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ABSTRACT 

Oil c o n t e n t s  were d e t e r m i n e d  by  nuc lear  magne t i c  
r e sonance  on  four  samples ,  each  cons i s t ing  of  six 
seeds,  f r om each  of  th ree  r ing  pos i t ions  (ou te r ,  
middle ,  and  i n n e r )  for  10 heads  f rom each  of  two 
open -po l l i na t ed  var ie t ies  and  t w o  inb red  l ines of  
sunf lowers .  The  largest  source  of  var iabi l i ty  for  th ree  
o f  the  ent r ies  was due to  d i f ferences  a m o n g  heads.  
Var iab i l i ty  due to  seed pos i t ion  in the  head  was the  
largest  for  the  f o u r t h  en t ry .  When averaged over  all 
ent r ies ,  % oil was the  h ighes t  for  seeds samples  f rom 
the  midd le  r ing  pos i t ion .  In s tudies  in  which  oil 
c o n t e n t  is d e t e r m i n e d  on  single seeds or small  
samples ,  e r ro r  va r ia t ion  can  be r educed  by  sampl ing  
f rom e i the r  of  the  o u t e r  two  ring pos i t ions ,  r a the r  
t h a n  sampl ing  f rom the  i nne r  pos i t ion  or at  r andom.  

INTRODUCTI ON 

Selec t ion  for  oil c o n t e n t  in oilseed crops  has been  
fac i l i t a ted  great ly  by  NMR spec t roscopy .  NMR analysis is 
rapid, accura te ,  and  n o n d e s t r u c t i v e  of  seeds and  allows for  
oil d e t e r m i n a t i o n s  on  small  samples ,  i nc lud ing  single seeds. 
Se lec t ion  is m o s t  effect ive  if  e n v i r o n m e n t a l  ef fects  t h a t  
in f luence  oil c o n t e n t  are recognized.  When se lec t ion  is 
based  u p o n  indiv idual  p lan t s  or  ind iv idual  seeds w i th in  a 
p lan t ,  e f fec ts  o f  ma jo r  conce rn  are those  wh ich  c o n t r i b u t e  

1Journal article no. 441 of the North Dakota Agricultural Ex- 
periment Station. 

2ARS, USDA. 

FIG. 1. Diagram of sunflower head showing the three concentric, 
ring-shaped zones from which six-seed samples were taken. 

to  be tween-  and  wi th in -p l an t  var iabi l i ty .  The  relat ive 
i m p o r t a n c e  of  va r ia t ion  a m o n g  ears and  a m o n g  kernels  
wi th in  ears has been  r e p o r t e d  for  co rn  (1 ,2)  and  a m o n g  
plants ,  pods ,  and  seeds wi th in  pods  for  soybeans  (3).  The  
purpose  of  this  s t udy  was to  inves t igate  the  m a g n i t u d e  of  
var iabi l i ty  a m o n g  heads  and  a m o n g  seeds w i th in  heads  of  
sunf lowers .  

MATERIALS AND METHODS 

Ten m a t u r e  sun f lower  heads  were selected at  r a n d o m  
f rom c o m m e r c i a l  fields of  each  of  two  open-po l l ina ted  
variet ies,  Krasnoda re t s  and  Luch,  and  two  inb red  lines,  
CM303 and  CM323.  Each  head  was divided i n to  th ree  
concen t r i c ,  r ing-shaped  zones ,  and  six ad jo in ing  seeds 
(bo tan ica l ly  achenes )  were r e m o v e d  f rom wi th in  each  zone  
at the  3, 6, 9, and  12 o ' c lock  pos i t ions  (Fig. 1). The  

TABLE I 

Model Analysis of Variance Used for Oil Content and Seed 
Wt of Four Sunflower Varieties and Inbred Lines 

Source of variation df a Expected mean squares 

Individual analysis 

Heads 9 O2(hp) + spo 2 

Positions 2 as2(hp) + Sah2 p + sh02 

Heads x positions 18 a2(hp) + Sa2p 

Samples in heads x positions 90 Os2(hp) 

Combined analysis 

Varieties 3 ~ (v) + sp~ + shp0v2 

Heads in varieties 36 ~ (v) + sp~ 

Positions 2 02 (hp) (v) + Sa2p(v) + shv02 

Varieties x positions 6 as2(hp) (v) + S~ + sh02p 

Heads in varieties x positions 72 ~ (v) + SO~p(v) 

Samples in positions x heads 
in varieties 360 ~ (v) 

adf  = degrees of freedom. 

b0 = component due to fixed variable, v(4) = varieties, h(10) = 
heads/variety, p(3) = seed positions/head, and s(4) = samples/ 
position. 

TABLE II 

Estimates of Variance Components for Oil Content and Seed Wt. 
from Combined Analysis of Four Sunflower Varieties 

and Inbred Lines 

Oil Seed 
Source of variation content weight 

Varieties 38.0 a 0.00627 a 
Heads in varieties 19.7 a 0.00484 a 
Positions 15.2 a 0.00532 a 
Varieties x positions 14.8 0.00277 a 
Heads in varieties x positions 13.9 a 0.00218 a 
Samples in positions x heads 

in varieties 7.2 0.00150 

aMean squares were significant at 1% level. 
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TABLE III 

Estimates of Variance Components for Oil Content 
of Four Sunflower Varieties and Inbred Lines 

Source of  variation CM303 CM323 Krasnodarets Luch 

Heads 6.4 a 20.5 a 40.1 a 11.7 a 
Posit ions 5.9 1 O~ 8 24.5 b 22.8 b 
Heads x positions 6.0 9.8 a 20.3 a 19.6 a 
Samples in heads x positions 5.3 5.9 8.6 8.9 

aMean squares were significant at 1% level. 
bMean squares were significant at 5% level. 

mo i s tu r e  c o n t e n t  of  the  seeds was r educed  to less than  3% 
by  dry ing  at 130 C for  1 hr.  Each  sample  of  six seeds was 
weighed to  the  nea res t  mil l igram, and  oil d e t e r m i n a t i o n s  
were made  on  a N e w p o r t  NMR Ana lyze r  (4).  

A p re l imina ry  analysis  of  the  da ta  ind ica ted  t h a t  the  
d i f ferences  due to c lock  pos i t ions  of  samples  were n o t  
s ignif icant .  Subsequen t ly ,  a m i xed - m ode l  analysis  of vari- 
ance was used,  w i th  var ie t ies  or i nb red  lines and  r ing 
pos i t ions  as f ixed var iables  and  heads  and  samples  as 

r a n d o m  variables.  Analyses  were o b t a i n e d  for  each var ie ty  
or i n b r e d  l ine and  for  the  c o m b i n e d  da ta  for  all of the  
variet ies and  lines. The  degrees of  f r e edom  and expec t ed  
mean  squares  for  the m i x e d  mode l  analysis  of  var iance  for  
the  indiv idual  and  c o m b i n e d  analyses are s h o w n  in Table  I. 
Es t imates  of  var iance  c o m p o n e n t s  and  F tests  were deter-  
m i n e d  f rom app rop r i a t e  m e a n  squares.  The te rm " v a r i e t y "  
used in the  tables inc ludes  i n b r e d  lines. 

RESULTS AND DISCUSSION 

Highly s igni f icant  d i f ferences  exis ted  for  oil c o n t e n t  and 
seed wt a m o n g  variet ies ,  heads  w i th in  variet ies,  and  r ing 
pos i t ions  (Table  II). A nons ign i f i can t  var ie ty  x pos i t ion  
i n t e r ac t i on  for  oil c o n t e n t  i nd ica t ed  t h a t  pos i t ion  ef fec ts  
were similar  for  all varieties.  As ind ica t ed  by  a s igni f icant  
heads  w i th in  var ie ty  x pos i t ion  in t e rac t ion ,  pos i t ion  ef fec ts  
for  b o t h  oil c o n t e n t  a nd  seed wt were d i f fe ren t  for  heads  
wi th in  a var ie ty .  The  c o m p o n e n t  of va r ia t ion  due to  
variet ies was the largest  for  b o t h  oil c o n t e n t  and seed wt. 

Es t imates  of  the  var iance  c o m p o n e n t s  for  oil c o n t e n t  of  
individual  variet ies o r  i n b r e d  l ines (Table  l i d  ind ica ted  t ha t  
the  va r i a t ion  due to heads  was the  largest  source  of 
var ia t ion  in the  sampl ing  scheme  for  three  of  the  four  
entr ies.  The e x c e p t i o n  was the  var ie ty  Luch,  in wh ich  
var ia t ion  due to  pos i t ions  was the  largest.  These  data  
suggest the  i m p o r t a n c e  o f  sampl ing  p rocedures  t ha t  resul t  
in d e t e r m i n a t i o n  of  oil c o n t e n t  for  a pa r t i cu la r  var ie ty  or 
i nb red  on  a large e n o u g h  n u m b e r  of  heads  so t ha t  
d i f ferences  b e t w e e n  p lan t s  and  pos i t ions  on  the  p lan t  will 
average out .  A d e q u a t e  sampl ing  wou ld  be  par t i cu la r ly  
desirable  for  d e t e r m i n i n g  oil c o n t e n t  of  an open-po l l ina ted  
var ie ty ,  which,  in  add i t i on  to  e n v i r o n m e n t a l  var ia t ion ,  
con ta ins  cons iderab le  va r ia t ion  due to  g e n o t y p e  

I f  se lec t ion  for  oil  c o n t e n t  is based  u p o n  indiv idual  

TABLE IV 

Comparison of Coefficients of Variation Obtained from Analysis of 
Variance of Oil Content in Seeds Sampled from Three Posit ions 

in Head for Four Sunflower Varieties and Inbred Lines 

Combined Ring position a 
Variety or inbred analysis 1 2 3 

CM303 5.2 4.9 5.0 5.6 
CM323 6.4 6.6 5.0 7.4 
Krasnodarets 8.7 6.8 6.7 12.3 
Luch 7.9 5.7 8.3 9.6 

al = outer position of head, 2 = middle position of head, and 
3 = inner position of head. 

p /an t s  or  indiv idual  seeds wi th in  a head,  the  ques t ion  arises 
w h e t h e r  e n v i r o n m e n t a l  va r i a t ion  might  be reduced  and  
se lec t ion ef fec t iveness  i m p r o v e d  by  sampl ing  f rom a spe- 
cific r ing pos i t ion  of  the  head  r a the r  t han  by  sampl ing  at 
r a n d o m  f rom the  en t i re  head.  Coeff ic ients  of  var ia t ion  for  
sampl ing  f rom each  r ing pos i t ion  for  each  var ie ty  or inb red  
line (Table  IV)  were general ly the  least  for  sampl ing  f rom 
e i the r  of  the two o u t e r  r ing pos i t ions .  This  suggests t h a t  if  
sampl ing  involves a small  n u m b e r  of  seeds, as in this  s tudy ,  
e r ror  va r i a t ion  may  be r educed  by  sampl ing  f rom e i the r  of  
the  ou t e r  r ing pos i t ions  r a t h e r  t h a n  f rom the  i nne r  r ing 
pos i t ion  or  at r a n d o m .  Selective sampl ing  would  be  
par t icu lar ly  i m p o r t a n t  if  oil c o n t e n t  were largely u n d e r  
e m b r y o n i c  con t ro l ,  as in  co rn  (5),  and i f  se lec t ion  on  a 
single-seed basis were feasible. Pawlowski  (6)  r epo r t ed  t h a t  
a s t rong  ma te rna l  e f fec t  on  oil c o n t e n t  of  seeds is p resen t  in 
sunf lowers .  C o n s e q u e n t l y  se lec t ion  of single F 2 seeds is no t  
l ikely to be as ef fec t ive  as in  corn.  However ,  in this s tudy ,  
the h igher  var iance  in oil c o n t e n t  a m o n g  seeds wi th in  heads  
for  the  open-po l l ina ted  var ie t ies  t han  for  the  inbred  lines 
(Table  I I I )  suggests t h a t  the  geno type  of  the  seed may  have 
some in f luence  on  the  oil  c o n t e n t  of  the  s e e d  Assuming  
tha t  small  geo typ ic  d i f ferences  do exist  and  can be  
de tec ted ,  the  var ia t ion  a m o n g  heads  and  a m o n g  pos i t ions  
wi th in  a head  shou ld  be cons idered  in the  sampl ing  scheme.  

The  mean  values for  oil c o n t e n t  and seed wt for  seeds 
sampled  f rom the th ree  r ing pos i t ions  for  each  of the  four  
ent r ies  and  for  the  c o m b i n e d  da ta  are p re sen ted  in Table  V. 
Oil c o n t e n t  o f  the  seeds sampled  f rom the  midd le  r ing 
pos i t ion  general ly  was the  highest .  Seeds f rom the  o u t h e r  
r ing pos i t ion  were n e x t  h ighes t  and  those  f rom the  
i n n e r m o s t  pos i t i on  were the  lowest .  To ascer ta in  w h e t h e r  

TABLE V 

Mean Values for Oil Content and Seed Wt. of Seeds Sampled from 
Three Ring Positions of Head for Four Sunflower 

Varieties and Inbred Lines 

Seed Oil Seed 
Variety or inbred position a content, % wt, g 

1 44.0a .338a 
CM303 2 44.7a .294b 

3 44.8a .229c 

1 37.7a .384a 
CM323 2 39.8a .416a 

3 37.6a .350a 

1 35.0a .353a 
Krasnodarets 2 35.4a .340a 

3 31.1b .217b 

I 38.8a .380a 
Luch 2 39.0a .354a 

3 35.2b .245b 

1 38.9ab .364a 
Combined analysis 2 39.7a .35 la 

3 37.2b .260b 

al = outer position of head, 2 = middle position of head, 3 = 
inner position of head. Values followed by the same letter for each 
variety in each column are not significantly different L.S.D. (5% 
level), 
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these differences were due to differences in hull percent- 
ages, rather than oil percentage of the embryos, oil content 
was determined on the dehulled seeds from three random 
heads for the entries CM323 and Krasnodarets. Oil contents 
of hulled and unhulled seeds (the latter in parentheses) for 
ring positions 1, 2, and 3 were 47.7 (38.3), 49.4 (39.9), and 
41.5 (33.6) for CM323 and 47.3 (37.7), 46.9 (37.0), and 
37.0 (26.8) for Krasnodarets. A high positive correlation (r 
= 0.93) for oil content between hulled and unhulled seeds 
and similar rankings of the three ring positions indicate that 
position effects were not  due to differences in hull 
percentages. 

Seed wts for three of the four entries were progressively 
less as sampling proceeded toward the center of the head 
(Table V). Simple correlation coefficients between oil 
percentages and seed wt of individual samples were 0.00, 
0.38, 0.36, and 0.46 for CM303, CM323, Krasnodarets, and 
Luch, respectively. Values for the latter three entries were 
significant at the 1% level and indicate that the larger seeds 
were higher in oil percentage. 

The results of this study indicate the bias that may be 
introduced in genetic and selection studies for oil content 
where single seeds or small samples are selected from a 
small number of heads or at random, instead of from a 
particular position within the head. Similar conclusions 

were reached for studies dealing with fatty acid composi- 
tion (7). The effect of variability due to heads or due to 
sampling position within heads may be reduced by sampling 
larger numbers of heads and larger amounts of seed from 
individual heads. If it is desirable to sample single seeds or 
small samples or if necessary as a result of self-incompatibil- 
ity or poor seed set for other reasons, error variation may 
be reduced by sampling seeds from the outer ring positions. 

ACKNOWLEDGMENTS 

F.K. Johnson, Cargill, Incorporated, furnished seed, and Michael 
Granlund provided technical assistance. 

REFERENCES 

1. Jellum, M.D., and J.E. Marion, Crop Sci. 6:41 (1966). 
2. Lambert, R.J., D.E. Alexander and R.C. Rogers, Ibid. "/:143 

(1967). 
3. Brim, C.A., W.M. Schutz and F.I. Collins, Ibid. "7:220 (1967). 
4. Granlund, M., and D.C. Zimmerman, Proc. N. D. Acad. Sci. In 

press. 
5. Bauman, L.F., T.F. Conway and S.A. Watson, Crop Sci. 5:137 

(1965). 
6. Pawlowski, S.H., Can. J. Genet. Cytol. 6:293 (1964). 
7. Zimmerman, D.C., and G.N. Fick, JAOCS 50:273 (1973). 

[Received July 10, 1973] 


