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Abstract
Aim of this study was to evaluate the allelopathic effect of five invasive weeds (Sorghum
halepense L. Pers., Sonchus arvensis L., Cirsium arvense L. Scop., Xanthium strumarium
L.and Aristolochia clematitis L.) in forage crops on two Sorghum crops (Sorghum sudanense
(Piper) Stapf and Sorghum vulgare var. technicum (Körn.)). An ex-situ experiment was
carried out as follows: 10 seeds of each test variety were placed in Petri dishes between filter
paper and the dried weed biomass extract was added at concentrations of 0.1, 0.2, 0.4, 0.8, 1.6
and 3.2% w/v. Petri dishes were placed in a thermostat-operated device at a temperature of 22
± 2°С for a seven-days period. Distilled water was used as a control. Number of germinated
seeds, % of seed germination against the control, and weed inhibition rate (IR) were
measured. Our study revealed that the alellopathic effect of the tested five invasive weeds on
seed germination of S. sudanense and S. vulgare var. technicum varied according to the plant
species (both weed and cultural) and the concentration applied. Most pronounced negative
effect on the germination process of S. sudanense seeds have expressed the cold aqueous
extracts from Sonchus arvensis L. and Cirsium arvense (L.) Scop. – IR varied from 4.67-5.0%
up to 70.3% at the highest test concentrations (p<0.05). Maximal inhibition of seed
germination of S. vulgare var. technicum in comparison with the control was found at 3.2%
w/v extract of Sorghum halepense (L.) Pers. (IR=58.4%), followed by the two highest
concentrations of Xanthium strumarium L. extract (IR=41.6-45.9%).
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Introduction
Sorghum, originated in East Africa, is one of the first crops, which was taken into cultivation
(House, 1985). At present, Sorghum sudanense hybrids are preferred as a fodder due to higher
yields and tillering ratios and also their thin stems and higher leaf ratios (Uzun et al., 2009).
Sorghum vulgare var. technicum is mainly utilized for producing brooms, washing brushes,
knittings, paper, wallboard, fences, biodegradable materials for packaging due to their
peculiar resistance (Popescu and Condei, 2014). Sorghum cultivar plants are more tolerance
to drought and high temperatures, diseases, pests, various soil types and show higher water
use efficiency and, higher production capacity per unit area (Undersander and Lane, 2003;
Uzun and Cigdem, 2005). Main disadvantage of Sorghum crops is their high sensitivity
against weed infestation in the first 30-40 days after sowing (Marinov-Serafimov and
Golubinova, 2015). Drastic effects of weeds on germination and growth on Sorghum and
other crops are due to their competiveness with cultivated crops for resources and allelopathic
potentials. Through allelopathy, weeds may cause significant effects on the growth and
germination capacity of other crops. Weeds may possess diverse allelochemicals, which can
interfere with other plants in a number of ways by either retarding or enhancing the
germination and growth of receiving plants (Oerke, 2006; Marinov-Serafimov and
Golubinova, 2015).
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The summarized results of the experimental work of Cheema et al. (2002; 2008), Alsaadawi
and Dayan (2009), Jesudas et al. (2014), Głąb et al. (2017), Jabran (2017) show that the
skrining to determine the allelopathic effect of species of the genus Sorghum on germination
and initial development of a number of weed species has been well performed. Allelopathic
interference in the system “weed - Sorghum crop” has been poorly studied (Shahrokhi et al.,
2011; Asghar et al., 2013; Dafaallah and El-Twom, 2017), necessitating the establishment of
allelopathic tolerance of Sorghum crops towards invasive weed species.
Aim of this study was to evaluate the allelopathic effect of five invasive annual and perennial
dicotyledonous weed on germination and initial development at Sorghum sudanense (Piper)
Stapf and Sorghum vulgare var. technicum (Körn.) in order to determine species sensitivity
which could serve as a means of increasing efficiency in the early stages of the selection
process.
Material and Methods
Collection of weed material and preparation of cold aqueous extracts
Aboveground biomass from five invasive weed species (Sorghum halepense (L.) Pers.,
Sonchus arvensis L., Cirsium arvense (L.) Scop., Xanthium strumarium L., Aristolochia
clematitis L.) in forage crops was collected in a natural environment of weed infestation in the
Institute of Forage Crops, Pleven at BBCH 51-55 (Hess et al., 1997). No separated
aboveground biomass of available weed species was chopped together to the length of 0.5-3.0
cm, drying to a constant dry weight at 50 ± 5°C and was grind in a grinder Retsch SM – 1 at a
sieve size of 1.0 mm. Cold aqueous extracts of dry weed aboveground biomass were prepared
as follows: 100 g of dry weed biomass were soaked in 1 l distilled water and leaved at a
temperature of 24 ± 20С for 24 h in a shuttle apparatus at 240/60 с-1. After that they were
decanted, filtered through filter paper and centrifuged in К24 centrifuge at 5000/60 s-1. From
these stock solutions were prepared test extracts of each weed plant with concentrations of
0.1%, 0.2%, 0.4%, 0.8%, 1.6% and 3.2% w/v, respectively. The experimental data were
evaluated using analysis of variance with means separation based on Fisher’s least significant
difference test at p<0.05 with the software Statgraphics Plus for Windows Ver. 2.1 and
Statistica Ver. 10.
Experimental design
Ex-situ experiment was carried out as follows: 10 seeds of S. sudanense (300/43 mutant form)
or S. vulgare var. technicum (local population), respectively, were placed into Petri dishes
between paper and 10 ml weed test extract and one of the above mentioned concentrations
were added. Seeds of the tested Sorghum genotypes were provided from the Selection
Collection of the Institute of Forage Crops in Pleven, Bulgaria. Distilled water was used as a
control. Each treatment consisted of three replicates including the control treatment. Samples
were placed in a thermostat-operated device at 22 ± 2°С for 7 days and the number of
germinated seeds, % of seed germination against the control, and weed inhibition rate, were
measured. Percentage of seed germination was calculated after preliminary arcsintransformation following the formula Y=arcsin√(x%/100), forwarded by Hinkelman and
Kempthorne (1994), and to induce half-maximal inhibition of growth (LC50) and Р=0.05
confidence intervals were calculated according to Hamilton et al. (1977). Inhibition rate (IR)
of tested weeds was calculated by the formula of Ahn and Chung (2000): IR= 100 x (ncontrol –
nexperiment)/ncontrol , where n is the number of the germinated seeds. All collected data were
analyzed using the software Statgraphics Plus for Windows Ver. 2.1 and Statistica Ver. 10.
Results and Discussion
Seed germination and seedling development are increasingly used in various bioassays as they
allow the biological activity of various substances (herbicides, metabolites, allelochemicals
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and even radionuclides) to be established with high reliability and low cost (PiotrowiczCieślak et al., 2010). Our study revealed that the alellopathic effect of the tested five invasive
weeds on seed germination of S. sudanense and S. vulgare var. technicum varied according to
the plant species (both weed and cultural) and the concentration applied (Table 1).
When regarding the experiments with seeds of S. sudanense, it was obvious that the most
pronounced negative effect on the germination process expressed the cold aqueous extracts
from Sonchus arvensis L. and Cirsium arvense (L.) Scop. – IR varied from 4.67-5.0% up to
70.3% at the highest test concentrations (p<0.05). Lowest inhibition was found under the
extract from Xanthium strumarium L., where the % germination against the control was in the
range between 63.0% - 92.56% and the IR had values from 7.4% to 37.0%. The extracts of
the other two weed species - Sorghum halepense (L.) Pers. and Aristolochia clematitis L., also
have medium expressed negative effect on the seed germination of S. sudanense, with the
maximal values of IR=44.4% at 1.6% w/v concentration (Table 1).
Table 1. Allelopathic effect of five studied weed species on the seed germination of S.
sudanense and S. vulgare var. technicum
Sorghum sudanense (Piper)
Sorghum vulgare var.
Stapf
technicum Körn.
% germination
% germination
Inhibition
Inhibition
against the
against the
rate (IR)
rate (IR)
control
control

Weed species

Concentration
(w/v)

Sorghum
halepense (L.)
Pers.

0.1%
0.2%
0.4%
0.8%
1.6%
3.2%

85.22cd
81.44c
81.44c
92.56d
55.56a
70.33b

14.8
18.6
18.6
7.4
44.4
29.7

66.63c
95.88e
87.50d
62.50bc
58.38b
41.63a

33.4
4.1
12.5
37.5
41.6
58.4

Sonchus
arvensis L.

0.1%
0.2%
0.4%
0.8%
1.6%
3.2%

85.22e
85.22e
74.11d
48.11c
33.33b
29.67a

14.8
14.8
25.9
51.9
66.7
70.3

70.88bc
62.50a
62.50a
87.50d
66.63b
62.50a

29.1
37.5
37.5
12.5
33.4
37.5

Cirsium
arvense (L.)
Scop.

0.1%
0.2%
0.4%
0.8%
1.6%
3.2%

85.22e
85.22e
74.11d
48.11c
33.33ab
29.67a

14.8
14.8
25.9
51.9
66.7
70.3

83.38d
87.50d
58.38a
66.63b
66.63b
70.88c

16.6
12.5
41.6
33.4
33.4
29.1

Aristolochia
clematitis L.

0.1%
0.2%
0.4%
0.8%
1.6%
3.2%

85.22cd
81.44c
81.44c
92.56d
70.33b
55.56a

14.8
18.6
18.6
7.4
29.7
44.4

79.13b
100.00d
79.13b
75.00b
91.63c
58.38a

20.9
0.0
20.9
25.0
8.4
41.6

Xanthium

0.1%

85.22d

14.8

66.63c

33.4
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strumarium L.

0.2%
0.4%
0.8%
1.6%
3.2%

92.56e
74.11b
77.78c
63.00a
77.78c

7.4
25.9
22.2
37.0
22.2

79.13d
83.38e
87.50f
54.13a
58.38b
Means followed by the same letter within column are not significantly different at ( p<0.05)

20.9
16.6
12.5
45.9
41.6

Considering the results with seeds of S. vulgare var. technicum, it was obvious that the
negative effect on the germination process as a whole was not so strong in comparison with
the S. sudanense seeds (p<0.05). Maximal inhibition of seed germination in comparison with
the control was found at 3.2% extract of Sorghum halepense (L.) Pers., followed by the two
highest concentrations of Xanthium strumarium L. extract. Least pronounced was the negative
effect of the extract from Aristolochia clematitis L., where in all studied concentrations the
germination was close to 80% and above. The extract of Cirsium arvense (L.) Scop. had the
IR values in the range from 12.5% up to 41.6% and was quite similar to the extract of
Xanthium strumarium L. with IR values in the range 12.5% - 45.9%. only in the experiment
with Sonchus arvensis L. extract we could not observe some significant dynamics of the
inhibitory effect related to the concentration variations. Germination % against the control
varied from 62.50% to 87.50% and the IR was close to 37.5% in almost all cases (Table 1).
Seed germination is a critical phase of plant development (Ernst, 1998). This process begins
with the uptake of water from the dry seed and its swelling and ends with the germination of
the germ root through all the seed coatings (Bewley, 1997). Germination inhibition is one of
the most studied effects of toxic exposure to heavy metals (Ernst, 1998; Sfaxi-Bousbih et al.,
2010), herbicides and biologically active substances, including allelochemicals (Kalinova et
al., 2012; Marinov-Serafimov et al., 2017).
On the basis of their inhibition rate on the S. sudanense seed germination the five tested weed
species could be ranked as follows:
1 group – IR<29.99%: Xanthium strumarium L. (IR average=21.59%), Sorghum halepense
(L.) Pers. (IR average=22.24%) and Aristolochia clematitis L. (IR average=22.24%)
2 group – 30%<IR<49.99%: Sonchus arvensis L. (IR average=40.72%) and Cirsium arvense
(L.) Scop. (IR average=40.72%)
On the basis of their inhibition rate on the S. vulgare var. technicum seed germination the five
tested weed species could be ranked as follows:
1 group – IR<29.99%: Aristolochia clematitis L. (IR average=19.46%), Cirsium arvense (L.)
Scop. (IR average=27.77%) and Xanthium strumarium L. (IR average=28.48%)
2 group – 30%<IR<49.99%: Sorghum halepense (L.) Pers. (IR average=31.25%) and Sonchus
arvensis L. (IR average=31.25%).
This could be explained by the presence of glycoalkaloids, various phenolic acids (vanilla,
syringe, ferulic, N-coumaric, etc.), condensed tannins, cyanoglycosides and hydrophobic pbenzoquinone, which are concentrated in the aboveground biomass of the studied weed
species. Glycoalkaloids are known to have a highly toxic effect, with higher concentrations
causing a lethal effect on germination of wheat seeds, while lower ones inhibit germination to
varying degrees (Agarwal et al., 2002). The differences found between reaction of two
studied cultural Sorghum genotypes may also be due to differences in their allelopathic
tolerance, since comparisons between them are made under the same conditions (MarinovSerafimov et al., 2017).
Conclusions
The results of this study are in good agreement with the previous findings that the alellopathic
effect of weeds on seed germination varied according to the plant species (both weed and
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cultural) and the concentration applied. Both studied genotypes showed significantly high
allelopathic tolerance to the invasive weed species – 68.1% for Sorghum sudanense (Piper)
Stapf and 78.3% for Sorghum vulgare var. technicum Körn. This fact demonstrated that they
are suitable for incorporation into various breeding programs as allelopathic tolerance donors.
Reading of the allelopathic reaction is proved as fast and effective method for determining
plant tolerance at different stages of the selection process.
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