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ABSTRACT

The life cycle and phenology of wild garlic (Allium ursinum L.), an important medicinal plant and 

valuable food source, has been reviewed, putting emphasis on resource allocation in various 

phenological stages. The plant is known to rely on both sexual and clonal reproductive strategies. The 

extremely large allocation into flower, and particularly seed formation, underlines the importance of 

sexual reproduction for wild garlic. Pollinators, mainly honey bees and bumble bees, attracted both 

by pollen and nectar, play a key role in successful sexual reproduction. Nectar volumes and 

concentrations vary with flower age, and also between populations at different habitats, affected by 

microclimatic conditions and soil properties. In the course of clonal reproduction, the bulbs of 

daughter ramets develop directly next to the mother plant, maintaining physical, and for a short 

period even physiological interconnections (Clan-of-Clones strategy). As a consequence of the 

above strategies, a wild garlic population at a given habitat can be characterised by a diverse genetic 

composition, both in space and time. Our preliminary molecular study revealed that members of the 

same clone do not exhibit any variability in their RAPD patterns; but with growing distance from the 

clan, polymorphic fragments appear in the sampled individuals. These results suggest that modern 

molecular techniques can be applied for investigating the actual habitat location of genetic patterns.
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mountainous vegetation belt (Tutin 1957, Kevey 1977, INTRODUCTION
Kovács 2007). 

Wild garlic is a perennial, herbaceous plant which Allium ursinum L. (ramson or wild garlic) is a 
grows up to 50 cm high (Fig. 1B) and features elongated member of the Alliaceae family, a perennial, forest 
narrow bulbs (Fig. 1C). The elongated, dark green leaves competitor plant, widely distributed in Europe and Asia. 

The present study focuses on ssp. ucrainicum, which is taper off and exhibit parallel venation (Fig. 1B). The 
distributed in Eastern Europe; whereas ssp. ursinum is umbel-like inflorescence comprises 8-12 trimeric 
confined to the western and southern regions of Europe. flowers with white tepals (Fig. 1B,1D). The fruits are 
Wild garlic occurs in various deciduous woodlands (Fig. trichotomic capsules containing black seeds (Sendl 
1A), preferring damp places, meso- and eutrophic, 

1995). 
neutral to moderately acid soils of the hilly and the 
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Fig. 1A-D. A. Monodominant, flowering stand of wild garlic (Allium ursinum L.) in a typical beech forest in 

Hungary; B. Plants in full bloom; C. Narrow elongated bulbs and D. Flowers with nectar droplets at the base 

of the ovary.
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Fig. 2A-D. A. Honey bee and butterfly on the inflorescence; B. Bumble bee as flower visitor; C. Ant 

feeding on flower and D. Types of the Clan-of-Clones strategy showing mother plant with the daughter 

ramets with large leaves, forming a dense rosette-like cluster. Younger generations with smaller leaves are 

located on the right. The seedlings can be seen on the margin.
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Wild garlic is consumed both fresh and cooked, already in February (Kevey 1977, Ernst 1979). 

appearing in markets as source for fashionable “nature Depending on the amount of accumulated nutrients, the 

products” (Dénes et al. 2013). Besides, it has a wide plant starts to develop reproductive organs occasionally 

range of medicinal applications, being a potent in the fourth, but typically in the fifth year (Ernst 1979). 

antioxidant, effective against hypertension, Developing an inflorescence requires plenty of 

atherosclerosis, diarrhoea and indigestion (Reuter 1995, resources and energy, its growth begins already within 

Mohamadi et al. 2000, Gođevac et al. 2008). the bulb in the course of winter, as early as in January.

The popularity of A. ursinum is increasing both as  Following the full development of foliage leaves, 

food (Dénes et al. 2013) and medicinal plant. Numerous the plant allocates once again into the generative organ, 

research papers have been published on the active flowering in April and May. At the beginning of summer, 

principles (e.g. Sendl 1995) and pharmacological allocation is directed towards the reproductive organs, 

activities (e.g. Gođevac et al. 2008), as well as the developing seeds, renewal and daughter bulbs. In the dry 

population ecology (Oborny et al. 2011) of wild garlic. and hot summer period, when available light is limited 

However, the reproductive biology and genetic due to the closed canopy of trees, the leaves of wild 

constitution of A. ursinum has received less attention garlic gradually wilt and decay and the plants can 

(Eggert 1992, Herden et al. 2012). The aim of this paper survive in the form of bulbs. With the arrival of autumn 

is to review the available information on the phenology, rains, a minor secondary root development commences 

pollination biology and various reproductive strategies in October. Finally, the cycle starts again with the 

of Allium ursinum ssp. ucrainicum, and to provide new development of leaf primordia (Ernst 1979). The length 

data on its genetic diversity. of each phenophase may vary according to the climate. If 

the plants fail to accumulate enough nutrients in the 
LIFE CYCLE AND PHENOLOGY bulb, flowers may not develop for one or more 

The longevity of wild garlic is largely influenced by consecutive years. The ratio of plants flowering every 
its reproductive strategy. Seed germination starts after a second year may reach 80% (Eggert 1992).

ocold treatment (5-10 C) for approximately four months Sexual reproduction requires large nutrient and 
(Ernst 1979). A significant portion (up to 75%) of the energy investment, which is supposed to be in the 
seeds commences to develop only after more than one background of the decay of the plant as early as 7 to 8 
year dormancy. The seedlings develop a single foliage years. The maximum life span is estimated to reach 10 
leaf as well as short and fine nutrient absorbing roots years (Ernst 1979, Klimešová  & Klimeš 2006). 
close to the surface of the soil, which is rich in nutrients, 

but characterized by extreme temperature- and water POLLINATION BIOLOGY

balance (Eggert 1992). A significant part of nutrients is Pollinators, attracted by various floral rewards, play 

allocated from the foliage leaf into the developing bulb. a key role in successful sexual reproduction, by 

In general the growth of the plants is slow in the first two enhancing allogamy and subsequent seed set. 

years. However, after the second year the plants grow 

rapidly, and up to the fifth year the biomass of leaves and Pollinators – The incompletely proterandrous flowers 

bulbs doubles each year (Ernst 1979). For 3 to 4 years the (Eggert 1992) of wild garlic are pollinated by various 

young plants accumulate nutrients with their first few insects, which are attracted both by pollen and nectar. 

leaves that gradually become larger in each short early Various bee species, such as honey bees (Apis mellifera 

spring period (Oborny et al. 2011). After the third year L., Fig. 2A) and bumble bees (Bombus sp., Fig. 2D) are 

the plants develop tractive roots, which pull the bulb among the most important pollinators. Occasionally, 

deeper into the soil (Eggert 1992), to a maximum of 27 butterflies (Lepidoptera, Fig. 2A) and ants (Formicidae, 

cm (Ernst 1979), where the habitat conditions are more Fig. 2C) can also be observed on wild garlic flowers, 

optimal. Due to more favourable conditions the growing feeding on nectar.

period of the plant becomes longer. Hence, the leaf Apicultural significance – Wild garlic, flowering in late 

which has developed in the bulb in autumn may sprout April and early May, provides an excellent food source 

for honeybees in spring. The blooming period of wild REPRODUCTIVE STRATEGIES

garlic largely overlaps with that of oilseed rape As a clonal plant, wild garlic is able to reproduce 

(Brassica napus L.). Their floral rewards, nectar and with both sexual and clonal strategies (Oborny et al. 

pollen, are essential for the strengthening of bee colonies 2011). 

at this early period of the year. Although the nectar flow 

of wild garlic is not as even and abundant as that of Sexual reproduction – Sexual reproduction means 

oilseed rape, A. ursinum can be a reliable food source for testing if plants are suitable for colonising new sites by 

bees in the plant's typical habitats, where it covers large the dispersal of propagules carrying new features that 

areas in monodominant stands (Fig. 1A.). As a rare evolved by the combination and mutation of genes. On a 

unifloral honey, wild garlic honey can be sold at higher mature wild garlic plant an umbel-shaped cluster of 

prices than multifloral honeys or even robinia (Robinia spherical capsules develops on a 40-to-50 cm-long stalk. 

pseudo-acacia L.) honey. By the time the capsules reach full maturity, the leaves 

are already decaying, and the fruiting stalk bends toward 

Nectar production – Floral nectar is secreted by septal the ground. The majority (75%) of seeds is shed at a 

nectaries, located between the base of the ovary and the distance of half meter from the mother plant (Ernst 

stamens of the inner circle, which is characteristic for the 1979). On a slope, however, capsules may travel to larger 

Alliaceae family (Daumann 1970, Rahn 1998, Rudall et distances (up to 2.5 m) on the carpet formed by decaying 

al. 2002, Åström & Hæggström 2004, Farkas & Zajácz leaves. Erosion might also have an important role in 

2007). Daily nectar volumes range from 0.1 to 3.8 µl per passive seed dispersal (Ernst 1979). 

flower, with sugar concentrations of 25 to 50%. Nectar The seeds are covered with elaiosomes, which 

secretion varies with flower age: buds and flowers in the suggests dispersal by insects such as ants, however, 

tepal expansion stage rarely produce any nectar; freshly myrmechochory was disproven experimentally (Ernst 

opened flowers secrete little volumes, and the best nectar 1979). Rarely, seeds may attach with mud to the foot or 

producers are the pollen shedding flowers. Nectar sugar clove of larger animals such as deer, and may reach 

concentration reaches the highest values (around 50%) farther places, which is important in the development of 

in pollen shedding and old flowers (Farkas & Zajácz new ramets (Kevey 1977). Adults facilitate seedling 

2007). Consequently, the highest number of pollinating establishment by a weak Allee effect (Morschhauser et 

insects is attracted to wild garlic in the pollen shedding al. 2009). One of the possible ways to support the 

period, when the flowers provide both pollen and plenty development of offsprings is that the adults produce 

of concentrated nectar as reward. This, in turn, is compounds that hinder the growth of other plant species. 

beneficial to the plant, since pollen transfer takes place In fact, the allelopathic effect of the leaves and bulbs of 

during the receptive period of the stigma. Regarding the wild garlic has been demonstrated previously 

nectar traits of pollen shedding flowers, the date of (Djurdjevic et al. 2004).

sampling did not have a profound effect on either nectar 

volume (Fig. 3A) or concentration (Fig. 3B) within a Clonal strategy – Clonal reproduction ensures the 

single flowering stage, on five consecutive days of full continuous utilization of habitats that have already 

bloom (Farkas et al. 2012). proven optimal for the plant. A mother plant that has 

Nectar volumes and concentrations vary between developed from seed is able to reproduce by daughter 
th

populations at different habitats (Table 1, 2), which can bulbs usually from the 5  year of its life span. Ernst 

be attributed to variations in microclimatic conditions (1979) reported that 0.1 to 7.2% of such mother plants 

and soil properties. In a silver lime-flowering ash rock can produce one (or two) daughter ramets (daughter 

forest association mean nectar volumes and bulbs). The bulbs of daughter ramets develop directly 

concentrations were found to be lower than in a typical next to the mother plant (Fig. 2D.), maintaining physical, 

sessile oak-hornbeam association (Farkas et al. 2012). and for a short period even physiological 

interconnections (Clan-of-Clones strategy) (Oborny et 

al. 2011). Ramets are densely packed, therefore daughter 
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ramets remain in a single group, applying the phalanx GENETIC DIVERSITY

growing strategy (Oborny et al. 2011). The As a consequence of the strategies discussed above, 

physiological connection, which exists for 1 (-5) years a wild garlic population at a given habitat can be 

with the mother plant, significantly increases the vitality characterised by a diverse genetic composition, both in 

of daughter ramets. They are able to develop leaves with space and time. The genetic background of Allium taxa 

larger blade surface, or even two leaves at the same time, has already been studied by RAPD (Randomly 
nd

and they start to flower already from the 2  year, i.e. 2 or Amplified Polymorphic DNA) technique (Williams et 

3 years earlier compared to plants that have germinated al. 1990), which allowed us the random study of the 

from seeds (Ernst 1979). Rarely, ramets may be formed whole genomic DNA and required no prior knowledge 

also from the 8-15-cm-long side root branches. of the genome analyzed. 

Testing 23 RAPD markers, various banding patterns 

Fig. 3. Changes in nectar features on various sampling dates (15-19 April 2007) Data are presented as 

mean + standard deviation (SD) of measurements from 25 to 30 flowers each day. A. Changes in nectar 

volume; and B. Changes in nectar sugar concentration.

27 April 2007 end of bloom 27 April 2008 full bloom 9 May 2008 end of bloom

 n mean (µl) STD n mean (µl) STD n mean (µl) STD

Site 1 33 1.339* 0.549 50 1.516 0.807 50 1.162* 0.549

Site 2 31 0.936* 0.526 50 1.422 0.772 50 0.732* 0.568

Site 3    49 1.318 0.677 50 0.104* 0.185

Method t-test, P = 0.0039 ANOVA, P = 0.4298 Kruskal-Wallis test, P < 0.0001

Table 1—The effect of habitat on nectar volume

*
Abbreviations: n = sample size, STD = standard deviation,  = Indicates significant differences between sites

Site 1: Sessile oak-hornbeam association - cool and humid, optimal for A. ursinum, which is dominant in herb layer

Site 2: Silver lime-flowering ash rock forest association - warm and dry, not optimal for A. ursinum, which is 

dominant in herb layer

Site 3: Sessile oak-hornbeam association - less humid, more acidic, not optimal for A. ursinum, which has a mosaic 

appearance

27 April 2007 end of bloom 27 April 2008 full bloom 9 May 2008 end of bloom

n mean (%) STD n mean (%) STD n mean (%) STD

Site 1 33 36.182* 3.860 50 37.280 4.895 50 44.040* 4.247

Site 2 31 32.516* 3.548 50 35.640 4.129 50 40.080* 4.597

Site 3    49 35.898 0.685 14 32.429* 3.005

Method t-test, P =0.0002 ANOVA, P = 0.1655 ANOVA, P < 0.001

 

Table 2—The effect of habitat on nectar concentration

Abbreviations: n = sample size, STD = standard deviation, * = Indicates significant differences between sites
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