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Abstract

The conducted experiment was aimed at determining the effect of aqueous extracts from dry roots and
shoots of common weed nipplewort (Lapsana communis L. subsp. communis) on seeds germination and early
growth of radish (Raphanus sativus L. var. radicula Pers.), cultivars ‘Rowa’, ‘Krakowianka’, ‘Példtuga’. The
experiment was carried out in the form of Petri dishes tests with 3 different percentage concentrations of
extracts (1%, 3% and 5%, respectively). The germination indexes used here revealed that the germination
capacity of the radish seeds was significantly inhibited by extracts from the roots and shoots of L. communis
subsp. communis. The elongation growth of radish roots and hypocotyls was stimulated to a higher percentage
by extracts from nipplewort roots than by extracts from shoots. The fresh and dry mass of the radish seedlings
depended on the type (roots/shoots) and concentration of the extract as well as the radish cultivar. The
electrolyte leakage was the highest in seedlings watered with 5% extract of nipplewort shoots. The cultivar most
sensitive to nipplewort extracts turned out to be Példluga’, and the least sensitive was ‘Rowa’. The response of
radish seeds to nipplewort extracts is probably due to the presence of allelochemical compounds and their
synergistic interaction.

Keywords: allelopathy; germination; Lapsana communis subsp. communis; Raphanus sativus var.
radicula; seeds; weeds

Introduction

Allelopathic compounds have been shown to play important roles in the determination of plant
diversity, dominance, succession, climax of natural vegetation and in the plant productivity of agroecosystems
(Chou, 1999; Duke et al, 2002). There are also some studies proved that allelopathic plant extracts performed
better than synthetic herbicides to control weeds (Xuan ez a/, 2005; Jabran er al, 2010; Sottys et al, 2013).
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Thus, the plants are source of allelochemical compounds for sustainable agriculture (Kong, 2010; Rezendes er
al, 2020). Some plants, that produce allelopathic compounds could be exploited in varied way in weed
management, e.g. in cover crops (Urbano et al, 2006; Milchunas er a/, 2011), rotation crops (Liebman and
Staver, 2001). There are also ongoing studies on allelopathic influence of weed species as potential drivers for
lowering crops (Jabran ez al, 2010). In the last decade, there is a growing interest to estimate the allelopathic
potential of different group of plants, e.g. medicine plants as they contain bioactive compounds (Fujii et al,
2003; Amini er al, 2014; Pula er al, 2020).

Lapsana communis L. (common nipplewort, Asteraceac Dum. family, Cichorioideae (Juss.) Chev.
subfamily) is one of native weed species that commonly occurs in arable fields in Europe and western part of
Asia. The species can be also found in hedges, roadsides, woods, wasteland, woodland margins and clear-felled
areas in forests (Towpasz and Stachurska-Swakon, 2008; Stachurska-Swakon, 2009; Jarek and Stachurska-
Swakon, 2016). It was introduced to North America in the 19 century, probably as the contamination of the
garden material (Francis er a/, 2011). It has been introduced also to South America (Argentina, Chile),
Tasmania, New Zealand, Korea, Balearic Islands and others (Hulten and Fries, 1986; Francis er a/, 2011). It is
characteristic for Stellarietea mediacR. Tx., Lohm. et Prsg 1950 class, and A/liarion Oberd (1957) 1962 alliance
from Artemisietea vulgaris Lohm., Prsg et R. Tx. in R.Tx. 1950 class (Matuszkiewicz, 2020). Recently, the
species become more expansive spreading in a number of cropping system including cereals, fodder crops,
vegetables, particularly in the eastern part of its range (Weber and Gut, 2005). In some European countries the
species is listed as one of the most common weeds found in the wide spectrum of crops (after Francis et al,
2011).

L. communis is an annual (rarely perennial) herbaceous plant growing up to 1.2 m with an erect
branching stem (Figure 1).

4

Figure. 1. Nipplewort Lapsana communnis L. subsp. communis
A - the whole plant, B - young aboveground leaves, C - part of a rough-hairy stem with leaves, D - complex umbellate
inflorescences, E - inflorescence capitulas (photo B. Barabasz-Krasny and K. Mozdzen).

The plant produces numerous capitulas, 1-2 cm in diameters, in loose clusters at the top of the stems.
The small yellow flowers bloom from May to September and they are pollinated by small insects. The species
have also the ability to self-pollinate (Kashin eral, 2007). Its fruits are types achenes; they are dimorphic - outer
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are longer than inner: 3-4 mm long, The species reproduces only by seeds. One plant can produce about 1000
achenes, however in ruderal habitats the number of achenes could be higher (Bond ez a/, 2007 after Francis et
al, 2011). The numerous small achenes are retained in the cypsela until the plant is shaken by the wind or a
passing animal. After achenes dispersal, the lower leaves begin to rapidly senesce, however leaves and flower
heads may remain on the stem into the fall (Francis ez a/, 2011). The seeds germinate mostly in next 2-3 years,
and the very high rate of annual decline in the seed bank was observed (Roberts and Neilson, 1981; Barralis er
al, 1988, the authors observation). Several subspecies of L. communis have been recognised (Sell, 1981),
although subspecies communis is the most common across the most of Europe and in North America
(Berkefeld, 1988). Other subspecies are e.g.: adenophora (Boiss.) Rech.f. - Southeast Europe, grandiflora (M.
Bieb.) P.D. Sell. - Southwest Asia, intermedia (M. Bieb.) Hayek. (= L. intermedia M. Bieb.) - Southwest Asia
and Southeast Europe. Most subspecies are distinguished from the typical by ligules more than twice as long as
the involucre. Distinct ecotypes or races were also described in the main subspecies.

L. communis contains phenolic acids: caffeic, chlorogenic, caftaric and chicoric, flavonoids,
isoquercitrin, luteolin and luteolin-7-O-b-glucuronide (Fontanel er al, 1998a). Its fatty acids consist of
myristic, palmitic, 10, 13- or 11, 14- octadecadienoic, a-linolenic, stearic and arachidic acids (Fontanel et al,
1998b). The triterpene alcohol with taraxerol, b-amyrin, germanicol, aamyrin, lupeol, cycloartenol and c-
taraxasterol were also extracted from nipplewort (Fontanel er al, 1999). Its volatile oil at flowering stage
consisted of limonene, acetophenone, nonanal, and others (Stanciu et a/, 2007). The species was used in the
folk medicine (for breast ulcers), and as edible in Turkey (Francis ez a/, 2011).

The aim of the study was to determine the influence of aqueous extracts from dry roots and shoots of
nipplewort (Lapsana communis L. subsp. communis) - as common annual weed, on the germination and early
growth of radish seeds (Raphanus sativus L. var. radicula Pers.) in cultivars ‘Rowa’, ‘Krakowianka’, Pétdluga’ -
with low environmental requirements and quick germination. In the study was measured: (1) seed germination
indexes, (2) the elongation growth of seedlings, (3) fresh, dry masses and water content in seedlings, and (4) the
electrolytes leakage from seedling cells.

Materials and Methods

Plant material

Lapsana communis L. subsp. communis roots and shoots were collected from orchards in Southern
Poland (Andrychéw: 49°51'18"N 19°20"28"E) during the flowering season. Radish seeds in three cultivars
(Raphanus sativus L. var. radicula Pers. ‘Rowa’, ‘Krakowianka” and ‘Péidtuga’) from POLAN company were
used in the experiment.

Aqueous extracts preparation

Fresh plant material was subjected to selection in order to eliminate defective individuals. Then, fully
healthy roots and shoots of L. communis subsp. communiswere dried in a laboratory drier (Wamed SUP-100,
Warszawa, Poland) in the dark at 25 °C for 5 days. After this period, the dry plant material was ground in a
grinder (Braun, Poland) and stored in paper bags. Aqueous extracts of dry roots and shoots were prepared at 3
different percentage concentrations (1%, 3% and 5%, respectively). For this aim, the dry, fragmented plant
organs were weighed in appropriate amounts and poured over with cold distilled water. Solutions from the
roots and nipplewort shoots were prepared separately, according to the procedure: 1% - 1 g of plants material
was poured with 99 ml of distilled water, 3% - 3 g of plants material was poured with 97 ml of distilled water
and 5% - 5 g of plants material, which was poured with 95 ml of distilled water. The extracts were left for 24
hours in the dark in order to extract the chemicals they contained. One day later, the extracts were filtered
through filter paper and stored in the dark at 6-8 °C for the duration of the experiment.
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Radish germination condition

Radish seeds were sterilised in a 1% acetone solution for 5 minutes and washed 5 times with distilled
water. Then seeds were placed in sterile petri dishes with 3 layers of filter paper which was moistened with 6 ml
of prepared aqueous extracts of nipplewort roots and shoots. 25 seeds were placed in each Petri dish. The Petri
dishes with seeds were placed in a germinator in the dark, at 25 °C temperature, 60-70% humidity. Every 24
hours, the number of germinated seeds was checked and the seeds were moistened with 2 ml of extracts of the
appropriate concentration. The control group was seeds watered with distilled water in the same volume as the
experimental groups.

Germination parameters

Characterisation of the germination capacity of radish seeds, under the influence of aqueous L.
communis subsp. communis extracts, were based on germination indexes. The percentage of germinated seeds
(GP) (Khan eral,2011), germination index (GI) (AOSA, 1983), speed of emergence (SE) (Islam et al, 2009),
germination rate (GR) and germination seedling vigour index (SVI) (separately for roots, hypocotyls and whole
seedlings) (Abdul-baki and Anderson, 1973) were measured.

GP = [germinated seed/ total seed] x 100 (1)

GI = [number of germinated seeds/days of first count] +...+[number of germinated seeds/days of last
or final count] (2)

SE = (number of germinated seeds at the starting day of germination/number of germinated seeds at the
final days of measurement) x 100 (3)

GR=[(nl1 +n2+nn)/((n1 xT1)+ (n2x T2) + (n3 x T3) +...)] x 100

where: n1 = number of germinated seeds on time T'1; n2 = number of germinated seeds on time T2; n3
= number of germinated seeds on timeT?3 (4)

SVI = (organ seedling length (cm) x percentage of germinated seeds) / 100 (5)

Seedling growth

The length of the seedlings was measured with a caliper (Topex 31C615, Poland) with an accuracy of 1
mm. The seedling growth inhibition index was determined as % of control, according to the formula proposed
by Islam er a/ (2013). Negative values of the index indicate stimulation of growth, positive values of inhibition
of elongation growth, expressed as a percentage of the control group.

IP = [1 - (LE/LC)] x 100

where: IP - growth inhibition index (%), LE - seedling length (cm) treated with aqueous extract, LC -
seedling length (cm) from the control (6)

Fresh mass (FM), dry mass (DM), DM/FM, relative water content and total water content

Fresh mass (FM) of 7-day-old radish seedlings was determined on the balance with an accuracy of 0.001
g (Ohaus Adventurer Pro, USA). Weighed seedlings were immersed for 24 h in petri dishes (¢ 5 cm) in 5 ml of
distilled water in order to determine the turgor index (TM). The seedlings were dried for 48 h at 105 °Cina
Wamed SUP-100 dryer (Poland) in order to determine the dry weight (DM). Based on the obtained mass
results, the following were calculated: (7) - a relative water content (RWC), according to formula Mullan and
Pietragalla (2012), and (8) - total water content (TWC), according to Lipniak and Kliszcz (2020).

RWC = [(EM - DM) / (TM - DM)] x 100

where: RWC - relative water content, FM - fresh mass, DM - dry mass, TM - turgor mass (7)

TWC = 100 - [(DM x 100) / EM]

where: TWC - total water content, DM - dry mass, FM - fresh mass (8)
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Electrolyre leakage

Permeability of cell membranes of radish seedlings by electrolyte leakage was measured according to the
method used in paper Mozdzeni er a/ (2018). Individual seedling was placed in 15 ml deionized water with a
conductivity of 0.05 uS / cm in polypropylene violes, and shaken for 3 h on shaker model Rocker, Labnet (New
Jersey, USA). The electrical conductivity of the diffusates (LZ) was measured using a conductivity meter CX-
701 type, Elmetron (Zabrze, Poland), with an electrode with a constant K = 1.04 (Elmetron, Zabrze, Poland).
Then, samples were frozen at -75 °C for 24 h in order to macerate the tissues. After that time, the frozen plant
material was subjected to the same shaking procedure as described above. Next, the total electrolyte leakage
content from dead tissue (LM) were determined. The percentage electrolyte leakage (EL) from radish seedlings
were made according to the formula:

EL=(LZ/LM)x 100% (9)

Statistical analysis

The experiment was carried out in 3 replicates. The obtained results were summarised in Excel. The
results between objects (n = 3, + SD) were analysed by the ANOVA parametric test using the post hoc Tukey
test p < 0.05 in Statistica 13.0.

Results

Germination parameters

The Germination percentage (GP), for the ‘Rowa’ and ‘Krakowianka’ cultivars, was higher among seeds
watered with 1% and 3% extracts from roots of Lapsana communisL. subsp. communisthan the control values.
For ‘Példiuga’ cultivar all extracts from nipplewort roots significantly decreased germination (Table 1).

Table 1. Germination indexes in radish seeds (Raphanus sativus L. var. radicula Pers. ‘Rowa’,
‘Krakowianka’, ‘Példiuga’) watered with aqueous extracts from roots and shoots Lapsana communis L.
subsp. communis, with different percentages (1%, 3% and 5%) and under control conditions

GP | GI | SE | GR
Extract (%) ‘Rowa’
root | shoot root | shoot root | shoot root | shoot

Control 60.00 b 49.36b 60.80 ¢ 23.36a
1 86.68 a 90.68 a 60.27 a 61.66a 86.68 a 90.68 a 2447 a 24.64a
3 80.00 a 9.32d 56.88 ab 17.31d 80.00 ab 14.87 ¢ 24.11a 20.17b
5 32.00 ¢ 5.32¢ 40.81 bc 8.48¢ 37.51d 14.26¢ 23.08 a 19.44 c

‘Krakowianka’

Control 60.00 ¢ 43.62b 60.80 ¢ 23.36a
1 92.00 a 76.00 b 61.23a 55.79 ab 95.83a 78.09b 24.89a 24.14a
3 92.00a 14.68 d 61.23a 17.08 ¢ 95.83 a 31.45d 24.89 a 21.50 ab
5 80.00b 5.32¢ 56.47 ab 6.44d 86.96 ab 30.72d 24.62 a 21.82ab

‘Potdiuga’

Control 60.00 a 49.36a 60.80 a 23.36a
1 16.00 ¢ 32.00 b 39.90b 19.02 ¢ 16.00 ¢ 32.43b 22.13a 22.89a
3 4,00d 2.68de 32.72b 697 e 492d 275e 2223 a 18.87b
S 2.00e 0.00 f 10.93d 1.21f 0.00f 0.00 f 19.87b 17.38b

Mean values (n = 3) marked different letter differ statistically (in column - for each cultivar separately) according to
Tukey test at p < 0.05
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Statistically, the lowest number of germinated seeds was found for all radish cultivars on Petri dishes
with 5% nipplewort root extracts. In the case of extracts from nipplewort shoots, an increase in GP value was
observed for seeds of the ‘Rowa’ and ‘Krakowianka’ cultivars, watered with 1% extracts, and a marked decrease
in the value of this index for Példluga’ seeds. Shoot extracts at the concentration of 3% and 5% inhibited the
germination of seeds of all three radish cultivars, compared to the control.

For ‘Rowa’ cultivar, 1% extract from roots of L. communis subsp. communis significantly increased the
germination index (GI) values (Table 1). The other two concentrations of extracts (3% and 5%) did not
significantly affect on the GL In comparison to the control, the aqueous extracts from nipplewort roots,
regardless of concentration, stimulated the GI values of the ‘Krakowianka’ cultivar, and inhibited the GI of the
‘Potdluga’. In the case of 1% extracts from nipplewort shoots, an increase in the GI value was observed for
‘Rowa’ and ‘Krakowianka’ seedlings. The extracts of 3% and 5% concentrations significantly decreased the
values of this index. For Példluga’ cultivar, all shoot extracts, regardless of concentration, had a negative effect
on the GI values.

The seed emergence expressed as SE index values, for ‘Rowa’ cultivar, was stimulated by 1% and 3% of
extracts from the roots of L. communis subsp. communis, compared to the control (Table 1). Contrary to the
5% extracts which clearly inhibited the SE. For the ‘Krakowianka’ cultivar a positive effect of all nipplewort
root extracts on the SE parameter was revealed. Only for ‘Pétdluga’ cultivar, each of the root extracts had a
significant and negative effect on the SE values. In the case of shoot extracts, for the ‘Rowa’ and ‘Krakowianka’
cultivars, a positive effect of 1% concentrations on the SE parameter was observed. Compared to the control,
only the 3% and 5% extracts reduced the seed emergence of these cultivars. On the other hand, for the
‘Potdtuga’ cultivar, all extracts from shoots of L. communis subsp. communis had a negative effect on the SE
values.

The germination rate (GR) values for all investigated radish cultivars was similar between the root
extracts and the control (Table 1). The exception was the 5% extract, which for the Pétdluga’ cultivar
significantly decreased the GR values. For the ‘Rowa’ and ‘Pétdtuga’ cultivars, the 3% and 5% extracts from
nipplewort shoots caused a significant reduction in the GR value, compared to the 1% extract and control
group. For the ‘Krakowianka’ cultivar, the values of this parameter did not change significantly.

The seed vigour (presented as SVI index values) for the underground part of the ‘Rowa’ cultivar did not
change in the presence of all the applied aqueous concentrations of nipplewort root extracts, compared to the
control (Figure 2). In the case of the ‘Krakowianka’ and ‘Pétdtuga’ cultivars, each of the extracts accelerated the
growth of seedlings. SVI of hypocotyl values increased significantly only for the ‘Rowa’ cultivar. For
‘Krakowianka’ and ‘Pétdluga’ no effect of root extracts on the values of SVI hypocotyl index was observed. The
SVI whole seedling values analysis for the ‘Rowa’ cultivar showed significant reduction of the SVI parameter
on the 3% nipplewort root extracts. With the other two extracts SVI index stimulation was observed, but it
was not statistically significant. For the ‘Krakowianka’ and ‘Példluga’ cultivars, extracts from the roots of L.
communissubsp. communispositively influenced on the SVIwhole seedling values, as compared to the control.

For the ‘Rowa’ cultivar, 1% aqueous extracts from nipplewort shoots stimulated the SVI root index,
compared to other concentrations and radish cultivars (Figure 2). A significant reduction in the SVI root
values, for all three radish cultivars, was observed for 3% and 5% of L. communis subsp. communis extracts,
compared to the control values. SVI hypocotyl values were significantly the highest for seedlings, all three
cultivars, watered with 1% shoot extracts. The SVI whole seedling index showed a significant increase in the
organs of radish seedlings watered with 1% nipplewort shoot extracts, compared to the control and the other
two extracts. Extracts with a concentration of 3% did not statistically significantly affect of the value of this
parameter, although its reduction was observed compared to the control. For all three radish cultivars watered
with 5% nipplewort shoot extracts a significant reduction of SVI whole seedling was found.
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Figure 2. Comparison of seed vigour index (SVI) of scedlings organs
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and ‘Péiduga’, after 7 days of watered with aqueous extracts from roots (A-C) and shoots (D-F) of Lapsana communis
L. subsp. communis, with different concentration (1%; 3% and 5%) and control conditions; mean values (n = 3, +SD)
marked different letter differ statistically according to Tukey test at p < 0.05

Seedlings growth

The elongation length of radish seedling roots, presented as the Inhibition percentage index (IP), was
stimulated, regardless of radish cultivar and nipplewort root extract concentrations (Figure 3, Table 2). The
‘Rowa’ cultivar, in which the elongation of seedling roots was significantly inhibited by extracts of 3% and 5%,
turned out to be an exception. IP of hypocotyl was similar and clearly stimulated by nipplewort root extracts.
Biometric analysis of seedlings showed that the whole seedlings were stimulated by all extracts from L.
communis subsp. communis. Positive values of elongation index were obtained only for the ‘Rowa’ cultivar,
watered with 3% extract. The length of root (expressed as IP of root values), of radish seedlings germinated on
the shoot extracts, was inhibited by 3% and 5% extract concentrations.
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Table 2. Length of Raphanus sativus L. var. radicula Pers. ‘Rowa’, ‘Krakowianka’ and ‘Potdtuga’ seedlings

organs after 7 days of watered with aqueous extracts from roots and shoots Lapsana communis L. subsp.

communis with different percentages (1%; 3% and 5%) and under control conditions

Concentrations of extracts (%)
Radish cultivars 1 3
Control
root | shoot root | shoot root shoot
Root (cm)
‘Rowa’ 3.9 c 744 a 630b 1.86¢ 198¢ 2.60d 1.30e¢
‘Krakowianka’ 3.44 c 5.30b 3.36¢ 7.74a 1.54d 3.38¢ 0.42 ¢
Potdluga’ 4.54b 6.44a 2.32¢ 6.34a 1.10d 4.64b 0.18¢
Hypocotyl (cm)
‘Rowa’ 2.36d 8.84a 8.80a 3.14c¢ 3.30¢ 7.76b 1.86¢
‘Krakowianka’ 2.74d 9.64b 9.62b 9.14b 3.30¢ 10.72 a 1.86¢
Poldluga’ 2.60d 8.42b 5.44 c 9.10a 1.58 ¢ 8.42b 0.00 f
Whole seedling (cm)
‘Rowa’ 6.30d 16.28 a 15.10b 5.00 ¢ 5.28¢ 10.36 ¢ 3.16f
‘Krakowianka’ 6.18d 14.94 b 12.98 ¢ 16.88a 4.84e 14.10b 228f
Potdluga’ 7.24c 14.86 a 7.76¢ 15.44a 2.68d 12.96 b 0.18¢

mean values (n = 3) marked different letter (in row — for each cultivar separately) differ statistically according to Tukey

testat p < 0.05
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With increasing of the allelochemical substances concentrations, a decrease in the ability of root
development was observed, in all the tested radish cultivars. Except for two cultivars - ‘Rowa’ and ‘Krakowianka’
germinated on 1% of the extracts. The length of hypocotyl was stimulated with 1% shoots extracts. The other
two extracts (3% and 5%) negatively influenced on the elongation of hypocotyls. The exception was the ‘Rowa’
and ‘Krakowianka’, in which the 3% extract stimulated the hypocotyls elongation.

The length of whole seedlings reached negative values only in seedlings watered with 1% of nipplewort
shoot extracts. The seedlings germinated on the 3% and 5% extracts achieved positive values of the IP index,
which indicated a negative effect of the extracts. With increasing of shoot extracts concentrations, the IP values
increased (values closer to zero). It was a signal of the negative influence of the extracts on the elongation growth

of radish seedlings (Figure 3, Table 2).

Fresh mass (FM), dry mass (DM), DM/FM, relative water content and total water content
Fresh mass (FM) of ‘Rowa’ seedlings was the highest in those watered with 1% extracts from shoot of

Lapsana communis L. subsp. communis, compared to the control and other extracts. The FM of ‘Rowa’
seedlings was significantly inhibited by 5% extracts from roots and shoots (Table 3).

Table 3. Fresh and dry mass, relative water content and total water content in radish seedlings (Raphanus
sativus L. var. radicula Pers. ‘Rowa’, ‘Krakowianka’, ‘Példiuga’) watered with aqueous extracts from roots

and shoots Lapsana communisL. subsp. communiswith different percentages (1%; 3% and 5%) and under
control conditions

Concentrations of extracts (%)
Radish cultivars 1 3 5
Control
root | shoot root | shoot root | shoot
Fresh mass FM (g)
‘Rowa’ 0.2101b 0.1798bc 0.3262a 0.0842d 0.1651 be 0.1329 ¢ 0.1283 ¢
‘Krakowianka’ 02150 a 0.2055a 0.1944 ab 0.2076 a 0.2624 a 0.2504 a 0.1421b
‘Pétdiuga’ 0.1507 a 0.159%4a 0.1169 ab 0.1653a 0.1813a 0.1349 ab 0.0428 ¢
Relative water content RWC (%)
‘Rowa’ 77.56b 87.40 b 156.13a 65.33b 74.56 b 70.88 b 72.49b
‘Krakowianka’ 81.52a 83.26a 78.08 a 88.70 a 81.90a 83.14a 82.49a
‘Potdhuga’ 89.34a 91.34a 100.81a 82.80 ab 81.50 ab 64.46 b 55.58 b
Dry mass DM (g)
‘Rowa’ 0.0065 a 0.0053 b 0.0056 b 0.0054 b 0.0065 a 0.0063 a 0.0067 a
‘Krakowianka’ 0.0080 a 0.0075 ab 0.0073 ab 0.0059 b 0.0093 a 0.0104 a 0.0073 ab
‘Pétdiuga’ 0.0074 a 0.0056 b 0.0056 b 0.0058 b 0.0066 a 0.0070 a 0.0060 a
Total water content TWC (%)
‘Rowa’ 96.82 a 96.97 a 97.16a 94.51a 96.10a 95.13a 94.90 a
‘Krakowianka’ 96.32a 96.36a 96.33a 97.04a 96.39a 95.79 a 9491 a
‘Pétdiuga’ 95.10a 9651 a 95.07 a 96.48 a 96.46 a 94.68 a 83.98b
Dry mass / Fresh mass ratio DM/FM
‘Rowa’ 0.03b 0.03b 0.03b 0.05a 0.04b 0.05a 0.05a
‘Krakowianka’ 0.04 ab 0.04 ab 0.04 ab 0.03 ¢ 0.04 ab 0.04 ab 0.05a
‘Potdhuga’ 0.05b 0.03 ¢ 0.05b 0.04b 0.04b 0.05b 0.16a

Mean values (n = 3) marked different letter differ statistically (in row, for each cultivar separately) according to Tukey
testat p < 0.05

The fresh mass of the ‘Krakowianka’ seedlings watered with extracts from nipplewort organs did not
differ significantly from the control. Only a significant reduction of the FM value was observed for the seedlings
treated with 5% shoot extracts. The fresh mass of ‘Pétdluga’ radish was significantly lower for seedlings watered
with 5% extracts from L. communis subsp. communis, relative to the control and all other extracts.
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For the ‘Rowa’ cultivar, the highest values of relative water content (RWC) were observed for seedlings
watered with 1% nipplewort shoot extract, compared to the control. In other cases, no statistically significant
differences in the RWC values were found. The nipplewort extracts had no significant effect on the turgor of
‘Krakowianka’ cultivar radish seedling cells. The ‘Pétdtuga’ cultivar showed a significant reduction in cell turgor
(RWCQ) in seedlings watered with 5% extracts, compared to the control and 1% extracts (Table 3).

Dry mass (DM) of ‘Rowa’ seedlings was similar between the control and the seedlings watered with 5%
nipplewort root and shoot extracts. For seedlings watered with 1% shoot and root extracts and 3% extracts
from roots of L. communis subsp. communis a significant decrease in the DM was observed. Compared to the
control, the DM of the ‘Krakowianka’ cultivar was significantly lower only for seedlings watered with 3% root
extracts. In other cases, no differences in the values of this parameter were found. The dry mass of Pétdluga’
seedlings was the highest in the control, in relation to the DM of seedlings watered with 1% nipplewort extracts
and 3% root extract (Table 3).

Total water content (TWC) of the ‘Rowa’ and ‘Krakowianka’ cultivars did not differ significantly, in
relation to the control. Only for the ‘Pétdluga’, a significant reduction in the TWC in seedlings watered with
5% nipplewort shoot extracts was observed (Table 3).

The dry-to-fresh mass ratio (DM / FM) for ‘Rowa’ and ‘Példtuga’ cultivars was the highest in seedlings
watered with 5% nipplewort shoot extracts, compared to the control. For the ‘Krakowianka’, the values of this
parameter were similar. The lowest DM / FM values for radish seedlings watered with 3% root L. communis
subsp. communis extracts were observed (Table 3).

Electrolyre lca/(agc

Electrolyte leakage (EC), from seedlings of three radish cultivars germinated on the aqueous extracts
from roots of L. communis subsp. communis, was similar to the control values. A statistically significant
increase in this parameter was noted only for the ‘Rowa’ cultivar, watered with 3% extract, compared to the
control and other extracts and radish cultivars (Figure 4). The 3% aqueous extracts from nipplewort shoots
decreased the percentage of electrolyte leakage for the three studied radish cultivars. On the other hand, the 5%
extracts caused a significant increase in destabilisation of cell membranes. For the ‘Krakowianka’ cultivar, the
1% and 3% extracts statistically reduced the percentage of EC, compared to the control. For the ‘Pétdtuga’, the
1% and 5% extracts increased the degree of electrolyte outflow, in contrast to the control object and the 3%
extracts which lowered the percentage of EC.

Discussion

In ecological and agroecological studies, different methods are used to assess the interaction between
plants. One of them is the potential use of allelopathy as a natural remedy to control weeds and their harmful
effects in agroecosystems (Magbool er al, 2013; Mahajan et a/, 2015; Jabran, 2017; Latif ez al, 2017; Scavo et
al, 2018; Mozdzen et al, 2020). In this study, an allelopathic model available in the literature was used to
determine the effect of aqueous extracts from the roots and shoots of Lapsana communis subsp. communison
radish seeds (a model organism, easy to grow and with a short cycle). Based on the conducted experiment, it
was found that each of the used nipplewort extracts showed a clear allelopathic effect on the germination
capacity of radish seeds. Analysis of germination indexes showed that, the root extracts turned out to be
significantly less toxic than shoot extracts (Table 1, Figure 2). The smallest differences were observed for the
germination rate (GR), and the remaining indexes - germination percentage (GP), germination index (GI),
seed emergence (SE) and seed vigour index (SVI) provided similar information on the impact of aqueous
extracts from L. communis subsp. communis. The presented results confirm the inhibitory effect of aqueous
extracts of nipplewort roots and shoots, proportional to the concentration of the extract. As the concentration
of allelopathic compounds increased, the negative effect of the extracts on the germination of radish seeds
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usually increased (Mozdzer er al, 2020). This kind of reaction of seeds to extracts could have resulted from
very eatly activation of allelopathic compounds. At the swelling stage, these compounds could cause anatomical
deformations in the seed coat and spare materials, which contributed to delayed germination (Mozdzeri and
Rzepka, 2016; Mazur, 2019).
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Figure 4. Electrolyte leakage of Raphanus sativus L. var. radicula Pers. ‘Rowa’, ‘Krakowianka’ and
‘Potdluga’ seedlings after 7 days of watered with aqueous extracts from roots (A) and shoots (B) Lapsana
communis L. subsp. communiswith different percentages (1%; 3% and 5%) and under control conditions;
mean values (n = 3, +SD) marked different letter differ statistically according to Tukey test at p < 0.05

Understanding the mutual competition between crops and weeds is possible by comparing the effects of
their interaction. This is revealed, for example, in the morphological features of the crop’s plants (Biel-
Parzymigso, 2020). Changes in the elongation of three radish cultivars expressed as the IP index indicated the
effect of extracts from L. communis subsp. communis on their growth and development. The values of this
index above 0 indicate that the negative allelopathic properties of the analysing plant extracts are intensifying,
Negative IP values indicate a positive effect of allelopathic substances contained in the extracts (Islam er a/,
2013; Mozdzen er al, 2020). In this experiment, biometric analysis of radish seedlings, regardless of the cultivar,
showed a positive effect of root extracts and a negative effect of nipplewort shoot extracts on the growth of
underground and aboveground parts of seedlings (Figure 3). Regardless of the type of extract and its
concentration, the roots of radish seedlings were shorter than those of the hypocotyls. This may be due to the
fact that the roots are the first to come into contact with allelochemical compounds after breaking the seed coat
(Mazur, 2019). Apart from inhibiting root elongation, the extracts also caused morphological changes in
seedlings (Ashraf er a/, 2008). Under the influence of the extracts, the seedlings looked distorted and twisted,
compared to the control seedlings.

At the current stage of allelopathic studies, it is assumed that allelochemical compounds co-occurring in
the extracts interact not only with the germination capacity of seeds and seedling growth, but also with changes
in biomass production (Chengand Cheng, 2015; Biel-Parzymigso, 2020). In the studies of L. communissubsp.
communis, the reaction of radish seedlings in terms of the production of fresh and dry mass was specific and
depended on the type and concentration of the extract and the cultivar of radish (Table 2). Similar reactions of
all radish seedlings, regardless of the cultivar, were found for those watered with 5% nipplewort shoots extracts.
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In this case, the fresh mass of the seedlings was significantly lower, compared to the control. The dry mass did
not differ statistically between the control and 5% nipplewort root and shoot extracts. On the one hand, this
type of reaction may result from the competition for environmental factors between plants growing in the
vicinity, and on the other hand, the release of allelochemical compounds into the environment, and
consequently their different effects on plants growing in the environment. In agrophytocoenoses, crops plants
are forced to compete with weeds for all the environmental components necessary for them to live: light, water,
nutrients and space for living. Weeds, by disturbing the availability of any of these factors, cause growth
inhibition, yield reduction, resistance to pathogens, lodging and even death of crops plants (Chengand Cheng,
2015; Scavo et al, 2018). Natural allelochemical compounds can also be involved in the action of growth
regulators (Farooq et a/, 2013). Therefore, it can be argued that the chemical substances contained in extracts
from L. communis subsp. communis, stimulated and inhibited cell division, depending on the type of extract
and the concentration of allelopathic compounds.

Allelochemical compounds have a clear effect on the water ratios in the plant (Hussain and Reigosa,
2011; Friedjung er al, 2013). It can be assumed that the phenolic acids, present in the nipplewort extracts, were
responsible for the slight differences in the water balance of radish seedlings (Table 2). The presence of these
compounds plays an important role in regulating diffusion, as well as maintaining the correct water potential
in cells (Li er a/, 2010; Jacob and Sarada, 2012). However, be aware that this is probably only one of many
groups of chemicals substances responsible for this kind of seedling reaction (Cheng and Cheng, 2015). In
addition, the activity of allelopathic compounds present in the extracts also depends on their concentration,
the pH of the environment in which they occur and their interaction with other chemicals (Scognamiglio ez
al, 2013; Nazim Uddin er al, 2020).

Natural allelopathic substances affect not only the water balance of the cell, but also the entire
metabolism and all physiological processes (Farooq er al, 2013). By penetrating the cell, allelochemical
compounds can modify and even destroy the structures that build cell membranes. Such changes impose
limitations on the function of enzyme proteins and induce lipid peroxidation. By disrupting the condition of
cell membranes, allelochemical compounds control biochemical and physiological processes in various parts of
the cell. In this way, these compounds “decide” on the course of growth and further development of plants
(Zandi er al, 2018). In this study, the aqueous extracts from nipplewort roots did not show any significant
effect on electrolyte leakage, unlike extracts from shoots (Figure 4). Extracts from the aerial parts of L.
communissubsp. communis, along with increasing concentrations, disrupted the functioning of radish seedling
cell membranes. Probably in the 5% shoot extracts there was a high concentration of allelochemical
compounds, which caused depolarisation and dissolution of the lipid layer of membranes and inhibition of
protein biosynthesis. The increased percentage of electrolytes leakage could also result from the insufficient
amount of ATP, which is the source of energy necessary to maintain the proper structure of the membranes
(Farooq et al, 2013; Mozdzeti er al, 2020). In the broad spectrum of action of allelochemical compounds, this
type of property is mainly attributed to phenolic compounds. However, it cannot be ruled out that other, non-
phenolic allelochemical compounds are absorbed on the surface of cell membranes (Cheng and Cheng, 2015).
Hence, it is important to conduct further studies of this type in order to identify not only allelochemical
compounds, but also to verify the mechanisms modifying the permeability of membranes.

Conclusions

(1) Germination indexes of radish seeds showed that aqueous extracts of Lapsana communis subsp.
communis inhibited germination as the concentration of the extracts increases. The lowest number of
germinated seeds was revealed on the Petri dishes with the 5% extracts.

(2) Elongation growth of radish seedling organs was generally stimulated by root extracts and inhibited
by nipplewort leaf extracts.
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(3) The fresh and dry masses varied depending on the type and concentration of the extract. The lowest
values were recorded for seedlings germinated on the 5% of L. communis extracts. The water content in
seedlings, regardless of the radish cultivar and type of extracts, generally did not differ from the control.

(4) The electrolyte leakages from radish seedlings germinated on the root extracts was similar to the
control. A significantly increase of values in this parameter was observed for radish cultivars treated the
nipplewort shoot extracts. The most sensitive cultivar on to the effect of the extracts was the ‘Péidtuga’ cultivar,
and the most resistant one was the ‘Rowa’

The aqueous extracts from nipplewort organs - depending on the concentration and the part they come
from - to varying degrees effect the course of physiological processes and morphology of radish seedlings and
determine the course of their growth and development. At higher concentrations, especially from the
aboveground parts, they have a negative effect on the germination and growth of radish seedlings.
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