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Abstract. Bear garlic (Al/lium ursinum L.) has been well-known to popular medicine for
ages and its pharmacological action is similar to that of common garlic. It is a typical
geophyte; occupies wet habitats in ravines and near springs, mainly among beeches and
riparian forests. Generative reproduction is the main way for population spreading. The
present study aimed at evaluating the influence of mulching using pine bark and varied ni-
trogen nutrition rates (0; 75 and 150 kg N'ha) on flowering traits of bear garlic under
conditions of the field cultivation. Mulching using pine bark had positive effects on the
length of inflorescence shoot, peduncle, inflorescence diameter, as well as number of
flowers in the inflorescence and the plant. During a month, i.e. since April till May, sig-
nificant increase of inflorescence shoot length at bear garlic has been recorded. In April,
they length ranged from 9.0 up to 59.8 mm, while in May from 190.5 to 320.8 mm. Bear
garlic inflorescences consisted of 13.4 to 24.0 flowers, with their diameters reaching 19.0
to 53.8 mm. The longest inflorescence shoots and inflorescences with the largest diameter
and flower number were produced by bear garlic in the third year of vegetation. No re-
markable influence of nitrogen nutrition on inflorescence shoot length and number of
flowers per in an inflorescence was recorded.

Key words: Allium ursinum, inflorescences, pine bark, fertilization

INTRODUCTION

Bear garlic (Allium ursinum L.) has been well-known to popular medicine for ages
and its pharmacological action is similar to that of common garlic [Sendl et al. 1992].
First notes on that species, along with botanical description, can be found in the herbar-
ium by Hieronymus Bock from 1539 [Clarke 2001]. Natural habitats of Allium ursinum
L. in Poland are met on lowlands and mountains up to the deciduous forest level. The
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species prefers shadow and occupies wet stands in ravines and near springs, mainly
among beeches — Fagion associations communities of Querco-Fagetea class, in ash-
alder forest at the mountains bottom — Carici Remotae-Fraxinetum, and among hill-
slope harnbeam-oak trees — Acer platanoides-Tilia cordata community [Janeczko and
Sobolewska 1995, Fijatkowski and Chojnacka-Fijatkowska 2009, Zatuski et al. 2009].

Allium ursinum is an autotrophy and typical spring geophyte [Raunkiser 1934,
Hérault and Honnay 2005]. Bulbs of about 2 to 6 cm are the underground wintering
organ of bear garlic. Bulbs can be reproduced due to forming side-bulbs [Szafer et al.
1986, Andersson 1993]. Generative reproduction is the main way for population spread-
ing, although survivability of seedlings since their emergence till the fourth year of life
never exceeds 10%. The plant reaches reproduction maturity at 4-5™ year of vegetation
[Tutint 1957, Bierzychudek 1982, Eggert 1992]. Loose apparent umbels consisting of
highly self-pollinating flowers, that can be also pollinated by flies and bumble-bees, is
an inflorescence [Szafer et al. 1986, Traczyk 1989, Fijatkowski 1994, Zuraw 2005a, b,
2007].

Mainly delicate and fragile leaves that should be harvested at the beginning of flow-
ering phase, are bear garlic usable parts. Bear garlic has been under partial legal protec-
tion since 2004 in Poland (Dz. U. 2004, No 168, pos. 1764) and mentioned in “The Red
Book of Polish Plants and Mushrooms” [Mirek et al. 2006], which makes impossible to
achieve the plants from their natural habitats. Nevertheless, increasing needs for the
material makes that it is necessary to work out the cultivation technology for bear garlic.
Present study aimed at evaluating the influence of pine bark mulching and varied nitro-
gen nutrition rates on flowering traits of bear garlic cultivated in the field.

MATERIALS AND METODS

The field experiment upon Allium ursinum L. cultivation has been set in The Ex-
perimental Farm Felin in Lublin (51°14° N and 22°32° E) by means of randomized
blocks in 4 replicates. Each replicate consisted of 2.94 m* plot where 36 bear garlic
bulbs were planted in 20 x 30 cm spacing in 2006. Bulbs of 3.1 to 4.4 g weight were
planted at 10 cm depth. Prior to planting, the field was tilled using rototiller. The ex-
periment was carried out on an open area that was previously a wasteland. In order to
provide plants with similar conditions as their natural habitat, a screen (80% shading)
was spread on a frame. The Experimental Farm Felin is covered with lessive soils de-
veloped from loess formations on chalky marls. Considering granulometric composi-
tion, the soils are moderate dusty loams. During the bear garlic cultivation, mean con-
tents of particular nutrients within 0-20 cm soil layer were following: 23.2 mg P,
9.4mg K, and 8.9 mg Mg100 g at acidity from pH 5.8 to pH 6.2. Weather course
during the experiment is presented in table 1.

Mulching was composed of pine bark that was spread over random plots in autumn
after bear garlic bulbs setting and it was systematically completes in order to maintain
an insulation layer of 5 cm thickness. Two nitrogen nutrition rates were applied (75 and
150 kg N'ha™) in a form of ammonium nitrate (34% N) as well as control was also in-
cluded (without nitrogen nutrition). The fertilization was made before plant’s vegetation
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beginning (end of February or beginning of March). During the vegetation period,
weeds were mechanically controlled. The course of phonological phases for bear garlic
by recording the dates of emergence, a single leaf phase, flowering beginning, and seed
formation, was observed. Biometric measurements of plants were performed in subse-
quent years of experiment. Length of inflorescence shoot was measured annually at two
dates: in April and in May (i.e. a month after emergence and at the beginning of flower-
ing). Length of peduncle and inflorescence diameter, as well as number of flowers in an
inflorescence were determined as well.

Table 1. Mean monthly air temperatures and amount of precipitation at ES Felin in the years

2007-2009*
Tabela 1. Srednie miesigczne temperatury powietrza i sumy opadow w GD Felin w latach
2007-2009
Temperature — Temperatura Amount of precipitation — Suma opaddéw
Month () (mm)
Miesiac mean fpr years mean ff)r years
2007 2008 2009 $rednia z lat 2007 2008 2009 $rednia z lat
1951-2000 1951-2000

1 2.6 0.4 -2.7 -3.6 51.5 36.2 20.2 21.7

)| -1.6 2.2 -1.2 -2.8 22.3 17.8 36.9 24.8
I 6.2 3.4 1.4 1.0 30.2 64.8 69.6 25.8
v 8.7 9.3 11.4 7.5 17.4 55.8 2.9 40.6
\% 15.0 12.8 13.6 13.0 81.5 101.6 71.1 583
VI 18.1 17.7 16.4 16.5 87.8 25.9 125.5 65.8
VII 19.2 18.3 19.9 17.9 87.0 77.1 57.1 78.0
VIII 18.4 19.3 19.0 17.3 37.6 55.0 54.7 69.7
IX 13.0 12.6 15.3 12.9 129.8 102.2 21.0 52.1
X 7.6 10.1 6.9 7.9 17.7 55.5 103.6 40.3
X1 1.0 4.8 5.5 2.5 31.1 31.1 43.1 39.1
XII -1.2 0.9 -1.7 -14 14.9 43.8 37.7 31.5

*according to Agro-meteorological Laboratory at University of Life Sciences in Lublin
*wedtug Stacji Agrometeorologii UP w Lublinie

Achieved results were statistically processed by means of variance analysis and de-
termining the difference significance with a help of Tukey test at significance level of
p=0.05.

RESULTS

Course of phonological phases. The course of phonological phases of bear garlic
varied depending on experimental year (tab. 2).

Plants began their vegetation the soonest in 2007 and the emergence was recorded
on 27 February. The latest emergence of bear garlic occurred on 17 March in 2009. The
single formed leaf phase appeared the earliest in 2008, then two days later in 2007, and
a week later (on 27 March) in 2009. Plants formed their first leaf the soonest in 2009 —
10 days after the emergence, while in 2007 — after 21 days. Flowering phase of bear
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Table 2. Observations over phonological phases of bear garlic in 2007-2009
Tabela 2. Obserwacje faz fenologicznych czosnku niedzwiedziego w latach 2007-2009

2007 2008 2009
Phase — Faza

I S
Emergence — Wschody 27.02. 5.03. 17.03.
A single leaf — Faza 1 liscia 20.03. 21 18.03. 13 27.03. 10
Beginning of flowering — Poczatek kwitnienia 17.04. 48 28.04. 54 5.05. 49
Full flowering — Petnia kwitnienia 23.04. 54 3.05. 59 12.05. 56
Seed formation — Formowanie nasion 15.05. 76 28.05. 84 1.06. 76

*A — number of days after emergence — Liczba dni od wschodow

Table 3. Length of inflorescence shoot (in mm) of bear garlic, depending on bark mulching and
nitrogen fertilization in years 2007-2009

Tabela 3. Dlugos¢ pedu kwiatostanowego czosnku niedzwiedziego (w mm) w zaleznosci od
Scidtkowania korg i nawozenia azotowego w latach 2007-2009

Nitrogen 2007 2008 2009 Srednia
nutrition
Nawozenie *IV. VIV V IV V IV mean
azotowe Srednia
No 36.8 2150 59.8 211.0 158 2210 374 2157 1265
Without mulch N, 28.6 2100 443 2315 150 1905 293 2107 120.0
Bez $ciotki N, 31.0 211.1 403 2050 238 2193 31.7 2118 1217
mean —érednia 32.1 2120 48.1 2158 182 2103 32.8 2127 1227
No 355 2743 503 2405 228 3100 362 2749 1555
Bark mulch N, 27.0 2740 47.0 2440 9.0 3060 277 2747 1512
Sciélka z kory N, 305 2720 458 2253 172 3208 312 2727 1519
mean — érednia 31.0 2734 477 2366 163 3123 31.7 2741 1529
No 36.1 2446 550 2258 193 2655 36.8 2453 1410
Mean N, 278 2420 456 237.8 12,0 2483 285 2427 1356
Srednia N, 30.8 2416 43.0 2151 205 2700 314 2422 1368

mean $rednia  31.6 2427 479 2262 172 2613 322 2434 137.8
LSD s for: NIR dla:

mulch — $ciotki ns. 2509 ns. n.s. ns. 2509 ns. 9.85 5.72
nutrition — nawozenia n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.
month — miesiaca - 14.52 - 14.52 - 14.52 - - 5.72
year — roku badan 8.94 14.50 n.s.

No — Control without nutrition — kontrola bez nawozenia azotowego,

N, — nitrogen nutrition rates — dawka nawozenia azotowego 75 kg N'ha”, N, —i 150 kg N'ha™',
*IV, V — month of measurement — miesiac pomiaru;

n.s. — no significant differences — rdznice nieistotne statystycznie

garlic began depending of the study year: 48 to 54 days after the emergence. That phase
was earliest observed in 2007 (on 17 April), later in 2008 (on 28 April), and the latest
(on 5 May) in 2009. The full flowering phase for bear garlic occurred in similar se-

Acta Sci. Pol.



Flowering of bear garlic (Allium ursinum L.) cultivated in the field... 137

quence, which depending on the year fell since 23 April till 12 May. Plants reached their
full flowering phase the soonest (54 days after emergence) in 2007, the latest (59 days
after emergence) in 2009. Seeds were formed the earliest in 2007 (on 15 May), while the
latest (on 1 June) in 2009. Despite of differences in vegetation beginning date, 76 days
after emergence passed both in 2007 and in 2009, whereas by 8 days more in 2008.

Length of inflorescence shoot. In April, mean length of bear garlic inflorescence
shoot ranged from 9.0 up to 59.8 mm, while in May from 190.5 to 320.8 mm (tab. 3).
That value varied due to mulching and the measurement date.

However, significant influence of mulching manifested only during May measure-
ments. No dependence between mulching vs. inflorescence length was recorded in
April. Varied nitrogen nutrition did not affect the shoot growth at both measurement
dates. For all study years. Shoots grew by about 200 mm between April and May
(211.2 mm, on average). The longest inflorescences in May were produced by bear
garlic in the third experimental year in mulched objects (mean 312.3 mm). During the
April measurements, bear garlic produced the longest shoots in 2008, while the shortest
in 2009. In May, the situation was inversed: plants formed the longest inflorescences in
2009, while the shortest in 2008.

Length of peduncle and inflorescence diameter. Average length of peduncle at
bear garlic inflorescence ranged from 17.0 to 22.8 mm (tab. 4).

Table 4. Length of peduncle and inflorescence diameter of bear garlic, depending on bark
mulching and nitrogen fertilization in years 2007-2009

Tabela 4. Dhugo$¢ szyputki kwiatowej 1 §rednica kwiatostanu czosnku niedzwiedziego w zalezno-
$ci od $cidtkowania kora i nawozenia azotowego w latach 2007-2009

Nitrogen Length of peduncle in mm Di;;meter of inflorescence in mm

nutrition Dtugos¢ szyputki kwiatowej w mm Srednica kwiatostanu w mm

N:X)‘t’j;fe 2007 2008 2009 G 2007 2008 2009 o

No 17.4 190 17.8 180 284 190 398  29.0
Without mulch N, 17.3 19.7 170 180 275 208 363 282
Bez sciotki N, 17.8 19.3 18.3 18.4 28.2 20.3 38.0 28.8
mean — $rednia  17.5 19.3 17.7 182 280 200 380 287
No 198 206 210 205 335 203 488 342
Bark mulch N, 19.4 198 210  20.1 352 208 515 358
Sciétka z kory N, 21.0 21.2 22.8 21.6 36.6 214 53.8 372
mean — $rednia~ 20.1 205 216 207 351 208 513 357
No 18.6 19.8 194 193 309 196 443 316
Mean N, 18.4 19.7 190 190 313 208 439 320
Srednia N, 19.4 20.3 20.5 20.0 324 209 459 33.0

mean — $rednia  18.8 19.9 19.6 19.4 31.5 20.4 44.7 322
LSDg s for: NIR dla:

mulch — $ciotki 1.66 n.s. 1.66 0.88 3.59 n.s. 3.59 1.41
nutrition — nawozenia n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.
year — roku badan n.s. 2.07

No — Control without nutrition — kontrola bez nawozenia azotowego,
N, — nitrogen nutrition rates — dawka nawozenia azotowego 75 kg N'ha™, N, —i 150 kg Nha™',
n.s. — no significant differences — roznice nieistotne statystycznie
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Significantly longer peduncles (by 2.5 mm, on average) were recorded in objects
where pine bark mulching was applied (20.7 mm) than no-mulched ones (18.2 mm).
Nitrogen nutrition had no remarkable impact on that trait, although slightly longer pe-
duncles were produced by bear garlic fertilized with the highest nitrogen rate
(20.0 mm). No significant differences in peduncle length between experimental years
were found either.

Table 5. Number of flowers in 1 inflorescence and on 1 plant of bear garlic, depending on bark
mulching and nitrogen fertilization in years 2007-2009

Tabela 5. Liczba kwiatéw w 1 kwiatostanie i na 1 roslinie czosnku niedzwiedziego w zaleznos$ci
od $cidtkowania kora i nawozenia azotowego w latach 2007-2009

Number of flowers — Liczba kwiatow

Nitrogen
nutrition in 1 inflorescence on 1 plant
Nawozenie w 1 kwiatostanie na 1 roélinie
azotowe 2007 2008 2009 [ 2007 2008 2009 M
$rednia $rednia
No 153 17.8 14.8 159  11.87 13.81 1148 1239
Without mulch N, 134 150 13.8 140 927 1038 955 973
Bez sciotki N, 15.4 17.0 15.8 160 12.87 1421 1321 1343
mean — $rednia  14.7 16.6 14.8 15.3 11.34 12.80 11.41 11.85
No 16.8 140 215 174 1808 1506 23.13 18.76
Bark mulch N, 18.8 180 215 194 1865 17.86 2133 19.28
Scislka z kory N, 20.4 18.8 240  21.0 2317 2136 2726 2393
mean — §rednia  18.6 169 223 193 1997 18.09 2391  20.66
No 160 159 18.1 167 1497 1444 1731 1557
Mean N, 16.1 16.5 17.6 167 1396 1412 1544 14.51
Srednia N, 17.9 17.9 19.9 185 1802 1778 2024 18.68

mean — $rednia  16.6 16.8 18.5 17.3 15.65 1545 17.66 16.25
LSDy s for: NIR dla:

mulch — $ciotki 4.12 n.s. 4.12 1.62 4.18 4.18 4.18 1.41
nutrition — nawozenia n.s. n.s. n.s. n.s. n.s. n.s. n.s. 2.22
year — roku badan n.s. 2.22

Ny — Control without nutrition — kontrola bez nawozenia azotowego,
N — nitrogen nutrition rates — dawka nawozenia azotowego 75 kg N'ha™, N, —i 150 kg Nha™',
n.s. — no significant differences — réznice nieistotne statystycznie

Diameter of bear garlic inflorescence varied depending on mulching and study year,
which ranged from 19.0 to 53.8 mm (tab. 4). Pine bark mulching exerted positive effect
on inflorescence diameter. In mulched objects, inflorescences were larger (35.7 mm)
than in no-mulched ones (28.7 mm). Considerable influence of mulching on the inflo-
rescence size was observed in the first and third years of study.

Nitrogen nutrition had no significant effect on inflorescence diameter; only a ten-
dency to increase that value along with higher nitrogen rates could be noted. The largest
inflorescences of 37.2 mm diameter were produced by bear garlic in pine bark mulched
objects where the highest nitrogen nutrition rate was applied (150 kg N ha™). In the
third year of cultivation, bear garlic inflorescences were the largest (44.7 mm), while in
2008 — the smallest (20.4 mm diameter).

Acta Sci. Pol.



Flowering of bear garlic (Allium ursinum L.) cultivated in the field... 139

Number of flowers. Inflorescences of bear garlic consisted of about 13.4 to 24.0
flowers, on average (table 5). Pine bark mulching had positive effect on the trait. In
mulched objects, inflorescences contained 19.3 flowers, while those cultivated without
mulching — only 15.3 flowers. The positive influence of mulching manifested signifi-
cantly in 2007 and 2009. On the other hand, no considerable differences in number of
flowers depending on nitrogen nutrition rates and year of study, was recorded. Only
a tendency to increase that value along with increasing nitrogen rate, was observed.

Not all bear garlic plants formed inflorescences every year. Mean number of flowers
recalculated onto a single plant reached values from 9.27 up to 27.26 flowers (table 5).
Mulching with pine bark exerted positive effects on bear garlic flowering. Number of
flowers on a single plant in mulched objects was by 8.81 higher than in no-mulched
ones. Nitrogen nutrition also influenced the trait, although the impact was no so univo-
cal. The largest number of flowers were recorded in objects fertilized with 150 kg N-ha™
rate, while the lowest — at 75 kg N-ha™ rate. Bear garlic flowered the most abundantly in
the third cultivation year; the first and second years did not differ in this respect.

DISCUSSION

Plant’s growth and development are highly determined by weather conditions
[Zuraw 2005a, b, Gvozdanovié-Varga and Vasi¢ 2008]. Thermal and moisture influ-
ences play the major roles in shaping the weather. Bear garlic is a perennial, the winter-
ing organ of which in a bulb, therefore it is reasonable to analyze the whole-year distri-
bution of temperatures and rainfalls during studies upon habitat requirements of the
species. The emergence and flowering dates of Allium ursinum were associated with the
weather course in particular years of experiment. Relatively warm January 2007 at
mean air temperature of 2.6°C contributed to early vegetation beginning; hence that
year, bear garlic emergence occurred on 27 February. Bear garlic started its vegetation
the latest in 2009. January 2009 was the most coldest of all three experimental years.
Mean monthly air temperature amounted to only —2.7°C. Also March 2009 was cold.
Mean decade temperatures oscillated around 0.23°C to 3.07°C. Probably, that is why
plants began their emergence with 2-week delay as compared to previous years of study.
At the end of April 2009, not a rainfall drop fell, and rainfall sum that month was
2.9 mm. As a consequence, all phonological phases for bear garlic in 2009 were delayed
as compared to previous years. It indicates that the moment of vegetation beginning by
Allium ursinum affected the course of subsequent stages and it is greatly associated with
temperature distribution over a year. During studies upon Allium ursinum carried out
near Vienna where average March air temperature that time was 6°C, plant’s emergence
began on 7 and 28 February depending of a year [Jandl et al. 1997]. McCrea [1924]
reported the beginning of Allium ursinum flowering between 1 and 14 May, when mean
temperatures before flowering — both in the first and second experimental years —
amounted to 10.18°C. In here analyzed experiment, bear garlic flowering occurred the
soonest in 2007 (on 17 April), while the latest - in 2009 (on 5 May). Average March air
temperature in 2007 was 6.2°C, which was the highest for that month during the three
years of study. March 2009 at mean temperature of 1.4°C did not favor bear garlic vege-
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tation and warmer weather in April (up to 11.4°C) made plant’s flowering. Studies
made by Bartofova and Zalud [2008] revealed that over 46 years of observations
(1961-2007), the beginning of bear garlic flowering occurred sooner by 9.6 days, on
average, which can be attributed to so-called “climate warming”. A significant influ-
ence of changing weather conditions on the course of particular phonological phases
was confirmed in experiments upon the fenology of 10 ornamental garlic cultivars
[Ploszaj and Szymanska 2008]. Zuraw [2005a] reported similar dependence when ob-
serving the chives (4/lium schoenoprasum L.) flowering. Significant influence of varied
temperature distribution as well as rainfalls on yielding of common garlic was proved
by Majkowska-Gadomska and Wierzbicka [2006]. The rainfall sum during critical pe-
riod for the plant was crucial for shaping the garlic yields. Here analyzed data revealed
that 76 days passed since emergence till seed production by Allium ursinum both in
2007 and 2009, despite of differences in vegetation beginning dates. Only in 2008, the
period was longer by 8 days, which could be attributed to the fact that May 2008 was
cooler than other years, which made the flowering and seed formation phases slightly
delayed.

In analyzed experiment, not all bear garlic plants formed inflorescences every year.
Kuklova and Kukla [2006] determined 92 Allium ursinum shoots of 44,9 + 7.3 c¢cm
length on 1 m* of a forest area. Average length of inflorescence shoots of bear garlic at
full development phase in the field cultivation oscillated from 210.7 to 274.9 mm. Ac-
cording to Traczyk [1989], length of bear garlic scape should be from 200 to 500 mm.
Allium ursinum originating from natural stand in “Chynoriansky luh” reserve formed
inflorescences of about 338 mm to 537 mm length [Kuklova and Kukla 2006]. Ernst
[1979] reported that height of inflorescence shoots of Allium ursinum — depending on
a stand — amounted from 186 to 270 mm.

Mulching with pine bark exerted positive impact on the inflorescence shoot length.
Mean length of inflorescence shoot amounted to 61.4 mm due to mulching. Organic
mulch had also positive effect on height and number of inflorescences at Allium cepa
[Anisuzzaman et al. 2009]. Kocira and Laskowska [2006a] recorded longer inflores-
cence shoots of peacock flower (Acidanthera bicolor var. murielae) on plots mulched
with a bark as compared to those without any mulching. Pine bark mulching also posi-
tively resulted in the length of scilla (Scilla campanulata) inflorescence shoots. Due to
the bark mulching, scilla produced inflorescence shoots longer by 3.5 cm than plants
cultivated with no mulching [Laskowska 1998]. In present experiment, the best growth
of bear garlic inflorescence shoots was recorded in the third year of study (2009),
a while scapes were the shortest in 2008. Probably abundant rainfalls in April 2008
exerted negative influence on inflorescence shoots formation and stimulated plant’s
vegetative growth, which could be confirmed by the largest leaf weight produced that
year by Allium ursinum.

Length of peduncle at bear garlic amounted from 17.0 to 22.8 mm, which was modi-
fied by mulching. Longer peduncles in the inflorescence (by 2.5 mm, on average) were
produced by plants grown in pine bark mulched objects. Such dependence can be ex-
plained by more beneficial conditions for growing plants cultivated on mulched soil. No
influence of nitrogen nutrition nor year of experiment on that trait was observed. De-
pendence between inflorescence diameter vs. experimental factors was similar, because
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both parameters are associated to each other. Laskowska [1998] reported positive effect
bark mulching on the length of racemes of scilla (Scilla campanulata). Inflorescences of
plants from mulched plots were longer by 2 mm than those grown on non-mulched soil.
Flower diameter in the inflorescence of rose cv. ‘Meidomonac’ in mulched objects was
significantly larger than that at rose flowers from no pine bark mulching stands [Kor-
szun and Zalewska 2005].

Zuraw [2005b] reported that bear garlic inflorescence consists of 11.8 individual
flowers. In the field cultivation, garlic inflorescences were composed of 17.3 flowers,
while their number oscillated from 13.4 to 24.0. Pine bark mulching had positive influ-
ence on the number of flowers in bear garlic inflorescence as well as number of flowers
recalculated onto 10 plants. By 4 more flowers were in bark-covered objects than on the
soil without mulching; considering a single plant — the number increased by 8.81 flow-
ers, on average, which is of a great importance for enhancing the reproduction effi-
ciency of the species. Landshuter et al. [1994] reported that particular Allium ursinum
plant produces about 20 seeds annually. Studies upon the effect of organic mulching on
yield and quality of Acidanthera bicolor var. murielae flowers did not reveal any sig-
nificant dependence between mulching application vs. number of formed flowers [Ko-
cira and Laskowska 2006a, b]. Number of flowers at bear garlic inflorescence did not
change due to nitrogen nutrition. It should be supposed that this is the trait more de-
pendent on a genotype rather than fertilization. According to Rabinovitch and Currah
[2002]. Number of flowers in Allium raceme depends on a species, age, and condition of
plants. In analyzed experiment, slightly more flowers were counted at plants during the
third year of cultivation. Jadczak [2005] reported increased number of inflorescence
shoots in clusters during the second and third years of tree onion growing. Recalculating
the results onto 10 plants also revealed that garlic fertilized with the highest nitrogen
rate (150 kg N-ha™) produced the largest number of flowers in the field cultivation,
which resulted from the number of inflorescences formed. Also in reference to large-
flower tickseed (Coreopsis grandiflora) and Siberian larkspur (Delphinium grandi-
flora), some positive influence of increasing nitrogen dose on the number of flowers at
both species was found [Kozik and Szymankiewicz 2004].

CONCLUSIONS

1. Mulching using pine bark exerted beneficial results to the length of inflorescence
shoot, peduncle, inflorescence diameter, as well as number of flowers in the inflores-
cence and on the plant.

2. Since April till May, significant increase of bear garlic inflorescence shoot growth
was recorded. Their length in April ranged from 9.0 to 59.8 mm, while in May from
190.5 up to 320.8 mm.

3. Inflorescences of bear garlic consisted of 13.4 to 24.0 flowers, on average, and
their diameter ranged from 19.0 to 53.8 mm. The longest inflorescence shoots and inflo-
rescences with the largest diameter and number of flowers were produced by bear garlic
in the third year of vegetation.
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4. No significant influence of nitrogen nutrition on inflorescence shoot length, inflo-
rescence diameter, nor number of flowers in particular inflorescences, was recorded.

REFERENCES

Andersson M.E., 1993. Aluminium toxicity as a factor limiting distribution of Allium ursinum L.
Ann. Bot. 72, 607-611.

Anisuzzaman M., Ashrafuzzaman M., Ismail R., Uddin M.K., Rahim M.A., 2009. Planting time
and mulching effect on onion development and seed production. Afric. J. Biotechnol. 8(3),
412-416.

Barto$ova L., Zalud Z., 2008. The process and development of phenophases of selected plants in
south Moravia in 1961-2007. Proc. Int. PhD. Conf. Brno, Nov. 2008, MendelNet 08, Agro-
nomy, 17.

Bierzychudek P., 1982. Life Histories and Demography of Shade-Tolerant Temperate Forest
Herbs. Rev. New Phytologist. 90, 4, 757-776.

Clarke Oz R., 2001. The Encyclopedia of Grapes. Websters Int. Publ. ISBN 0151007144, 192 p.

Eggert A., 1992. Dry matter economy and reproduction of a temperate forest spring geophyte,
Allium ursinum. Ecography 15, 45-53.

Ernst H.O., 1979. Population biology of Allium ursinum in northern Germany. J. Ecology 67,
347-362.

Fijatkowski D., 1994. Flora ro$lin naczyniowych Lubelszczyzny. 1. Wyd. LTN, 259.

Fijatkowski D., Chojnacka-Fijatkowska E., 2009. Rosliny lecznicze na Lubelszczyznie. LTN,
Wyd. Olech, ISBN 978-83-928472-5-0, 48-50.

Gvozdanovi¢-Varga J., Vasi¢ M., 2008. Response of spring garlic ecotypes on environmental
growth conditions. Natura Montenegrina 8(2), 73-81.

Hérault B., Honnay O., 2005. The relative importance of local, regional and historical factors
determining the distribution of plants in fragmented riverine forests — an emergent group ap-
proach. J. Biogeogr. 32, 2069-2081.

Jadczak D., 2005. Wptyw niektorych czynnikéw agrotechnicznych na plonowanie i warto$é
odzywcza cebuli pigtrowej. Rozprawy, 228. Wyd. AR w Szczecinie, 88 s.

Jandl R., Kopeszki H., Glatzel G., 1997. Effect of a dense Allium ursinum (L.) ground cover on
nutrient dynamics and mesofauna of a Fagus sylvatica (L.) woodland. Plant and Soil, 189, 2,
245-255.

Janeczko Z., Sobolewska D., 1995. Czosnek niedzwiedzi — cenna roslina zielarska. Wiad. Ziel. 4,
12-14.

Kocira A., Laskowska H., 2006a. Influence of herbicides and organic mulches on yield and qual-
ity of flowers of Acidanthera bicolor var. murielae Perry. Acta Sci. Pol., Hort. Cultus 5(1),
37-44.

Kocira A., Laskowska H., 2006b. Influence of linuron, pendimethalin, napropamide and organic
mulches on Acidanthera bicolor var. murielae Perry cormels yield. Zesz. Probl. Post. Nauk
Rol. 510, 281-287.

Korszun S., Zalewska J., 2005. The influence of mulching with pine bark on the growth and
flowering of two ground cover roses cultivars ‘Meiflopan’ and ‘Meidomonac’ and running to
weeds of experimental plots. Rocz. AR Pozn. 370, Ogrodnictwo 39, 53—68.

Kozik E., Szymankiewicz M., 2004. Wplyw nawozenia azotowo-potasowego na wzrost i kwit-
nienie nachylka wielkowiatowego (Coreopsis grandiflora Hogg.) i ostrozki wielkokwiatowej
(Delphinium grandiflorum L.). Roczniki AR Pozn. 356, Ogrodnictwo 37, 123—128.

Acta Sci. Pol.



Flowering of bear garlic (Allium ursinum L.) cultivated in the field... 143

Kuklova M., Kukla J., 2006. Natural Reserve Chynoriansky luh floodplain, its ecology and bi-
ometry of dominant herb species. Ekologia (Bratislava), 25, 4, 341-351.

Landshuter J., Lohmiiller E.M., Knobloch K., 1994. Purification and Characterization of
a C-S-Lyase from Ramson, the Wild Garlic, Allium wursinum. Planta Med. Aug. 60(4),
343-347.

Laskowska H. K., 1998. Wptyw zabiegéw agrotechnicznych na plon i przydatnos¢ do pgdzenia
cebul wybranych gatunkéw drobnocebulowych. Rozprawy Nauk. AR w Lublinie, 214.

Majkowska-Gadomska J., Wierzbicka B., 2006. Wptyw warunkéw pogodowych na plonowanie
czosnku. Annales UMCS sec. EEE, Horticultura, 16, 55-61.

McCrea R.H., 1924. Flowering in the North of England in 1922 and 1923. New Phytologist, 23,
4,207-216.

Mirek Z., Zarzycki K., Wojewoda W., Szelag Z., 2006. Red list of plants and fungi in Poland.
Czerwona lista roslin i grzybow Polski (red.) Inst. Bot. PAN, Krakéw, ISBN 83-89648-38-5.
Ploszaj B., Szymanska U., 2008. Zimowanie i fenologia dziesigciu gatunkéw i dwoch odmian
ozdobnych czosnkéw (Allium L.) uprawianych w warunkach przyrodniczych Olsztyna. Zesz.

Prob. Post. Nauk Rol. 525, 321-327.

Rabinovitch H.D., Currah L., 2002. Allium crop science: recent advances. CABI Publ., 515 pp.

Raunkizr C., 1934. The Life Forms of Plants and Statistical Plant Geography. Oxford University
Press, Oxford. Reprinted 1978 (ed. by Frank N. Egerton), Ayer Co Pub., in the "History of
Ecology Series". ISBN 0405104189.

Sendl A., Elbl G., Steinke B., Redl K., Breu W., Wagner H., 1992. Comparative pharmacological
investigations of Allium ursinum and Allium sativum. Planta Med. 58(1), 1-7.

Szafer W., Kulczynski S., Pawlowski B. 1986. Rosliny polskie. Cz¢s¢ II. PWN Warszawa,
778-179.

Traczyk T., 1989. Rosliny lasu liSciastego. Wyd. Szk. i Ped., Warszawa, 104—105.

Tutint G., 1957. Biological flora of the British Isles: Allium ursinum. J. Ecology 45, 1003—1009.

Zatuski T., Gawenda-Kempczynska D., Paszek 1., Lazowy-Szczepanowska 1., 2009. Stan zacho-
wania i sposoby ochrony rzadkich sktadnikow flory Gorznienisko-Lidzbarskiego Parku Krajo-
brazowego. Przegl. Przyr. 20, 3—4, 87-104.

Zuraw B., 2005a. Kwitnienie i nektarowanie szczypiorku Allium schoenoprasum L. Mat. XLII
Nauk. Konf. Pszczelarska. Putawy 2005, Wyd. ISiK Oddz. Pszczelnictwa, 127-128.

Zuraw B., 2005b. Wplyw owaddéw zapylajacych na wiazanie owocoéw i mase nasion 14 dzikich
gatunkoéw czosnku (Allium L.), Mat. XLII Nauk. Konf. Pszczelarskiej, Putawy 2005, Wyd.
ISiK Oddz. Pszczelnictwa, 128-130.

Zuraw B., 2007. Biological value and morphological traits of pollen of selected garlic species
Allium L. Acta Agrobot. 60(1), 67-71.

KWITNIENIE CZOSNKU NIEDZWIEDZIEGO (Allium ursinum L.)
W UPRAWIE POLOWEJ PRZY ZROZNICOWANYM NAWOZENIU
AZOTOWYM I SCIOLKOWANIU GLEBY

Streszczenie. Czosnek niedzwiedzi (4//ium ursinum L.) jest znany medycynie ludowej od
wiekow, a jego dziatanie farmakologiczne jest podobne do czosnku pospolitego. Jest ty-
powym wiosennym geofitem. Zajmuje stanowiska wilgotne w wawozach i przy zrodtach,
gléwnie w buczynach i t¢gach. Glownym sposobem rozprzestrzeniania si¢ populacji jest
rozmnazanie generatywne. Celem przeprowadzonych badan bylo okreslenie wplywu
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Sciotkowania gleby kora sosnowa oraz zroznicowanych dawek nawozenia azotowego
(0; 751 150 kg N'ha™) na cechy kwitnienia czosnku niedzwiedziego w warunkach uprawy
polowej. Scidtkowanie gleby kora wptyneto korzystnie na dtugo$é pedu kwiatostanowe-
go, szyputki kwiatowej i §rednic¢ kwiatostanu oraz liczbg kwiatow w kwiatostanie i na
ro§linie. W ciagu miesiaca, tj. od kwietnia do maja, odnotowano istotny wzrost pedow
kwiatostanowych czosnku niedzwiedziego. Ich dlugo$¢ w kwietniu miescita si¢ w prze-
dziale od 9,0 do 59,8 mm, natomiast w maju od 190,5 do 320,8 mm. Kwiatostany czosnku
niedzwiedziego sktadaty si¢ $rednio z 13,4 do 24,0 kwiatow, a ich $rednica miescita sig
w przedziale od 19,0 do 53,8 mm. Najdluzsze pedy kwiatostanowe i kwiatostany o naj-
wigkszej $rednicy i liczbie kwiatow tworzyl czosnek w trzecim roku wegetacji. Nie
stwierdzono istotnego wplywu nawozenia azotowego na dlugo$¢ pedow kwiatostano-
wych, $rednicg kwiatostandw i liczbg kwiatow w kwiatostanie.

Stowa kluczowe: Allium ursinum, kwiatostany, kora sosnowa, nawozenie
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