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THE EFFECT OF CULTIVATION METHOD

ON SELECTED TRAITS RELATED TO THE SOWING

VALUE OF SHALLOT (Allium cepa L. var. ascalonicum
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Abstract. In many countries, the traditional method of growing shallots from bulbs is re-
placed by direct seeding in the field or by planting seedlings. The availability of shallot
seed with high parameters of the sowing value is an important condition for growing shal-
lot in larger areas. It is possible thanks to the progress in breeding and introduction into
cultivation of new cultivars that produce seed stalks and seed. Therefore, the aim of the
present study was to evaluate the sowing value of seed of the true-breeding cultivar
‘Toto’, when this seed is obtained by planting steckling bulbs (bulb-to-seed method) and
by using the seed-to-seed method. This study, conducted in the period 2010-2012, was to
evaluate some important characteristics of the seed quality obtained by planting different
diameter bulbs (20-60 mm, 4 fractions every 10 mm) in autumn and spring and from
seedlings planted in summer (third 10-day period of July and first and third 10-day period
August). The quality of shallot seed was evaluated taking into account the following pa-
rameters: 1000 seed weight (TSW), germination energy and capacity as well as vigour
tests (seedling growth test and seedling growth rate test). Shallot cultivation method had
a large effect on 1000 seed weight, but it only slightly affected germination capacity and
vigour of seed obtained. Larger seeds were obtained from bulbs, regardless of their plant-
ing time, compared to the cultivation method involving planting seedlings in summer. The
diameter of bulbs used for planting at autumn planting time proved to be an important fac-
tor for TSW, germination energy and the traits determining seed vigour. In the case of this
planting time, seed obtained from large bulbs with a diameter of 40-60 mm was distin-
guished by the best quality. The study did not show such a correlation for seed derived
from spring bulb planting.
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INTRODUCTION

The research on shallot growth, development and yield has allowed researchers to
identify the traits that enable this plant to be perfectly adapted to different climatic and
soil conditions [Tashiro et al. 1982, Krontal et al. 1998, Getahun and Zelleke 2006,
Réduica and Popescu 2010, Brink and Basuki 2012]. It has proved that the high toler-
ance of shallot to low and high temperature as well as to poorer quality soil is its impor-
tant characteristic. Due to this, shallot is commonly grown where the cultivation of
common onion is unsuccessful [Permadi 1994, Soedomo 1999, Pham et al. 2006, Brink
and Basuki 2012]. The large interest of breeders in developing new shallot cultivars
results from the demand for this vegetable in commercial trading. Consumers value the
seasoning and health-promoting qualities of this onion. Shallot is a rich source of poly-
phenolic compounds and many other components considered to be antioxidants [Tendaj
and Mysiak 2010, Lu et al. 2011].

The availability of shallot seed with high parameters of the sowing value is an im-
portant condition for growing shallot in larger areas. Shallot is commonly grown from
bulbs obtained by dividing the cluster of the mother plant, but this cultivation method
primarily applies to local cultivars that produce seed poorly or do not produce seed at
all. Seed of hybrid cultivars (F,) is available in the market, but its price is high, since
breeding hybrids is much more expensive than in the case of true-breeding cultivars
[Sumami and Soetiarso 1998, Cohat et al. 2001]. A true-breeding cultivar ‘Toto’, which
was bred in Poland, is now being introduced into cultivation in increasingly larger areas.
Therefore, the aim of the present study was to evaluate the sowing value of seed of this
cultivar when this seed is obtained by planting steckling bulbs (bulb-to-seed method)
and by using the seed-to-seed method.

MATERIAL AND METHODS

Seed of the true-breeding cultivar “Toto’, bred by a Polish seed breeding company,
PlantiCo Zielonki, was used in this study.

This seed was obtained by growing shallot at the Felin Experimental Farm of the
University of Life Sciences in Lublin (51°18°N, 22°45°E) over the period 2011-2012.
The characteristics of seed stalk development and seed yield are presented in the papers
by Tendaj and Mysiak [2013a, b], and Tendaj et al. [2013].

To make an evaluation of the sowing value of shallot seed, 100 g seed samples were
collected from the yield obtained from each treatment used in three experiments. The
method of these experiments is described in the above-cited papers by Tendaj and
Mysiak [2013a, b], and Tendaj et al. [2013]. In the first experiment, shallot was grown
for seed using the seed-to-seed method by planting seedlings in summer — in the third
10-day period of July, the first 10-day period of August, and the third 10-day period of
August in 2010 and 2011. Seedlings were produced in an unheated greenhouse by sow-
ing seed 4 weeks before planned seedling planting in the field. This was a method simi-
lar to that given by Voss et al. [2013] for seed-grown onion using the seed-to-seed sys-
tem.
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After plants overwintered in the field, in the second year of cropping (2011 and
2012, respectively), the characteristics of seed stalk development was made and the seed
yield was estimated [Tendaj and Mysiak 2013a]. After 50-60 days from seed harvest,
a laboratory analysis was performed to investigate the most important parameters of the
sowing value.

In the second experiment, the study investigated seed stalk development and
shallot seed yield obtained by planting different diameter bulbs (20-30 mm, 31-40 mm,
41-50 mm and 51-60 mm) in autumn. In 2010 and 2011 the bulb planting date was in
the first 10-day period of October, whereas the growth and development of shallot
plants were observed in the 2011 and 2012 growing seasons [Tendaj and Mysiak
2013b]. Similarly as in the first experiment, the sowing value of seed was evaluated
after about 60 days from harvest, i.e. in November.

The third experiment examined the effect of storage temperature of steckling bulbs
of different diameter on seed stalk development as well as on shallot seed yield and
quality [Tendaj et al. 2013]. The bulb storage temperature was 0-1°C, 4-6°C and
8-10°C, whereas the bulb diameter 20-30 mm, 31-40 mm, 41-50 mm, and 51-60 mm.
Seed collected from plants in the treatments where seed had been produced was sub-
jected to laboratory analysis. No seed was obtained by planting small bulbs (2040 mm
in diameter) stored at a temperature of 0—1°C (tab. 3).

The quality of cv. ‘Toto’ shallot seed was evaluated taking into account the follow-
ing parameters: 1000 seed weight (TSW), germination energy and capacity as well as
vigour tests (seedling growth test and seedling growth rate test).

1000 seed weight (TSW), germination energy and capacity were evaluated follow-
ing the regulations of the International Seed Testing Association (ISTA, 1995) and the
Polish Standard PN-R-65950 (Seeds and seedlings — Seed testing methods, 1994).

The seedling vigour tests (seedling growth test and seedling growth rate test) were
carried out following the method described by Hampton and TeKrony [1995] and taking
into account the paper by Dabrowska et al. [2000].

RESULTS

The largest seeds, as expressed by 1000 seed weight, were obtained from the seed
stalks of shallot plants grown from autumn-planted bulbs. The average thousand seed
weight for these plants was 3.64 g (tab. 2). Plants grown from autumn-planted larger
bulbs, i.e. with a diameter of 31-60 mm, were also found to produce seed with signifi-
cantly higher weight compared to plants grown from small bulbs with a diameter of
20-30 mm.

Shallot plants derived from spring-planted bulbs stored at a temperature of 0-1°C,
4-6°C, and 8-10°C produced seed with lower weight, by 0.24 g on average, compared
to those obtained from autumn-planted bulbs with the same size (tab. 3). Plants grown
from small bulbs with a diameter of 20—40 and stored at 0—1°C did not produce seed or
the amount of seed was so small (2012) that it was not sufficient to provide a sample for
laboratory analysis.
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By far the smallest seeds were harvested from plants derived from summer-planted
seedlings. In this treatment, the average 1000 seed weight was 3.18 g and, compared to
plants obtained from autumn bulb planting, it was a decrease of 0.46 g on average,
while in relation to those derived from spring bulb planting a decrease of 0.22 g on
average (tab. 1, 2, 3).

Table 1. The effect of summer seedling planting dates on shallot seed quality (mean for

2011-2012)
Seedling 1000 seed Germination Germination f S(;edllr}gh dSeedllin%l Radlc}lle Cotyledon
plantingdate ~ weight (g) energy (%) capacity (%) resh weight dry weight  lengt length (cm)
(mg) (mg) (cm)

Third 10-day 320 415 75.0 28.2 1.7 42 6.0
period of July
First 10-day 3.04 46.0 76.0 262 1.6 39 6.1
period of August
Third 10-day 331 51.0 81.0 257 1.5 40 5.9
period August
Mean 3.18 46.2 77.3 26.7 1.6 4.0 6.0
LSDyg 05 n.s. n.s. n.s. n.s. n.s. n.s. n.s.

The germination energy and capacity of shallot seed proved to be not very high.
Plants grown from autumn-planted bulbs germinated best. The average germination
energy of this seed was 48.0-62.0%, depending on the size of bulbs used for planting,
while their germination capacity was 76.0-89.5%. As in the case of 1000 seed weight,
the larger bulbs were used, the higher was the seed germination capacity. Seed obtained
from spring bulb planting showed germination energy at a level of 25.0-56.5%, while the
germination capacity was at a level of 57.0-86.0% (tab. 3). On average, regardless of the
size of bulbs used for planting, germination energy was lower by 12.7% and germination
capacity by 14.7% compared to treatments with autumn bulb planting (tab. 2 and 3).

Seed germination energy in shallot plants grown from summer-planted seedlings
was at a similar level to that found in the treatments with spring bulb planting and it was
on average 46.1%, i.e. by 1.6% less than in the case of seed obtained from spring-
planted bulbs.

The germination capacity of seed harvested from seedling-grown plants was on av-
erage 77.3% and was higher by 8% compared to seed obtained from spring bulb plant-
ing, but lower by 6.7% relative to seed derived from autumn-planted bulbs.

Regardless of bulb planting time, bulb size (in diameter) did not have a significant
effect on the germination capacity of seed obtained. However, germination energy of
seed derived from autumn-planted small bulbs with a diameter of 20-30 mm proved to
be significantly lower compared to seed obtained from the largest bulbs planted (41-60
mm in diameter).
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Table 2. The effect of the size of autumn-planted bulbs on shallot seed quality (mean for

2011-2012)

Bulb size 1000 seed Germination Germingtion Seedliqg Seedli'ng Radicle  Cotyledon
(mm in diam.) weight (g) energy (%) ca?;:)lty frestln\:glght dry(le)ght length (cm) length (cm)
20-30 3.00 48.0 76.0 274 1.6 4.8 6.8
3140 3.78 55.0 83.0 24.4 1.7 5.1 5.5
41-50 3.99 62.0 87.5 333 1.8 5.6 7.1
51-60 3.80 59.5 89.5 30.1 1.8 5.1 6.6
Mean 3.64 56.1 84.0 28.8 1.7 52 6.5
LSDy s 0.72 11.2 n.s. 5.7 n.s. n.s. 1.3

The conducted vigour tests (seedling growth test and seedling growth rate test) com-
plemented the evaluation of the sowing value of shallot seed depending on cultivation

method.

Table 3. The effect of storage temperature and bulb size on shallot seed quality from spring bulb

planting (mean for 2011-2012)

g B8 SE 1000 e Gosmiation Germinnion SRS S i Copldo
©C) diam.) weight (g) energy (%) capacity (%) (mg) (mg) (cm) (cm)
20-30 - - - - - - -
3140 - - - - - - -
0-1°C 41-50 3.51 30.5 62.0 26.7 0.9 3.9 6.4
51-60 3.34 25.0 59.0 28.3 1.3 43 6.2
mean 3.42 27.7 60.5 27.5 1.1 4.1 6.3
20-30 3.27 48.5 67.5 23.1 1.1 4.1 5.8
3140 3.47 55.0 86.0 20.8 1.2 39 5.6
4-6°C 41-50 3.17 40.5 57.0 25.0 1.4 4.0 5.4
51-60 3.88 44.0 73.5 27.7 1.5 4.6 5.8
mean 3.45 47.0 71.0 24.1 1.3 4.1 5.6
20-30 3.57 56.5 82.0 26.6 1.3 52 6.1
3140 3.52 45.5 76.0 27.3 1.4 5.1 6.4
8-10°C 41-50 3.04 41.5 58.0 25.8 1.2 4.5 5.8
51-60 3.30 47.5 72.5 28.2 1.3 4.6 6.1
mean 3.36 47.7 72.1 27.0 1.3 4.8 6.1
Mean 3.40 43.4 69.3 259 1.3 44 5.9
LSD s storage temp. n.s. 8.6 n.s. n.s n.s. n.s. n.s.

Hortorum Cultus 13(5) 2014



112 M. Tendaj, M. Krawiec, S. Palonka, B. Mysiak

The tests performed according to the method described by Hampton and TeKrony
[1995] and Dabrowska et al. [2000] did not show significant differences in fresh and dry
weight of shallot seedlings as well as in cotyledon and radicle length depending on
cultivation method. After 12 days of growth from the beginning of germination, the
average seedling fresh weight was 26.7-28.8 g, while the dry weight was 1.3-1.7 mg.
Seedlings grown from seed derived from autumn bulb planting had the greatest length
of cotyledon (on average 6.5 cm) and radicle (on average 5.1 cm). On the other hand,
seedlings grown from seed obtained from spring-planted bulbs, had the shortest cotyle-
dons (on average 5.9 cm) (tab. 2 and 3).

The average length of seedling radicle was 4.0-5.1 cm. Similarly as in the case of
cotyledon length, seedlings grown from seed obtained from autumn-planted bulbs had
the longest radicles.

DISCUSSION

In many countries, the traditional method of growing shallots from bulbs is replaced
by direct seeding in the field or by planting seedlings [Permadi 1994, Sumami and
Soetiarso 1998, Raduica and Popescu 2010, Brink and Basuki 2012]. It is possible
thanks to the progress in breeding and introduction into cultivation of new cultivars that
produce seed stalks and seed [Getahun et al. 2003, Tabor et al. 2005, Degewione et al.
2011].

The study presented in this paper showed that the quality of seed of the shallot culti-
var ‘Toto’ was dependent on cultivation method as well as on bulb and seedling plant-
ing time. As in the case of common onion grown for seed, shallot seeds harvested from
plants grown from larger bulbs were larger — they had significantly higher weight and
better germination capacity. Many authors indicate that in growing onion and shallot for
seed, in addition to the size of steckling bulbs, bulb storage temperature has a signifi-
cant effect on the quality of seed obtained [Aoba 1960, Hesse et al. 1979, Krontal et al.
2000]. Khokhar et al. [2007] report that with increasing size of onion bulbs stored at
a temperature of 5°C for 120 days, the seed yield was higher by 5-12% compared to the
treatments where onion bulbs were stored at this temperature only for 90 days. How-
ever, there is no unambiguous assessment of the effect of steckling bulbs with different
diameters on seed germination capacity of onions. Asaduzzaman et al. [2012] found that
onion seed derived from the largest sized bulbs had the highest germination percentage
(94.3%), compared to small bulbs with twice lower weight. On the other hand, Moro-
zowska and Hotlubowicz [2009] showed that bulb size did not affect 1000 seed weight
or germination energy and capacity. In the present study, it was demonstrated that in
shallot, regardless of bulb planting time, the largest seeds (with the highest 1000 seed
weight) were obtained from the largest bulbs with a diameter of more than 40 mm. But
as in the case of common onion, bulb planting time significantly affected the quality of
seed. The largest seeds with slightly better germination capacity and better vigour were
obtained from autumn-planted bulbs. This is in agreement with the results of studies on both
shallot and common onion grown for seed under different climatic conditions [Tashiro et al.
1982, Harikarunakar et al. 2000, Khokhar 2009, El-Helaly and Karam 2012].
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The quality of shallot seed harvested from seed-grown plants derived from summer-
planted seedlings (which corresponds to the seed-to-seed method) did not differ signifi-
cantly from the quality of seed obtained from bulb planting. The sowing value of this
seed was slightly better compared to seed harvested from plants grown from spring-
planted bulbs, but worse in comparison with seed obtained from autumn bulb planting.
Nevertheless, shallot seed production using the seed-to-seed method would be possible
in regions with a milder climate. This is shown by the results of studies of many re-
searchers [Ruggeri and Branca 1994, Garay and Gomez 1996, El-Helaly and Karam
2012, Tendaj and Mysiak 2013a] and by the present study.

Although the shallot seed yield obtained from plants grown from summer-planted
seedlings (third 10-day period of July) proved to be distinctly lower compared to the
seed yield derived from autumn bulb planting in the first 10-day period of October
[Tendaj and Mysiak 2013a, b], but the quality of this seed was not significantly lower.
Shallot seed obtained from summer-planted seedlings was even distinguished by
slightly better vigour compared to seed derived from spring bulb planting.

CONCLUSIONS

1. Shallot cultivation method had a large effect on 1000 seed weight, but it only
slightly affected germination capacity and vigour of shallot seed. Larger seeds were
obtained from bulbs, regardless of their planting time, compared to the cultivation
method involving planting seedlings in summer.

2. The diameter of bulbs used for planting at autumn planting time proved to be an
important factor for 1000 seed weight, germination energy and the traits determining
seed vigour. In the case of this planting time, seed obtained from large bulbs with
a diameter of 40—60 mm was distinguished by the best quality. The study did not show
such a correlation for seed derived from spring bulb planting.

3. Bulb storage temperature and seedling planting date did not have a significant in-
fluence on most traits determining the sowing value of seed obtained.

4. Based on the evaluation of selected parameters of the sowing value of shallot
seed, it can be concluded that the best quality of seed is obtained when shallots are
grown by planting large bulbs at autumn planting time.
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WPLYW METODY UPRAWY NA NIEKTORE CECHY WARTOSCI
SIEWNEJ NASION SZALOTKI (Allium cepa L. var. ascalonicum Backer)

Streszczenie. W wielu krajach tradycyjna uprawa szalotki z cebul jest zastepowana upra-
w3 z siewu nasion wprost na pole lub z sadzenia rozsady. Dost¢pnos$¢ nasion o wysokich
parametrach wartos$ci siewnej jest warunkiem uprawy szalotki na wigkszych powierzch-
niach. Jest to mozliwe dzigki postepowi prac hodowlanych i wdrazaniu do uprawy no-
wych odmian, ktére wytwarzaja nasiona. Z tego wzgledu celem podjetych badan byta
ocena wartosci siewnej nasion ustalonej odmiany ‘Toto’ przy ich pozyskiwaniu metoda
sadzenia cebul (bulb-to-seed) i metoda bezwysadkows (seed-to-seed). Badania przepro-
wadzone w latach 2011-2012 obejmowaly oceng¢ wartosci siewnej nasion otrzymanych
z jesiennego i wiosennego sadzenia cebul o $rednicy 20-60 mm (4 wielkosci co 10 mm)
oraz z letnich termindéw sadzenia rozsady (trzecia dekada lipca oraz pierwsza i trzecia de-
kada sierpnia). Jako$¢ nasion oceniano z uwzglednieniem nastgpujacych parametrow: ma-
sy 1000 nasion, energii i zdolnosci kietkowania, a takze wigorowych testow wzrostowych
(test wzrostu siewki i test szybkosci wzrostu siewki). Metoda uprawy szalotki na nasiona
miata duzy wptyw na masg¢ 1000 nasion, a niewielki na zdolno$¢ kietkowania i wigor na-
sion. Dorodniejsze nasiona uzyskano z roslin uprawianych z sadzenia cebul (niezaleznie
od terminu ich sadzenie) w poréwnaniu z metoda sadzenia rozsady w letnich terminach.
Srednica cebul uzytych do sadzenia w jesiennym terminie okazala si¢ istotnym czynni-
kiem dla masy 1000 nasion, energii kietkowania oraz cech decydujacych o wigorze na-
sion. Z tego terminu sadzenia cebul najlepsza jakoscia wyrdznialy si¢ nasiona uzyskane
z duzych cebul o $rednicy 40-60 mm, czego nie wykazano u nasion z wiosennego sadze-
nia cebul o takiej $rednicy.

Stowa kluczowe: nasiona szalotki, sadzenie cebul, sadzenie rozsady, masa 1000 nasion,
zdolnos¢ kietkowania, wigorowe testy
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