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Vegetative Behaviors of the Linden (Tilia spp.) Seedlings
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Abstract

The main goal of this study was to investigate the morphological
development of the seedlings of Tilia spp. The experiments were carried out
with seeds from three Tilia species. The seeds were harvested from trees in the
region of Plovdiv on 30, 45, 60, 75 and 90 days after flowering. The seeds were
sown in soil bed immediately after collecting. The sprouting percentage and
percentage of developed and survived seedlings were recorded. In a 3-4 leaves
development stage, the morphological characteristics of root, stem and leaves
were determined. The seedlings have only developed from 90 days seeds. The
differences between species were observed. The highest stem was measured in
Tilia tomentosa Moench. The largest root system was developed in the
seedlings of Tilia platyphyllos Scop. The seed propagation of linden is most
effective by using 90 day old seeds.
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Introduction

Four lime species are more common in Europe: Tilia dasystyla Stev.,
Tilia tomentosa Moench., Tilia cordata Mill. and Tilia platyphyllos Scop and
they are widely used for urban landscaping (Radoglou et al., 2009). In the area
of Balkan Peninsula primarily silver linden (Tilia tomentosa Moench.) occurs.
Radoglou et al. (2009) emphasized that the wide spread of linden is
predominantly due to its high adaptability and vitality.
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The seeds of linden according to Stokes (1965) fall at dormancy and
they cannot germinate despite availability of appropriate environment
conditions - optimal temperature, humidity and aeration. For the realization of
the sprouting, the seeds can undergo physiological and morphological treatment
such as scarification and stratification. Similar methods for overcoming
dormancy of the seeds were recommended by Panayotov (2015). Chawla
(2004) reported that the reasons for the occurrence of dormancy are specific
nature of the linden sees, such as the presence of endogenous inhibitors,
specific requirements for light, the poor ripening of the seeds and embryo. The
author points out that in American linden (Tilia americana L.), the seed
dormancy is often associated with unopened pericarp, i. e. fruit coat. In this
species, according to Rose (1991), seeds do not germinate when placed in the
moist substrate under laboratory conditions, and the main reason for this is the
difficulty of water absorption, which is a limiting factor for germination. It was
also found that the seeds sown in the soil prior to the occurrence of the winter
season have a relatively low germination. The seed coat of linden is no reason
for dormancy, but it contributes significantly to the extension of its duration.

Extremely important for good seed germination is the location of
mother trees from which they are derived. Varaksin and Kladko (2010)
associated the normal development of seeds with the duration of individual
phenophases. Researchers found that in urban environments, despite the strong
growth of small-leaved lime (Tilia cordata Mill.) the maturation of the seeds is
considerably postponed.

The seeds of linden tree are characterized by specific anatomical and
morphological structure, which greatly prevent their germination. The strong
impermeability of the seed coat to water and oxygen and a significant
mechanical firmness, that also prevent the protraction of the embryo root were
observed. This water impermeability is associated with the structure of the
individual layers of the seed coat as well as of the hilum and chalaza. In this
sense, the seed propagation is extremely difficult (Werker, 2013).

The main goal of this study was to establish the species response to the
morphological development of the seedlings of different Tilia spp.

Material and Methods

The experiments were carried out with seeds of linden species small-
leaved lime (Tilia cordata Mill.), silver linden (Tilia tomentosa Moench.) and
large-leaved lime (Tilia platyphyllos Scop.). The seeds were harvested and
collected from different trees of the above-mentioned species in the region of
the Agricultural University of Plovdiv, through the interval of 15 days after
flowering (in the beginning of June), i. e. of 30, 45, 60, 70 and 90 days.
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The seeds by 150 numbers in these periods were sown in the open air
bed, immediately after collecting, in three replicates. In the variants with seeds
of 30, 45, 60 and 75 days the sprouting was not established, therefore the
experiments continued only with seedlings, developed from 90-day seeds. The
regular watering and weeding were performed. The percentage of sprouting in
the stage of first true leaf and also the percentage of survivors and a developed
seedling plant to the total number of sown seeds as well as to the number of
sprouted seeds in March were established.

The morphological behaviors of the seedlings in phase 3-4 leaves were
determined. The length, weight, volume (by the quantity of displaced water in a
measuring cylinder of 100 ml) and a number of root runners; length, diameter
and weight of the stem; number, weight and area of the leaves were measured
on 15 plants. The air-dry matter of the root, stem and leaves was established by
the method, described from Gemisheva (1980). The dispersion analyses were
performed by ANOVA.

Results and Discussion

Table 1 presents the results for the sprouting of the studied linden
species. The highest percentage of sprouting was noticed in Tilia tomentosa
Moench. - 21.17%, while the lowest was in large-leaved lime - 11.84%.

Tab. 1. Sprouting of seeds and survival of the seedlings of linden
Kuujarwe cjemena u nocmomax npexcuémsenux caoHuya aune

Survival of Survival of
. . all sown seeds / sprouted seeds /
Species / Sprouting /
. Ipeorcusmwasarwe | Illpesxcusmasarse
Bpcma Knujarve (%) . :
CeUX 3acejanux uckaujaioe
cemena (%) cemena (%)
T"'a,\/‘fﬁ[data 18.71 17.64 98.97
Tilia platyphylios 11.84 9.91 83.69
Scop.
Tilia tomentosa 2117 21.08 99.59
Moench.
GD p=1.0% 4.37 6.6 1.89
GD p=0.1% 6.33 9.56 2.74
GD p=0.01% 9.5 14.35 4.11
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The survival of the seedlings, to the percentage of sprouted seeds, was
relatively high. In 18.71% sprouted seeds of Tilia cordata Mill., the developed
seedlings were 98.97%. It could be pointed out that for other species Tilia
tomentosa Moench. this percentage was even higher and reached 99.59%, or
there is almost one hundred percent of survival from sprouted seeds. The third
linden species takes an intermediate position with 83.69%. However, the
survival to all sown seeds was low. It changed in a range from 9.91% for Tilia
platyphyllos Scop. to 21.08% for Tilia tomentosa Moench. The statistical
significance of the differences between the individual variants is established.

The linden seeds germinate and sprout relatively slowly. They are
characterized by the weak rate (temperature) of development. This, according
to Bradley and Blazich (2005) could be due to the firmness of the pericarp,
especially in small-leaved lime. Main reason for that is the impermeablility of
the seed coat and the current status of the embryo, which determines the
considerable dormancy of these seeds. The similar opinion in this scope, as
mentioned above, was also reported by Werker (2013). Furthermore, this
research emphasized that this impermeability is also connected with the
presence of cellulosic substances and difficulty in penetration of water and
oxygen.

The morphological characteristics of the root system of the seedlings
are presented in Table 2. The smallest weight was recorded in small-leaved
lime - 0.3 g, and the highest in silver linden - 0.5 g.

Tab. 2. Morphological characteristics of root system
Mopgorowxe kapakmepucmuke KOpeHogoz cucmema

Number of
Species / Weight / Length / Volume / root runners /
Lyorcuna 3anpemuna .
Bpcma Teaxrcuna (Q) 3 bp.xopjenosux
(cm) (cm?)
ocpanaxka
Tilia cordata 0.30 12.21 0.23 12.17
Tilia platyphyllos
Scop. 0.35 13.10 0.18 20.41
Tilia tomentosa 0.50 16.35 0.73 22.17
Moench.
GD p=1.0% 0.15 3.99 0.09 4.44
GD p=0.1% 0.22 4.76 0.13 6.43
GD p=0.01% 0.33 7.14 0.19 9.65
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The highest length was observed in Tilia tomentosa Moench. - 16.35
cm. The lowest value of the root volume was measured in Tilia platyphyllos
Scop. - 0.18 cm® and the highest (0.73 cm?®) in Tilia tomentosa Moench. The
number of root runners of Tilia tomentosa Moench. is almost two times higher
than in Tilia cordata Mill. The highest values of the observed indices for root
system was present in Tilia tomentosa Moench. Higher statistical significance
about the differences in the length and volume of the root system is established.

Some responses were observed between different linden species
regarding stem weight (Table 3). The similar trend, as for root weight, was
recorded also for stem weight. The highest values were measured in seedlings
of silver linden - 0.40 g. The plants of small-leaved lime developed the lowest
stem weight. Smaller differences were observed regarding stem length.
However, silver linden stems were characterized by the greatest length - 11.27
cm. Such state was observed for the stem diameter, and its values ranged from
0.24 cm (Tilia cordata Mill.) to 0.30 cm (Tilia tomentosa Moench).

Tab. 3. Morphological parameters of stem of the seedlings
Mopdgonowku napamempu cmabna

Species/ Weight / Length / Diameter /
Bpcma Tescuna (Q) Hyoicuna (Cm) Ilpeunux (mm)
Tilia cordata 0.27 10.36 0.24
Mill.
Tilia platyphyllos
Scop. 0.35 10.52 0.28
Tilia tomentosa 0.40 11.27 0.30
Moench.
GD p=1.0% 0.07 3.38 0.06
GD p=0.1% 0.10 4.89 0.09
GD p=0.01% 0.15 7.34 0.14

Table 4 presents data obtained from the analysis of the development of
true leaves in seedlings of three investigated species. Small differences were
reported for the number of leaves. The highest one was in large-leaved lime -
4.5 numbers, while the lowest it was in silver lime - 3.47 numbers. Significant
responses of species are present in leaves weight.

The smallest weight was determined in small-leaved lime - 0.33 g. In
other two species, values for this parameter were almost identical - 0.55 for
small-leaved lime and 0.53 g for silver linden, respectively. The species
responses increased the sign area of the leaves.
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Tab. 4. Morphology of leaves
Mopgonowixe xapakmepucmuke 1Ucmosa

Number of Leaf weight / Leaf area /
Species / Bpcma leaves / bpoj Tearcuna Hospwuna
JaUCmosa aucmosa (g) aucmoea (Cm?)
Tilia cordata 3.68 0.33 353.07
Tilia platyphyllos
Scop. 4.50 0.55 460.90
Tilia tomentosa 347 053 502,30
Moench.
GD p=1.0% 0.29 0.23 11.95
GD p=0.1% 0.43 0.34 17.31
GD p=0.01% 0.64 0.51 25.96

The difference between the lowest (Tilia cordata Mill.) and the highest
value (Tilia tomentosa Moench.) is 149.23 cm?. The high statistical significance

of differences between the variants is calculated for the area of leaves.

Air-dried matter (Table 5) of the root system was characterized by large
differences between investigated lime species. In large-leaved lime, it reached
24.09%, which is the lowest measured value, while the highest was in silver
linden - 37.42%. The stems of silver linden contain most air-dry matter. This
index of leaves was in range from 27.49% in silver linden to 31.38% in small-

leaved lime.

Tab. 5. Air-dry matter (%)

Baszoywno cysa mamepuja

The seed of linden sprout is relatively weak and the survival of
seedlings is equally low. The root system and stem of silver linden (Tilia

Species / Root / Stem/ Leaves /
Bpcma Kopjen Cmabno Jlucmosu
Tilia cordata Mill. 30.29 30.16 31.38
Tilia platyphyllos Scop. 24.09 30.72 29.72
Tilia tomentosa Moench. 37.42 32.44 27.49
Conclusion

tomentosa Moench.) seedlings are characterized by the highest development.
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The highest number and weight of leaves was present in the seedlings
of large-leaved lime (Tilia platyphyllos Scop.), while leaf area was the highest
in silver linden (Tilia tomentosa Moench.).

The species responses were observed about the air- dry weight. In the
roots and in the stems it was the highest for species silver linden (Tilia
tomentosa Moench.), but in leaves, this was established in small-leaved lime
(Tilia cordata Mil.).

References

Bradley, D. & Blazich, F. (2005). Tiliaceae-Linden family. Tilia L. linden or
basswood. In: Bradley, H. (ed.), Woody Plant Seed Manual, (pp. 1113-
1118). North Carolina State University.

Chawla, H.S. (2004). Introduction of plant biotechnology (p. 484). Pantanagar
(India): University of Agricultural and Technology.

Gemisheva, C. (1980). Water regime. In: Georgiev, G. (ed.), Guide for
practical exercises of physiology of plant (pp 20-31). Sofia, (Bulgaria):
Press Science and Art.

Panayotov, N. (2015). Seed science and factors of the seed production of the
vegetable crops (pp. 156-176). Academic press of Agricultural
University-Plovdiv.

Radoglou, K., Dobrowolska, D., Spyroglou, G. & Nicolescu, V. (2009). A
review on the ecology and silviculture of limes (Tilia cordata Mill.,
Tilia platyphyllos Scop. and Tilia tomentosa Moench.) in Europe. Die
Bodenkultur, 60(3), 1-19.

Rose, R.C. (1991). After-ripening and germination of seeds of tilia, sambucus,
and rubus. Botanical Gazette, 67(4), 281-308.

Stokes, P.(1965). Temperature and seed dormancy. Differenzierung und
Entwicklung. In: Ruhland, W., Ashby, E., Bonner, J., Geiger-Huber,
M., James, A., Lang, D., Miller, M. & Stalfelt, G. (eds.), Handbuch der
Pflanzenphysiologie, no. 15, (pp 2393-2450), Verlag Berlin Heidelberg.

Varaksin, G.S. & Kladko, Y.V. (2010). Peculiarities of tillet (Tilia cordata
Mill.) phenological development in various ecological conditions in
Krasnoyarsk city. Dxonocus. Becmnux Kpacl'AY, no. 8, 73-77.

Werker, El. (2013). Seed dormancy as explained by the anatomy of embryo
envelopes. Israel Journal of Botany, 29(1-4), 22-44.

Agro-knowledge Journal, vol. 18, no. 3, 2017, 167-174 173


http://link.springer.com/book/10.1007/978-3-642-50088-6
http://link.springer.com/book/10.1007/978-3-642-50088-6
http://link.springer.com/search?facet-creator=%22W.+Ruhland%22
http://link.springer.com/search?facet-creator=%22E.+Ashby%22
http://link.springer.com/search?facet-creator=%22J.+Bonner%22
http://link.springer.com/search?facet-creator=%22M.+Geiger-Huber%22
http://link.springer.com/search?facet-creator=%22W.+O.+James%22
http://link.springer.com/search?facet-creator=%22A.+Lang%22
http://link.springer.com/search?facet-creator=%22D.+M%C3%BCller%22
http://link.springer.com/search?facet-creator=%22M.+G.+St%C3%A5lfelt%22
http://www.tandfonline.com/author/Werker%2C+Ella
http://www.tandfonline.com/toc/tips19/29/1-4

BereraruBHe kapaktepucTtuke caguuna gumne (Tilia spp.)
Banenrun [lanues!, Banepuja Mpanosal

UTomonpuepeonu ynueepsumem y Ilnosousy, Byzapcka
Caxerak

['maBHM 1MJB OBOT MCTpakuBama OWO je J1a ce yTBpAU MOPQOJIOIIKH
pa3Boj canuuna qurne (Tilia sp.) EkcriepumenTr cy 00aB/beHH ca CEMEHOM TPH
BpcTe Jymne. CjeMeHa cy IpUKyIUbeHa ca Omibaka y peruony Ilnosausa 30, 45,
60, 75 m 90 nmana HakoH mBjeTama. CjeMeHa Cy IOCHjaHa OIMax HaKOH
NpUKyIUbaa. TOKOM eKkcliepuMeHTa cy mpaheHdM MpoLeHaT KiWjama, Te
NpOIICHAT Pa3BHjEHUX M MPEXKUBIbEHHX cagHuua. Y ¢asu pa3Boja 3-4 mucra,
aHanu3upaHe cy MoOpQOJIOUIKe KapaKTepUCTUKE KOpjeHa, crabja M JIMCTOBA.
Cagnuiie cy ce pasBwie caMo U3 cjeMeHa crapor 90 nmanHa. YcraHOBJbEHA je
pasnuka usmel)y Bpcra. Hajsume cra6iio je u3MjepeHo koj caanumna spere Tilia
tomentosa Moench. Camamme Bpcre Tilia platyphyllos Scop. Umane cy
Hajpa3BUjeHHjU KOpjeHoB cucteM. [lpomaraunmjy kox Bpcra u3 poxa Tilia
HajTIpPHUKIIaTHHU]E je 00aBUTH ca cjeMeHoM crtapuM 90 nana.

Kmwyune pujeuu: xopjen, crabuno, Tilia spp., npomnaramnuja, cjemena
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