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Abstract

Golubinova, I. & Marinov-Serafimov, Pl. (2019). Allelopathic effect of dodder (Cuscuta epithymum L.) on different
genotypes bird’s-foot trefoil (Lotus corniculatus L.). Bulgarian Journal of Agricultural Science, 25 (6), 1198—1204

During the 2015-2016 period the allelopathic effect of cold water extracts from Cuscuta epithymum L. on seed germination
and initial development of Lotus corniculatus L. genotypes were studied under laboratory conditions in the Institute of Forage
Crops, Pleven. It was found that: different aqueous extract concentrations of parasitic plant directly influenced germination
percentage, rate and seedling length of L. corniculatus genotypes; the water extracts from dry biomass of Cuscuta epithymum
L. showed a considerably stronger inhibitory effect on the studied Lotus corniculatus L. genotypes on growth seedlings (/ (verage)
from 32.7 to 89.1) where the differences are statistically significant at P = 0.05, as compared to the extract of fresh biomass
U erage) from 1.8 to 17.6). The studied Lotus corniculatus L. genotypes showed different susceptibility to the allelopathic effect
of the extracts from the extracts of fresh and dry biomass of Cuscuta epithymum L., which was due to their genetic differences.
Lotus corniculatus L. genotypes Stamm 02, Local population 1 and Local population 2 possess allelopathic potential, because
index germinations (GI) were in the range from 51.7 to 95.7% in extracts prepared from fresh weed biomass of Cuscuta
epithymum L. and from 26.8 to 9.6% to dry weed biomass. These genotypes can be used as components in future breeding

programmes.
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Introduction

The significant progress in the study of allelopathic in-
teraction between plants is a prerequisite allelopathy and
is becoming widely recognized as a scientific discipline.
Allelopathy is a sub-discipline of chemical ecology that is
concerned with the effects of chemicals produced by plants
or microorganisms on the growth, development and distri-
bution of other plants and microorganisms in natural com-
munities or agricultural systems (Einhellig, 1995; Inderjit
et al., 2005). Allelochemicals are plant metabolites or their
products that are released into the environment and rhizo-
sphere through volatilization, exudation from roots, leach-
ing from plants or residues, and decomposition of residues
(Rice, 1984; Iannucci et al., 2013). Allelochemicals probably

are natural defenses for plants against disease, insects, para-
sites, or herbivores (War et al., 2012; Fiirstenberg-Hégg et
al., 2013).

Parasitic weeds represent a main component of weed
problems facing agriculture and negatively impact agro-
ecosystem and environment (Qasem, 2006). Parasitic
weeds decrease severely the production of major grain and
forage legumes (Rubiales & Fernandez-Aparicio, 2012).
They are highly ecological, biological and physiological
tolerant species to both internal and external environmental
changes and relationship between these parasites and their
hosts is highly complicated (Qasem, 2006). There is no
single technology to control these parasitic weeds (Parker,
2009; Rubiales et al., 2009). Easy infestation with para-
sitic weed of plants is because of huge production of viable
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seeds. Parasitic weeds germinate only in response to spe-
cific chemicals released by the host plant. Screening tests
have shown a wide range of allelopathic activity in differ-
ent crops (Belz, 2007; Zhou et al., 2011). Even among dif-
ferent cultivars of the one crop, some genotypes may have
substantial genetically determined allelopathic activity
(Baghestani et al., 1999). One of the methods of weed man-
agement strategy is the detection of genotypes with high
allopathic potential and use in breeding programs. This is
ecological and economical profitable. The possibility of use
of genotypes with an allopathic potential would reduce the
need for applying herbicides to the crop, is worth exploring
(Khush, 1996; Jabran et al., 2013).

The common bird’s-foot trefoil (Lotus corniculatus 1.)
is important legume fodder grass species, with large po-
tential, the high ecological plasticity, with a wide variety
of cultivars (Widdup et al., 2004; Chapman et al., 2008;
Churkova, 2015; Vasileva & Ilieva, 2016). The dynamics
and hight level weed infestation in grasslands of forage
crops are a prerequisite for decreasing yields (MacLean &
Grant, 2011; Churkova & Bozhanska, 2016a, 2016b). In
Bulgaria hed sporadik results have been published about
allelopathic tolerance of bird’s-foot trefoil (Lotus cornicu-
latus L.) genotypes to different weed species (Valcheva et
al., 2018).

The objective of this study was to determine allelopath-
ic effects of cold aqueous extracts of fresh and dry bio-
mass of dodder (Cuscuta epithymum L.) on seed germina-
tion, and growth and development of seedlings of different
bird’s-foot trefoil (Lotus corniculatus L.) genotypes, and
to identify the genotypes with allelopathic tolerance of that
parasitic weed.

The objective of this study was to determine allelopath-
ic effect of aqueous extracts, fresh and dry biomass of dod-
der (Cuscuta epithymum L.) on seed germination, growth
and development of seedlings in different genotypes of
bird’s-foot trefoil (Lotus corniculatus L.), and detection of
genotypes with allelopathic tolerance.

Table 1. Variety of bird’s-foot trefoil (Lotus corniculatus 1.)

Material and Methods

The study was conducted under laboratory conditions in
the Institute of Forage Crops in Pleven, Bulgaria during the
2015-2016.

Collection and Preparation of Plant Material:

The seeds of bird’s-foot trefoil (Lotus corniculatus L.) by
different varieties (Table 1) were taken from operational col-
lections of the Institute of Forage Crops, Pleven.

The biomass from of C. epithymum was collected in a
natural environment of weed infestation in the region of the
Institute of Forage Crops, Pleven at the growth stage BBCH
65-67 (Hess et al., 1997).

Plant extracts: Aboveground biomass of C. epithymum
was chopped to the length of 0.5-3.0 cm. Two kinds of weed
extracts were prepared: A — from the fresh weed biomass
from C. epithymum, crushed in advance with quartz sand,
and B — from dry weed biomass, after drying to a constant
dry weight at 55 + 2°C and grinding in grinder Retsch SM—1
at a sieve size of 1.0 mm.

A hundred grams of dry and the same amount of fresh
biomass from the C. epithymum were soaked in 1/1"" distilled
water. The samples prepared in such way that fresh or dry
biomass of C. epithymum were cold extracted at a tempera-
ture of 24+2°C for 24 h in a shuttle apparatus at 150/60 ¢
The obtained extracts were decanted and filtered through
filter paper. All available aqueous extracts were brought to
weed biomass content of 25, 50 and 100 g biomass per litre
of distilled water (presented hereinafter in the text as g/I"").
Thymol (C, H ,0) was added to each extract as a preserving
agent (Marinov-Serafimov & Golubinova, 2017).

Bioassays: A number of 100 seeds of bird’s-foot trefoil
(L. corniculatus) genotypes were put in the Petri dishes (di-
ameter 90 mm) between filter paper. All available extracts,
according to the parasitic weed biomass content, were pi-
petted at a ratio of 1:20 as against the seed mass (Marinov-
Serafimov et al., 2007). Distilled water was used as a control.
Each variant was laid out in ten replications. The samples

Ne Genotypes Method of creation Country
Scientific name Common name

1. Lotus corniculatus L. Targovishte Variety Bulgaria
2. Lotus corniculatus L. Gran San Gabriele Variety Italy

3. Lotus corniculatus L. Leo Variety Canada
4. Lotus corniculatus L. Taborac Variety Hungary
5. Lotus corniculatus L. Stamm 1 Local population Austria
6. Lotus corniculatus L. Stamm 2 Local population Austria
7. Lotus corniculatus L. Local population 1 Local population Bulgaria
8. Lotus corniculatus L. Local population 2 Local population Bulgaria
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were then placed in a thermostat-operated device at a tem-
perature of 22 + 2°C for seven days.

Effect assessment: The following biometric parameters
were used for assessing the results of the experiments: length
of the seedling (mm) and fresh biomass of the seedling, (g).
Length was measured using graph paper and the weight was
recorded on an analytical balance.

Statistical evaluation and calculated formulas: Germina-
tion seeds (GS,,) was determined by the Equation (1) pre-
scribed according to ISTA (1985):

Number of seed germinated

GS% = .100 1
" Total number of seed planted b

The percentage inhibition (/) was determined an adapted
formula by Surendra and Pota (1978), Equation (2):
(E,.100)
E

1

1=100— )
where £, — measurement of the control treatment; £, — mea-
surement of in each treatment, mm;

The index of plant development (G/) was determined by
the Equation (3) (Gariglio et al., 2002):

o)

0

where G — germinated seeds in each treatment, %; G, — ger-
minated seeds in the control treatment, %; L —average length
(cm) of seedlings in treatment transformed into percentage
as against the control treatment; L, — average length (cm) of
the seedlings in the control treatment taken as 100%.

The percentage of seed germination in each treatment
was previously transformed by the equation (4) (Hinkelman
& Kempthorne, 1994):

x%)

Y = arcsi (
arcsin 100

4)
where X, — germinated seeds for each treatment (%).

The collected data were analysed using the software Stat-
graphics Plus for Windows Ver. 2.1 and STATISTICA Ver.
10.

Results and Discussion

The effect of aqueous extracts of C. epithymum was eval-
uated on the germination of seeds and seedling growth of
different cultivars of L. corniculatus. The concentrations of
the applied extracts of C. epithymum had a substantial in-
fluence on laboratory germination of seed the studied geno-
types (Table 2). With increasing aqueous extract (fresh and

dry biomass) concentration there was a general tendency of
germination decrease average in all genotypes, as against
the control treatment (Table 2). With the increase of weed
biomass content, the germinated seed percentage decreased
disproportionately in all treatments, as compared to the con-
trol variant, the differences being statistically significantly
smaller at P < 0.05.

Germination seeds in L. corniculatus genotypes Leo and
Local population 1, was mostly unaffected by the tested ex-
tract of parasitic fresh weed biomass of C. epithymum while
no significant stimulant effect was found for the highest con-
centrations (50 and 100 g/I"").

Similar results were reported by Othman et al. (2012) ac-
cording to them the fresh plant extracts of C. campestris did
not reduce seed germination of radish (Raphanus sativus).

This relationship could be explained by the presence of
allelochemicals (terpenes, long-chain fatty acids, phenols,
phenolic acids, and lactone) in the C. campestris parasitic
weed species (Khanh et al., 2008, Smith et al., 2016).

The dry biomass extract of C. epithymum showed a con-
siderably average stronger inhibitory effect on the all studied
bird’s foot-trefoil genotypes (/ from 26.0 to 93.2%) and the
differences are statistically significant at P=0.05, as com-
pared to the extract of fresh biomass (/ from 2.4 to 22.9%).
The extract of dry biomass only in lowest concentration (25
g/I'") has stimulating effect at the Targovishte, Gran San Ga-
briel, Leo and genotypes, but the differences were not sta-
tistically significant at the P=0.05. The inhibitory effect on
germination of seeds of L. corniculatus probably due to the
considerably higher concentrations of extract, compared to
concentrations in agrophytocenoses.

Effects of fresh biomass fom aqueous extracts of Cus-
cuta epithymum on shoot length and seedling biomass of L.
corniculatus genotypes were insignificant (Table 3). Extract
of fresh biomass in the all concentrations did not consider-
ably reduce seedling length of L. corniculatus genotypes and
the differences from untreated control are not significant at
P=0.05. Only at the lowest dose (25 g/I'") there is a slight
stimulating effect (/ from 1.1 to 6.8) on the of L. corniculatus
genotypes Targovishte, Gran San Gabriel, Leo and Taborac.
Uppermost decrease in seedling length average for all geno-
types was obtained under the highest (100 g/I'") extract con-
centration (/ is 17.6%).

The present study revealed strong allelopathic effects of
dry biomass of C. epithymum on L. corniculatus genotypes
on germination and seedling growth parameters.

The shoot length was significantly reduced by all concen-
trations of all dry biomass aqueous extracts where was aver-
age from 32.1 at 25 g/I'! to 89.1% at the highest dose of 100
g/I'" and the differences are significant according to control
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Table 2. Effect of different concentrations of aqueous extracts of C. epithymum on germination of seeds of L. corniculatus

genotypes, %
Contents of the weed biomass in water extracts, g/I’!

Variety 25 50 100

GS,, 1 GS,, 1 GS,, 1 GS,, 1

Fresh biomass
Targovishte 47.9¢ 0.0 45.0bc 6.1 42.1b 12.1 38.0a 20.7
Gran San Gabriel 53.8bc 0.0 55.3¢c -2.8 49.4b 8.2 43.5a 19.1
Leo 43.6a 0.0 50.8b -16.5 43.6a 0.0 45.0a -3.2
Taborac 45.0c 0.0 34.7ab 22.9 33.2a 26.2 37.7b 16.2
Stamm 01 56.8¢ 0.0 53.8bc 5.3 49.4a 13.0 52.3ab 7.9
Stamm 02 56.8b 0.0 49.4a 13.0 50.8a 10.6 50.8a 10.6
Local population 1 42.1ab 0.0 45.0b -6.9 43.6ab -3.6 40.7a 3.3
Local population 2 40.0c 0.0 40.7¢ -1.8 34.7b 13.3 28.3a 29.3
Average 48.3 0.0 46.8 2.4 43.4 10.0 373 22.9
Dry biomass

Targovishte 47.9¢ 0.0 29.9b 37.6 4.6a 90.4 0.0a 100.0
Gran San Gabriel 53.8¢ 0.0 42.1b 21.7 6.7a 87.5 0.0a 100.0
Leo 43.6b 0.0 40.7b 6.7 0.0a 100.0 0.0a 100.0
Taborac 45.0b 0.0 9.8a 78.2 0.0a 100.0 0.0a 100.0
Stamm 01 56.8¢c 0.0 39.2b 31.0 9.8a 82.7 0.0a 100.0
Stamm 02 56.8¢ 0.0 34.7b 38.9 31.4b 44.7 0.0a 100.0
Local population 1 42.1b 0.0 42.0b 0.2 26.6a 36.8 15.0a 64.4
Local population 2 40.0b 0.0 42.5b -6.3 15.0a 62.5 7.5a 81.3
Average 48.3 0.0 35.1 26.0 24.4 75.6 2.8 93.2

Legend: Means with different letters differ at P < 0.05 level of probability by LSD test, GS, — germination seeds, I — percentage inhibition, %

Table 3. Effect of different concentrations of aqueous extracts of C. epithymum on early seedling growth of L. corniculatus

genotypes, mm

Contents of the weed biomass in water extracts, g/I’!
Variety 25 50 100
mm 1 mm | 1 mm | 1 mm | 1
Fresh biomass
Targovishte 16.3a 0 17.0b -4.3 14.2b 12.9 12.9a 20.9
Gran San Gabriel 21.9bc 0 23.4ba -6.8 21.8a 0.5 20.1a 8.2
Leo 21.2a 0 22.1a -4.2 21.2a 0.0 20.1a 5.2
Taborac 17.7ab 0 17.9b -1.1 17.5b 1.1 11.1a 373
Stamm 01 23.1c 0 20.1a 13.0 21.9a 5.2 20.4a 11.7
Stamm 02 17.0a 0 16.8a 1.2 16.9a 0.6 16.5a 2.9
Local population 1 18.5abc 0 16.5a 10.8 16.4a 114 13.4a 27.6
Local population 2 18.6abc 0 17.5a 5.9 16.1a 13.4 13.6a 26.9
Average 19.3 0 18.9 1.8 18.3 5.6 16.0 17.6
Dry biomass

Targovishte 16.3b 0 17.2b -5.52 6.6a 59.5 0.0a 100.0
Gran San Gabriel 21.9¢ 0 12.0b 45.2 8.8ab 59.8 0.0a 100.0
Leo 21.2¢ 0 12.1b 42.9 0.0a 100.0 0.0a 100.0
Taborac 17.7b 0 4.8a 72.9 0.0a 100.0 0.0a 100.0
Stamm 01 23.1c 0 10.9b 52.8 6.0ab 74.0 0.0a 100.0
Stamm 02 17.0b 0 18.8b -10.6 14.2b 16.5 0.0a 100.0
Local population 1 18.5b 0 13.0a 29.7 10.4a 43.8 5.0a 73.0
Local population 2 18.6a 0 15.6a 16.1 13.3a 28.5 9.7a 47.8
Average 19.3 0 13.1 32.1 7.4 61.7 2.1 89.1

Legend: Means with different letters differ at P < 0.05 level of probability by LSD test, I — percentage inhibition, %
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treatments. Therefore, the extract from dry biomass from C.
epithymum showed a cconsiderably stronger inhibitory ef-
fect on the studied L. corniculatus genotypes (I from -10.6
to 100.0) where the differences are statistically significant at
P=0.05, as compared to the extract of fresh biomass (/ from
-10.6 to 100.0) (Table 3).

A strong negative correlation was discovered between
the seedling growth of the L. corniculatus genotypes and
extracts from dry biomass froom C. epithymum where r var-
ied between 0.900 and 0.981 and from weak (» = -0.128) to
strong (r = -0.995) negative correlations depending on the
inhibitory effect of fresh parasitic weed biomass. That was
probably due to considerably higher used concentrations of
the extract, as compared to those found in the agrophytoce-
noses with falling off and decomposition of weed biomass.

The exception is found for the extract of fresh weed
biomass on C. epithymum only in genotype Stamm 02, was
mostly unaffected by the tested extract of parasitic dray weed
biomass of C. epithymum which establishes an stimulation
effect (from 10.6 %), and the differences were statistically
significant at the P = 0.05 (Table 3).

The differences inhibitory effect of the extracts from
fresh or dry weed biomass can be explained by diffusion

of soluble allelochemicals during extraction (Hussain et
al., 2014; Khan et al., 2015). Probably, during extraction
from dray weed biomass the allelochemicals are released,
which does not occur during extraction from fresh weed
biomass.

The accumulation of fresh biomass in g per seedlings of
the development of the tested of L. corniculatus genotypes
depends on the same factors and the observed dependencies
from the growth of the seedlings, mm depending on the ap-
plication of fresh or dry parasitic weed biomass (Table 4).

The index germinations (GI) depended on the same fac-
tors and followed the observed relationship pattern with re-
gard to laboratory seed germination and growth of seedling
of test L. corniculatus genotypes (Table 4).

The performed analyses showed that the studied extracts
from fresh and dry weed biomass provoked a suppressive
or inhibitory effect on the plant development of bird’s-foot
trefoil genotypes. With increase of the weed biomass content
in the water extracts from fresh biomass from C. epithymum,
GI decreased average from 4.30 to 35.7% and for the ex-
tracts from dry biomass this decrease rate reached 97.6% for
100 g/l parasitic weed biomass, as compared to the control
treatment.

Table 4. Effect of different concentrations of aqueous extracts of C. epithymum on early accumulation fresh biomass (g)

of the seedlings of L. corniculatus genotypes

Contents of the weed biomass in water extracts, g/I"!
Variety 0 25 50 100
g | 1 g | 1 g | 1 g I
Fresh biomass
Targovishte 0.010c 0.0 0.008b 20.0 0.008b 20.0 0.008a 20.0
Gran San Gabriel 0.011a 0.0 0.011a 0.0 0.010a 9.1 0.008a 27.3
Leo 0.010ab 0.0 0.012b -20.0 0.009ab 10.0 0.008a 20.0
Taborac 0.009a 0.0 0.007a 222 0.008a 11.1 0.007a 22.2
Stamm 01 0.010a 0.0 0.010a 0.0 0.011a -10.0 0.010a 0.0
Stamm 02 0.013a 0.0 0.013a 0.0 0.011a 15.4 0.010a 23.1
Local population 1 0.009a 0.0 0.011a -22.2 0.009a 0.0 0.008a 11.1
Local population 2 0.010a 0.0 0.008a 20.0 0.009a 10.0 0.008a 20.0
Average 0.010 0.0 0.010 2.5 0.009 8.2 0.008 18.0
Dry biomass

Targovishte 0.010b 0.0 0.011b -10.0 0.001a 90.0 0.000a 100.0
Gran San Gabriel 0.011c 0.0 0.007b 36.4 0.001a 90.9 0.000a 100.0
Leo 0.010b 0.0 0.010b 0.0 0.000a 100.0 0.000a 100.0
Taborac 0.009b 0.0 0.001a 88.9 0.000a 100.0 0.000a 100.0
Stamm 01 0.010c 0.0 0.005b 50.0 0.001a 90.0 0.000a 100.0
Stamm 02 0.013c¢ 0.0 0.006b 53.8 0.006b 53.8 0.000a 100.0
Local population 1 0.009b 0.0 0.009b 0.0 0.007b 22.2 0.001a 88.9
Local population 2 0.010b 0.0 0.005ab 50.0 0.002a 80.0 0.002a 80.0
Average 0.010 0.0 0.007 33.64 0.002 78.4 0.000 96.1

Legend: Means with different letters differ at P < 0.05 level of probability by LSD test, I — percentage inhibition, %
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Table 5. Effect of different concentrations of aqueous ex-
tracts of C. epithymum on the initial development (GI) L.
corniculatus genotypes

Contents of the weed biomass in water
) extracts, g/l
Variety 25 [ 50 [ 100 | 25 [ 50 | 100
Fresh biomass Dry biomass

Targovishte 98.0 | 76.6 | 0.0 | 659 | 39 | 0.0
Gran
San Gabriel 109.8 | 914 | 7421|429 | 5.0 | 0.0
Leo 121.5 | 100.0 | 97.9 | 53.3 | 0.0 | 0.0
Taborac 78.0 | 729 |525| 59 | 0.0 | 0.0
Stamm 01 824 | 825 | 813326 1|45 | 00
Stamm 02 85.9 |88.9 86.8 |67.6 [46.2 (0.0
Local
population 1 953 [91.8 70.0 [70.1 |35.5]9.6
Local
population 2 95.7 |75.1 51.7 [89.1 |26.8 |9.8
Average 95.8 |84.9 643 |534 |152 (2.4

An exception to the described relationship was found
only at 25 g/l for extracts from fresh biomass of C. epithy-
mum in bird’s foot-trefoil variety Leo (125.1%). Therefore,
the observed differences in L. corniculatus genotypes with
regard to allelopathic effect of the extracts from C. epithy-
mum can be explained by genetic differences, because the
comparisons between them were performed at equal concen-
trations of the applied extracts, which determined the pres-
ence of allelopathic tolerance in genotypes Stamm 02, Lo-
cal population 1 and Local population 2. Similar results in
radish (Raphanus sativus L.) and lettuce (Lactuca sativa L.)
were reported by Othman et al. (2012), according to whom
the species of test plants and genotypes had different suscep-
tibility to allelopathic effect of plant extracts (from fresh or
dry biomass) and depended on the applied concentrations.

Conclusions

The results showed that different aqueous extract con-
centrations of parasitic plant directly influenced germination
percentage, rate and seedling length of L. corniculatus geno-
types.

The water extracts from dry biomass of Cuscuta epithy-
mum L. showed a considerably stronger inhibitory effect on
the studied Lotus corniculatus L. genotypes on growth seed-
lings (1 (average) from 32.7 to 89.1) where the differences are
statistically significant at P=0.05, as compared to the extract
of fresh biomass (/ verage) from 1.8 to 17.6).

Lotus corniculatus L. genotypes showed different sus-
ceptibility to the allelopathic effect of the extracts from of

extracts of fresh and dry biomass of Cuscuta epithymum L.,
which was due to their genetic differences.

Lotus corniculatus L. genotypes Stamm 02, Local popu-
lation 1 and Local population 2 possess allelopathic poten-
tial, because index germinations (GI) in the range from 51.7
to 95.7% in extracts prepared from fresh weed biomass of
Cuscuta epithymum L. and from 9.6 to 89.1% to dry weed
biomass. These genotypes can be used as components in fu-
ture breeding programmes.

Aknowledgements

The publishing of the present scientific paper is co-fi-
nanced by “Scientific Researches” Fund Contract Ne 01/19
from 23.08.2017.

References

Baghestani, A., Lemieux, C., Leroux, G., Baziramakenga, R., &
Simard, R. (1999). Determination of allelochemicals in spring
cereal cultivars of different competitiveness. Weed Science, 47,
498-504.

Belz R. G. (2007). Allelopathy in crop/weed interactions — an up-
date. Pest Management Science, 63, 308-326.

Chapman, G., Bork, E., Donkor, N., & Hudson, R. (2008). For-
age yield and quality of chicory, birdsfoot trefoil, and alfalfa
during the establishment year. The Open Agriculture Journal,
2, 68-74.

Churkova, B. (2015). Qualitative characteristic of forage of bird’s-
foot-trefoil cultivars (Lotus corniculatus L.), grown in the re-
gion of Troyan. Journal of Advances in Agriculture, 4(3), 469-
476.

Churkova, B. & Bozhanska, T. (2016a). Influence of some herbi-
cides on weed infestation and productivity of bird’s-foot trefoil.
Banat's Journal of Biotechnology, 7(14), 24-29.

Churkova, B. & Bozhanska, T. (2016b). Productivity and level
of weed infestation of legume meadow grasses depending on
grass species and fertilization. International Journal of Bioas-
says, 5(8), 4739-4743.

Einhellig, F. A. (1995). Allelopathy: Current status and future
goals. In: Inderjit, K. M. M. Dakshini, and F. A. Einhellig, eds.
Allelopathy, Organisms, Processes, and Applications. Wash-
ington, DC: American Chemical Society, pp. 1-24.

Fiirstenberg-Higg, J., Zagrobelny, M. & Bak, S. (2013). Plant
defense against insect herbivores. International Journal of Mo-
lecular Sciences, 14(5), 10242—-10297.

Gariglio, N., Buyatti, M., Pillati, R., Rossa, D. & Acosta, M.
(2002). Use a germination bioassay to test compost maturity of
willow (Salix sp.) sawdust. New Zealand Journal of Crop and
Horticultural Science, 30, 135-139.

Hess, M., Barralis, G., Bleiholder, H., Buhr, L., Eggers, T., Hack,
H. & Stauss, R. (1997). Use of the extended BBCH scale —
general for the descriptions of the growth stages of mono; and
dicotyledonous weed species. Weed Research, 37(6), 433-441.

Hinkelman, K & Kempthorne, O. (1994). Design and analysis



1204

Irena Golubinova, Plamen Marinov-Serafimov

of experiments. Volume I: Introduction to experimental design.
New York: John Wiley and Sons, Inc. pp 495.

ISTA — International rules for seed testing (1985). Seed Science and
Technology, 13, p. 361-513

Hussain, S., Hassan, F., Rasheed, M., Ali, S. & Ahmed, M.
(2014). Effects of allelopathic crop water extracts and their
combinations on weeds and yield of rainfed wheat. Journal of
Food, Agriculture & Environment, 12(3&4), 161-167.

Iannucci, A., Fragasso, M., Platani, C. & Papa, R. (2013). Plant
growth and phenolic compounds in the rhizosphere soil of wild
oat (Avena fatua L.). Frontiers in Plant Science, 4, 509.

Inderjit, L., Weston, A., & Duke, S. (2005). Challenges, achieve-
ments and opportunities in allelopathy research. Journal of
Plant Interactions, 1, 69-81.

Jabran, K., Farooq, M. & Wahid, A. (2013). Implications of po-
tential allelopathic crops in agricultural systems. In: Allelopa-
thy. Springer Berlin Heidelberg, 349-385.

Khan, E. A., Khakwani, A. A., & Ghazanfarullah, A. (2015).
Effects of allelopathic chemicals extracted from various plant
leaves on weed control and wheat crop productivity. Pakistan
Journal of Botany, 47(2), 735-740.

Khanh, T., Cong, L., Xuan, T., Lee, S., Kong, D. & Chung, I.
(2008). Weed-suppressing potential of dodder (Cuscuta hy-
grophilae) and its phytotoxic constituents. Weed Science, 56(1),
119-127.

Khush, G. S. (1966). Genetic improvement of rice for weed man-
agement. /n Naylor, R., ed. Herbicides in Asian rice: transi-
tions in weed management. Palo Alto (California): Institute for
Int. Studies, Stanford University, and Manila (Philippines): Int.
Rice Research Institute, pp. 201-207.

Konstantinovi¢, B, Blagojevié, M., Konstantinovi¢, B. &
Samardzié, N. (2014). Allelopathic effect of weed species Am-
aranthus retroflexus L. on maize seed germination. Romanian
Agricultural Research, 31, 315-321.

MacLean, N. L. & Grant, W. F. (2011). Evaluation of birdsfoot-
trefoil (Lotus corniculatus) regenerated plants following in
vitro selection for herbicide tolerance. Canadian Journal of
Botany, 65(6),1275-1280.

Marinov-Serafimov, Pl. & 1. Golubinova (2015). A study of suit-
ability of some conventional chemical preservatives and natural
antimicrobial compounds in allelopathic research. Pesticides &
Phytomedicine, 30(4), 233-241.

Othman, M., Leong, S., Bakar, B., Awang, K., & Annuar, M.
(2012). Allelopathic Potentials of Cuscuta campestris Yuncker

Extracts on Germination and Growth of Radish (Raphanus sati-
vus L.) and Lettuce (Lactuca sativa L.). Journal of Agricultural
Science, 4(9), 57-63.

Parker, C. (2009). Observations on the current status of Orobanche
and Striga problems worldwide. Pest Management Science, 65,
453-459.

Qasem, J. (20006). Parasitic weeds and allelopathy: from the hy-
pothesis to the proofs. In: Reigosa M., Pedrol N., Gonzalez L.
(eds), Allelopathy. Springer, Dordrecht.

Rice, E. L. (1984). Allelopathy. Academic Press, London.

Rubiales, D., & Fernandez-Aparicio, M. (2012). Innovations in
parasitic weeds management in legume crops. A review. Agron-
omy for Sustainable Development, 32, 433—449.

Rubiales, D., Fernandez-Aparicio, M., Wegmann, K., & Joel,
D. (2009). Revisiting strategies for reducing the seedbank of
Orobanche and Phelipanche spp. Weed Research, 49, 23-33.

Smith, J. D., Woldemariam, M. G., Mescher, M. C., Jander, G., &
De Moraes, C. M. (2016). Glucosinolates from host plants influ-
ence growth of the parasitic plant Cuscuta gronovii and its sus-
ceptibility to aphid feeding. Plant Physiology, 172(1), 181-197.

Surendra, M. P., & Pota, K. B. (1978). On the allelopathic po-
tentials of root exudates from different ages of Celosia argenta
Linn. Nat. Acad. Sci. Lett, 1(2), 56-58.

Valcheva, E., Popov, Vl., Zorovski, Pl., Golubinova, 1., Mari-
nov-Serafimov, PL, Velcheva, 1., & Petrova, Sl. (2018). Al-
lelopathic effect of dodder on different varieties of lucerne and
bird’s-foot trefoil. The Serbian Journal of Agricultural Scienc-
es, 67(1): 27-33.

Vasileva V., & Ilieva A. (2016). Changes of some parameters in mix-
tures with birdsfoot trefoil. Proceedings of National Scientific
Conference with International Participation Ecology and Health,
09 and 10 June 2016, Plovdiv, ISSN 2367- 9530, 251-258.

War, A. R., Paulraj, M. G., Ahmad, T., Buhroo, A. A., Hussain,
B., Ignacimuthu, S., & Sharma, H. C. (2012). Mechanisms
of plant defense against insect herbivores. Plant Signaling &
Behavior, 7(10), 1306-1320.

Widdup, K. H., Rumball, W., Rolston, M. P., & Archie, B. J.
(2004). Productivity of Lotus corniculatus and L. pedunculatus
cultivars with and without tall fescue under sheep grazing. In
Proceedings of the New Zealand Grassland Association, 66,
273-278).

Zhou, Y., Wang, Y., Li, J., & Xue, Y. (2011). Allelopathy of garlic
root exudates. Chinese Journal of Applied Ecology, 22, 1368—
1372.

Received: December, 20, 2018; Accepted: January, 4, 2019; Published: December, 31, 2019




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


