3  2 5 . 3 3 4 3  1 7 . 3 3 4 3  1 9 . 6 6 7 7  

n e  means 1 8 . 8 34 3 2 4 . 1 6 7 7  2 2 . 83 4 3 2 2 . 5 0 1 0  1 3 . 8 3 4 3 2 4 . 5 0 1 0  2 9 . 3 3 4 3  3 8 . 3 3 4 3  3 6 . 1 6 7 7  3 9 . 3 3 4 3 

B C  means 8 . 5 0 1 0 1 3 . 00 1 0 1 5 . 3 3 4 3  1 9 . 6 6 7 7 2 3 . 00 1 0  2 1 . 6 6 7 7  6 . 1 6 7 7  8 . 00 1 0  7 . 00 1 0  7 . 6 6 7 7  

B C  means 8 . 50 1 0  6 . 3 34 3  2 . 1 6 7 7  7 .  6 6  7 7  1 1  . 3 3 !� 3  1 2 . 0 0 10 n . 5 o 1 o 1 7 . 3 3 4 3  

ABC means 3 8 . 00 1 0 4 0 . 3 3 4 3  3 9 . 6 6 7 7  4 2 . 3 3 4 3 4 ) . 6 6 7 7  3 7 . 3 3 4 3  48 . 3 3 -'+ 3  4 3 . 3 3 4 3  4 0 . 00 1 0 2 7 . 66 7 1 
AR C  means L+ 4 . 00 1 0  38 . 3 3 4 3  1 6 . 3 34 3 3 0 . 6 6 7 7  1 8 . 6 6 7 7  3 7 . 00 1 0  2 2 . 3 3 4 3  3 8 . 6 6 7 7  20 . 00 1 0 4 1 . 3 3 4 3  



d .  .., .,. d 6p p en 1x J )  c a n t . : 

ABC means 24 . 3 3 4 3  
ABC means 2 0 . 3 3 4 3  

ABC means 1 6 . 6 6 7 7  
ABC means 1 1 . 00 1 0  

,\BC mean s �� . 3 34 3 

ABC means 1 3 . 00 1 0  

ABC means ) . 3 3 4 3  

ABC means J .  0 0 1 0  

2 7 . 3 3 4 3  2 4 . 6 6 7 7  
26 . 6 6 7 7  2 3 . 3 3 4 3  
2 1 . 00 1 0 1 9 . 3 3 4 3  

3 8 . 00 1 0 1 2 . 66 7 7  
1 2 . 6 6 7 7 5 .  6 6  7 7  
3 0 . 3 3 4 '5 1 .  6 6  7 7  
1 1 . 6 6 7 7  2 .  6 6 7 7  
2 1 . 00 1 0  5 . 00 1 0 

�ain f a c t o r  ' A '  is d e p t h , f ac t o r  ' B '  i s  ma t u r i t y .  

3 1 . 00 1 0 

1 8 . 3 34 3  

2 9 . 00 1 0 

46 . 0 0 1 0  

20 . 3 3 4 3  

1 0 . 6 6 7 7  
1 0 . 0 0 1 0 

40 . 00 1 0 

f a c t o r  ' C '  

2 0 . 0 0 1 0 2 9 . 6 6 7 7  2 2 . 00 1 0  28 . 66 7 7  20 . 00 1 0 2 !f . 00 1 0  

2 2 . 6 6 7 7  28 . 0 0 1 0  ll . fi 6 7 7  2 3 . 0 0 1 0 1 6 . 3 34 3 2 3 . 00 1 0 
2 4 . 6 6 7 7 2 1 . 00 1 0 2 2 . 00 1 0 2 3 . 00 1 0 6 . 00 1 0 2 1. .  6 6 7 7  
1 9 . 00 1 0 5 7 . 6 6 7 7  1 6 . 6 6 7 7  5 5 . 66 7 7  2 3 . 6 6 7 7  '5 S . G 0 1 0  

6 .  6 6  7 7  2 4 . 00 1 0 8 .  6 6  7 7  3 0 . 6 n 7 7  i 5 . J 3 !f 3 30 . 6 6 7 7  
2 . 00 1 0 1 4 . 00 1 0 L .  3 3 4 3  1 2 .  () 6  7 7  2 .  6 6  7 7  1 2 . 6 6 7 7  
0 . 66 7 7  3 .  6 6  7 7  1 . 3 3 4 3  I L• . 0 0 1 0 'L 0 0 1 0  1 9 . 6 6 7 7  
6 . 00 1 0 28 . 6 6 7 7 

i.s i o t e rvaJ b e twe e n  s e ed r emova l s . 



Appendix 36 Seed burial trial : Analysis of  variance for l ab . ge rmina t ion from seeds buri ed in clay soil s i te 

SOURCE DF MS F CAL F REQ LSD 
1 PC 5 PC 1 PC 5 PC 

Blocks  2 88 . 3 2 29 1 . 5 7 24 9 9 . 00 1 9 . 00 
Treatmen t A 1 1 7 4 5 3 . 34 7 2  3 1 0 . 7 2 29 9 8 . 49 1 8 . 5 1  
Main  plot  error 2 5 6 . 1 70 1  
Trea tment  B 5 1 206 . 1 9 1 7  4 5 . 3 9 9 2  3 . 1 1  2 . 26 2 .  7 1 00 2 . 06 1 9  
Trea tment  C 7 4 8 1 2 . 1 0 1 2 1 8 1 . 1 1 99 2 . 7 3 2 . 05 3 . 1 29 8  2 . 38 1 4  
Interact ion AB 5 5 4 1 .  1 6 39 20 . 3686 3 . 1 1  2 . 26 3 . 8 3 3 1 2 . 9 1 6 4  
In terac t ion AC 7 1 4 8 7 . 7 83 7  5 5 . 99 7 8  2 . 7 3 2 . 05 4 . 4 2 6 1 3 . 3 6 7 6  
Interact ion BC 35 85 . 7 6 7 9  3 . 2 2 8 2  1 .  7 4  1 . 4 9  7 . 66 5 9  5 . 8 3 2 8  
Interact ion ABC 35 6 3 . 4 5 7 5  2 . 3884 l .  7 4  1 . 4 9  1 0 . 84 1 4 8 . 2489 
Res idue 1 8 7 2(> . 5 (; 8( 

Coe f f  var = 35 . 29 

Bl ock means 1 3 . 54 2 7  1 5 . 40 7 3  1 4 . 86 5 6  
A means 6 . 8204 2 2 . 3899 
B means 6 . 25 1 0  1 2 . 4 1 7 7 1 5 . 02 1 8 1 4 . 6 4 6 8  1 9 . 8 1 3 5 1 9 . 4 802 
c means 3 4 . 5 8 4 3  24 . 1 6 7 7  1 9 . 7 7 88 1 5 . 25 1 0  0 . 6 9 5 4  8 . 86 2 1  1 2 .  5 8LI 3  0 . 9 1 7 7  

AB means 3 . 9 5 9 3  8 . 54 2 7  6 . 66 7 7  1 8 . 1 6 7 7  6 . 8 7 60 2 3 . 1 6 7 7  6 .  1 6  7 7  2 3 . 1 2 6 0  8 . 2 9 2 7  3 1 . 3 3 4 3  
AB means 8 . 9 59 3  3 0 . 00 1 0  
AC means 30 . 1 6 7 7  39 . 00 1 0  1 3 . 2 2 32 3 5 . 1 1 2 1  1 .  7 7 8 8  3 7 . 7 7 8 8  0 . 66 7 7  2 9 . 8 3 4 3  0 . 3 3 4 3  1 . 05 6 6  
AC means 4 .  7 78 8  1 2 . 9454 3 . 6 1 2 1 2 1 . 5 5 6 6  0 . 00 1 0  1 . 8 3 4 3  
BC means 1 9 . 834 3 3 0 . 3 3 4 3  3 7 . 3 34 3  34 . 00 1 0  4 5 . 8 3 4 3  4 0 . 1 6 7 7  1 1 . 66 7 7  2 3 . 5 0 1 0  24 . 00 1 0  2 1 . 00 1 0  
BC means 3 3 . 00 1 0  3 1 . 8 34 3  6 . 66 7 7  1 7 . 8 3 4 3  2 1 . 8 3 4 3  22 . 50 1 0  2 5 . 834 3 24 . 00 1 0  6 . 00 1 0 1 4 . 1 6 7 7  
BC means 1 6 . 3 3 4 3  1 4 . 3343 1 9 . 8 3 4 3  20 . 8 3 4 3  0 . 5 0 1 0  0 . 66 7 7  0 . 50 1 0  1 . 00 1 0  0 . 50 1 0  1. 00 1 0  
BC  means 2 . 00 1 0  5 . 1 6 7 7  7 . 8 3 4 3  1 0 . 3 3 4 3  1 2 . 6 6 7 7  1 5 . 1 6 7 7  2 . 00 1 0 6 . 3 34 3  1 1 . 50 1 0  1 3 . 5 0 1 0  
BC  means 20 . 8 3 4 3  2 1 . 3 3 4 3  1 . 3 34 3  1 .  3 34 3  0 . 8 34 3  0 . 5 0 1 0  0 . 00 1 0  1 .  5 0 1 0  

ABC means 1 7 . 6 6 7 7  2 2 . 00 1 0  2 7 . 3 3 4 3  3 3 . 3 3 4 3  3 1. 00 1 0  4 3 . 6 6 7 7 2 9 . 66 7 7  38 . 3 3 4 3  40 . 66 7 7  5 1 . 00 1 0  
ABC means 34 . 6 6 7 7  4 5 . 66 7 7  9 . 00 1 0  1 4 . 3 34 3  1 8 . 00 1 0  29 . 00 1 0  1 3 . 3 3 4 3  34 . 6 6 7 7  8 . 6 6 7 7  3 3 . 3 34 3  
ABC means 1 1 . 33 4 3  54 . 66 7 7  1 9 . 00 1 0  44 . 6 6 7 7  1 .  6 6  7 7  1 1 . 6 6 7 7  2 . 00 1 0  3 3 . 66 7 7  1 . 6 6 7 7  4 2 . 00 1 0  



�ppendix 36 cont . :  

ABC means 0 . 00 1 0  4 5 . 00 1 0 3 . 00 1 0  4 8 . 66 7 7  2 . 3 3 4 3  4 5 . 66 7 7  0 . 66 7 7  1 1 . 3 343  
ABC means 1 .  0010  3 1 . 66 7 7  0 .  6 6 7 7  28 . 00 1 0  0 .  6 6  7 7  3 9 . 00 1 0  0 . 3 3 4 3  4 1 . 3 3 4 3  
ABC means 0 . 3343 1 . 00 1 0  0 . 00 1 0  1 . 00 1 0  1 .  00 1 0  1 .  0 0 1 0  0 . 3 3 4 3  0 . 66 7 7  
ABC means 1 . 3 34 3  2 . 66 7 7  3 . 3 3 4 3  7 . 00 10 6 . 00 1 0  9 . 66 7 7  4 . 00 1 0  1 6 . 6 6 7 7  
ABC means 8 . 00 1 0  2 2 . 3343 1 .  00 1 0  3 . 00 1 0  1 .  6 6  7 7  1 1 . 00 1 0  2 . 00 1 0  2 1 . 00 1 0  
ABC means 4 . 3343 3 7 . 3 3 4 3  7 . 3343 3 5 . 3 3 4 3  0 . 00 1 0  2 . 6 6 7 7 0 . 00 1 0  2 . 6 6 7 7  
ABC means 0 . 00 1 0  1 .  00 1 0  0 . 00 1 0  0 . 00 1 0  0 . 00 1 0  3 . 00 1 0  

Ma i n  f ac t or ' A '  i s  depth , factor ' B '  i s  ma tur i ty ,  factor ' C '  i s  interval be tween s eed removals . 

0 . 66 7 7  
0 . 3 34 3  
0 . 00 1 0  
6 . 00 1 0  
5 . 3 343  
0 . 00 1 0  

2 7 . 6 6 7 7  
0 . 6 6 7 7  
2 . 00 1 0  

1 9 . 3 3 4 3  
2 1 . 6 6 7 7  

1 .  6 6  7 7  



A:eJ2endix 37 : S eed burial tria l :  Analysis o f  variance f o r  seed recovered f rom sandy soil  s i t e  

SOURCE DF MS F CAL F REQ LSD 
1 PC 5 PC 1 PC 5 PC 

Blocks 2 6 2 . 00 0 1  2 . 47 5 9  99 . 00 1 9 . 00 
Treatmen t A 1 426 32 . 000 1 1 7 02 . 44 5 1  98 . 49 1 8 . 5 1  
Mai n  p l o t  error 2 25 . 04 1 6 
Treatmen t B 5 3376 . 04 1 7  1 1 9 .  1 488 3 . 1 1 2 . 26 2 . 7 988 2 . 1 29 5  
Tr e a tmen t C 7 1 290 1 . 4584 4 5 5 . 324 1 2 . 7 3 2 . 05 6 . 9 9 6 2  2 . 4 5 9 2  
I n t e ra c t i on AB 5 5 1 9 . 2 1 6 7  1 8 . 324� 3 . 1 1  2 . 26 3 . 9583  3 .  0 1 1 7  
I n t e r a c t i on AC 7 1 4 33 . 1 428  50 . 5 7 9 1 2 .  7 3  2 . 05 4 . 5 7 06 3 . 4 7 7 7  
I n t e ra c t i on B C  35 43 . 7655  1 . 5446 1 .  74  1 .  4 9  7 . 9 1 68  6 . 02 3 7  
I n t e r a c t i on ABC 35 33 . 3 1 1 9 1 . 1 7 5 7  l . 7 4 1 .  49  1 1 . 1 958 8 . 5 1 86 
Re s idue 1 87 28 . 3347  

C o e f f  v a r  = 1 4 . 35 

B l o c k  me ans 36 . 5 2 1 8  36 . 7 7 1 8 38 . 0 2 1 8  
A mean s  24 . 9 385 4 9 . 2 7 1 8  
B mea n s  24 . 1 885 32 . 0843 35 . 6052 39 . 209 3 4 6 . 9385  44 . 6052  
C means 74 . 7 5 1 0  5 1 . 2 788  4 3 . 0288 33 . 8899 28 . 86 2 1  26 . 4 7 3 2  2 3 . 0566  1 5 . 50 1 0  

AB means 1 7 . 7 09 3  30 . 66 7 7  2 1 . 8343  4 2 . 3343 2 2 . 7 5 1 0  48 . 4 5 9 3  2 5 . 6 2 6 0  5 2 . 7 9 2 7  32 . 50 1 0  6 1 . 3 760  
AB me ans 29 . 2093 60 . 00 1 0  
AC means 75 . 7 788 73 . 7 2 32 33 . 66 7 7  68 . 8899  2 3 . 8899 6 2 . 1 6 7 7  1 8 . 4454  49 . 3 3 4 3  1 6 . 7 788 40 . 9454  
AC m e a n s  1 4 . 50 1 0  38 . 4454 9 . 4454 36 . 6 6 7 7  7 . 00 1 0  24 . 00 1 0  
B C  me a n s  63 . 8343 69 . 1 6 7 7  7 3 . 8343  75 . 33 4 3  83 . 50 1 0  82 . 8343  4 2 . 3 34 3  49 . 3343  5 3 . 3 3 4 3  5 0 . 3343  
BC means 56 . 66 7 7  55 . 66 7 7  3 1 . 66 7 7  34 . 8343  40 . 1 6 77  48 . 1 6 7 7  5 2 . 1 6 7 7  5 1 . 1 6 7 7  20 . 8343  26 . 66 7 7  
B C  means 33 . 00 1 0  36 . 00 1 0  4 3 . 1 67 7  4 3 . 66 7 7  1 1 . 00 1 0  26 . 3343  28 . 1 6  7 7  3 2 . 66 7 7  40 . 8343  34 . 1 6 7 7  
B C  means 1 0 . 66 7 7  22 . 834 3 2 3 . 1 6 7 7  28 . 1 6 7 7  36 . 00 1 0  38 . 00 1 0  8 . 50 1 0  1 7 . 6 6 7 7  1 8 . 66 7 7  26 . 66 7 7  
B C  means 34 . 00 1 0  3 2 . 834 3 4 .  6 6 7 7  9 . 8343  1 4 . 5 0 1 0  1 6 . 3 34 3  2 9 . 1 6 7 7  1 8 . 50 1 0  

ABC means 6 5 . 66 7 7  6 2 . 00 1 0  7 1 . 3 34 3  6 7 . 00 1 0  7 7 . 66 7 7  7 0 . 00 1 0  7 8 . 3 34 3  7 2 . 3 3 4 3  8 1 . 3343  8 5 . 66 7 7  
ABC m e a n s  80 . 3343 85 . 3343 30 . 66 7 7  54 . 00 1 0  3 2 . 66 7 7  66 . 00 1 0  33 . 00 1 0  7 3 . 66 7 7  28 . 3343  7 2 . 3343  



ApEend ix 3 7  c o n t d : 

ABC means 3 8 . 6 6 7 7  7 4 . 6 6 7 7  3 8 . 6 6 7 7  7 2 . 6 6 7 7  1 9 . 00 1 0 4 4 . 3 34 3  1 8 . 6 6 7 7  5 1 . 00 1 0  1 5 . 6 6 7 7  6 4 . 6 6 7 7  
ABC means 2 8 . 6 6 7 7  6 7 . 6 6 7 7  3 3 . 3 3 4 3  7 1 . 0 0 1 0  28 . 0 0 1 0 7 4 . 3 3 4 3  1 1 . 00 1 0  30 . 6 6 7 7  1 1 . 0 0 1 0 4 t . 3 34 3  
ABC m e a n s  1 8 . 00 1 0 4 8 . 0 0 1 0  1 Y  . (,0 1 0  .) 3. UO l U  2 7 . 6 6 1 7 5 '8 . 6 6 7 7  2 4 . 00 1 0  6 3 . 3 3 4 3  6 . 00 1 0  1 6 . 00 1 0  
ABC means 1 6 . 3 3 4 3  36 . 3 3 4 3  1 6 . 00 1 0  40 . 3 3 4 3  1 6 . 3 3 4 3  4 9 . 00 1 0 2 5 . 6 6 7 7  5 6 . 00 1 0 20 . 3 3 4 3  4 8 . 00 1 0  
ABC means 5 . 00 1 0  1 6 . 3 3 4 3  1 1 . 3 3 4 3  3 4 . 3 3 4 3  9 . 6 6  7 7  36 . 6 6 7 7  1 7 . 3 3 4 3  39 . 00 1 0 2 1 . 3 3 4 3  5 0 . 6 6 7 7 
AB C means 2 2 . 3 3 4 3 5 3 . 6 6 7 7  2 .  6 6 7 7 1 4 . 3 3 4 3  9 . 3 3 4 3  2 6 . 00 1 0  6 . 0 0 1 0  3 1 . 3 3 4 3  9 . 3 3 4 3  4 4 . 00 1 0 
ABC means 1 6 . 3 3 1+ 3  5 1 . 6 6 7 7  1 3  . OO F l  5 2 . 6 6 7 7  1 .  6 6  7 7  7 .  6 6  7 7  4 . 00 1 0 1 5 . 6 6 7 7  6 . 00 1 0  2 3 . 00 1 0 
AB C means 7 .  6 6  7 7  25 . 00 10 1 5 . 6 6 7  7 4 2 . 6 6 7 7  7 . 00 1 0  30 . 00 1 0 

Ma in Fa c t o r  ' A '  i s  dep th , f a c to r ' H '  is m a t u r i ty ,  f a c t o r  ' C '  i s  i n t e r v a l  b e twe en s e e d  r emova l s .  



Appendix 38 : S e e d  burial  t r i a l : Analys i s  o f  var i ance f o r  hard s e e d  f r om sandy s o i l  s i t e . 

SOURCE DF MS F CAL F REQ LSD 

1 PC 5 PC 1 PC 5 PC 

B l o cks 2 8 6 . 9 4 1 0  5 1 . 4 1 5 6 9 9 . 00 1 9 . 00 

Trea tme n t  A 1 9 3 2 7 . 5 0 3 5  5 5 1 6 . 1 4 6 3  9 8 . 4 9 1 8 . 5 1  

Ha i n  p l o t  e r r o r  2 1 . 6 9 0 9  

Trea tme n t B 5 5 1 8 . 7 1 1 8  2 3 . 2 2 0 6 3 .  1 1  2 . 2 6 2 . 4 8 5 3  l .  8 9 1 0  

T r e a tmen t C 7 3 2 9 1 . 2 2 5 7  1 4 7 . 3 3 !� 7  2 . 7 3 2 . 0 5 2 . 8 6 9 7  2 .  1 8 3 4  

I n t e ra c t i on AB 5 6 6 . 3 6 1 8  2 . 9 7 0 7  3 .  1 1  2 . 2 6 3 . 5 1 4 7  2 . 6 7 4 2  

In t e ra c t i on AC 7 4 9 3 . 9 6 3 8  2 2 . 1 1 2 7 2 . 7 3 2 . 0 5 4 . 05 8 5  3 . 0 8 8 0  

I n t e r a c t i on B C  , -� )  1 36 . 2. 4 8 3  6 .  c 9 1 3  1 .  7 4  1 .  Lf 9 7 . 0 2 9 4  5 . 3 4 8 4  

I n t e r a c t i on ABC: 3 5  5 6 . 9 2 6 9  2 . 5 4 8 4  1 .  7 4  1 .  4 9  9 9 4 0 8  7 . 5 6 3 7  
Re s i due 1 87 2 2 . 3 3 84 

Coe f f  va r = 2 1 . 4 9 

B } o ck m e a n s  2 2 . 7 5 1 0  2 0 . 9 2 8 1 2 2 . 3 1 35 

/1. me ans 1 6 . 3 0 6 6  2 7 . 6 8 8 5  

b m e a n s  1 7 . 1 4 6 8  1 9 . 2 0 9 3  !.1 .  4 80 2  2 5 . 0 2 1 8 2 4 . 8 3 4 3  2 4 . 2 9 2 7  

c m e a n s  3 7 . 6 3 99 2 2 . 5 8 4 3  2 7 . 4 4 5 4  2 4 . 8 3 Ld 2 7 . 6 9 5 4 1 1 . 3 8 9 9  9 . 0 2 8 8  1 5 . 36 2 1  

AB mean s l i . 9 5 9 3  2 2 . 3 3 4 3  1 3 . 8 7 60 2 4 . 54 2 7 1 5 . 0 0 1 0  2 7 . 9 5 9 3  1 8 .  0 8 ! d 3 1 . 9 5 9 3  2 1 . 0 8 4 3 2 8 . 5 8 t� 3 

AB m e a n s  1 7 . 8 3 4 3  3 0 . 7 5 1 0  

AC m e a n s  3 9 . 0 5 6 6  3 6 . 2 2 3 2  1 6 . 8 8 9 9  2 8 . 2 7 88 2 1 . 2 2 3 2  3 3 . 6 6 7 7  1 7 . 7 2 3 2  3 1 . 9 4 5 4  1 6 . 5 0 1 0  38 . 8 89 9 
AC m e a n s  6 . 6 1 2 1  1 6 . 1 6 7 7  5 . 5 0 1 0  1 2 . 5 5 6 6  6 . 9 !1 5 4  2 3 . 7 7 8 8 

BC m e a n s 4 2 . 1 6 7 7  3 1 . 5 0 1 0  3 8 . 00 1 0  4 0 . 3 3 4 3  3 /L 1 6  7 7  39 . 6 6 7 7  2 5 . 0 0 1 0  2 2 . 5 0 1 0  2 2 . 6 6 7 7  2 6 . 6 6 7 7  

B C  means 2 0 . 1 6 7 7  1 8 . 50 1 0  2 5 . 00 1 0  2 3 . 00 1 0  2 6 . 1 6 7 7 3 1 . 3 3 4 3  2 7 . 8 34 3  3 1 . 3 3 4 3  1 7 . 5 0 1 0  2 0 . 1 6 7 7  

B C  mean s  2 4 . 00 1 0  2 7 . 8 3 4 3 2 8 . 3 34 3  3 1 . 1 6 7 7  1 0 . 5 0 1 0  2 4 . 5 0 1 0  2 7 . 00 1 0  3 1 . 6 6 7 7  3 9 . 6 6 7 7  3 2 . 8 3 4 3  

B C  me a n s  6 . 8 3 4 3  1 1 . 8 3 4 3  1 1 . 5 0 1 0  1 4 . 0 0 1 0  1 0 . 83 4 3  1 3 . 3 3 4 3  5 .  6 6 7 7  1 0 . 83 4 3  8 . 1 6 7 7  1 2 . 00 1 0  

ne mea n s  8 . 5 0 1 0  9 . 00 1 0  4 . 5 0 1 0  9 . 3 34 3  1 4 . 3 3 4 3  1 6 . 3 3 4 3  2 9 . 1 6  7 7  1 8 . 5 0 1 0  

ABC mea n s  4 1 . 3 34 3  4 3 . 00 1 0  3 2 . 6 6 7 7 3 0 . 3 3 4 3  4 2 . 0 0 10 3 4 . 00 1 0  4 3 . 00 1 0 3 7 . 6 6 7 7  3 7 . 0 0 1 0 3 1 . 3 3 4 3  

AB C means 38 . 3 3:{ 3  4 1  . 0 0 1 0  1 6 . 0 0 1 0  3 !1 . 00 1 0  1 6 . 3 3 4 3  2 8 . 6 6 7 7  1 7 . 0 0 1 0  2 8 . 3 3 4 3  1 9 . 3 3!� 3 3 4 . 0 0 1 0 



Append i x  3 8  con t d : 

ABC means 1 7 . 3343  2 3 . 00 1 0  1 5 . 3343  2 1 . 66 7 7  1 7 . 00 1 0  33 . 00 1 0  1 7 . 00 ] 0 29 . 00 1 0  1 4 . 3343  38 . 00 1 0  
ABC means 25 . 00 1 0  3 7 . 66 7 7  29 . 3343  26 . 3 3 4 3  24 . 66 7 7  38 . 00 1 0  9 .  6 6 7 7  25 . 3343  1 0 . 3 34 3  30 . 00 1 0  
ABC means 1 7 . 3343  30 . 66 7 7  1 8 . 66 7 7  3 7 . 00 1 0  27 . 00 1 0  2 9 . 66 7 7  2 3 . 3 343  39 . 00 1 0  6 . 00 1 0  1 5 . 00 1 0  
ABC means 1 6 . 3343  3 2 . 6 6 7 7  1 5 . 66 7 7  38 . 3343  1 6 . 00 1 0  4 7 . 3 34 3  25 . 66 7 7  5 3 . 66 7 7  1 9 . 3 343 4 6 . 3 34 3  
ABC means 2 . 3 34 3  1 1  . 3343  6 .  6 6 7 7  1 7 . 00 1 0  4 . 00 1 0  1 9 . 00 1 0  9 .  6 6 7 7  1 8 .  33t d 8 . 3343  1 3 . 33 4 3  
ABC means 8 .  66 7 7  1 8 . 00 1 0  2 . 00 1 0  9 . 3 3 4 3  7 .  6 6  7 7  1 4 . 00 1 0  3 . 66 7 7  1 2 . 66 7 7  5 . 3343  1 8 . 66 7 7  
A.B C  m e a n s  8 . 334 3 8 .  6 6  7 7  6 . 00 1 0  1 2 . 00 1 0  1 . 3343  7 .  66 7 7  4 . 00 1 0  1 4 . 6 6 7 7  6 . 00 1 0  22 . 6 6 7 7  
/\BC me a n s  7 .  66  7 7  2 5 . 00 ] 0 1 5 . 66 7 7  4 2 . 6 6 7 7  7 . 00 1 0  30 . 00 1 0  

�lil i n  f a c t o r  ' A '  j s  d e p t h , f a c t o r  ' B '  i s  ma t u r j t y , f a c t o r ' C '  i s  i n t e r va l he tween s e e d  r emova l s .  



Append i x  39 

SOURCE 

B locks 
Trea tmen t A 
Ma i n  p l o t  error 
Trea tme n t  B 
Trea tmen t C 
I n t e r a c t i on AB 
In t e r a c t i on AC 
I n t e r a c t ion BC 
I n t e r a c t i on MiC 
Re s j duc 

Coe f f  v c: r  = 

B l o ck m e an s 
A mean s 
B mean s 
c mea n s  

AB me an s 
AB mean s 
AC means 

AC m e a n s  
BC me<:ms 
BC means 
BC means 

BC me an s 

BC mean� 

ABC mean s 
A BC means 

ABC mean s 

S e e d  b u r i a l  t r i a l : Anal y s i s  o f  variance for l a b . germ i na t i on from seeds bur i ed i n  s andy so i l  s i t e . 

DF MS 

2 1 09 . 7 1 1 8 
1 1 2 3 3 7 . 5 8 6 8  

2 1 5 . 4 8 2 6 

5 1 4 8 2 . 9 6 1 8  

7 5 4 2 6 . 4 3 60 

5 5 3 6 . 36 1 8  
-

.1000 . 7 6 1 !1 I 
3 5  1 0 l .  5 LI 9 1  

35  4 0 . 9 6 5 0  
J 8 7  1 9 . 8 0 5 9  

JO . O ,j  
---

1 3 . 5 84 3 1 5 . 3 7 6 0  

8 .  2 7 1 8  2 1 . 3 6 2 1 

fl . 5 6 3 5  1 2 .  1 8 85 

3 5 . 9 1 7 7  2 7 . 8 8 9 9  

5 . 3 3 4 3 7 . 7 9 2 7  

l l . 04 2 7  2 9 . 20 9 3  

35 . 1 1 2 1  3 6 . 7 2 3 2  

7 .  8 34 3 2 2 . 2 7 8 8 

1 9 . 8 3 4 3 3 5 . 00 1 0  

3 6 . 3 3 4 3  3 6 . 50 1 0 

8 . 8 3 4 3  8 . 1 6 7 7  

3 . 8 3 4 3  1 0 . 8 3 4 3  

2 5 . 3 3 4 3  2 3 . 8 3 4 3 

2 2 . 6 6 7 7 1 7 . 00 1 0  

.'· 0 . 6 6 7 7  1-+ 4 . 00 1 0  

2 1 . 00 1 0  5 1 . 6 6 7 7  

F CAL 

7 . 0 8 6 )  

7 9 6 . 8660 

7 LI . 87 4 8 
2 7 3 . 9 8 0 9  

2 7 . 0809 

5 0 . 5 2 8 5  

5 .  J 2 n 
2 . 1 16 8 :i 

1 5 . 4 9 06 

1 4 . 0 84 3 

1 5 . 4 4 5 4 

7 . 2 5 1 0 

1 5 . 7 2 3 2  

3 .  9 4 5 !1  
3 5 . 6 6 7 7  

6 . 3 3 4 3 

1 4 . 8 3 4 3  

] l .  6 6 7 7 

0 . 0 0 1 0 
3 6 . 00 1 0 
1 3 . 6 6 77 

2 2 . 00 1 0  

1 PC 

9 9 . 00 

9 8 . 4 9 

3 . 1 1  
2 . 7 3 

3 .  1 1  

2 . 7 3 
, � _/ 1 • I 4 
1 .  7 L; 

F REQ 

1 4 . 04 2 7  

9 . 00 1 0  

1 7 . 1 2 6 0  

4 0 . 0 5 6 6  

2 4 . 0 5 6 6  

3 4 . 5 0 1 0  

1 1 . 6 6 7 7  

1 2 . 50 1 0  
1 4 . 1 6 7 7 

0 . 5 0 1 0 
34 . 00 10 

1 8 . 3 34 3  

5 1  . 00 1 0 

LSD 
5 PC 1 PC 5 PC 

1 9 . 00 

1 8 . 5 1  

2 . 2 6 2 . 3 4 0 0  1 . 7 8 0 5  

2 . 0 5  2 . 7 0 2 2  2 . 0 5 6 0  

2 . 2 6  3 . 3 0 9 4  2 . 5 1 80 

2 . 0 5 3 . 8 2 1 5  2 . 9 0 7 6  

l . L; 9 6 . 6 1 88 5 . 0 3 6 1 

i .  4 9  9 . 3 6 04 7 . 1 2 2 1  

2 1 . 89 6 8  2 0 . 1 260 
1 . 1 1 2 1 1 5 . 0 5 6 6  1 4 . 00 1 0  0 . 1 1 2 1 
7 . 5 8 4 3  2 0 . 5 84 3  7 . 3 7 6 0  20 . 7 09 3 1 1 . 0 4 2 7  

2 . 5 5 6 6  2 8 . 3 3 4 3  0 .  7 2 3 2  1 7 . 2 7 8 8  0 . 2 7 88 

0 . 00 1 0  0 . 2 2 3 2  

4 8 . 1 6 7 7  4 2 . 3 3 4 3 1 6 . 00 1 0 2 4 . 6 6 7 7  3 0 . 6 6 7 7  

1 4 . 00 1 0  1 6 . 6 6 7 7  2 4 . 1 6 7 7  1 9 . 8 3 4 3 3 .  3 3 4 3 

0 . 3 3 4 3 1 .  66 7 7  1 . 1 6 7 7 1 . 00 1 0  1 .  1 6  7 7  
2 5 . 1 6 7 7  2 4 . 6 6 7 7 2 . 8 3 4 3  6 . 8 3 4 3  1 0 . 5 0 1 0 

0 . 1 6 7 7  0 . 00 1 0 0 . 0 0 1 0 0 . 0 0 1 0  

3 4 . 3 3 4 3  3 7 . 00 1 0  3 5 . 00 1 0 3 4 . 00 1 0  4 2 . 0 0 1 0 

1 3 . 6 6 7 7  3 5 . 6 6 7 7  1 6 . 00 1 0 4 5 . 3 34 3 8 . 00 1 0  

1 .  6 6  7 7  1 1 . 00 1 0 1 .  6 6 7 7  2 1 . 66 7 7  1 . 3 3 4 3  

3 2 . 7 5 1 0  

] 9 4 5 4  

2 3 . 1 6 7 7  

6 .  3 34 3 
1 . 3 3 4 3 

1 4 . 6 6 7 7 

5 4 . 3 3 4 3 

3 8 . 3 3 4 3  

2 6 . 6 6 7 7  



Appendix 39 contd . 

ABC means 3 . 66 7 7  
ABC means 0 . 6 6 7 7  
ABC means 0 . 00 1 0  
ABC means 2 .  6677  
ABC means 1 3 . 66 7 7  
ABC mean s  8 . 00 1 0  
AB C m e a n s  0 . 00 1 0  

29 . 66 7 7  
1 7 . 00 1 0  

3 . 3 3 4 3  
5 . 00 1 0  

35 . 66 7 7  
4 2 . 66 7 7  

0 . 00 1 0  

3 . 66 7 7  4 4 . 66 7 7  
0 . 3 34 3  1 6 . 00 1 0  
0 . 3343  2 . 00 1 0  
4 . 3343  1 7 . 3343  
0 .  6677  5 . 00 1 0  
7 . 00 1 0  40 . 66 7 7  
0 . 00 1 0  0 . 00 1 0  

3 . 3343  36 . 3343  1 . 3 343  5 . 33 . 4 3  
0 .  6 6 7 7  2 9 . 00 1 0  0 .  6677  2 4 . 3343  
0 . 3343  1 .  66  7 7  0 . 00 1 0  2 . 3343  
5 .  6677  1 7 . 66 7 7  7 .  6 6  7 7  20 . 6 6 7 7  
1 .  6 6 7 7  1 2 . 00 1 0  2 . 3343  1 8 . 66 7 7  
0 . 00 1 0  0 . 00 1 0  0 . 00 1 0  1 .  00 1 0  
0 . 00 1 0  0 .  00 1 0  

Ha ·i n f a c t o r ' 11. '  j b  d E'p t h , f a c t o r  ' H '  i s  m<� t u r j t v , f ac t o r ' C '  i s  j nterval be tv.Teen seed remova l s . 

0 . 66 7 7  1 2 . 00 1 0  
0 . 00 1 0  0 . 66 7 7  
1 .  00 1 0  1 .  66  7 7  

1 3 . 00 10 3 7 . 3 34 3  
4 . 00 1 0  25 . 3 34 3  
0 . 00 1 0  0 . 3 343 



App':nd ix � S e e d  Ru r i a  1 T r i [J l : P e r c e n t ag e  germina tion in situ o f  

seed  b u r i e d i n  c l a y a n d  s andy s o i l  

----------------- ---------

Date  o f  I C l a y e y  S o il Sandy Soil  I 
---· ------· 

I s e ed Ha t u r i ty I 1::! cm Dep th 1 5  cm D e p t h  � cm Depth 1 5  cm Depth 
Remova l I 

-�:-- 1-------
1 7 1 2  1 9  1 5  

1 9  1 6  1 9  14 

9 . 7 . 7 5 I 
3 1 8  1 3  1 8  1 5  I I 4 J 6 9 1 8  1 2  

5 1 J 1 0  1 3  1 1  I I J 6 1 5  1 0  1 4  1 1  

- --··-f-------I 
1 1 5  2 2 1  3 

2 1 8  4 28 6 

3 2 4  3 44 4 

1 2 . 8 . 7 5  4 4 5  2 5 2  9 

I 5 6 1  2 4 6  5 

6 4 5  2 46 5 

1 1 1  6 5 5 

2 2 1  6 6 6 

3 2 1  5 1 2  2 

1 1 . 9 . 7 5 4 3 1  7 1 5  7 

5 28 5 1 9  4 

6 1 1  3 1 4  3 

1 8 6 9 8 

2 8 7 4 9 

3 4 8 4 1 2  

9 . 1 0 . 7 5 4 8 5 2 9 

5 9 9 3 1 1  

6 4 7 3 1 0  

-

1 - 1 1 -

2 - l - 1 

3 - 1 - -

9 . 3 . 7 6 4 - 1 - -

5 - - - -

0 - 1 - -

_____ j_ - -----·---·-'--·--- - - -- - ____ .J - - - - - - - ------ -



�E_pendi� __ _40 : c o n t i nued 

Da t e  o f  

s e ed Ma t u r i ty 

Removal 

1 

2 

3 

9 . 6 . 7 6 4 

5 

6 

1 

2 

3 

9 . 9 . 7 6 4 

5 

6 

-----

1 

2 

3 

8 . 1 2 . 7 6 4 

5 

6 

C l a y ey S o il 
-

!2 cm D e p t h  1 5  

1 

-

-

-

-

-

---

1 

2 

4 

4 

6 

4 

-

-

-

-

-

-

S andy S o i l  

c m  Depth � cm Depth 1 5  cm Dep th 

- 1 -

- - -

1 - 1 

1 1 -

1 2 -

1 - -

f-
- l l 

- 3 1 

- 3 2 

2 3 1 

- 2 -

- 6 -

2 - -

1 - -

1 1 -

1. - -

- - 1 

- - 1 

--- -



Appendix 41 Percentage o f  seed recovered , l ab ora tory germina t ion o f  recover ed seed and seeds r emaining hard a f ter 

laboratory germina tion recorded a t  d i f ferent intervals of s eed removal (means of two dep ths ) . 

9 . 7 . 75 1 2 . 8 . 7 5 

C lay soil  7 6 . 44 5  5 2 . 4 1 8  

S eed recovered t a b 

S andy soil  7 4 . 7 5 1  5 1 . 2 79  

a b 

C l ay soil  34 . 584 24 . 1 6 8  

Lab . germina tion a b 

S andy soil  35 . 9 18 2 7 . 890 

a b 

Hard s eed r emaining 
C lay soil 4 0 . 8 34 2 7 . 69 5  

a b 

a f ter lab . germin- S andy soi l 3 7 . 640 2 2 . 584 

a t  ion a be  

LJa te o f d 

l 1 1 . 9 . 75 

4 3 . 640  

c 

4 3 . 029 

I c 

I 1 9 . 7 7 9  

I c 
i 

1 1 5 . :4 5  

! 
2 3 . 64 0  I 

I 

I c 

2 7 . 44 5  

b 

I I I 9 . 10 .  75 I 
3 6 . 1 9 5  I d I 
3 3 . 89 0  I 

d 

I 1 5 . 25 1  

d 

9 . 00 1  

d 

20 . 8 9 0  

d 
I I 24 . 834  

I b 

1 

9 . 3 . 76 9 . 6 . 7 6 9 . 9 . 7 6 

30 . 94 5  2 5 . 7 5 1  1 9 . 890  

e f g 

2 8 . 86 2  2 6 . 4 7 3  I 2 3 . 05 7  

d d e  I de 

0 . 69 5  I 8 . 86 2  1 1 2 . 584 

f e d 

1 . 1 1 2  1 5 . 05 7  1 4 . 00 1  

e c c 

30 . 25 1  I 1 6 . 86 2  I 7 . 279  
I 

b e ! g 
I I 

2 7 . 69 5  
I 

9 . � 29 I 1 1 . 39 0  j 

b e I 
t F igures in each row o f  any column showing the s ame let ter are no t s ignif i cant ly d i f ferent a t  1 %  leve l . 

8 . 1 2 . 7 6 

1 3 . 1 6 8  

h 

1 5 . 5 0 1  

f 

0 . 9 18 

f 

0 . 1 1 2  

e 

1 2 . 1 68 

f 

1 5 . 36 2  

d 

' 

I 

I 



I 

Append ix 42 Percentage o f  seed recovered , l abora tory germina tion o f  r ecovered seeds and seeds remaining hard a f ter 

laboratory germination tests recorded for d i f ferent ma turi ties of seed samp les  (means of  two dep ths ) . 

/ C lay soil 

Seed recovered I I S andy soil 

I 
I I Clay soil 

Lab . germination 

Sandy soi l 

Hard seed r emaining C lay soil  

a f ter lab . germin- Sandy so i l  

a t ion 

I 1 

2 3 . 8 1 4  

t e 

24 . 1 89 

e 

6 . 25 1  

c 

6 . 564  

c 

1 6 . 9 39 

c 

1 7 . 1 4 7  

:___ ---- -- - c -- --

2 

33 . 64 7  

d 

32 . 084 

d 

1 2 . 4 1 8 

b 

1 2 . 1 89 

b 

20 . 87 6  

b 

1 9 . 209  

� - ----_ C _  ------ -

Matur i ty ( deve lopmental age)  

3 4 I 5 I 6 

3 7 . 1 26 4 0 . 355  44 . 1 6 8  I 4 4 . 7 30 

c b a I a 

35 . 605  
I 

39 . 2 09 46 . 9 39 I I 4 4 . 605  

c ' b a a 

1 5 . 02 2  1 4 . 64 7  1 9 . 8 1 4  1 9 . 480 

b b a I a 

1 4 . 084 I 1 4 . 04 3  2 1 . 89 7  2 0 . 1 26 

b b a a 

2 1 . 980 25 . 543  24 . 1 89 ' 25 . 1 89 

b a a a 

2 1 . 480 25 . 0 2 2  24 . 834 I 2 4 . 29 3  

cb --- a '--- - --__ a __ -- --- a 

F i gures in each row of any c o lumn f o llowed b y  the same l e t t e r  do  no t d i f f e r  s ignif i cantly a t  1% l eve l . 



Append ix 43 S eed Burial and laboratory s t o rage trial : 

Perc entage hard seed means f o r  d i f f erent sotrage cond i t ions . 

Lab o ratory storage 7 5 . 6 1 7  ± 1 1 . 2 1 9  a 

Buried in  c layey so i l  22 . 4 5 1  ± 1 4 . 288 b 

Buried in sandy so i l  22 . 99 7  ± 1 3 . 1 58 b 



Appendi x  44 : Seed burial tria l : 

SOURCE DF MS 

Repl icate 2 6 6 . 3 7 6 7  

Treatmen t A 5 1 6 9 0 . 0 6 9 2  

Treatment B 8 9 6 6 . 9 36 8  

A*B interaction 4 0  4 3 . 6 6 0 8  

Error 1 06 20 . 7 4 7 6  

Coe f f  var = 6 . 0 2 

Means for A*B interac tion 

6 6 . 00 1  8 1 . 3 34 

7 7 . 3 34 8 2 . 3 3 4  

6 7 . 3 34 7 2 . 00 1  

6 9 . 3 3 4  7 5 . 00 1  

7 0 . 3 3 4  7 2 . 6 6 8  

5 5 . 0 0 1  6 2 . 00 1  

6 5 . 6 6 8  5 7 . 6 6 8  

5 6 . 3 3 4  5 1 . 6 6 8  

5 2 . 3 3 4  5 6 . 00 1  

Means for A 6 4 . 408 6 7 . 8 5 3  

Analysis  o f  variance for  hard seed  f rom seed  sampl es s tored in  the labor atory 

F CAL 

3 . 1 9 9  

8 1 . 4 5 8  

4 6 . 605 

2 . 1 04 

8 6 . 00 1  

8 7 . 66 8  

7 4 . 3 3 4  

8 3 . 6 6 8  

7 7 . 3 3 4  

7 1 . 6 6 8  

7 3 . 6 6 8  

6 0 . 00 1  

6 2 . 6 6 8  

7 5 . 2 2 3  

5 . 1 8 

3 . 5 1  

2 . 9 9 

l .  7 9  

8 7 . 6 6 8  

8 9 . 3 3 4  

7 8 . 6 6 8  

86 . 00 1  

86 . 6 6 8  

7 6 . 6 6 8  

8 2 . 3 3 4  

7 8 . 3 3 4  

6 9 . 6 6 8  

8 1 . 7 0 5  

F REQ 

3 . 2 3 

2 . 4 5 

2 . 1 8 

l .  5 1  

8 7 . 00 1  

8 6 . 3 3 4  

8 8 . 6 6 8  

8 5 . 00 1  

8 7 . 3 3 4  

7 8 . 3 3 4  

8 2 . 6 6 8  

7 5 . 3 3 4  

7 7 . 6 6 8  

8 3 . 1 4 9  

STD ERROR LSD lPC  LSD 5PC 

1 . 2 3 9 7 3 . 2 4 4 3  2 . 4 5 4 6  

l .  5 1 8 3  3 . 9 7 3 4 3 . 00 6 3  

3 . 7 1 9 1  9 . 7 3 2 9 7 . 36 38 

Means for  B 

86 . 6 6 8  8 2 . 4 4 5  

9 1 . 3 3 4  8 5 . 7 2 3  

8 2 . 00 1  7 7 . 1 6 8 

8 6 . 6 6 8  8 0 . 9 4 5  

8 3 . 6 6 8  7 9 . 6 6 8  

7 8 . 6 6 8  7 0 . 3 9 0  

7 5 . 3 3 4  7 2 . 89 0  

7 6 . 6 6 8  6 6 . 3 9 0  

7 1 . 3 3 4  6 4 . 9 4 5  

8 1 . 3 7 1  

Factor A i s  matur i ty Fac tor  B is interval b e tween germination tes t s . 



Append i x  45: Seed Bur ial  Trial : Analysis o f  variance for labora tory germ ina t ion from s eed samp les  s tored in the laboratory . 

SOURCE OF MS 

Replicate  2 1 3 . 65 4 3  
Treatment A · 5  668 . 006 2 
Treatment B 8 995 . 4043 
A*B Interaction 40 4 1 . 6 2 84 
Error 1 06 1 7 . 1 0 7 2  

Coef f  v a r  = 20 . 48 

Means for  A*B interaction 

20 . 334 1 2 . 334  1 2 . 00 1  
14 . 3 34 14 . 3 34 1 0 . 334 
20 . 3 34 2 1 . 00 1  1 9 . 668  
20 . 668 20 . 668 1 3 . 00 1  
18 . 00 1  20 . 00 1  20 . 668 
3 1 . 00 1  30 . 3 34 25 . 3 34 
25 . 668  39 . 668  25 . 3 34 
33 . 334 44 . 668  3 8 . 668  
35 . 668  39 . 00 1  35 . 334 

Means for A 24 . 3 7 1  26 . 890 22 . 260  

F CAL 

0 . 798  
39 . 048 
5 8 . 1 86 

2 . 43 3  

9 . 00 1  
8 . 00 1  

1 6 . 3 34 
1 1 . 66 8  
1 1 . 668  
2 1 . 3 34 
1 5 . 668  
2 0 . 00 1  
2 7 . 66 8  

1 5 . 705  

F REQ 

5 . 1 8 3 . 2 3 
3 . 5 1  2 . 45 
2 . 99 2 . 1 8 
1 .  79  1 . 5 1  

1 0 . 00 1  1 0 . 3 34 
1 0 . 00 1  7 . 668 
1 0 . 668 1 7 . 00 1  
1 4 . 00 1  1 2 . 00 1  
1 2 . 334 1 5 . 00 1  
1 9 . 00 1  1 8 . 668 
1 5 . 66 8  2 3 . 3 34 
2 3 . 334  2 0 . 334 
2 1 . 66 8  26 . 334 

1 5 . 1 86 1 6 . 742  

Fac tor ' A '  i s  ma tur i ty , Fac tor ' B '  is interval between germina tion t e s ts . 

STD ERROR LSD 1PC LSD 5 PC 

1 . 1 25 7  2 . 9460 2 . 2 2 89 
1 . 3 7 8 7  3 . 6080 2 .  7 29 8  
3 . 3 7 7 1  8 . 8379  6 . 6866 

Means for B 
1 2 . 3 34 
1 0 . 7 7 9  
1 7 . 50 1  
1 5 . 3 3 4  
1 6 . 2 7 9  
24 . 2 7 9  
24 . 2 2 3  
30 . 05 7  
30 . 945 



Appendix 46 : Seed Burial trial : Analysis o f  variance for  d ead seeds f rom seed samples s tored in  the labora tory 

SOURCE DF MS 

Rep l icate 2 8 . 6852  
Treatmen t A 5 227 . 3 296  
Treatmen t  B 8 1 6 . 7083  
A*B Interaction 40 5 . 02 1 3  
Error 1 06 4 . 226 1 
Coeff  var = 6 4 . 90 

Means for A*B interac t ion 

10 . 6 6 8  4 . 0 0 1  
6 . 00 1  2 . 66 8  

10 . 334 4 . 66 8  
8 . 334  3 . 00 1  
8 . 66 8  5 . 66 8  

1 4 . 00 1  7 . 334  
5 . 334  0 . 668  
7 . 66 8  3 . 00 1  
8 . 33 4  3 . 00 1  

Means for  A 8 . 8 1 6  3 .  7 7 9  

Factor A i s  ma turi ty Fac tor B i s  interval 

F CAL 

2 . 05 5  
5 3 . 79 2  

3 . 95 4  
1 . 1 88 

1 . 3 34  
1 . 66 8  
2 . 00 1  
2 . 66 8  
2 . 00 1  
2 . 66 8  
0 . 33 4  
0 . 334  
1 .  334  

1 . 59 4  

F REQ 

5 . 1 8 
3 . 5 1  
2 . 99 
1 .  79  

1 . 66 8  
1 . 668 
2 . 668 
1 . 668 
0 . 6 68 
1 . 668 
1 . 66 8  
1 . 66 8  
2 . 334 

1 .  742  

b e tween germina tion tes ts .  

3 . 23 
2 . 45 
2 . 1 8 
1 .  5 1  

2 . 668 
3 . 66 8  
0 . 66 8  
1 . 00 1  
0 . 334 
2 . 66 8  
1 . 334  
0 . 668 
0 . 66 8  

1 . 5 20 

STD ERROR LSD lPC LSD SPC 

0 . 5 59 5  1 . 4642  1 . 1 0 7 8  
0 . 6852  1 . 7 933  1 .  3568  
1 .  6 7 85 4 . 39 26 3 . 3 2 34 

Means for  B 

3 . 00 1  3 . 890 
0 . 3 34 2 . 66 8  
1 . 00 1  3 . 5 5 7  
0 . 668  2 . 890 
1 . 00 1  3 . 057  
2 . 668 5 . 1 6 8  
1 . 00 1  1 .  7 2 3 
2 . 668  2 . 66 8  
1 . 668 2 . 890 

1 .  5 5 7  



Append ix 47: S eed Burial Trial : Percentage mo is ture content o f  s eed 

samples s to red in the l aboratory or bur ied in the soil . 

Treatment S torage/ depth S to raee/burial l' aturit;y 
o f  buria l  period (month) 1 2 3 4 5 

0 1 3 . 1  1 1 . 5  1 1 . 2  1 1 . 0 1 0 . 2  

Laboratory 1 1 1 . 7 10 . 7  1 Q . 6  1 0 . 8  9 . 3  

Contro l S torage 3 1 1 . 9 1 1 . 5 1 1 . 6 1 1 . 3  9 . 9 

1 2  1 3 . 0  1 2 . 6  1 2 . 4  1 2 . 1  1 0 . 7  

1 8  10 . 9  10 . 3  1 0 . 6  1 0 . 2  9 . 2  

1 1 1 . 7  1 1 . 0 1 1 . 9 10 . 5  9 . 3 

3 1 1 . 3  1 1 . 2  1 0 . 3  1 0 . 5  8 . 9 

� cm 1 2  NT 2 3 . 5  1 7 . 9  1 6 . 5  1 9 . 0  

Buri ed in 18 NT NT NT NT NT 

c layey so il  1 1 l . G  1 1 . 2  1 1 . 1  1 0 . 5  9 . 1  

3 1 2 . 1  1 1 . 5 1 1 . 0 10 . 6  3 . 8  

1 5  Crl 1 2 2 2 . 7  1 3 . 9  16 . 3  1 3 . 0  1 1 . 3  

1 8  1 2 . 9  9 . 5 1 2 . 0  1 1 . 3  9 . 3 

1 1 1 . 4 1 0 . 5  10 . 3  9 . 6 10 . 2  

3 26 . 4  2 5 . 4  14 . 4  1 3 . 6  1 3 . 3  

� cm 1 2  28 . 6  30 . 5  1 9 . 8  1 3 . 7  1 1 . 0  

Bur ied in 1 8  �T NT NT �T NT 

sandy soil  1 1 1 . 3  1 1 . 5  1.0 . 6  1 0 . 9  9 . 4  

1 5  CP1 3 3 . 2 1 2 . 7  p . 9 1 1 . 7  9 . 2  

1 2  9 . 6 1 3 . 7  p . 7  1 . 7 0 . 1  

1 8  8 . 1  1 1 . 7  1 . 8 1 . 8 8 . 5  

NT - no t tested due to a very sma l l  number o f  seed recovered at the time 

o f  r emoval . 

'-...... 6 

1 0 . 7  

9 . 6 

10 . 8  

1 0 . 8  

9 . 6 

9 . 4 

1 0 . 0  

1 3 . 1  

NT 

9 . 7  

9 . 6 

1 � . 1  

1 0 . 4  

9 . 4 

14 . 0  

1 3 . 9  

NT 

9 . 3 

1 0 . 9  

1 0 . 9  

�0 . 1  
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Appendix 48 Seed burial trial : Mon thly average maximum and minimum 

amb i ent temperatures and relative humidities  recorded 

at two burial s i tes and in the l abora tory 

Year Month Temp & 0 
Temp . ( C ) a t  the Labora tory s torage 

R . H .  burial s i tes 
record c lay sandy temp R . H .  

soil  soil  ( oC ) % 

June max . 1 2  1 4  - -

min . 3 2 - -

July max . 1 4  1 5  2 2  -

min . 5 5 1 9  -

Augu s t  max . 1 4  1 6  23  58 

min . 6 6 2 1  5 1  

September max . 1 6  1 7  2 1  55  
ll") min . 6 7 1 8  4 8  r--
0'\ 
....... 

Oc tober max . I 1 8  20 22  59 

min .  9 1 0  20 so 

November max . 1 9  2 1  2 3  59 

min . 8 1 1  2 1  50 

De cemb er max . 2 1  24 24 6 3  

min .  1 0  1 4  2 2  5 2  

January max .  2 2  28 24 68 

min .  1 2  1 8  2 3  6 0  

February max . 2 2  2 3  I 24 66  

min . 9 1 0  2 2  5 7  

March max . 2 3  24 24  64 

min . 1 0  1 1  22  5 5  

Apr i l  max . 2 1  2 2  2 3  6 5  

min . 8 1 0  2 1  56  
\0 
r--
0'\ May 1 7  1 9  22 6 2  ....... max . 

min . 7 8 20 5 3  

June max . 1 3  1 6  2 2  5 9  

min . 2 4 1 9  50 

July max . 1 7  1 4  2 3  6 1  

min . 7 6 20 so 



Appendix 48 : con tinued 

Year Month Temp & 
R . H .  
record 

Augus t max . 

min . 

Sep temb er max . 

min . 

Oc tober max . 

"' min .  
r--
0\ 
...... 

November max . 

min . 

December max . 

min . 

Temp . 
burial 

c lay 
soil  

1 8  

8 

1 9  

9 

2 1  

9 

23  

1 0  

28 

1 3  

(
o

C )  at  the Laboratory s torage 
s i tes  

sandy temp R . H .  
soil  (

o
C )  % 

1 6  24 56 

7 2 1  4 9  

1 8  2 3  5 5  

8 2 1  48 

1 9  23  5 7  

9 22  s o  

21  24  55  

10  22 4 7  

24 26 6 2  

1 3  25 54 



Appendix 49: Seed Burial Trial : Mon thly average soil  temperatures recorded 

at different dep ths in two soil types 

Y ear  Mon th Soil type � cm Depth 1 5  cm Depth 

( clay o r  
min m in max max 

sandy soil ) oc oc oc oc -
J une c . s  - 1  1 8  7 1 0  

s . s  - 1  1 6  6 9 

July c . s  1 1 7  5 1 0  

s . s  0 1 6  4 10 

Augus t  c . s  2 2 1  7 1 2  

s . s 1 20 6 1 2  

S ep tember  c . s  3 24 8 1 4  

11'\ s . s 2 25  7 1 5  r--
0'\ 

October c . s  6 3 1  1 2  1 7  ...... 
s . s 6 3 2  1 1  19  

Novemb er c . s  5 3 1  1 2  20 

s . s  5 33  10  20 

December c . s  1 1  35  1 5  2 2  

s . s  1 2  34 1 5  24 

January c . s  1 2  35 14 25  

s . s  1 2  36 14 27 

Feb ruary c . s  8 3 7  14  20  

s . s  8 38 ' 1 3  24 

March c . s  8 44 1 5  2 1  

s . s 8 40 1 4  2 3  

April  c . s  7 30 1 2  1 8  

\0 s . s 6 29 1 1  1 8  r--
0'\ ...... May c . s  3 2 1  8 14  

s . s 2 20 6 14  

June c . s  0 1 6  5 1 1  

s . s  0 1 6  4 1 1  

July c . s  0 1 7  5 1 1  

s . s  0 1 5  4 1 1  

Augu s t  c . s  4 1 9  8 1 3  

s . s 5 1 9  6 1 2  

September c . s  4 2 3  8 14  

s . s  4 22  8 14  



Appendix 49 con tinued 

Year Ho nth Soil  type � cm Dep th 1 5  cm Depth 

min max m in max 

Oc tober c . s  4 2 7  10  1 7  

s . s  6 27  10  1 8  

November c . s  5 36 1 1  2 1  

\0 s . s  6 34 1 1  2 2  
r-.. 
0\ December c . s  1 1  3 7  1 5  24 ...... 

s . s  1 1  39 16  24  



L 

Apeend ix 50 :  Seed Bur ial Trial : Monthly average so il  mois ture percentage 

measured at two depths in  two soil  types 

Year Month So il type Moi s ture ( % )  
( clay o r  
sandy soil )  � cm Depth 1 5  cm Dep th 

June c . s  2 7  

s . s .  23 

July c . s  28 

s . s 24 

August  c . s  27  

s . s 2 3  

S ep temb er c . s  26 27  
U") 
r--

23 � s . s 23 ...-< 

October c . s  1 8  2 5  

s . s  1 4  2 2  

Novemb er c . s  2 2  2 5  

s . s 1 7  2 1  

December c . s  7 2 1  

s . s  4 1 7  

January c . s  2 3  2 4  

s . s  1 7  1 8  

February c . s  1 9  2 3  

s . s  1 3  20 

Harch c . s  1 1  2 1  

s . s  9 1 8  

April c . s  1 6  2 4  

s . s  14  1 9  

May c . s  26 26  
\0 

2 2  r-- s . s  2 2  � 
...-< 

June  c . s  29 2 7  

s . s  2 7  2 3  

July c . s  29 26 

s . s 2 7  2 4  

Augus t c . s  27  26 

s . s  2 8  2 5  

September c . s  24 2 7  

s . s  2 3  2 3  



Append ix 50 Continued 

Year Month Soil  type Mois ture ( % )  
( clay o r  
sandy s o i l )  � cm Dep th 1 3  cm Dep th 

Oc tober c . s  24 26 

s . s  2 3  23  

· November c . s  1 5  25  

� s . s  14 23 " 
0\ 
rl December c . s  1 2  25  

s . s  1 1  2 1  



Appendix 5 1 : Field Emergence Trial ; Percentage o f  seedl ings f rom 

Burial Per iod 

Year Honth 

July 

Aug 

Sept 
Ll") Oct r--
0'\ 
..... Nov 

Dec 

Jan 

Feb 

Har 

Apr 

Hay 

June 

July 

Aug 

Sept 

Oc t 
\0 Nov r--
0'\ 
..... Dec 

seed samp les buried at � cm depth in two dif ferent 

soil types . 

Date o f  Burial - 1 . 7 . 75 

Clay Soil 

Ha turit:z: ,  r--.---- '· 

1 2 3 4 
1 4  1 4  2 4  1 4  

6 34 35 44 
1 1  3 4 7 

6 2 2 2 
- - 1 3 

- - - -

- - - -

- - - -

- - - -

- - - -

- 1 - -

1 - - -

- - 1 -

- 1 2 3 
- - - 1 
- - - -

- - - -

- - - -

38 5 5  69 74  
I 

5 
2 1  
3 7  

5 
1 

-

-

-

-

-

-

-

-

-

1 
-

-

-

-

65 

Sandy Soil  

Haturity 

6 1 2 3 4 
1 7  1 2 4 5 
38 - 2 - -

6 3 3 1 1 
2 3 1 - 1 
1 - - - -

- - - - -

- - - - -

- - - - -

- - - - -

- 1 - - -

1 - - - -

1 - - - -

1 - - - -

1 - - 1 1 
2 1 2 3 -

1 - - - 1 
1 - - - -

- - - - -· 

7 2  9 1 0  9 9 

5 
2 
-

1 
1 
-

-

-

-

-

-

-

-

-

1 
1 
6 
-

-

1 2  

6 
3 
1 
1 
1 
-

-

-

-

-

1 
-

-

-

1 
1 
-

-

-

9 



Appendix 52 

Burial Period 

Year Mon th 

July 

Aug 

If) Sep t 
r-... 
0"1 Oct  ....... 

Nov 

Dec 

Jan 

Feb 

Mar 

Apr 

May 

June 

July 

Aug 

Sept 

Oc t 
\0 Nov r-... 
0"1 
....... Dec 

Field Emergence Trial : Percentage of  seedlings from 

seed samples buried a t  � cm dep th in two d i fferent soil  

types . 

Date o f  Burial - 3 . 8 . 75 

C lay Soil  s.andy Soil  

Ma tur i ty Ma tur i ty 

1 2 3 4 5 6 1 2 3 4 5 

- - - - - - - - - - -

19  2 2  1 8  1 6  2 3  1 7  - 1 3 2 2 

1 6  2 3  2 2  1 8  1 9  1 4  2 3 3 2 3 

4 1 5 6 4 - 1 2 - - -

1 2 - - - 1 - - - - -

- - - - 1 2 - - 1 - 1 

- - - - - - - - - - -

- - - - - - - - 1 - -

- - - - - - - - - - 1 

- - 1 1 - - 3 1 - 1 -

- 1 1 4 2 1 - - - 1 1 

- - 2 - 1 1 - - 1 - -

- 1 - 3 2 5 - 1 - - -

1 1 1 1 - 1 - - 1 1 2 

- - - 1 - 2 2 2 2 3 4 

- - - - - 2 - - 1 5 1 

- - - - - - - - - - -

- - - - - - - 1 - - -

4 1  . .5 1 so s o  5 2  46 8 1 1  1 3  1 5  1 5  

6 

-

3 

2 

-

1 

-

-

1 

-

-

-

-

-

-

2 

3 

-

-

1 2  



Appendix 53 

Burial Period 

Year Mon th 

July 

Aug 

Sept  
ll"'i Oct  r--
0'1 
.--< 

Nov 

Dec 

Jan 

F.eb 

Har 

Apr 

May 

June 

July 

Aug 

Sep t 

.· Oct  
'-0 Nov r--
0'1 
.--< 

Dec 

Field Emergence Trial : 
seed samples bur ied at  
soil types . 

Date o f  burial - 1 . 9 . 75 

Percentage o f  seedl ings f rom 
� cm dep th in two dif feren t 

Clay soil  Sandy soil 

Ma turity Ma tur i ty 

1 2 3 4 5 6 1 2 3 4 5 

- - - - - - - - - - -

- - - - - - - - - - -

26 29  30 23 1 5  35 3 1 3 7 7 

2 7  1 6  1 2  3 2  2 5  1 4  2 1 3 1 6 

1 - 2 4 1 2 1 - - - 1 

- 1 - 1 - - 1 - 1 - -

- - - - - - - - - - -

- - - - - - - - - - -

- -- - - - - - - - - -

2 -· 2 - 1 - - - - - -

- 1 - 2 1 - - - 1 - 1 

- 1 2 - - - - - - - -

1 1 4 6 5 4 - - - - -

- - 1 5 1 2 2 2 1 1 2 

- - - 1 2 4 5 1 4 6 3 

- - - - 3 6 - - 6 - 4 

- - - - - - 1 2 - - -

1 -- - 1 - - - - - 1 -

5 7  49 5 3  7 5  5 4  6 7  1 5  7 1 9  1 6  24 

6 

-

-

3 

-

-

-

-

-

-

-

-

-

-

2 

5 

1 

-

-

1 1  



Appendix 54 :  Field Emergence Trial : Percentage o f  seedlings from seed 

samp les buried a t  � cm dep th in two different soil  types 

Date of  Burial - 3 . 1 0 . 7 5 

purial Period C lay soil  Sandy soil  

Year Mon th Ma turi ty �atur i ty 

1 2 3 4 5 6 1 2 3 4 5 

July - - - - - - - - - - -

Aug - - - - - - - - - - -

t.r) Sep t - - - - - - - - - - -
r---
0\ Oc t 32 32 34 4 1  U6 35 5 26  23  1 6  2 2  ...... 

Nov 8 6 6 7 6 4 1 1 1 4 1 

Dec 3 2 5 6 2 4 - - - 3 1 

Jan - - 1 - - - - - - - -

Feb - - 1 - - 1 - - - - -

Mar - - - - - - 1 3 - - -

Apr 2 3 1 5 3 - - - 2 1 -

Hay 3 3 2 2 4 2 2 - 1 2 3 

June - 1 5 6 4 4 - - 1 - -

July 2 4 4 4 6 2 - 1 1 - -

"' Aug 2 1 1 2 4 3 2 r--- - - - -
0\ 
...... 

Sept 1 1 4 2 5 6 3 6 4 - -

Oct  1 - - 1 1 3 1 3 4 5 4 

Nov - - - - - - 1 . - - - -

Dec - - - - - - - - - - -

5 2  5 3  60 7 6  6 5  60 1 2  4 2  40 40 37 

6 

-

-

-

22  

-

2 

-

-

-

-

1 

1 

1 

1 

5 

4 

-

- . 

31 
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