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ABSTRACT. Research was conducted in the years 1998-2001 at the Experimental Station of the Poznan
University of Life Sciences in Przybroda. One open pollinated variety — ‘Wielkopolski’ and two hybrid
varieties, ‘Frankasol’ and ‘Coril” were tested. The experiment was carried out each year, at a constant den-
sity of plants of 50 thousand-ha! and a constant amount of nitrogen fertilizer applied at 60 kg-ha'. Only
environmental factors were variable. Fruit was collected every seven days from the outer portion of the
head. It was collected for the first time a week after flowering. The following parameters were analysed:
the size of fruit, thousand achene weight and hull content.
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INTRODUCTION

In terms of the manner of utilisation in common
sunflower (Helianthus annuus L.) we distinguish orna-
mental, silage, confection and oil-bearing forms, and
among the above also older open pollinated varieties
and interline hybrids, created in the last 50 years and
produced by crossing selected inbred lines. Among these
forms oil-bearing sunflower is of the highest economic
value. After soy, palms and rape it is the most commonly
cultivated oil-bearing crop worldwide (MU$NIcK1 1999).
Achenes of oil-bearing forms contain large amounts of
fat, thus they are used in the production of edible oils
and margarines. This fat is characterised by a high con-
tent of linolic acid, an unsaturated fatty acid essential
in the healthy human diet (ANDRUKHOV et AL. 1975,
ZIEMLANSKI and BUDZYNSKA-TOPOLEWSKA 1991).

Numerous studies have been conducted worldwide
on the size of fruits (GUPTA and DAs 1997), their weight
and yield (ROBINSON 1974, MusNIckI 1975, TERBEA and
STOENESCU 1984), as well as their contents of chemical
compounds (DORRELL and WHELAN 1978, BURLOV and
SERBAJ 1988, KAFFKA et AL. 1982). However, this per-
tained only to the traits of achenes at the stage of pro-
cessing maturity. In contrast, there are very few studies
on quantitative and qualitative changes in fruits during
their ripening. Thus the author decided to undertake
such investigations growing sunflower under the Polish
climate conditions.

MATERIAL AND METHODS

Analyses were conducted at the Experimental Station
of the Poznan University of Life Sciences in Przybroda.
Objects of the study included a Polish open pollinated
variety (‘Wielkopolski’) and two hybrid varieties, i.e. one
French (‘Frankasol’) and one American (‘Coril’). The ex-
periment was conducted in successive years at a con-
stant plant density of 50 thousand-ha' and a constant
rate of nitrogen fertilizer application of 60 kg-ha. The
only variables were environmental factors (soil, fore-
crop and the set of weather conditions - Table 1). In the
first year of observations plants were sown on brown
soils, while in the next years plots were established on
black earths. Most frequently the arable layer had the
grain size distribution of light clay, which was charac-
terised by slightly alkaline or neutral reaction. Only in
1998 it was light acid. In contrast, the humus layer was
40-50 cm in depth. These soils were classified to qual-
ity classes III b and III a, of the cereal-fodder strong
complex or good wheat complex.

Fruits were collected from the outer portions of
the heads at 7-day intervals from 10 specimens from
two replications for each variety. The first sample was
collected a week after blooming of this inflorescence
section and the last at full maturity. In the 3-year ex-
perimental cycle size was measured each time on 30
fruits using a caliper, i.e. determining their length,
width and thickness. In the 4-year cycle the weight of
1000 achenes was determined, while in the last two
years of the study also the percentage content of hulls
in fruits was analysed. For this purpose samples of 100
whole achenes were first weighed and next epicarps were
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TABLE 1. Multiyear (1953-1992) month temperatures (°C) and precipitation (mm) in Przybroda and deviation in years

1998-2001
Multiyear (1953-1992) Temperatures Precipitation
Month
temperatures precipitation 1998 1999 2000 2001 1998 1999 2000 2001
v 7.4 34 3.8 3.2 6.1 0.8 8 38 -22 -2
\% 12.9 49 29 1.8 4.2 2.8 -12 =22 1 -42
VI 16.5 59 2.0 0.8 2.2 -0.7 20 26 -17 19
VII 18.0 78 0.9 3.6 -0.9 2.8 -28 -48 -7 -36
VIII 174 58 0.3 2.1 2.1 3.0 -1 -25 28 7
IX 13.5 45 1.1 4.9 -0.1 -14 29 -29 -11 49

removed and the weight of epicarps and seeds were de-
termined separately.

Variation in the traits of fruit size at different stages
of maturity was characterised following the recommen-
dations by KaLA (1996), using standard deviation and
the coefficient of variation. Regression equations were
calculated for data concerning weight of 1000 achenes
and their hull contents.

RESULTS

Fruit length in all varieties practically did not change
during their setting and ripening. This trait signifi-
cantly differed between cultivars, except for the second
date of fruit collection in the years 1999-2000. At each
measurement the longest achenes were found most fre-
quently in the hybrid cv. ‘Frankasol’, while the short-
est in cv. ‘Coril’. Sunflowers formed the smallest fruit
in the dry year of 1999. When analysing values of the
coefficient of variation it was found that cv. ‘Wielko-
polski’ always exhibited the lowest uniformity. Also in
that cultivar the value of standard deviation was most
frequently the highest (Table 2, Figs 1-2).

Fruit width increased between the first and second
week of their ripening. It was most evident in the year
2000. At the next measurements this trait increased
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F1G. 1. Changes of achenes length during formation and
ripening of fruits of three sunflower cultivars (averages of
1998-2001 years)
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F1G. 2. Changes of achenes length during formation and
ripening of fruits of three sunflower cultivars (averages for
three cultivars)

only sporadically. The width of achenes did not differ
significantly between varieties only in the second date
in the years 1999-2000 and in the sixth in 1999. This
trait in all the analysed sunflowers generally reached
the highest value in 2000, while the lowest in 1999. In
individual years of observations most frequently with
widest fruits were observed in cv. ‘Wielkopolski’, with
this cultivar also being characterised by their biggest
variability (Table 2, Figs 3-4).
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Fi1G. 3. Changes of achenes width during formation and
ripening of fruits of three sunflower cultivars (averages of
1998-2001 years)
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F1G. 4. Changes of achenes width during formation and
ripening of fruits of three sunflower cultivars (averages for
three cultivars)

Fruit thickness increased also markedly between the
first and second week of measurements. These differ-
ences were most evident in the last year of the study.
At the successive collections of achenes the thickness
increased very rarely. Each year none of the sunflow-
ers exhibited any marked tendency towards the forma-
tion of the thickest fruits. Starting from the third year
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FiG. 5. Changes of achenes thickness during formation and
ripening of fruits of three sunflower cultivars (averages of
1998-2001 years)
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F1G. 6. Changes of achenes thickness during formation and
ripening of fruits of three sunflower cultivars (averages for
three cultivars)

of achene collection, also the smallest were formed in
1999. Cultivars only in the fifth and sixth dates of dates
in 1999 and in the third and last in the next season
were not significantly varied. Values of standard devia-
tion and the coefficient of variation were not uniform
for individual cultivars (Table 2, Figs 5-6).

The weight of 1000 achenes in each of the observed
varieties increased markedly in the course of their rip-
ening. The biggest changes were observed between the
first and fourth week from flowering. In turn, growth
dynamics in the weight of 1000 fruit decreased between
the fourth and sixth measurement dates, when it already
stabilized in the cv. ‘Wielkopolski’ and ‘Frankasol’, but it
continued to increase in hybrid ‘Coril’. At the first date
the heaviest achenes were recorded in cv. ‘Wielkopol-
ski’, while in the next ones, except for the last, fruits of
sunflower cv. ‘Frankasol’ dominated in terms of weight
(Fig. 7). In the years 1998-2000 achene weight increased
from the first to the sixth week, while in 2001 it was
increasing up to the seventh sampling date (Fig. 8).

The percentage hull content dropped markedly
in all compared cultivars between the first and third
week from flowering. Between the third and fifth date
of fruit collection the dynamics of changes in this trait
was smaller and from that time it remained at a similar
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F1G. 7. Changes of 1000 achenes weight during formation
and ripening of fruits of three sunflower cultivars (averages
of 1998-2001 years)
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F1G. 8. Changes of 1000 achenes weight during formation
and ripening of fruits of three sunflower cultivars (averages
for three cultivars)
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level. The hybrid cv. ‘Coril’ was always characterised by
the smallest percentage hull content, while in the last
weeks before harvest sunflower cv. ‘Frankasol’ had the
biggest amount of hulls (Fig. 9). Changes in their con-
tent were similar in both years. In the year 2000, at the
beginning and at the end of sample collection, achenes
had the lowest percentage of hulls than in the next sea-
son (Fig. 10). In the first week after flowering the coat

T T
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Husk (%)

Weeks after flowering begin

F1G. 9. Changes of husk content during formation and rip-
ening of fruits of three sunflower cultivars (averages of
2000-2001 years)
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F1G. 10. Changes of husk content during formation and rip-
ening of fruits of three sunflower cultivars (averages for
three cultivars)

accounted for as much as 65% fruit weight, while at pro-
cessing maturity it was approx. 23%.

DISCUSSION

Among numerous studies concerning sunflower
fruits only four publications were found in available lit-
erature on quantitative changes in achenes during their
ripening. FEDEROWSKA (1971) conducted her studies
on older open pollinated varieties. Her investigations
showed that weight of 1000 achenes increased with the
passing ripening period. At semi-technical maturity it
was 71-90.5 g, while at the full ripening stage it was
87-96.3 g. This thesis was also confirmed in this study.

FEDOROWSKA (1971) analysed also pericarp content in
fruits and stated that its highest share was recorded at
the semi-technical stage, while the lowest was found
at full maturity. The earlier achenes were collected for
analyses, the higher the hull percentage was, which was
confirmed in this study.

Jovanovic (1988) investigated changes in 1000
fruit weight in two hybrid varieties (NS-H-Helios and
NS-H-43). He collected achenes at every 10 days, start-
ing from the 20th day after the completion of flowering,
until physiological maturity was reached. The weight of
1000 seeds was definitely higher in the outer part than
in the central part, but only in one hybrid it stabilized
already at the 30th day, while in the other it increased
up to the last measurement. VASILIEV (1990) showed
that with fruit ripening the weight of 1000 seeds sta-
bilized around the 30th-35th day after overblowing.
DORRELL (1978) collected achenes from open pollinated
varieties every seven days, in the first year starting from
the 21st day after flowering to day 49, while in the other
starting from the seventh to 27th day and on the 49th
day. He investigated the effect of harvest date on fruit
weight. The biggest 1000 seed weight was found on the
35th day from flowering. The author recorded incon-
sistent results for hull percentage. In the first year of
the study it stabilized on day 28, while in the second it
decreased up to the 49th day. In this study the percent-
age hull content stabilized around the 35th day from
overblowing, but the weight of 1000 fruit increased up
to the last harvest date (49th day).

CONCLUSIONS

1. The size of achenes (length, width and thickness)
generally significantly differentiated the analysed vari-
eties. Length was least varied during fruit formation.
Width and thickness of achenes increased between the
first and the second week of their maturing.

2. Most frequently the longest fruits were observed
in a hybrid cv. ‘Frankasol’, while the shortest in cv. ‘Co-
ril’. The widest achenes were formed by sunflower cv.
‘Wielkopolski’. It was also the most variable in terms of
fruit length and width.

3. Weight of 1000 fruits in each of the observed cul-
tivars increased markedly with their ripening. The big-
gest changes were observed between the first and the
fourth week from flowering. In turn, the dynamics of
increase in the weight of 1000 achenes decreased be-
tween the fourth and the sixth week of measurements.
The heaviest fruits were most frequently observed in
sunflower cv. ‘Frankasol’.

4. The percentage hull content decreased consid-
erably in all the compared varieties between the first
and the third week from flowering. Between the third
and the fifth date of achene collection the dynam-
ics of changes was already lower. Cultivar ‘Coril’ was
always characterised by the lowest percentage hull
content.

5. Dynamics of quantitative changes in achenes was
similar in all years of the study and only the limited
amount of precipitation in 1999 had a negative effect
on fruit size.
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