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Abstract 

The e f f e c t s  of seed s i z e  on the  grovth of tw 
v a r i e t i e s  of maize (Kelvedon 75A and In ra  200) v e r r  
studied i n  both glass-house and field.l.rge reeds 
produced g rea t e r  dry matter and g r u t e r  r e l a t i v e  
grarjth r a t e  than small seeds during the  s e td l ing  
stage.  However, i n  t he  f i e l d  experiment, d i f f e r  
ences i n  dry matter production and r e l a t i v e  growth 
r a t e  betveen large and small seeds were not s ign i f i -  
cant.  Grain y ie ld  increased by 2.5% when large  
r a the r  than mall seeds were s o n .  It was concluded 
tha t  there  was no s ign i f i can t  y ie ld  advantage i n  
se lec t ing  l a rge  seeds f o r  sowing. 

Introduction 

I n t e r e s t  i n  seed s i z e  i s  not  new i n  a g r i c u l t u r e ;  
consequently t h e r e  i s  a  l a r g e  amount of  l i t e r a t u r e  on 
t h e  s u b j e c t .  Kidd and West (1918) suggested t h a t  t h e  
s i z e  of a  seed was a n  i n d i c a t o r  of c o n d i t i o n s  w i th in  
t h e  pa ren t  which a f f e c t  seed p c t e n t i a l i t y  and t h a t  
t h e r e  was no d i r e c t  p r o p o r t i o n a l i t y  between food 
r e s e r v e s  i n  t h e  seed and f i n a l  y i e l d .  On t h e  cont- 
r a r y ,  Black (1956, 1958) demonstrated t h a t  f i n a l  y i e l d  
was dependent on i n i t i a l  seed weight .  

The e f f e c t  of  seed weight on s e e d l i n g  emergence 
has  been s tud i ed  by Er ickson  (1946) and Williams(1956) 
who concluded t h a t  l a r g e  seeded s p e c i e s  emerged from 
g r e a t e r  depths  more t han  t h e i r  smaller-seeded counter-  
p a r t s .  This  i s ,  however, i n  c o n t r a s t  t o  t h e  f i n d i n g s  
of  Black (1956, 1959) who r epo r t ed  t h a t  w i th  herbage 
legumes, emergence was not  a f f e c t e d  by seed s i z e ,  
r e g a r d l e s s  of  depth  of  p l an t ing .  

Hardwick (1968) showed t h a t  t h e  r e l a t i v e  growth 
r a t e  of t h e  a e r i a l  p a r t s  of  t h r e e  v a r i e t i e s  of peas, 
whose seed s i z e s  v a r i e d  cons iderably  d i d  not  va ry  
a f t e r  t h e  s eed l ing  s t a g e .  However, i n  t h e  sowing t o  
es tab l i shment  s t a g e ,  t h e  v a r i e t y  w i th  t h e  s m a l l e s t  
seed appeared t o  have a  f a s t e r  growth r a t e  than  t h e  
o t h e r  two. It w i l l  appear  from t h i s  work t h e r e f o r e  
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t h a t  seed s i z e  h a s  an e f f e c t  on f i n a l  p l a n t  weight 
tha; i s  n o t  p ropo r t i ona l  t o  t h e  o r i g i n a l  seed  weight  
and an  "adjustment" s t a g e  appears  t o  occur  i n  t h e  
e a r l y  s t a g e s  of growth. It is  t h e r e f o r e ,  va luab l e  t o  
i n v e s t i g a t e  t h e  e f f e c t  o f  seed s i z e  on p l a n t  growth 
i n  t h e  e a r l y  s t a g e s  of growth a s  we l l  a s  on t h e  f i n a l  
seed y i e l d .  T h i s  paper  r e p o r t s  on two experiments  
designed t o  s t udy  t h e  e f f e c t  of seed  s i z e  on t h e  
growth and v i e l d  o f  two v a r i e t i e s  of  maize. 

MATERIALS AND METHODS 

Expetrhent  I .  

Seeds of two maize v a r i e t i e s ,  Kelvedon 75A and 
I n r a  200 were s e l e c t e d  accord ing  t o  weight .  The f i r s t  
l a t  c o n s i s t e d  of s eeds  weighing above 500 mg each 
(Large s eeds )  wh i l e  t h e  second l o t  cons i s t ed  of 
s eeds  w i th  weights  below 250 mg each (Small s eeds ) .  
The two seed s i z e  t r ea tmen t s  were combined w i th  t h e  
two v a r i e t i e s  i n  a  2 x 2 f a c t o r i a l  experiment.  P lan t -  
i ng  was done i n  t h e  g lasshouse  i n  p l o t s  arranged i n  
randomised b locks  and r e p l i c a t e d  f o u r  t imes.  There 
were 120 p o t s  per  r e p l i c a t e .  Watering was done 
d a i l y  w i th  50 cc  p e r  pot  of a  n u t r i e n t  s o l u t i o n  made 
of  t h e  fo l lowing  i n  a  45 l i t r e  drum: 60 g calcium 
n i t r a t e ,  43.2g sodium n i t r a t e ,  7.5g magnesium s u l -  
pha te ,  1.5g potassium phosphate; t r a c e  elements  
s o l u t i o n  w i th  1.69g borax,  5mg z i n c  s u l p h a t e ,  40 ng 
manganese c h l o r i d e  and 2g sodium molybdate. 

M a t e r i a l s  and experimental  l ayout  a r e  e s s e n t i a l l y  
a s  i n  Experiment 1 except  t h a t  p l a n t i n g  was done in  
t h e  f i e l d  on 28th  A p r i l  1969 a t  IJye College Farm, Kent. 
England (51°E, lCE) . Each p l o t  measured 12m x 8rn and 
r ece ived  a  s i n g l e  a p p l i c a t i o n  of 100 kg/ha each of 
P 0 and K 0 i n  t h e  autumn and a  s i n g l e  a p p l i c a t i o n  
o$ I 2 5  kg/8a of n i t r o g e n  a t  seed-bed p repa ra t i on .  The 
s eeds  were sown by hand a t  a  spac ing  of  30 cm x ?Ocm 
(108,000 p l a n t s / h a )  . 

In  t h e  f i r s t  expe r inen t ,  4 s e e d l i n g s  were s e l e c t e d  
randomly from each p l o t  from the  9 th  day a f t e r  sowing. 
T h e r e a f t e r  samples were taken  a t  3-day i n t e r v a l s  u n t i l  
8 samples had been ob t a ined .  For each sample, p l a n t s  
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were ,separated i n t o  leaves,  stems and roo t s  and these  
cnnponent p a r t s  were dr ied a t  90°c. I n  the  second 
experiment,san?ples were taken f o r t n i g h t l y  from each 
p lo t  beginning from 8 t h  week a f t e r  sowing u n t i l  10 
samples had been taken. A t  each sampling, a l l  p l a n t s  
from an area  l m 2  were cu t  a t  ground leve l .  This was 
equivalent t o  27 plants  i n  a 100 per cent  f i e l d  es ta -  
blishment. The samples were then separated i n t o  p lan t  
co!?yonents as  above and d r ied  t o  constant weight a t  
90%. Leaf a rea  i n  both experiments was measured using 
a modified air-flow plannimeter (Bell  and Smith, 1965). 

From the  da ta  of t o t a l  p lan t  dry weight and leaf  
a rea ,  n e t  a ss imi la t ion  r a t e  and r e l a t i v e  growth r a t e  
were calcula ted according t o  the  formulae reported by 
Williams (1946) Watson (1952) and Radford (1967) . 

RESULTS 

In the  glass-house experiment, seedling emergence 
was f a s t e r  f o r  t h e  large-seed treatment. A 100 per 
cent emergence was obtained with l a rge  seeds i n  th ree  
days as  compared t o  f i v e  days f o r  small seeds. Dry 
matter  production i n  both v a r i e t i e s  was s i g n i f i c a n t l y  
g rea te r  a t  every harvest  d a t e  i n  t h e  l a r g e  than i n  the  
small seed treatments (Fig. 1 ) .  A t  t he  l a s t  harvest  
(Day 30),  t o t a l  dry matter  was 40 percent higher i n  
the  l a rge  t h a n  in  the  small seeds. Averaged over t h e  
seed-size treatments,  dry matter  production was higher 
i n  In ra  than in  Kelvedon. 
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Accumulation of total dry matter in the field 
experiment is shown in Fig. 2. In both varieties, 
there were no significant differences in dry matter 
yield between the large and small seed treatments 
throughout the growth period. Peak dry matter pro- 
duction occurred in the 17th week af ter sowing in all 
treatments and thereafter declined through death and 
abscission of old leaves. Total dry matter yield 
was higher in Inra than in Kelvedon. 

W E E K S  FROM S O W I N G  
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In  Experiment 1, the  r a t e  of l ea f  emergence was 
more rapid f o r  l a r g e  than small seeds. Thus, through- 
out  the  seedling period,  leaf  a rea  was l a r g e r  i n  the  
l a r g e  seed treatments (Fig. 3 ) .  The number of leaves 
a t  the  l a s t  harves t  was a l s o  s i g n i f i c a n t l y  g r e a t e r  

FIG.3 DEVELOPMENT OF LEAF AREA (EXPT. I )  
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for large seeds. As with the dry matter production, 
leaf area was greater in Inra than in Kelvedon. 

Development of leaf area in the field followed 
the same pattern as dry matter production with Inra 
having higher leaf area at every harvest period. There 
were no significant differences between large and 
small seed treatments ( ~ i g .  4). ' Similar leaf area 
indices were attained at both the peak and final har- 
vest regardless of seed-size treatments. 
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Mean r a l a t i v e  growth r a t e  (RGR) was s i g n i f i c a n t l y  
h i g h e r  i n  t h e  lzrge t h a n  i n  t h e  small seed t r e a t m e n t s  
i n  t h e  g lass -house  exper iment  o n l y  ( T a b l e  1 ) .  There  
were no s i g n i f i c a n t  t r e a t m e n t  d i f f e r e n c e s  i n  n e t  
a s s i m i l a t i o n  r a t e  (NAR) i n  b o t h  e x p e r i m e n t s .  RGR was 
s l i g h t l y  h i g h e r  i n  I n r a  t h a n  i n  Kelvedon. 

TABLE 1: MEAN RGR AND NAR I N  ALL TREATMENTS AND I N  
EXPERIMENTS 1 AND 2 

Seed DELVEDON X 
size INRA Treat- S .E 

ment 

Exp. 1 Large 0.188 0.158 0.157 

RGR 
mg/mg/day Small 0.112 0.104 0.108 

X 
(va r ie ty )  0.150 0.131 

NAR Large 0.61 0.52 0.565 
2 

mg/cm /wk Small 0 . 5 7  0.49 0.53 

X 
(va r ie ty )  0.59 0.50 

Exp. 2 

RGR Large 0.48 0.38 0 . 4 3  

X 0.1.7 0. I f )  o . o i  
(va r ie ty )  

NAR Large Ir . 61 6 . 7 4 . 4 

Small 4 . 8  3 . 5  4.35 

X 
(va r ie ty )  4.7 4 .!)5 

Please,  express values ,  .it l e a s t  w i  L t ~ i n  5amc3 t i c  . , r l ,  t o  s.lme 
number of  decimal p l a c e s .  
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Data on g r a i n  y i e l d  and i t s  components a r e  pre-  
s e n t e d  i n  T a b l e  2 .  G r a i n  y i e l d  was h i g h e r  w i t h  t h e  
l a r g e  seed t r e a t m e n t s  i n  b o t h  v a r i e t i e s ,  b u t  d i f f e -  
r e n c e s  were n o t  s i g 3 i f i c a n t ;  t h c  yic.ld b e i n g  i n c r e a s e d  
b y  2 .5% i n  I n r a .  and 2.7X i n  Kelvedon. S i m i l a r l y ,  
number of cobs  per  p l a n t ,  number of g r a i n s  p e r  cob and 
~ l v e r n g c  g r a i n  we igh t  were not a f f e c t e d  by s e e d  s i z e .  
l ! ,~ r i c ty  X seed  s i z e  t r e a t m e n t  i n t e r a c t  i o n s  were a l s o  
not  s t a t i s t i c a l l y  s i g n i E i c a n t  . 

TABLE 2: WIN YIELD AETD ITS COMFONEEPTS IN ALL TREATMEIV 

Seed s i z e  INRA KELVEWN Treatment LSD 
means (P-05) 

Large 540 608 5 74 

Graiq y i e l d  
(a/=-) Small 527 592 559 

Var i e ty  
means 534 600 

a 
No. 5 F  cobs 

/m2 Large 10.2 11. 10.7 

Small 9. 8 10.7 10.4 

Var i e ty  
means 10.0 10.9 1.6 

No. o f  
g ra in s / cob  Large 225.8 231.5 233.6 

Small 218.4 226.8 24.3 
Var i e ty  
means 222.1 239.1 

Weight 
pe r  g r a i n  Large 0.26 0.27 0.26 

(g) Sm,-!ll 
0.22 0.24 0.23 

Variety - 
memg 0.24 0.25 0.13 

Please ,  express  va lues ,  a t  l e a s t  w i t h i n  same head, t o  same 
number of decimal p l aces .  



IF€ JOURNAL OF AGRICULTURE 

Discussion 

T h e  r e s u l t s  o b t a i n e d  i n  t h e  g l a s s  h o u s e  showed 
t h a t  s e e d  e m e r g e n c e  was  h a s t e n e d  when l a r g e  s e e d  w e r e  
sown.  T h i s  i s  i n  a g r e e m e n t  w i t h  t h e  r e s u l t  o f  W i l l i -  
ams ( 1 9 5 6 )  a n d  E r i c k s o n  ( 1 9 4 6 ) .  T h i s  e a r l i e r  emerg-  
e n c e  w a s  p r o b a b l y  d u e  t o  a  l a r g e r  i n i t i a l  f o o d  r e s e r v e  
i n  l a r g e  s e e d s .  P r o b a b l y ,  t h e  f o o d  r e s e r v e  w a s  a l s o  
r e s p o n s i b l e  f o r  m a i n t a i n i n g  a g r e a t e r  g r o w t h  r a t e  
d u r i n g  t h e  s e e d l i n g  s t a g e  a s  shown i n  t h e  g l a s s h o u s e  
e x  p e r  imen t 

However ,  i n  t h e  f i e l d  e x p e r i m e n t ,  t h e r e  w e r e  n o  
s i g n i f i c a n t  d i f f e r e n c e s  i n  d r y  m a t t e r  p r o d u c t i o n  be-  
t w e e n  t r e a t m e n t s  t h r o u g h o u t  t h e  g r o w t h  p e r i o d .  T h u s  
i t  w i l l  a p p e a r  t h a t  t h e  i n i t i a l  a d v a n t a g e  shown i n  t h e  
s e e d l i n g  s t a g e  c o u l d  n o t  b e  s u s t a i n e d  t h r o u g h o u t  t h e  
g r o w t h  p e r i o d  a s  d e m o n s t r a t e d  i n  t h e  f i e l d  e x p e r i m e n t .  
T h i s  is i n  a g r e e m e n t  w i t h  t h e  r e s r r l t s  o f  I I a r d w i c k  
( 1 9 6 8 )  w i t h  v i n n i n g  p e a s .  I n r a  p r o d u c e d  g r e a t e r  d r y  

m a t t e r  t h a n  K e l v e d o n  i n  t h i s  e x p e r i m e n t  e v e n  t h r o u g h  
t h e  s e e d s  sown w e r e  o f  s i m i l a r  w e i g f ~ t s  e m p h a s i z i n g  t h e  
b a s i c  g e n e t i c  d i f f e r e n c e  b e t w e e n  t h e  two v a r i e t i e s .  

R e l a t i v e  g r o w t h  r a t e  was  h i g h e r  i n  t h e  l a r g e  t h a n  
i n  t h e  s m a l l  s e e d  t r e a t m e n t  p r o b a b l y  b e c a u s e  o i  t h c  
i n i t i a l  f o o d  r e s e r v e  a d v a n t a g e ,  b u t  t h e  efficiency o f  
t h e  p h o t o s y n t h e t i c  a p p a r a t u s  a s  m e a s u r c d  by N A R  w a s  
s i n i l a r  i n  a 1 1  t r e a t m e n t s .  G r a i n  y i e l d  incr t .asc,d I)y 
o n l y  2.5% when l a r g e  seeds w e r e  sown and  was n o t  s t n -  
t i s t i c a l l y  s i g n i f i c a n t .  I t  c a n  be  c o n c l l ~ t l c t l ,  t h t l r r > f o t - r  
t h a t  t h e r e  is n o  m a r k e d  n d v n n t a g r  i n  t h c  c h o i c e  o f  
large s e e d s  f o r  s o w i n g .  
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