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ABSTRACT

The period of vegetation and flowering of carrot usually is very long, and the flowers are formed in different parts of the
mother plants. This leads to the formation of seeds with different qualities. Often heterogeneity is of a maternal type,
which depends on the position of the umbels on the mother plants. The main goal of the present study was to investigate
the quality differences in carrot seeds from different parts of the mother plant. The seedstalks from ‘Nantski’, a typical
Bulgarian cultivar, were grown by the conventional method for seed production technology. In botanical maturity the
seeds from the primary, secondary and tertiary umbels were extracted separately. The seed yield from umbels, dry weight
of the seeds, seed size, length, width and thickness, weight per seed, 1000 seed weight, germination energy (first count),
germination capacity (final count), mean germination time, uniformity of germination, fresh weight of seedlings, length of
radicle, length of hypocotyls and vigour indexes were investigated. The contents of raw protein, sugar, lipids and the basic
calorific values were also analysed. The germination was the highest for the seeds from primary umbels, followed by the
ones from secondary umbels and lowest for those from the tertiary umbels. The difference between the highest and the
lowest value was 6.30%. These results suggest that it is better to harvest the carrot seeds depending on their position on the
plant and divide them into separate lots with different qualities.
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INTRODUCTION

Seed quality depends on the stage of growth and on the
status of plant. The period of vegetation and flowering
for carrot usually is very long, and the flowers are set
at different mother plant parts and the seeds are formed
in the plants at different development stages. This
leads to the formation of seeds with various qualities.
Often the heterogeneity is of a maternal type, which is
determined by the position of the seeds on the mother
plants (Panayotov 2005).

Muniz (1999) reported that seeds from king umbels
had higher quality than those from secondary ones. Gray
(1979) emphasized the significance of seed position on
the seedstalk upon the seed quality. Szafirowska (1994)
proved that the germination capacity and the weight of
1,000 seeds from primary umbels were higher than those
of the seeds from other umbels. The carrot seeds from

primary and secondary umbels had higher percentages
of germination capacity and developed larger seeds than
those from the high order umbels (Corbineau et al. 1995).
Other authors (Satyaveer et al. 1994, Shantha et al.
1999) also established the same information. However,
some researchers substantiated the opposite affirmation,
that they had found the best quality in carrot seeds from
secondary umbels (Elballa and Cantliffe 1997).

The main aim of the present study was to investigate
the differences in quality of the carrot seeds, depending
on their position on the mother plant.

MATERIAL AND METHODS

The experiments were carried out in the Experimental
Field of the Department of Horticulture and Central
Laboratory at the Agricultural University of Plovdiv,
Bulgaria, during 2005-2008, with the typical Bulgarian
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carrot cultivar ‘Nantski’. The plants were grown using
the conventional technology for carrot seed production
under Bulgarian conditions, sowing in the middle of June,
harvesting the carrot roots (stecklings) in November,
steckling storage during the winter in soil-covered pits
and transplanting in the middle of March by a scheme of
80 % 30 cm.

The seeds from 20 plants were extracted in full
botanical maturity separately from primary, secondary
and tertiary umbels. The seed yield is presented as
a percentage of seeds formed in different umbels to the
total seed productivity of one carrot seedstalk. The air-
dry weight of seeds (dried in the open air) was determined
by the method described by Georgiev et al. (1980) in
three replications. The average sizes of seeds — length,
width, thickness and weight per seed — were determined
for 15 seeds. The germination energy (first count) and
germination capacity (final count, germination) in four
replications, each of them by 100 seeds taken at random
(ISTA 2003) and the weight of 1000 seeds in four
replications (ISTA 2003), were established. The fresh
weight of seedling per seed was measured for all seedlings
developed from the above-mentioned four replications at
the moment of determining the germination. The length
of the radicle and hypocotyl, measured in 10 seedlings
from each of the above-mentioned four replications
were investigated at the moment of determining the
germination. The mean germination time (MGT) in four
replications, each of them by 100 seeds taken at random,
was calculated using the equation:

MGT = 2(6xD

where T = the day on which the germination rate was
reported, G = the number of seeds germinated on the
counting day, and F = the final number of seeds that
germinated (Battle and Whittington 1969).

The uniformity of germination in four replications,
each of them by 100 seeds taken at random, was
investigated by the equation described by Strona (1966).
The content of dry weight of the seeds (by consecutive
oven-drying and weighing until reaching a constant

Table 1. Plant productivity and morphological traits of carrot seed

weight in two consecutive measurements), the total
sugar as glucose (by Hagedorn-Yensen), raw protein (by
Kjeldahl method) and lipid content (using the Sokslet
apparatus and extraction with diethyl ether) in seeds in
three replications were also established, for these four
parameters, implementing the methods described by
Stambolova et al. (1978). The basic calorific value per
seed in three replications was calculated by the content
of sugar, raw protein and lipids and their calories per
seed based on the dry weight and weight per seed by
the method described in detail by Panayotov and Stoeva
(2009).

The seed vigour in these experiments was described
through their parameters, such as fresh weight of seedling
per seed, weight of seed as well as weight of 1000 seeds,
and final count of germination. The vigour index of
one seed in four replications, each by 100 seeds, was
determined as a ratio between fresh weight of seedling
to weight per seed. The vigour index of the sample
(four replications, each by 100 seeds) was calculated as
1000 seed weight multiplied by the final percentage of
germination/100 (Elliott 2001). The statistical analyses
were made by ANOVA. Data of the study were subjected
to analysis of variance, and least significant differences
between means were calculated by the Fisher test at
p = 0.05. A linear correlation was made by Fowel and
Cohen (1992). The presented data are mean values from
the three years of the investigation periods, because the
trends were similar.

RESULTS AND DISCUSSION

A correlation between size of carrot seeds and their
germination is one of the main reasons for differences
in their quality (Anouar et al. 2001). The highest length
for the carrot seeds (Tab. 1) was established for those
of secondary umbels: 2.62 mm. For primary and tertiary
umbels, the differences were not found. The differences
between secondary and primary umbels (0.3 mm) and
between secondary and tertiary umbels (0.27 mm) were
within statistical significance. The width was the highest
for the seeds from primary umbels and the thickness for
the tertiary — 1.72 mm and 0.95 mm, respectively. The
differences for the first characteristic were statistically

Yield Length Width Thickness Weight 1000 seed
Variants per plant of seed of seed of seed of seed weight

(%) (mm) (mm) (mm) (mg) (2
Primary umbels 27.16 2.32 1.72 0.75 2.34 1.91
Secondary umbels 42.85 2.62 1.21 0.75 2.21 1.87
Tertiary umbels 30.97 2.35 1.30 0.95 2.15 1.74
LSD, 10.16 0.21 0.32 0.07 0.43 0.23

0.05
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significant, while for thickness that referred only for
the difference between the obtained results between
the primary and tertiary umbels (-0.20 mm). The seeds
from the primary umbels were characterized by their
higher weight (2.34 mg), 0.13 mg more than those from
the secondary umbels and 0.19 mg higher than from
the tertiary umbels. The 1000 seed weight followed the
same trend and was the biggest for seeds developed in
the primary umbels — 1.91 g. It could be due to the fact
that the primary umbel flowering started the earliest and
seeds developed for a longer period. The values of this
parameter were the lowest in the seeds from the tertiary
umbels. Mathematical significance for both indexes was
not established.

The separate parts of the seedstalk participated
differently in the formation of the seed productivity. The
highest seed yield was obtained from secondary umbels
—42.8% of the total yield, followed by the tertiary, with
11.8% less, while the lowest was from the primary
umbels. It could be suggested that these results are related
to the fact that the king umbel is a single inflorescence,
on the one hand, and, on the other hand, to the small size
of the tertiary umbels and the small weight of their seeds.
The differences were statistically significant, except for
the difference between the first and tertiary umbels.

The most important seed characteristic is their sowing
quality. The data are shown in Table 2. For germination
energy some differences were established. The highest
values were determined for seeds from primary umbels
(66.7%), while for secondary and for tertiary umbels
they were lower by 5.0% and 8.0%, respectively. The
results were statistically significant. A similar tendency
was observed regarding germination. The highest
percentage of germinated seeds was also registered for

Table 2. Sowing quality of carrot seeds

primary umbels — 78.0%. The germination of seeds from
secondary umbels (75.0%) was close to that result. The
difference of germination capacity between the primary
and tertiary umbels (6.3%) was statistically significant.
The difference between the highest and the lowest
germination capacity was 6.3% and it referred to the
seeds from the tertiary umbels. This indicates that the
seeds, which were formed in the early stage of vegetation
and flowering of the carrot, showed better germination.
A similar conclusion, that the primary umbels developed
seeds with better quality, was also made by Muhammad
and Anjum (2001). Matthews and Khajeh Hosseini (2006)
emphasised that mean germination time is a possible factor
for better assessment of seed status. In these experiments
the shortest mean germination time was found for seeds
from the secondary umbels, followed by those of the
primary ones. The difference in this parameter between
seeds from the secondary and those from the tertiary
umbels was approximately one day (0.86). The best
uniformity of germination was also noted for seeds from
the secondary umbels (14.4%). The values for the other
umbels were similar. The results for mean germination
time and uniformity of germination were not proved.
Along with germination, seed vigour has great
significance for establishing their status. Copeland and
McDonald (2001) emphasized that through evaluation of
seed vigour, information could be collected for the abilities
of the seeds not only to germinate, but also to develop
normal seedlings. One of the parameters describing vigour
is the fresh weight of seedlings (Tab. 3). In this parameter,
the differences were statistically significant. The seeds
from the primary umbels developed seedlings with the
highest weight (20.6 mg). The weight was lower for seeds
from the secondary umbels (19.2 mg) and the lowest for

Germination Germination Mean Uniformity

Variants energy capacity germination time of germination
(%) (o) (days) (%)
Primary umbels 66.7 78.0 5.37 13.2
Secondary umbels 61.7 75.0 4.82 144
Tertiary umbels 58.7 71.7 5.68 13.0
LSD, 4.88 3.56 1.40 4.98
Table 3. Vigour characteristics of carrot seeds

Fresh weight Length Length Vigour index of:

Variants of seedling of radicle of hypocotyl
(mg) (cm) (cm) One seed Sample

Primary umbels 20.60 3.34 3.89 9.32 1.46
Secondary umbels 19.20 3.71 4.03 8.21 1.42
Tertiary umbels 17.20 2.83 3.20 8.00 1.31
LSD, 1.47 0.70 0.52 2.82 0.09

0.05
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Table 4. Chemical components and basic calorific values of carrot seeds

. Air-dry weight Dry Raw Sugar Lipids Basic

Variants %) weight protein as a glucose %) calorific value
’ (%) (%) (%) ’ ™

Primary umbels 84.41 91.26 17.97 10.62 17.98 26.32
Secondary umbels 82.56 90.31 13.87 10.87 16.96 24.77
Tertiary umbels 81.54 90.86 16.58 5.67 11.26 18.12
r* with germination 0.67
LSD 1.10 0.58 4.02 0.99 4.37 0.59

0.05

*r — correlation coefficient

the tertiary ones. Other morphological characteristics
of seedlings are length of radicle and hypocotyl. These
were highest for secondary umbels seeds, 3.71 cm and
4.03 cm, respectively. The values for the primary umbels
were very close. Greater differences were established
in seeds from the tertiary umbels, which were 0.88 cm
and 0.83 cm smaller than the secondary umbels. The
differences between the data about the secondary and
tertiary umbels for the above parameters of seedlings, as
well as differences in hypocotyl length between the first
and secondary umbels, were statistically significant.

The vigour test is a more sensitive index of seed quality
than the standard germination test, and this parameter
described better seed status (Delouche and Baskin 1973,
Schmidt 2000). In these experiments the vigour index
per seed varied from 8.00 for tertiary umbels to 9.32 for
seeds from primary umbels, but the differences were not
within statistical significance. Vigour index per sample
was also the highest for primary umbels seeds (1.46) while
for the other umbels it was 1.42 and 1.31, respectively.
The results were statistically significant except for the
difference between the primary and secondary umbels.
The vigour is a summarizing parameter and the obtained
results for it once again confirmed that the seeds from the
primary umbels had very good sowing quality, followed
by those from the secondary umbels. Therefore, in
order to offer the highest quality seeds, after harvesting
seedstalk in the common way, by swathing and through
cutting the umbels, it is better to extract the carrot seeds
depending on their position on the plant and divide them
in separate lots with different qualities. Pereira et al.
(2008) also expressed the same conclusion that separate
harvesting is more appropriate.

The seed dry weight is one of the most significant
characteristics for the description of the seed status
(Copeland and Mc Donald 2001). The data are shown in
Table 4. The air-dry weight was at the maximum content
in seeds formed in the flowers of primary umbels: 84.4%.
The values for the other seeds were close to each other
and lower than the ones in primary umbel seeds, and the
differences with the primary umbels were statistically

significant. The dry weight changed in short limits. It
must be pointed out that it was also highest in seeds from
primary umbels (91.2%), but the differences between
variants were not very big and statistical significance was
established only for the differences between the results
for primary and secondary umbels (0.9%). The content
of raw protein was the highest in seeds from primary
umbels, and decreased for umbels from the other orders.
In that sense the highest values were established in the
primary umbels seeds — 17.9%, or 4.1% higher than
in seeds from the secondary, i.e. the difference was of
statistical significance and 1.3% higher than the tertiary
ones. Ones of the main energetic components are the
lipids. Their content was the highest in seeds developed
in the primary umbels: 17.9%. This value exceeded the
content in seeds from the secondary and from tertiary
umbels by 1.0% and 6.7%, respectively. A high content
of sugar was found in seeds from the secondary umbels
(10.8%), while in primary umbels it was very close, but
for tertiary ones the values were half. The differences
in the contents of both chemical components (sugar
and lipids) between the obtained data for the primary
and tertiary and for the secondary and tertiary umbels
were statistically significant. According to the above-
mentioned contents of the main chemical components
in the seeds, differences were also established for the
basic calorific value. This parameter gives additional
information about the available energy in the seed, which
enables the seeds for emergence and for development
of the seedling. The highest basic calorific value was
calculated for the seeds, originating from the primary
umbels: 26.32 J. The value of later formed seeds, from
secondary umbels, was 1.55 J less. Still lower was the
value of this index in the last developed seed, from the
tertiary umbels: 18.12 J. The results were statistically
significant. A high positive correlation coefficient was
calculated between germination and basic calorific
values: r = 0.67. This is a good proof for the relationship
between the germination processes and supplying the
seeds with nutrient elements, and also indicates that
the basic calorific values can be used as a summary
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characteristic for the better description and understanding
of germination.

CONCLUSIONS

1. The highest weight of one seed and of 1000 seeds
was documented for the seeds from the primary and
secondary umbels. Secondary umbels took the biggest
share in the formation of seed yield per carrot plant.

2. The highest germination capacity was found for seeds
from the primary umbels. The difference between
this value and lowest percentage of germination was
approximately 6.0%. Better mean germination time
and uniformity of germination was found in the seeds
from the secondary umbels, than for seeds from the
other umbels.

3. Morphological characteristics of seedlings had the
highest values in seeds from the primary and from
the secondary umbels seeds. The vigour index was
highest for seeds from the primary umbels.

4. The maximum values of air-dry weight and dry
weight and contents of raw protein and lipids were
documented in the seeds from the primary umbels.
They were also characterised by the highest basic
calorific value, and this parameter gave an opportunity
for a better description of the ability of the seeds for
germination.

5. The carrot seeds with best sowing quality were those
that were developed from the flowers of the primary
umbels. These results suggest that it is better to
extract the carrot seeds separately, depending on their
position on the mother plant, and divide them into
individual lots with different qualities.
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HETEROGENICZNOSC NASION MARCHWI
W ZALEZNOSCI OD ICH POLOZENIA
NA ROSLINIE MACIERZYSTEJ

Streszczenie: Okres kwitnienia marchwi jest zwykle
dtugi, abaldachy formuja si¢ stopniowo narozgatezionym
pedzie kwiatostanowym, co prowadzi to do uzyskania
nasion o zrdéznicowanej jako$ci. Heterogeniczno$¢
jest typu matecznego i zalezy od pozycji baldachu na
ro$linie macierzystej. Celem prezentowanych badan byta
ocena roznic w jakosci nasion marchwi pozyskanych
z baldachow pochodzacych z réznych czesSci pedu
kwiatostanowego. Pedy nasienne typowej bulgarskiej
odmiany ‘Nantski’ pozyskano z plantacji nasiennej, na
ktorej stosowano konwencjonalng technologi¢ uprawy.

Dojrzate nasiona zebrano oddzielnie z baldachow
pierwszego, drugiego i trzeciego rzgdu. Okreslono plon
nasion z baldachu, suchg mas¢ nasion, dtugos¢, szerokosé
i $rednicg nasiona, mas¢ jednego nasienia, mas¢ tysigca
nasion, wigor, energi¢ i zdolno$¢ kietkowania, $redni
czas kielkowania, réwnoczesno$¢ kietkowania, swiezg
mas¢ siewek oraz dlugos¢ korzonka zarodkowego i
hypokotylu. Okre$lono rowniez zawarto$¢, biatka,
cukrow i lipidow oraz podstawowa warto$¢ kaloryczna
nasion. Parametry kietkowania byly najwicksze dla
nasion pochodzacych z baldachow pierwszego rzedu,
nastepnie drugiego rzedu, a najmniejsze — trzeciego
rzedu. Roéznica pomigdzy najwickszg 1 najmniejsza
wartoscig wyniosta 6,30%. Uzyskane wyniki pozwolity
na stwierdzenie, ze najlepiej pozyskiwa¢ nasiona
oddzielnie z baldachow poszczegodlnych rzedow i dzieli¢
je na partie o zréznicowanej jakosci.
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