
RELATIONSHIPS BETWEEN SEED OIL PERCENTAGE AND KERNEL OIL
PERCENTAGE  & KERNEL PERCENTAGE  (w/w)  AS AFFECTED BY PLANT

DENSITY & SOLAR RADIATION INTERCEPTED DURING GRAIN FILLING IN
SUNFLOWER

Nolasco S.M.1, Dosio G.A.A.2, Riccobene I.C.1, Santalla E.M.1 and Aguirrezábal L.A.N.2

1 Grupo de Investigación TECSE, Departamento de Ingeniería Química, Facultad de Ingeniería,
U.N.C.P.B.A. Av. Del Valle 5737,  B7400WJI Olavarría,  Provincia de Buenos Aires,  Argentina.
Tel.-Fax. (0054-02284) 451055/56.   E-mail: snolasco@fio.unicen.edu.ar
2 Unidad Integrada FCA-UNMP/EEA-INTA, Ruta 226,  km 73.5,  Balcarce, Buenos Aires, Argentina.
E-mail: laguirre@mdp.edu.ar

ABSTRACT

The oil percentage of sunflower whole seeds is a main component of its industrial quality.  Its

variations can originate in changes in the kernel oil percentage or in the kernel proportion in

the whole seed.  Seed  oil percentage has been increased by genetic improvement mainly by

changes in kernel percentage. On the other hand, oil percentage could be highly modified by

environmental factors and plant growth conditions. It has been less investigated which

components of seed oil percentage account for its changes in these cases.  This knowledge

could be important for industry.

In this  work, we investigated if changes in oil percentage of the whole seed originated by

effects of variations in plant density and solar radiation intercepted by plant during seed

filling are linked to changes in the oil percentage of kernel or in the proportion of kernel.

Three hybrids with different oil potential content (Dekalb G-100, Aromo and Contiflor 3)

were grown in field conditions at four plant densities (12000, 19000, 32000 and 55000

plants/ha). The solar radiation intercepted by a plant of Dekalb G-100 was modified by

thinning or shading the crops.

Modifications in plant density and intercepted solar radiation varied the seed oil percentage.

In all cases, these changes were not related to the percentage of kernel in the whole seed.

Otherwise,   the   kernel   oil   percentage   and   seed   oil   content   were positively related.

It is concluded that  variation in seed oil percentage in sunflower seeds by effects of plant



density and solar radiation intercepted are largely originated in changes of the kernel oil

content.

I N T R O D U C T I O N

The oil percentage in sunflower seeds (Helianthus annuus L)  determine the industrial yield
and their commercial value.  This percentage has been significantly increased by the genetic
improvement (Fick, 1978; Fick and Zimmerman, 1973; López Pereyra et al, 1999).  Different
environmental factors may also affect it (Dosio et al, 1995; Villalobos et al, 1996; Riccobene
et al., 1997).
In the sunflower seed, the pericarp (hull) constitutes an important fraction (Sadras and
Villalobos, 1994).  As the oil concentration in the pericarp is low, changes in the oil
percentage of the whole seed can be mainly originated by variations in the oil percentage of
the kernel or the kernel proportion in the whole seed.  In industry it is important to know
which of both factors explains these variations as they can affect the dehulling and the volume
of the raw material to be processed. On the other hand, the processes which determine the oil
accumulation in the fruitbeing not well known, it becomes an interesting theme to be
investigated.
Oil content modifications by genetic improvement have been explained in about two thirds
parts  by variations in the kernel proportions and the other third by variations in the oil
content of the kernel (Fick and Miller, 1997). On the other hand, the kernel percentage of
several sunflower genotypes, grown in different environments, nitrogen and hydric
availabilities  showed a remarkable little variation (Merrien et al, 1992).  However the
environment may also affect the kernel percentage.  A lesser contribution of  assimilates to
the seed (as it may be generated by a photosynthesis decrease due to  a lower radiation
interception) may affect distinctively  the growth of the hull and the kernel as the hull final
weight is defined before, while the kernel weight continues increasing (Aguirrezábal et al,
1996 ; Connor and Hall, 1997).
Framed in an interdisciplinary project whose aim is to study the environmental factor effects
on  both sunflower seed and oil quality, the objective was to investigate if the effects of the
plant density and the solar radiation intercepted by the plant during the seed filling on the oil
percentage in different hybrids are expressed by a modification of the kernel percentage in
fruit or the oil concentration in kernel.

M A T E R I A L S    A N D     M E T H O D S

Experiments were conduced at the INTA Balcarce Experimental Station, Argentina (37º 45’ S
y 58º 18’ W).
Experience I: Influence of photosyntetically active radiation  (PAR) intercepted by plant
during seed filling.
The hybrid Dekalb G-100 (high oil percentage potential and black pericarp) was sowed on
30th November 1993 (Experiment A: 72000 plant/ha) and on 14th November 1995
(Experiment B: 45000 plant/ha).  The experiments were split-plot designs, assigning hybrids
to main plots and treatments to subplots, with four (Experiment A) and three (Experiment B)
replicates. A more detailed description is found in Dosio et al (2000).
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In order to cause an important variation in the radiation intercepted by the plant during the
seed filling stage,  after of  the end of flowering  the following treatments were applied:
1. 50 % uniform shading with black neutral mesh (treatment S)
2. Untreated control (treatment UC)
3. Shading and thinning reducing  the original plant density  (treatment ST)
4. Uniform thinning (treatment T).
Due to these treatments variations of the PAR intercepted by plant  between the treatment
application and physiological maturity considering the treatment UC value (22,94 and 67,53
MJ per plant in A and B respectively) as the 100%, the treatments S, ST and T showed values
of 53, 149 and 324% in A and 44, 92 and 158% in B,  respectively.
In physiological maturity five heads per plot were harvested, thus constituting a sample by
plot.
Experience II: Influence of plant density.
During the campaign 1996/1997 seeds of Dekalb G-100 (high percentage of potential oil),
Contiflor 3 (low percentage of potencial oil) and Aromo (high  percentage of potential oil and
high oleic) were grown in field conditions at four plant densities: 12000, 19000, 32000 and
55000 plants/ha. The experiment was split-plot design. Ten plants in each plot were harvested
in physiological maturity.
Physical-chemical determinations:
The head were threshed.  Seeds were manually separated from impurities.  In Experiments I
and II, the moisture content of the hull, kernel and whole seed in the samples was determined
according to the Official Method 14003, AOAC (1980). The hull was manually separated and
weighed. The oil percentage in both whole seed and kernel by nuclear magnetic resonance
(NMR, Newport Analyser, Magnet Type 10. Oxford Instruments; Robertson and Morrison,
1979).  All the results are expressed in dry weight basis as average of triplicates.

R E S U L T S
I) Influence of solar radiation intercepted during seed  filling.
The oil percentage values in whole seed were higher in 1996 than in 1994 (on average 49 %
vs 45 %). The oil percentage in G-100 was affected by treatments applied in both
experiments, originating important variations in it (the difference between the extreme
treatments S and T was 8.2% and 5.8% for the experiments A and B respectively).
In both experiments, the seed oil percentage and the kernel oil percentage of the G-100 hybrid
were positively  related (Fig 1).  The adjustment of the data to a lineal regression model
showed high values of the determination coefficient (R2=0.91, n=16, p<0.0001 for experiment
A and R2=0.85,  n=12,  p<0.0001 for experiment B).

For both experiments together, if

 y = % Oil seed

    x = % Oil kernel,

y = 0.9445 x – 11.43

r2 = 0.93

n = 28



Figure 1.  Influence of solar radiation intercepted during seed filling; seed oil percentage vs kernel oil percentage

In experiment A the kernel percentages  in the whole seed varied from 72% to 77% and the
seed oil percentages ranged from 40% to 50% whereas in experiment B the percentages
varied from 73% to 77%  and from 44% to 51% , respectively (Fig 2). The kernel proportion
in whole seed and the seed oil percentage  were not significantly related in any of the
experiment (R2=0.16,  n=16,  p=0.113; R2=0.07;   n=12, p=0.422  for experiments A and B
respectively) or in experiments A and B together (R2=0.17,  n=28,   p=0.11).

Figure 2. Influence of solar radiation intercepted during seed filling:

Seed oil percentage vs kernel percentage in seed

II) Influence of the plant  density
The oil percentage values obtained in Contiflor 3 hybrid for any density were rather lower
than the values obtained in hybrids with high percentage of potential oil (40.72% average for
Contiflor 3 vs. 48,72% average for the other two hybrids as a whole).
The plant density affected the oil percentage of both the seed and the kernel which were
related in a lineal way in G-100 (R2=0.72, n=12, p<0.001, Fig 3,)  as well as in high oleic
genotype (R2=0.64,  n=12,  p=0.001, data not presented).  The relationship between the oil
percentage in fruit and kernel in the hybrid Contiflor 3 was also increasing although some
points slightly set apart from the lineal tendency (data not presented).
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Figure 3. Influence of the plant  density : Variation in seed oil percentage  vs kernel oil percentage

The relationship kernel/seed was lower in the hybrid with a low oil potential content (lower
kernel/seed weight relation) in comparison with hybrids with a high oil content (traditional
and high oleic).
None of the hybrids studied was significantly affected on the kernel/seed relation by the plant
density.  Differences between the extreme densities of 3% for G-100; 0.42% for Aromo and
0.26% for Contiflor 3 were detected. The kernel proportion in seed was not significantly
related with the oil percentage values in seed in any of the three hybrids (R2=0.005,  n=12,  p=
0.819; R2=0.03,  n=12,  p= 0.579 and R2=0.07,  n=12,  p= 0.379 for G-100, Aromo and
Contiflor 3 respectively).

D I S C U S S I O N

Variations in the oil percentage in the seed of the tested genotypes were explained by the
changes  of the oil percentage in kernel, independently of the treatment which provoked it
(variations in the density or in the radiation intercepted by plant).
Similar kernel proportion in seed was found in plants grown in very different densities, thus
coinciding with our previous research work in the hybrid G-100 for an extense range of
densities (14000-103000 plants/ha, Riccobene et al, 1997). This behaviour was slightly
modified only for the hybrid Contiflor 3. Interestingly, the kernel proportion was not modified
in spite of important changes in the seed number (data not presented) and the fruit weight (up
to 45% in G-100, 54% in Contiflor 3 and 46% in Aromo) presented by the heads of the
different treatments (data not presented).  Likewise Villalobos et el (1996) reached a
pericarp/seed relation of 0.23 for plants grown without hydric and nutritional differences for a
wide range of densities and fruit number per head.
The kernel proportion in seed was not modified by changes in the PAR intercepted which
affected the seed weight and in some cases the fruit number too (Dosio et al, 2000)  The
kernel proportion varied slightly (between 73-76%) considering that the seeds were produced
under different meteorological conditions (1994 and 1996) and variations in the PAR
intercepted by plant was important in both experiments.  The kernel proportion was not
modified in seeds set in different sectors of the head of plants which intercepted different
radiation levels during the seed filling stage (Santalla et al, unpublished). In the research work
mentioned, most of the variability in the oil percentage between sectors of the same treatment
was explained by variations in the kernel oil percentage.
The hull weight was finally defined at the beginning of the seed filling stage before the kernel
weight was established (Hall et al, 1985; Villalobos et al, 1996) and shortly after the
application of our treatments in the study in which the PAR intercepted by plant during the
seed filling was modified.  A little variation in the kernel/fruit relation was found in this work,
in spite of the unsynchronization between the moments in which both final weights were
defined, thus suggesting that the kernel final size may be then determined by the hull final
size.  More investigation about this topic would be necessary.



C O N C L U S I O N

The kernel proportion in seed of the same genotype plants was stable in plants exposed to
different growing conditions, with important modifications in the relations between the
sources and the sinks, etc. thus coinciding with previous investigations (Merrien et al, 1995).
Modifications in the oil percentage due to the effects of  environmental factors were mainly
originated by variations in the oil concentration in kernel. Our results suggest that the
knowledge of the oil concentration determination may be increased by studying the
accumulation dynamic of the chemical components which constitute the kernel (oil, proteins,
etc.) and how the environment modifies this dynamic.
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