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ABSTRACT. Changes in shoot length during development of two hybrid cultivars and one popula-
tion cultivar of oilseed sunflower were compared in 3-year trials. Effects of cultivar, climatic
factors, sowing density, and fertilization on plant height were analysed. In the conducted experi-
ments, hybrid cultivars had higher shoots than cultivar ‘Wielkopolski’ since the first studied
developmental stage (star stage). However, the large plant height does not have a positive effect
on their agronomic value. Results of this study show that sunflowers were the highest in 1999 at
all developmental stages, which resulted from more favourable weather conditions and soil type.
The lowest final plant height was recorded when sunflowers were grown on brown-earth soil.
This study confirms that increased sowing density caused a stronger elongation of shoots since
the earliest developmental stages.
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Introduction

Considering their application, cultivated forms of sunflower (Helianthus annuus L.)
can be divided into ornamental, fodder, gnawing, and oilseed cultivars. They can be
further subdivided into population cultivars (older) and hybrid cultivars (bred in the last
four decades by crossing selected inbred lines). Among them, oilseed sunflower is most
important in terms of economy. It is one of the most widely cultivated oil crops in the
world, ranking fourth after soybean, palm and rape (Musnicki 1999). Even in Poland,
where the climate is colder than its thermal requirements, sunflower yields more than
any other summer oil crops (Mus$nicki et al. 1997).

The species comes from the south-western USA and northern Mexico (Podsolnech-
nik... 1975). The first records on its introduction to Europe date back from 1510, when
it appeared in Spain. However, till the late 18th century, it was mainly an ornamental
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plant, although its seeds were also eaten (Nowinski 1970). As an oil crop it started to be
cultivated on a large scale in the early 19th century (Gonet 1976).

The objective of this study was to analyse the growth dynamics of population and
hybrid cultivars at various stages of development. Hybrids are commonly believed to
have less variable habit than population cultivars (Fick and Swallers 1972, Pirani
1980, Vranceanu et al. 1987, Luczkiewicz 1993 b, Mus$nicki and Tobola 1996,
Maruthi et al. 1998), but only few strictly controlled experiments have involved new
hybrids. In this study, the above hypothesis was verified at early stages of development
of sunflower, by analysing effects of environment and agrotechnical factors on plant
height and its heritability.

Material and methods

The experiments were carried out in 1997-1999 in the Experimental Station at Przy-
broda near Szamotuly (Wielkopolska). Precipitation and temperature were recorded
there (Table 1). Sum of precipitation in the growing season of sunflower (April-Sep-
tember) was the lowest in 1999, while in 1997 and 1998 it was close to the mean of
1953-1997. By contrast, sums of daily temperatures in that season in the three study
years were higher than the mean of 1953-1997.

Table 1
Weather conditions in the growing season of sunflower (April to September)
Warunki pogody w sezonie wegetacyjnym stonecznika (kwiecien-wrzesien)
Year — Rok Mean
V\P/eather paramet(;:rs of 1953-1997
arametry pogody 1997 1998 1999 Wielolecie

Sum of precipitation (mm) 329.1 337.6 262.5 327.2
Suma opaddéw (mm)

Sum of average daily temperatures (°C) 2 878 2 954.6 3119.2 2615.3
Suma $rednich temperatur (°C)

The study involved one Polish population of the ‘Wielkopolski’ cultivar and two
hybrid (F1) cultivars: ‘Frankasol’ (French) and ‘Coril’ (American). Two levels of fer-
tilization were applied (60 and 120 kg N/ha), and three levels of sowing density (50, 75,
and 100 thousand/ha). Consequently, the sunflower cultivars were sown in a random-
ized block design with 18 combinations and two replicates.

In 1997 and 1999, the experiments were established on very fertile black-earth soils,
whereas in 1998 on fertile brown-earth soils. The ploughing layer of black-earth soils
was slightly alkaline and had a mechanical composition typical of light clay. By con-
trast, the brown-earth soils were slightly acidic and had a mechanical composition typi-
cal of strong clayey sand. In 1997, sunflower was sown after phacelia, in 1998 after
summer wheat, and in 1999 after winter barley. The soil was cultivated every year ac-
cording to the standard agrotechnical methods (Mus$nicki 1999). Sunflower was sown



Plant height at different developmental stages... 95

always in late April, i.e. within the recommended period for this species (Horodyski
and Musnicki 1985).

Plant height at successive developmental stages was measured from the soil surface
to the top of the plant (flower head), at 2-week intervals, with a scaled meter, which was
2.5 m long. At each stage, 25 individuals in the two middle rows were measured in each
of the 18 plots in two replicates, which gave in total 100 individuals for each combina-
tion, and 1800 for the whole experiment. The measurements were taken from the star
stage (phot. 1), i.e. beginning of flower head formation, usually about 1.5 month after
sowing, till the end of flowering of all individuals in the plot. The last measurement, of
this type, determined as final height, was taken at the stage of technical seed ripeness.
Other parameters presented in tables were measured during budding (phot. 2), at the
beginning and end of flowering (phot. 3), and at the beginning of seed ripening (phot. 4).

The analysis of plant height variability at successive developmental stages was char-
acterized, as recommended by Kala (1996), by standard deviation (absolute variability),
and variation coefficient (relative variability). The variability of cultivars formed the
basis for assessing heritability (h?) in the general sense, according to the method sug-
gested by Plochinski (1968) and Bos and Caligari (1995), expressed as the ratio of sum
of squares of genetic variation (sums of squares of cultivars) to the sum of squares of
total variation.

Results

Plant height at each of the studied stages of development, was significantly affected
by cultivar type, sowing density, climatic factors, and soil type. By contrast, fertilization
affected this trait only at the flowering stage and at the final measurement. Among the
three cultivars, ‘Wielkopolski’ always had the shortest shoots, whereas ‘Frankasol’
exceeded ‘Coril’ in this respect during the flowering stage. At the first two of the stud-
ied developmental stages, plant height was the smallest in 1997. In 1998, from the flow-
ering stage till the end of the experiment, plant height was markedly lower than in 1997
and 1999. This was probably due to a lower precipitation in July and a different soil
type. In 1999, throughout the experiment, plant height was higher than in other years.
A higher sowing density always resulted in a stronger elongation of shoots. When the
rate of fertilization was increased, plant height was slightly lower (Table 2).

During the first five measurements, standard deviation was usually greater in “Wiel-
kopolski’ than in other cultivars. As the plants were growing, values of standard deviation
were increasing. As a rule, ‘Wielkopolski’ had also the highest variation coefficients.
Every year the least variable cultivar was ‘Coril” during the first two measurements, and
‘Frankasol’ during the last three measurements. Final height was characterized by rela-
tively high values of standard deviation, especially in ‘Coril’. However, the variation
coefficient, expressed in percentage, was markedly lower in both hybrid cultivars,
probably because their shoots were generally much higher than in ‘Wielkopolski’. The
studied cultivars, in all years of observations, significantly differed from one another.
The greatest height increments were always recorded between the star stage and bud-
ding (40-50 cm) and between budding and the beginning of flowering (50-70 cm). During
the last two measurements, plants were slightly lower than just after flowering, because
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Sunflower plant height at successive developmental stages, depending fable?
on the level of analysed factors (1997-1999)
Wysokos¢ stonecznika w réznych terminach pomiaréw w zaleznosci
od poziomu analizowanych czynnikow (1997-1999)
Experimental factors Plant height (cm) — Wysoko$¢ ro$lin (cm)
Czynniki
dos$wiadczenia 7-11.06 | 21-25.06 | 5-9.07 | 19-22.07 | 2-6.08 kogggfya
Cultivars — Odmiany
Wielkopolski 22.1 65.8 118.0 127.6 124.8 124.2
Frankasol 26.7 76.9 148.5 183.1 183.2 182.4
Coril 30.0 82.1 148.1 173.1 170.6 169.3
NIRyp s — LSDy 5 0.38 0.71 0.77 0.92 0.96 0.85
Plant density — Zaggszczenie
50 000/ha 25.2 68.8 128.8 149.0 146.5 146.3
75 000/ha 26.1 75.1 139.9 163.5 162.0 160.9
100 000/ha 27.6 81.0 145.8 171.2 170.1 168.8
NIR y5 — LSDy o5 0.38 0.71 0.77 0.92 0.96 0.85
Fertilization — Nawozeni
60 kgN/ha 26.4 75.2 138.4 162.1 159.4 159.5
120 kgN/ha 26.1 74.7 138.0 160.4 159.7 157.8
NIR p5 — LSDy o5 - - - 0.75 - 0.70
Environment — Srodowisko
In year — w roku 1997 19.8 62.4 132.9 162.9 162.0 163.1
In year — w roku 1998 26.8 75.3 125.5 138.2 137.0 135.1
In year — w roku 1999 32.1 87.1 156.1 182.8 179.7 177.8
NIR .95 — LSDy y5 0.38 0.71 0.77 0.92 0.96 0.85

flower heads bent downwards during seed ripening. Generally the lowest variation dur-
ing those two measurements was recorded in 1998, because plant height in all combina-
tions was the lowest in that year. Interaction between year and cultivar was always sig-
nificant. Final plant height ranged from 105 cm to 204 cm (Table 3).

In the structure of plant height variability at the star stage and budding stage, contri-
butions of environment factors and individual (random) factors were the largest. At the
later stages of development, genetic effects dominated, which means that heritability of
this trait was gradually increasing, while the impact of environment and random factors
was decreasing (Table 4).
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Table 3

Characteristics of plant height variability of three cultivars
at successive developmental stages
Charakterystyka zmienno$ci wysokosci trzech odmian mierzonej w réznych terminach

Arithmetic mean

Standard deviation

Variation coefficient

Oc(lilrlrii:i; Srednia arytmetyczna | Odchylenie standardowe |Wspotczynnik zmiennosci
1997 | 1998 | 1999 | 1997 | 1998 | 1999 | 1997 | 1998 | 1999
07-11. 06 (Star stage — Gwiazdka)
Wielkopolski | 16.1 22.9 27.1 4.14 4.89 472 | 257 21.4 17.4
Frankasol 20.4 27.6 32.0 4.40 5.02 533 | 21.6 18.2 16.7
Coril 22.5 30.0 37.1 4.45 4.44 5.40 | 19.8 14.8 14.6
LSDy 5 0.47 0.69 0.61 X X X X X X
21-25.06 (Budding — Pakowanie)
Wielkopolski | 54.3 67.1 75.6 | 10.9 10.6 12.1 20.1 15.8 16.0
Frankasol 64.4 78.3 88.1 | 10.6 7.68 | 12.0 16.5 9.80 | 13.6
Coril 66.8 80.4 98.2 10.0 6.37 | 11.7 14.9 793 | 11.9
LSDy 5 1.01 1.10 1.14] x X X X X X
05-09.07 (Beginning of flowering — Poczatek kwitnienia)
Wielkopolski | 115.8 | 105.2 | 132.6 14.4 11.1 15.1 12.4 10.5 11.4
Frankasol 142.3 | 137.0 | 166.1 | 11.8 820 | 135 8.30 5.99 8.14
Coril 139.6 | 1342 | 170.0 12.0 7.85 | 14.7 8.57 5.85 8.65
LSDy 5 1.17 1.07 126 x X X X X X
19-22.07 (End of flowering — Koniec kwitnienia)
Wielkopolski | 131.6 | 110.2 | 140.6 17.2 12.4 18.0 13.1 11.2 12.8
Frankasol 184.6 | 1553 | 2094 | 14.8 11.6 14.8 8.04 7.46 7.07
Coril 170.9 | 149.1 | 1994 16.3 11.2 19.1 9.55 7.54 9.57
LSDy 5 1.34 1.46 143 x X X X X X
02-06.08 (Beginning of ripening — Poczatek dojrzewania)
Wielkopolski | 128.1 | 107.9 | 137.6 | 17.5 12.4 17.5 14.0 11.5 12.7
Frankasol 186.6 | 1554 | 2074 | 17.2 11.5 14.8 9.36 7.37 7.15
Coril 169.4 | 147.8 | 195.0 17.5 11.3 18.3 10.5 7.68 9.40
LSDy 5 2.02 1.44 141 X X X X X X
Final plant height — Wysoko$¢ koncowa
Wielkopolski | 129.3 | 105.0 | 1374 | 16.9 134 17.8 13.1 12.8 13.0
Frankasol 188.8 | 153.9 | 2044 | 17.0 12.0 15.2 9.03 7.83 7.42
Coril 169.7 | 1463 | 191.5 17.3 13.3 18.9 10.2 9.09 9.87
LSDy 5 1.38 1.46 147 x X X X X X

LSD = Least Significant Difference.



98 M. Kluza-Wieloch

Table 4
Contributions (%) of environment, agrotechnical and genetic factors to the shaping of plant
height variability at successive developmental stages (1997-1999)
Udzial czynnikéw Srodowiska, agrotechniki i odmian (%) w ksztaltowaniu zmiennosci
wysokosci roslin w ré6znych terminach pomiaréw (1997-1999)

Data Source of variability — Zrodto zmiennosci
of measurement | environment | agrotechnical | genetic | interactions | random factors
Data pomiaru srodowisko | agrotechnika | genotyp | interakcje | zmienno$¢ losowa
7-11.06 42.8 1.7 18.2 2.7 34.6
21-25.06 39.9 9.8 18.1 4.8 27.3
5-9.07 325 9.4 389 3.4 15.8
19-22.07 28.6 7.3 50.3 3.6 10.2
2-6.08 25.6 8.0 52.4 34 10.6
Final — Koncowa 26.2 7.4 52.0 3.2 11.2
Discussion

There are few reports on plant height at successive developmental stages of sun-
flower. Luczkiewicz (1973) reported that heritability of this trait does not change dur-
ing plant growth. This contrasts with results of the present study. Fraszewska (1962), in
research on population cultivars, observed at the budding stage the largest daily incre-
ment, reaching up to 7 cm. Faiguenbaum and Baginsky (1992) in their experiment
sowed sunflower achenes of various size and measured plant height after 11 and 22
days. Shoots developed from larger achenes were heavier but had a similar length as
those from smaller achenes.

Plant size is one of the most variable traits in cultivated sunflower. In this respect,
the species is divided into dwarf (> 60 cm), very low, low, moderately high, and very
high forms (> 250 cm). For practical reasons, low and uniform cultivars are preferred,
as their mechanical harvesting is easier (Suncokret 1988). Fabry (Olejniny... 1992)
determined the range of final height of oilseed forms as 40-200 cm Vranceanu
(Floarea... 1974) as 80-260 cm, Pustovojt (Podsolnechnik... 1975) as 60-200 cm, and
Vasilev (1990) as 60-250 cm. Only fodder sunflower can reach up to 500 cm in height
(Gonet 1976).

Experiments conducted by the Centre for Research on Crop Cultivars (Wyniki
doswiadczen...) showed that the mean plant height of cultivar “Wielkopolski’ in 1979-
-1981, 1991-1994 and 1992-1995 was 112, 114 and 119 cm, respectively, while that of
cv. Frankasol, which was analysed in the last two experiments, reached 140 and 161 cm.
In the present study, the mean value for ‘Wielkopolski’ was insignificantly higher than
reported by COBORU, while the hybrid Frankasol was characterized by shoots up to 40
cm higher. Musnicki (1975) presented data on plant height of ‘Wielkopolski’ grown on
three different sites, where it reached on average 114 cm, so it was 10 cm lower than in
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the present study. Another population cultivar — ‘Czernianka 66’ — reached only 98 cm.
Older population cultivars studied by Fraszewska (1962), reached over 160 cm, while
those studied by Fedorowska (1971), were on average 115 and 150 cm high. Dembin-
ski et al. (1971) estimated that the mean plant height in various sunflower cultivars
ranged from 78.7 cm to 142.3 cm. However, untended plants were smaller. Various
foreign cultivars compared by Kloczowski (1967 a) were 73.9-168 cm high, while new
hybrids bred by him reached a mean height of 120 cm (Kloczowski 1967 b). In the
work carried out by Kloczowski and Kolodziejczak (1967), sunflower shoots reached
111.7-153.7 cm, whereas in experiments conducted by Marjanac (1988), plant height
varied from 132 cm to 238 cm. Khan et al. (1999), who evaluated hybrids, found that
the highest cultivar, which was the most suitable for cultivation, reached 131 cm in
height. In trials carried out by Suzer (1998), sunflowers reached on average 157.6 cm,
while in a work by Zhang Yund (1988), the plants reached 178-217 cm.

As in the present study, Vranceanu et al. (1987) and Tobota and Mus$nicki (1997)
noted that hybrid cultivars greatly exceeded population cultivars in respect of plant
height. By contrast, in a comparative experiment with hybrids and population cultivars
grown on dry and sloping sites, hybrids were lower than population cultivars (Pirani
1981). Also Todorov et al. (1987) found that population cultivars were 20-40 cm higher
than hybrids. Similar conclusions were drawn by Kotovska (1987). Plant height in both
groups of cultivars was about 160 cm, and the highest was a Soviet population cultivar
Peredovik, considered as a model cultivar. High temperatures and lack of rainfall lim-
ited their growth. Similar investigations were conducted by Georgev et al. (1990 b).
Always the highest was Peredovik (~180 cm), while hybrids were on average 150 cm
high, so they were more suitable for mechanical harvesting. In another work, Georgev
et al. (1990 a), hybrids were characterized by about 10-30 cm shorter shoots.

Derco and Vrtalik (1975) found that shoot length in the studied cultivars varied
from 157.5 cm to 224.5 cm, depending on year and locality. Also Liang Guo-Zhen
(1988) noted large differences between localities and between cultivars in respect of
plant height, which ranged from 138 cm to 245 cm. This was confirmed by Todorov et
al. (1987), who found that the mean plant height of the analysed cultivars was 150 cm.
Tanimu et al. (1988) reported that shoot length was not affected by site conditions.
Rizzo and Di Bari (1988) noted that intensive and frequent irrigation, started at the
budding stage, caused an increase in plant height. This was confirmed by Salera and
Baldini (1998), who observed significant environmental effects on this trait. The maxi-
mum plant height in an experiment conducted by Chaudhry et al. (1998) was 173.3
cm, but non-irrigated sunflowers were always lower. The same was noted by Miller et
al. (1984), Guiducci (1988) and Sadras et al. (1993). Deibert and Utter (1989) in their
study found that sunflowers were higher when tillage and precipitation were limited
than in the following year, when conventional tillage and irrigation were applied. Other
authors revealed that plant height may be also affected by light level (Villalobos et al.
1992, Goyne and Schneiter 1987), day length and temperature (Goyne and Hammer
1982), defoliation level (Ahmad et al. 1998), sowing date (Yadava and Singh 1978,
Unger 1980, Lanza et al. 1988, Maiorana et al. 1988, Ahmad and Quresh 2000),
application of herbicides (Stoimenova 1982), thinning (Miller and Roath 1982), meth-
ods of cultivation (Gonzalez-Fdez et al. 1988), and heating of pollen grain during pol-
lination (Ljach et al. 1998).

As in the present study, Tobola et al. (1991) found that plant height of ‘Wielkopolski’
was the lowest when sowing density was 50 thousand/ha. An increase in plant height
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with increasing sowing density was observed also by Goksoy et al. (1998). This was
confirmed by Chalermpone-Sampet et al. (1988), who evaluated several hybrids and
did not detect any significant differences between them. Ahmad and Quresh (2000)
noted that the differences resulting from uneven sowing density became visible as late
as in the middle of the flowering period and during seed ripening. Also Robinson et al.
(1980) reported that a rise in sowing density was accompanied by a rise in plant height
and resistance to lodging, which was confirmed by Miller et al. (1984). Karami (1977)
found that plant height declined with growing intervals between irrigation and with
decreasing density. Radenovic (1983) observed that if sowing density increased from
31 to 67 thousand/ha, then the mean plant height increased from 140 to 161 cm. Wan-
tana-Waratanakun (1984) noted that mean shoot length (167.3 cm) did not differ
significantly when different sowing densities were compared, while Ionescu and
Draghicioiu (1989) recorded only slight differences. In contrast, Tenebe et al. (1996)
found that plant height decreased with growing sowing density.

Tobola et al. (1993) noted that nitrogen fertilization (60 kg/ha) resulted in a reduced
plant height. By contrast, Musnicki et al. (1980) observed that a higher level of fertili-
zation, depending on soil type, caused an increase in shoot length or did not affect it.
Akhtar et al. (1992) found that shoots were longer when fertilization was enhanced.
Singh et al. (1987) revealed that growth dynamics showed an increasing trend up to the
fertilization level of 80 kg N/ha. According to Ayub et al. (1998) sunflowers were the
highest at 150 kg N/ha. Lozanovic and Stanojevic (1988), who studied effects of nitro-
gen fertilization (0-150 kg N/ha) did not detect any interaction with plant height. Hus-
sain et al. (1998) observed that changes in the level of nitrogen fertilization affect plant
height. In experiments carried out by Kadar and Vass (1988), fertilization and liming
resulted in longer shoots. Hussein et al. (1988) noted that the height of shoots of the
tested population cultivar, reached about 3 m on average and did not change signifi-
cantly when sowing density or fertilization was altered. An increased rate of nitrogen
fertilization enhanced plant height in one year but limited it in the following year.
Karami (1980) noted that an increase in nitrogen fertilization from 0 to 50 kg/ha re-
sulted in a rise in plant height, while an increase in density or number of achenes per
nest had the opposite effect.

Luczkiewicz (1973) recorded a higher variability of plant height than in the present
study. In a later study (Luczkiewicz 1992), he found that different groups of cultivars
varied most strongly in plant height. High values of variation coefficient were recorded
for final plant height. In experiments conducted by Kloczowski (1983), shoots reached
125-256 cm. Variation coefficient of this trait exceeded 10%. In another work (Kloc-
zowski 1975), he noted an even lower level of variation between cultivars, but a higher
level of variation between years. When comparing F1 and F2 generations of sunflowers,
Kloczowski (1971) found that shoot length decreased in F2. Sen et al. (1985) observed
that shoot length was characterized by a low variability. Miller and Hammond (1991)
assessed heritability of reduced plant height. They tested 3 population cultivars, which
reached 65-90 cm and whose variation coefficients ranged from 6.3% to 24.6%. Such
sunflowers were crossed with a higher breeding line. In F1 both plant height and varia-
tion coefficients were higher, and in F2 even higher than in F1. Nikolova et al. (1998),
who crossed H. annuus with H. praecox ssp. hirtus, observed that the height of hybrids
was often higher than that of parental lines and increased in successive generations.
Single individuals had markedly higher or lower shoots, so standard variation in some
cases exceeded 70 cm.
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Luczkiewicz (1993 a) found that final plant height depends to a large extent on
genotype, which is also confirmed in the present study. According to earlier works by
that author (Luczkiewicz 1973, 1992) and Fraszewska (1962), the most heritable traits
of oilseed sunflower include plant height. Chaudhary and Anand (1987) noted that
individuals sown earlier were characterized by a greater heritability of plant height in
the flowering period and during harvest. Tariq et al. (1992) found that shoot length was
highly heritable, as a dominant trait, but was characterized by a high phenotypic and
genotypic variability. The same was observed by Holtom et al. (1995), who compared
hybrids in generations F1-F3. Studying the general heritability of combination ability of
shoot length, Secerov-Fiser (1994) reported that this trait is determined by genes with
non-additive effects. This was confirmed in generations F1 and F2 by Hladni (1999).

Kloczowski (1983) found that plant height affected yields only in 50%. Velkov
(1984) noted that when breeding new cultivars, not only yields should be taken into
account, but also relatively low plant height, as it facilitates sunflower harvesting to a
large extent and affects positively other yield components.

Conclusions

1. In the conducted experiments, hybrid cultivars had higher shoots than cultivar
‘Wielkopolski’ since the first studied developmental stage (star stage). However, the
large plants height does not have a positive effect on their agronomic value.

2. Results of this study show that sunflowers were the highest in 1999 at all devel-
opmental stages, which resulted from more favourable weather conditions and soil type.
The lowest final plant height was recorded when sunflowers were grown on brown-
earth soil.

3. This study confirms that increased sowing density caused a stronger elongation of
shoots since the earliest developmental stages.
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WYSOKOSC RQSLIN W ROZNYCH FAZACH ROZWOJU
U BADANYCH TYPOW ODMIAN SEONECZNIKA ZWYCZAIJNEGO
(HELIANTHUS ANNUUS L.)

Streszczenie

W pracy przedstawiono zmiany dhugosci pedow w roéznych fazach ich rozwoju, jakie zaob-
serwowano podczas trzyletnich do§wiadczen pordwnawczych nad dwoma mieszancami liniowy-
mi i odmiang populacyjna stonecznika oleistego. Badano wptyw na t¢ cechg czynnikow klima-
tycznych, zmian ggstosci siewu i dawek nawozu azotowego. Uzyskane wyniki poddano analizom
statystycznym, okreslono takze odziedziczalno$¢ wysokosci roslin w réznych fazach rozwoju. W
przeprowadzonym doswiadczeniu mieszance liniowe zaczynaly dominowa¢ wysokoscia nad
odmiang ‘Wielkopolski’ juz przy pierwszym pomiarze dtugosci pedow w fazie gwiazdki. Stwier-
dzono jednak, ze duza wysokos$¢ roslin nie wptywa korzystnie na warto$¢ rolnicza tych odmian.
Wyniki referowanych do$wiadczen wykazaly, ze obserwowany w 1999 roku najwyzszy wzrost
ro$lin, w réznych etapach ich rozwoju, byt spowodowany najkorzystniejszymi dla tego procesu
warunkami pogodowymi i rodzajem podtoza. Najmniejsza wysokos$¢ osiagngly todygi stoneczni-
kow rosnacych na glebach brunatnych. Rezultaty badan wlasnych dowodza, ze zwigkszenie gg-
stosci roslin, juz od wczesnych faz rozwojowych, powodowato wydtuzanie si¢ todyg.



