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1 Introduction 
Ailanthus altissima (Mill.) Swingle (tree-of-heaven), family 
Simaroubaceae DC. (A. altissima) is a perennial deciduous 
tree or shrub that reaches a height of 15–30 m. The plant 
is believed to be native to East China and North Vietnam, 
where A.  altissima is a major component of broadleaf 
forests (Kowarik and Säumel, 2007). However, according 
to other sources, the natural range is more widespread 
and covers Northeast and Central China, as well as East 
and Southeast Asia – Taiwan, North Vietnam, and North 
Korea (Hoshovsky, 1988; Huang and Editorial Committee 
of the Flora of Taiwan, 2003; Yonebayashi et al., 2016). 
Tree-of-heaven was introduced to Europe by the French 
missionary Pierre d’Incarville in the 1740s, and in 1784–
1785 by William Hamilton the plant was brought to the 
United States, Philadelphia (Kowarik and Saumel, 2007; 
Boer, 2013; Kasson et al., 2013). It is currently distributed 
in tropical and subtropical eastern Asia, Europe, North 
and South America, Africa, Australia, New Zealand 

(Weber, 2003; Weber and Gut, 2004; Fotiadis et al., 2011; 
Galasso et al., 2018).

Due to its bioecological features, namely 
unpretentiousness to soil and climatic conditions – 
adaptability to any type of soil – acidic, neutral, alkaline, 
resistance to drought, frost, heat, hydrogen fluoride, 
sulphur dioxide, poor, dry or wet soils, pollution, heavily 
polluted soils, and industrial pollution, resistance to pests 
and diseases, the tree-of-heaven spreads at an incredible 
rate, easily adapts to new habitats and produces 
abundant, fast-growing shoots. Renewal is both 
seed and root offspring. Seed production per mature 
A. altissima plant can reach one million per year or more
(Rebbeck and Jolliff, 2018). Reproduction from seeds in
the total number of young shoots can reach more than
40%. While seed propagation is not uncommon, the
fastest regeneration method for ailanthus is through
roots, root crown, and bole (Sladonja et al., 2015; Boer,
2013; Rebbeck and Jolliff, 2018). Even young ailanthus
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seedlings can produce horizontal roots from which new 
shoots appear.

Thus, the plant is essentially a weed, multiplies quite easily, 
and gives plentiful annual growth. At the same time, 
the composition of various parts of the plant includes 
secondary metabolites that have biological activity 
against other weed plant species, as well as concerning 
harmful species of insects and mites (Kozuharova et al., 
2022). Because of this unique combination of properties, 
it is advantageous to use the plant as a raw material for 
the production of different remedies for organic farming. 
Therefore, research is being carried out all over the world 
on the study of herbicidal, pesticidal, antimicrobial, 
antioxidant, and other beneficial properties of extracts 
and essential oil from ailanthus (Tsao et al., 2002; De Feo, 
2009; Pedersini et al., 2011; Albouchi et al., 2013; Sladonja 
et al., 2014; Poljuha et al., 2017; Ivanova and Elisovetcaia, 
2018; Demasi et al., 2019; Caser et al., 2020; Tanasković et 
al., 2021). 

Simultaneously with the study of herbicidal properties, 
extracts from A.  altissima revealed the presence of 
allelopathic activity (Constan-Nava, 2015; Ullah et al., 
2020). Based on the foregoing, before recommending 
extracts or remedies based on the secondary metabolites 
of ailanthus, it is necessary to comprehensively study their 
effect on cultivated plants. Therefore, our work aimed to 
study the allelopathic effect of Ailanthus altissima (Mill.) 
Swingle extracts from leaves and seeds on Lycopersicon 
esculentum Mill. (L. esculentum) seeds.

2 Material and methods
The laboratory experiments were carried out during 
2022–2023, in the Slovak University of Agriculture (SAU) 
in Nitra, Institute of Plant and Environmental Sciences, 
Nitra, Slovak Republic. 

2.1 Plant materials 
Ailanthus leaves and seeds were harvested in the central 
zone of the Republic of Moldova from adult fruit-bearing 
trees. The leaves were collected in May before flowering 
and in June during flowering. The seeds were harvested 
at the end of July 2022. All plant materials were dried at 
room temperature away from sunlight, and then crushed 
using the laboratory mill, powdered to uniform-size of 
particles passing through a sieve with apertures 1.0 mm 
in diameter and suppose to extraction. 

Allelopathic effect of A.  altissima extracts was studied 
using tomato seeds Lycopersicon esculentum (variety 
Prestige) which were obtained from the Laboratory 
of Vegetal Biotechnologies, Institute of Genetics, 
Physiology and Plant Protection (IGPPP), Chisinau, 
Republic of Moldova. Seeds were selected in such a way 
that the  initial  germination was within 70–80%. This 
range allowed us to more accurately determine whether 
extracts from Ailanthus altissima have an allelopathic 
effect, or maybe they stimulate the germination of 
tomato seeds.

2.2 Standard
Glifostar 480 SL, a systemic non-selective herbicide 
with a very broad spectrum of action, in which the 
isopropylamine salt of glyphosate serves as an active 
component, was used as a chemical standard. Glifostar 480 
SL is used on over 150 crops (including tomatoes) before 
sowing or before emergence against vegetative weeds. It 
is effective against more than 100 species of annual and 
perennial monocotyledonous and dicotyledonous weeds 
and leads to the complete death of both the ground part 
and the roots of plants. Glyphosate is currently approved 
in the EU until December,15, 2023, and also registered in 
the Republic of Moldova (The  European Commission’s 

Table 1 Variants for testing Ailanthus altissima aqueous extracts for allelopathy activity

Nr. Variants Abbreviations Concentration (mg.ml-1)

1 Control (distilled water) control –

2 Standard (Glifostar) standard 10

3

Aqueous extracts from leaves collected in May 2022 (AM)

AM 15 15

4 AM 10 10

5 AM 5 5

6

Aqueous extracts from leaves collected in June 2022 (AJn) 

AJn 15 15

7 AJn 10 10

8 AJn 5 5

9

Aqueous extracts from seeds (AJl)

AJl 15 15

10 AJl 10 10

11 AJl 5 5
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food safety, 2023; The state register..., 2022). Glyfostar was 
chosen specifically to compare the negative (herbicidal) 
effect on tomato seeds of this chemical preparation and 
plant extracts.

2.3 Extraction
Ailanthus leaves and seeds were harvested in the central 
zone of the Republic of Moldova from adult fruit-bearing 
trees. The leaves were collected in May before flowering 
and in June during flowering. The seeds were harvested 
at the end of July 2022. All plant materials were dried at 
room temperature away from sunlight, and then crushed 
using the laboratory mill, powdered to uniform-size of 
particles passing through a sieve with apertures 1.0 mm 
in diameter.

The dry, crushed, and powdered of A.  altissima plant 
raw material was extracted with distilled water in the 
ratio dry plant materials: solvent – 1 : 10. The mixture 
was shaken for 4 hours on a laboratory shaker, and 
then infused for 48 hours, followed by filtration through 
a pleated filter paper. The obtained filtrates were brought 
to a boil, cooled, and then used. The dry residue in the 
extract was determined on the Moisture analyzer MAX 
series RADWAG 26 – 600 Radom and serial dilutions 
(based on distilled water) were prepared from all three 
initial extracts from leaves and seeds with the following 
concentrations: 15, 10, and 5  mg of dry residue per 
milliliter (Table 1).

2.4 The allelopathic effect
The allelopathic effect of aqueous extracts from A. altissima 
was studied using tomato (Lycopersicon esculentum Mill.) 
seeds of the Prestige variety with a  germination rate 
above 70%. Seeds with low germination were used, since, 
according to some literature data, ailanthus extracts can 
stimulate seed growth (Tsao et al., 2002). Seeds were 
treated by immersion for 30 minutes in 0.5% solutions of 
potassium permanganate. Then the seeds were washed 
three times with distilled water. One layer of filter paper 
was placed in Petri dishes with a diameter of 9 cm, 1 ml 
of the solution was applied to the filter paper. After 
distributing the solution over filter paper, L. esculentum 
seeds were placed in Petri dishes, covered with one layer 
of filter paper, and 3.0  ml of distilled water was added. 
A solution of Glifostar at the recommended concentration 
of 10 ml per 1  l of water was used as a standard. As 
a  control, the treatment of filter paper with distilled 
water was used in the same way as described above. Each 
variant consisted of four replicates, 100 tomato seeds per 
replicate. All tested variants are presented in Table 1.

The seeds were germinated in Petri dishes between 
moistened filter paper disks in a thermostat at 

the temperature of 25  °C in the dark (ISTA, 2023). 
The  germination energy, total germination rate, 
the  length of roots, and hypocotyls were determined. 
Germination energy was taken into account on 
the 7th day, and the total germination rate was recorded 
on the 14th day (Bralewski et al., 2004). Germination 
energy (GE) was calculated according to the following 
equation:

GE = n7  ⁄ ni × 100

where: GE – germination energy (%); n7 – number 
of  germinated seeds for 7th day; ni – number 
of seeds used

Germination rate (GR) was calculated according to 
the following equation:

GR = n14   ⁄ ni × 100

where: GE – germination rate (%); n14 – number 
of  germinated seeds for 7th day; ni – number 
of seeds used

The allelopathic effect of aqueous extracts of A. altissima 
at 5, 10, and 15  mg.ml-1 on tomato seeds were 
determined according to standard methods concerning 
control and standard (Novak, 2019). Allelopathic efficacy 
was assessed by the inhibition of seed germination in 
comparison with the control, as well as by the effect on 
the length of radicles and hypocotyls of tomato seeds.

2.5 Statistical analysis
Values of the germination energy and total germination 
were presented as the mean of four replicates. The length 
of the radicles and hypocotyls was calculated for each 
variant for all germinated seeds. The obtained data were 
analyzed by Duncan‘s Multiple Range Tests. Significant 
differences among the mean values were compared by 
Tukey‘s HSD test (HSD – Honestly Significant Difference) 
at level α (0.01, 0.05, 0.001) with Statgraphics Plus 5.0 and 
Statistica 10.1. 

3 Results and discussion 

3.1 Allelopathy effect of aqueous extracts on seed 
 germination
As a result of testing three aqueous extracts from the leaves 
and seeds of Ailanthus altissima at a concentration of 5, 10, 
and 15 mg.ml-1 of dry residue, it was found that in the control 
and standard, the germination energy of Lycopersicon 
esculentum seeds is significantly higher than in the variants 
with treatment with ailanthus extracts (Fig. 1).
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The lowest germination energy of tomato seeds was 
found in variants AJn15 and AJl15. The germination 
energy of tomato seed increased with a decrease in the 
concentration of A. altissima extracts. The enhancement 
of the allelopathic action of the tested extracts can be 
represented in the following sequence: AJn15 > AJl15 > 
AJn10 > AJl10 > AM15 > AM10 > AJn5 > AJl5 > AM5 > 
Standard > Control. Thus, in all variants with the treatment 
of seeds of L. esculentum with extracts of A. altissima, we 
observe suppression of germination energy of tomato 
seeds, i.e. the aqueous extracts of ailanthus exhibited 
allelopathic effect.

It was found that aqueous extracts from leaves of Ailanthus 
altissima, collected in May 2022 (AM), showed the least 
allelopathic effect (Figure 1, Table 2). However, it should be 
noted that this extract at all three tested concentrations 
still significantly (p ≤0.05) suppressed seed germination – 
by 14.7–33.7% in comparison with the  control (Table 
2). Also, the AM extract at concentrations of 10 and 
15  mg.ml-1 significantly affected the germination of 
tomato seeds in comparison with the chemical standard 
Glyphosate, the germination decreased by 13.7 and 
21.7%, respectively. At the lowest concentration (5  mg.
ml-1) of AM extract, the germination of tomato seeds was 
at the level of the standard. Statistical analysis of the data 
showed that aqueous extracts from leaves collected in 
June (AJn) at all tested concentrations and from seeds 
(AJl) at 15 and 10 mg.ml-1 reduced significantly (p ≤0.001) 
the germination of tomato seeds in comparison with 
both control and standard. AJl5 extract showed an 
allelopathic effect at the level of the standard, while 
suppressing the germination of tomato seeds more than 
the standard by 8.3% (Table 2). According to the degree 
of total germination suppression of seeds, the tested 
extracts were distributed in the same sequence as to 
the  allelopathic effect on seed germination energy: 

AJn15 > AJl15 > AJn10 > AJl10 > AM15 > AM10 > AJn5 > 
AJl5 > AM5 (Fig. 1, Table 2). No stimulating effect of water 
extracts of ailanthus from various parts of the plant on 
the germination of tomato seeds was found.

It was found that the suppression of tomato seed 
germination directly depends on the concentration of 
aqueous extracts from ailanthus (Figure 1, Table 2). With 
an increase in the concentration of active substances, 
the rate of germinated seeds decreased. Extracts from 
ailanthus leaves collected in June (AJn), as well as 
extracts from ailanthus seeds collected in July (AJl) at 
a concentration of 15 and 10  mg.ml-1, had the highest 
allelopathic effect (Figrue 1, Table 2). Total germination 
of tomato seeds in comparison with the control under 
the influence of these extracts decreased by 68.0–69.0% 
and 56.3–58.3% at a concentration of 15 and 10  mg.
ml-1, respectively. Our data are partly consistent with 
those previously obtained by Ullah et al. (2020), who 
tested aqueous extracts based on fresh and dried plant 
material from the leaves of Ailanthus altissima, collected 
in February (Pakistan), against the seeds of Triticum 
aestivum L. (Ullah et al., 2020). It was found that the 
extract of both fresh and dried leaves of A. altissima has 
an inhibitory effect on the germination, the length of 
feathers, and roots of T. aestivum. The difference between 
the reported and our results consists of the dependences 
of the inhibitory effect on the concentration of extracts. 
A direct relationship between the concentration of 
active components in the ailanthus extracts and the 
germination rate of seeds was shown in our experiment, 
while in the experiment described by Ullah et al. (2020), 
the clear dependence of seed germination on the 
concentration of extract from dried ailanthus leaves 
was not found. The germination of T. aestivum seeds at 
10 mg.ml-1 (infusion for 24 and 48 hours) was significantly 
lower than at 5 and 15 mg.ml-1. At the same time, seed 
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germination when the extract from dried leaves was 
infused for 72 hours did not reveal a significant difference 
between all three concentrations – 5, 10, and 15 mg.ml-1 
(Ullah et al., 2020). Studies by Sladonja et al. (2014) on the 
effect of extracts from ailanthus leaves on the germination 
of Medicago sativa L. seeds confirm our conclusions 
about a direct relationship between the concentration of 
extractives and seed germination (Sladonja et al., 2014). 
The results showed that at the maximum concentration 
(100%), seed germination was 30% lower than in the 
control, while dilutions of the extracts up to 80 and 60% 
showed a significantly lower decrease in germination 
compared to the control (Sladonja et al., 2014). A dose-
dependent effect on M. sativa seed germination was also 
previously identified by Tsao et al. (2002), who showed 
that the crude extract from ailanthus leaves and stems 
significantly inhibited the germination of alfalfa seeds 
both in the dark and in the light (Tsao et al., 2002).

Other authors (Novak et al., 2021) analyzed the allelopathic 
effect of 3 different aqueous solutions based on extracts 
from the root of A. altissima (an aqueous solution of the 
root, an aqueous solution of isolated ailanthone, and an 
aqueous solution of the root without ailanthone) on the 
seeds of Triticum aestivum L., Amaranthus retroflexus L., 
and Setaria pumila L. The concentrated aqueous solution 
and dilutions of root and ailanthone were equivalent to 
a concentration of 0.48 mg.ml-1 ailanthone, before testing, 
the extracts were diluted with water in ratios of 1 : 4 and 
1  :  16. A high allelopathic effect on radicle and shoot 
length of all test-species was proven for all investigated 
aqueous solution and their dilutions. The inhibitory effect 

on the initial growth of all test species was proportional 
to the increase in concentration in all treatments, which 
is consistent with our results. The effect on germination 
energy was stronger concerning the effect on the total 
germination of test species. Lower concentrations caused 
stimulation of S. pumila germination. A. retroflexus was the 
most sensitive and common wheat was the least sensitive 
test species. The least significant effect was measured in 
the aqueous solution of isolated ailanthone. Similar data 
were obtained by Tsao et al. (2002), who showed that, in 
addition to the crude extract from ailanthus, the fraction 
with methylene chloride also had a high inhibitory effect 
on the germination of alfalfa seeds at high concentrations, 
and a slight stimulating effect on the length of the 
radicles of germinated seeds at low concentrations (Тсао 
et al., 2002). The  conclusions of these  authors confirm 
our opinion about the inexpediency of isolating pure 
ailanthone from the crude extracts of ailanthus, since the 
purification method is quite energy- and labor-intensive.

As a result of our experiment, it was found that the 
allelopathic effect of the tested aqueous extracts of 
ailanthus on the germination of tomato seeds depended 
not only on the concentration of active components, 
but also on the time of collection of plant raw material. 
So, in the younger leaves of ailanthus, collected in May 
before flowering, most likely, substances responsible 
for inhibiting the germination of tomato seeds do not 
accumulate sufficiently. At the same time, we found 
that extracts from ailanthus leaves, collected in June 
during flowering, and extracts from ailanthus seeds, 
collected in July, exhibit a high allelopathic effect against 

Table 2 Effect of Ailanthus altissima extracts on germination Lycopersicon esculentum seeds – Tukey‘s HSD test

N
r. 

Va
ria

nt
s

To
ta

l 
ge

rm
in

at
io

n 
(%

) Distribution of variants into groups depending on the confidence levels

α = 0.05
+/- limits 12.857

α = 0.01
+/- limits 15.1345

α = 0.001
+/- limits 16.2196

1 2 3 4 5 1 2 3 4 1 2 3 4

6 AJn 15 2.5 **** **** ****

9 AJl 15 3.5 **** **** ****

7 AJn 10 13.0 **** **** ****

10 AJl 10 15.3 **** **** ****

3 AM 15 37.8 **** **** ****

8 AJn 5 45.5 **** **** **** **** **** ****

4 AM 10 45.8 **** **** **** **** **** ****

11 AJl 5 48.5 **** **** **** **** **** **** ****

5 AM 5 56.8 **** **** **** **** **** ****

2 Standard 59.5 **** **** **** **** **** ****

1 Control 71.5 **** **** ****
1, 2, 3, 4, and 5 – homogeneous groups without significant differences
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to germination of tomato seeds. At the same time, the 
extract from the seeds is still inferior in efficiency to 
the extract from the leaves (Table 2). Thus, our data 
show that both ailanthus leaves collected in June and 
even completely unripe seeds already in July in the 
agro-climatic conditions of the Republic of Moldova 
accumulate sufficiently active components responsible 
for allelopathic properties.

Previously, as some authors have shown that extracts 
obtained from ailanthus roots or bark have the greatest 
allelopathic effect (Rehorska et al., 2014). Using a simple 
and effective bioassay as well as digital imaging and 
statistical analysis with free downloadable software, 
Rehorska et al. (2014) show that crude root extractives 
of A. altissima inhibit germination, radicle and hypocotyl 
growth of garden cress (Lepidium sativum L.) far more 
pronounced than leaf extractives (Rehorska et al., 2014). 
At the same time, other authors (Caser et al., 2020) showed 
that all parts of the ailanthus plant – the leaves, samaras, 
rachises, and secondary roots have high herbicidal 
properties in direct proportion to the content of ailanthone 
in them. Our data revealed that ailanthus leaves and seeds 
can also be successfully used to obtain plant extracts with 
high allelopathic properties (Figure 1, Table 2).

As a result of the experiments on studying the effect of 
ailanthus extracts on the germination of seeds of the 
cultivated plant L. esculentum, a rather high allelopathic 
effect was revealed. Novak et al. (2021) when studying the 
effect of aqueous extracts and their dilutions from young 
shoots with roots of heaven tree, collected in May before 
flowering, on the seeds of Triticum aestivum L., revealed 
a  statistically significant inhibition of seed germination 
in comparison with the control (by 12.21%) only in 
variant with concentrated (100%) ailanthus root aqueous 
solution (Novak et al., 2021). Ulla et al. (2020) also found 
a 13.33% reduction in T.  aestivum seed germination 
percentage compared to the control (100% germination) 
when using 10  g dry ailanthus leaf extract in 48 hours 
soaking duration (Ullah et al., 2020). From what has been 
described, we see that aqueous extracts from various 
parts of the ailanthus plant partially or significantly inhibit 
the germination of seeds of some cultivated plants. These 
facts indicate the absence of selective action in ailanthus 
extracts, the germination of seeds of not only weeds is 
suppressed, as reported by many authors (Rehorska et 
al., 2014; Caser et al., 2020; Ullah et al., 2020; Novak et al., 
2021), but seed germination of crops such as tomatoes 
and common wheat is also suppressed.

Thus, it was found that the allelopathic effect of 
aqueous extracts from the leaves and seeds of ailanthus 
depended to a greater extent on the concentration of 
active substances than on the time of collection of plant 
raw material or on the parts of the ailanthus plant used. 

At the same time, it was found that the extract from 
young leaves collected in May before flowering has 
a less pronounced allelopathic effect in comparison with 
extracts from leaves collected in June and their seeds 
collected in July.

Some active compounds from Ailanthus altissima such 
as ailanthone, ailanthinone, chaparrine, and ailanthinol B 
(quassinoid derivatives) have been isolated (De Feo et al., 
2003). It was found that the alkaloid 1-methoxycanthin-6 
did not possess herbicidal activity against radish, garden 
cress, and purslane seeds (De Feo et al., 2003).

According to many authors, quassinoid ailanthone is 
one of the main active components responsible for the 
herbicidal activity of extracts from Ailanthus altissima 
(Demasi et al., 2019; Caser et al., 2020; Novak et al., 2021). 
Quassinoids are highly modified triterpenoids. Pedersini 
et al. (2011) showed that for the most extracts from the 
bark of the deciduous tree Ailanthus altissima, significant 
pre-emergence herbicidal activity was found, which 
directly correlated with the concentration of alanthone 
(Pedersini et al., 2011). These authors also presented the 
NMR study which moreover to identifying ailanthone as 
the predominant quassinoid with herbicidal activity in 
A.  altissima extracts, showed additional structural data
on ailanthone (Pedersini et al., 2011).

3.2 Allelopathy effect of aqueous extracts 
on seed radicle length 

It was found that two of the three tested aqueous extracts 
from ailanthus, namely AJn and AJl, at a concentration 
of 15  mg.ml-1 of dry residue significantly (p  ≤0.0005) 
inhibited the growth of the radicle as in comparison with 
the control (14.2–15.4 times or by 92.9–94.6%), and in 
comparison with the chemical standard (1.9–2.1 times or 
by 47.9–60.4%). AM extract at a concentration of 15 mg.
ml-1 significantly inhibited the growth of tomato radicles
only in comparison with the control – 5.5 times (or by
82.4%). The length of the radicles of germinated tomato
seeds in the treatment with AM  5 extract was at the
level of the chemical standard (Table 3, Figure 2.). With
a decrease in the concentration of ailanthus extracts to
10 and 5 mg.ml-1, the length of the radicles of tomatoes
increased significantly, remaining, however, in most
variants significantly less than in the control (Table 3).
In the AM 5 variant, the length of radicles in germinated
tomato seeds was at the control level, while the absolute
value was even higher than the control one. Statistical
analysis of the data (Tukey‘s HSD test, p ≤0.05) showed
the distribution of variants depending on the length of
the radicles of germinated tomato seeds by groups at
different significance confidence levels (Table 3).

Thus, at the lowest concentration tested, an aqueous 
extract from ailanthus leaves harvested in May (AM) 
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not only did not suppress, but even stimulated (albeit 
insignificantly) in comparison with the control, the 
growth of germinated tomato radicles, despite the 
presence of an allelopathic effect in of this AM extract 
on seed germination. Our data are in good agreement 
with those previously obtained by other authors (Ullah 
et al., 2020), who showed that the inhibitory effect for 
the extract from both fresh and dry material on the 
T. aestivum radicle length is concentration dependent.

3.3 Allelopathy effect of aqueous extracts on seed 
 hypocotyl length 
It was revealed that all tested extracts from ailanthus at 
a concentration of 15  mg.ml-1 of extractive substances 
completely suppressed the germination of the hypocotyl 
in tomato seeds. This effect was also observed in the 
chemical standard (Figuree 2). Statistical analysis 
of the  data (Tukey‘s HSD test, p ≤0.05) showed the 

distribution of variants depending on the length of 
the radicles of germinated tomato seeds by groups for 
different significance confidence levels (Table 4).

According to the obtained data, the AM  5 extract had 
the least inhibitory effect on hypocotyl germination, the 
hypocotyl length for both significance levels λ = 0.05 and 
0.01 was at the control level. Thus, the concentration of 
active substances in extracts has the most significant 
effect on the hypocotyl lengths. It was also found that 
extracts obtained from plant material collected in 
spring – in May, had the least pronounced allelopathic 
properties against to tomato seeds in all respects. This 
fact confirms that the secondary metabolites of ailanthus, 
responsible for the allelopathic effect, accumulate in the 
plant gradually during the season. 

Previously Rehorska et al. (2014) observed that the 
hypocotyl growth rate and length of the Lepidium sativum 
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Figure 2 Allelopathic effect of aqueous extracts from Ailanthus altissima on the length of the radicle and hypocotyl 

of Lycopersicon esculentum seeds

Table 3 Effect of Ailanthus altissima extracts on Lycopersicon esculentum radicle length – Tukey‘s HSD test

Variants Length of 
radicle (cm)

α = 0.05 α = 0.01

1 2 3 4 5 1 2 3 4 5

AJn 15 0.23 **** ****

AJl 15 0.25 **** ****

Standard 0.48 **** ****

AM 15 0.64 **** ****

AJl 10 2.17 **** ****

AM 10 2.44 **** **** ****

AJn 10 2.53 **** **** **** ****

AJl 5 2.89 **** **** **** ****

AJn 5 3.06 **** ****

Control 3.54 **** ****

AM 5 3.60 **** ****
1, 2, 3, 4, and 5 – homogeneous groups without significant differences
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L. was less affected by both A.  altissima leaf and root 
extracts than those of the radicles lengths (Rehorska 
et al., 2014). Ulah et al. (2020) revealed that the extract 
of fresh and dried leaves of A.  altissima had a more 
pronounced inhibitory effect on the radicle and plumule 
length of Triticum aestivum compared to the germination 
percentage (Ullah et al., 2020). The extract from dry leaves 
at a concentration of 15 g, in 48 hours soaking duration, 
reduced the radicle length of the T. aestivum up to 0.67 mm, 
as compared to the control (18.2 mm). The extract from 
dry leaves at a concentration of 10 g, in 48 hours soaking 
duration, reduced the plumule length by 0.26  mm as 
compared to the control (7.8 mm) (Ullah et al., 2020). Our 
data show that ailanthus extracts primarily significantly 
affect the hypocotyl length of tomato seeds. Although 
such parameters as germination and length of tomato 
radicles were also significantly affected by the influence of 
extracts in direct proportion to their concentration.

4 Conclusions 
The germination energy and total germination rate 
of tomato seeds, as well as the length of radicles and 
hypocotyls of germinated seeds, most significantly 
decreased when treated with aqueous extracts from 
ailanthus leaves collected in June during flowering, and 
from seeds collected in July, at a concentration of 10 and 
15  mg.ml-1 of dry residue. At the same time, the total 
germination rate of seed was suppressed on average 
by 56.2–69.0% in comparison with the control and by 
44.2–57.0% in comparison with the chemical standard. 
The radicle length of seeds treated with ailanthus 
extracts decreased 1.4–18.6 times (by 28.9–94.6%) 
in comparison with the control. Hypocotyl growth at 
15 mg.ml-1 was completely suppressed in all three tested 
ailanthus extracts. The inhibitory effect of aqueous 
extracts decreased in direct proportion with a decrease 
in the concentration of active substances contained in 
extracts. The most susceptible influence of ailanthus 
extracts was on the hypocotyl growth of tomato seeds. 

It was concluded that the leaves and immature seeds 
of Ailanthus altissima contain potential allelopathic 
substances that affect the energy of germination, and 
total germination rate, and inhibit the hypocotyl and 
radicle length of tomatoes. Therefore, aqueous extracts 
of ailanthus should be used to protect tomato fields from 
weeds with caution and only in the post-emergence 
period, when the plants are strong enough.
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