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Abstract

Allelopathy is a unique phenomenon in nature that refers to direct or
indirect, positive or negative, impact of one plant (including microorganisms,
insects, and herbivores) on another plant through chemical secretions
(allelochemicals). Ambrosia artemisiifolia (ragweed) is a well-known invasive
plant possessing allelochemicals that have been found to inhibit the growth and
development of plants in their immediate environment. This study aimed to
determine the allelopathic impact of the aqueous leaf extract isolated from
ragweed leaves (concentrated extract, 1:2, 1:4, and 1:8) on seed germination and
early seedling growth of barley (Hordeum vulgare L.) and white clover
(Trifolium repens L.). The examined aqueous extract of ragweed had a higher
inhibitory effect on the germination of white clover seeds compared to barley.
The germination of barley seeds was the lowest at the concentrated leaf extract
(up to 70%), while the same process in barley seeds was not determined at this
concentration. In the other treatments, germination was significantly lower in
both examined species compared to the control. Shoot and root growth of both
researched species was inhibited in all treatments compared to the control. The
obtained results indicate that the aqueous ragweed extract significantly inhibits
the growth of roots and shoots of both tested species, which increases the need
for more intensive research on this topic.
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Introduction

Allelopathy includes the positive or negative, but also the direct or indirect
action of one plant, fungus, or microorganism on another by the release of various
chemical compounds called allelochemicals (Rice, 1984). Allelochemicals can
affect the composition of the weed flora, the growth and yield of crops, and can
be potentially used as a weed control measure (Singh et al., 2001; Bonea et al.,
2018; Kincel et al., 2019). Some studies (Bertin et al., 2003; Jabran et al., 2015)
have confirmed that allelochemicals can be found in different concentrations in
various plant organs (leaf, stem, root) as well as that there are different pathways
by which they are released into the environment acting on neighbouring plants
or grown crops causing phytotoxic effects (Novak et al., 2018). Allelopathic
interactions are also investigated to reduce the negative impact of allelochemicals
on crop growth and yield (Séepanovi¢ et al., 2007). Ragweed is an annual
herbaceous plant of the family Asteraceae. Native to North America, it was
introduced to Europe in the 19" century. It spreads rapidly, grows on abandoned
land and meadows, in gardens, along roadsides, and as such is a highly invasive
species (Nikoli¢ et al., 2014). Ragweed is known to form a large biomass above
ground as well as possess a strong root system that greatly suppresses the
surrounding crop (Buzhdygan & Baglei, 2016). The study of the effect of a
ragweed aqueous extract on cultivated species was the subject of many scientific
studies in the past. Thus, Buzhdygan & Bagley (2016) noted in their research that
the germination of barley under the influence of ragweed was stimulatory, while
inhibitory to the germination of alfalfa, sunflower, clover, and fleawort. The
inhibitory effect of ragweed was also noted by Vidotto et al. (2013) on seed
germination and the growth of tomato shoot, green lettuce, black nightshade, and
finger grasses. Kincel et al. (2019) in their research confirmed the inhibitory
effect of aqueous ragweed extract on the growth and germination of corn and
amaranth. However, it has not yet been sufficiently studied how the aqueous
extract of ragweed affects seed germination and seedling growth of cultivated
species. According to a research by Buzhdygan and Bagley (2016), it was found
that ragweed contains chlorogenic acids, glucose esters, and caffeic acids that
inhibit the germination of many plants.

Considering the ragweed potential to reduce plant growth and crop yields,
as well as its negative impact on human health, the examination of the sensitivity
of some cereals to its effects is of great importance. Therefore, this study
examined the allelopathic effect of aqueous leaf extract isolated from the leaves
of ragweed (A. artemisiifolia L.) on seed germination and early seedling growth
(root length and shoot height) of barley (Hordeum vulgare L.) and white clover
(Trifolium repens L.).
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Material and Methods

The plant material was collected during August in a field located in Banja
Luka's Borik suburb. Fresh leaves were first washed under tap water and then
distilled water, and, subsequently, dried and pressed. An extract of the plant's dry
parts was made in a ratio of 1:10 (100 g of a plant mass in 1000 ml of water) and
left at room temperature for 24h, after which the extract was filtered through filter
paper by the method given by Elis and Roberts (1981) and Khandakar and
Bradbeer (1983) in order to obtain a 10% aqueous ragweed extract. Distilled
water was used as the control. Seed surface of barley (Hordeum vulgare L., var.
nudum) and white clover (Trifolium repens L.) was sterilized with 1% NaOClI,
and then 30 barley and white clover seeds were placed on filter paper in sterilized
Petri dishes (Figure 1). Two mL of aqueous ragweed extract, i.e. distilled water
as a control, was added to the filter paper of each Petri dish. The treatment was
as follows: control - distilled water (C), undiluted extract - 10% (CE), diluted at
a 1:2 ratio (3.3%), diluted at a 1:4 ratio (2%), and diluted at a 1:8 ratio (1.25%).
The next step was keeping these dishes in a thermostat (26°C) in the dark for 7
days. The last part of the experiment was monitoring the effect of different
concentrations of aqueous ragweed extract on the final germination percentage
(FGP), mean germination time (MGT), seed germination rate index (GRI) and
growth parameters (root length and shoot height).

Figure 1. Effect of different concentrations of aqueous ragweed extract on seed germination
and seedling growth of barley and white clover (C - Control (distilled water), CE -
concentrated extract, at a dilution of 1:2, 1:4, and 1:8).

The percentage of germination was monitored on the third, fifth, and
seventh day, and calculated according to the following formula:

Final germination percentage (FGP) = number of germinated seeds / total
number of seeds at the beginning of the experiment x 100.
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The mean germination time (MGT) was calculated according to the
formula (Ellis and Roberts, 1981): MGT = X (Dn) / £ n, where n is the number
of seeds that germinated on day D, and D is the number of days from the
beginning of germination.

The germination rate index (GRI) was calculated using the following
formula (Khandakar and Bradbeer, 1983): GRI =nl1/dl1+n2/d2+n3/d3 +
Nn/n x 100, where n is the number of germinated seeds germinating n-days after
setting up the experiment, d is the number of days.

All data were statistically processed in the SPSS 20.0 (Statistical Package
for the Social Sciences) program. The analyses were performed in three
independent replicates and the analyzed parameters were processed by the
nonparametric Mann-Whitney U test, at the significance level p<0.05.

Results and Discussion

The results of this study showed that the germination of barley and white
clover seeds varied depending on the applied concentration of the aqueous extract
of ragweed leaves and the length of the treatment (Figures 2A and 2B). The
highest percentage of white clover germination was recorded in the control (up
to 80%), while germination at lower concentrations (1:4 and 1:8) was 30-50%
lower compared to the control. In the concentrated extract (10%), white clover
seed germination was almost completely inhibited, since FGP % at both varieties
was approximately 0.5-1% (Figure 2A and 2B).
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Figure 2. Final germination percentage (FGP %) of barley (A) and white clover (B) treated
with different concentrations of the aqueous extract of ragweed leaves. (*) indicates
statistically significant difference between control and treatments per day (p <0.05).

It was observed that the barley seeds showed the lowest germination at the
concentrated extract and 1:2 on the third day of monitoring, but on the fifth and
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seventh day, the germination was similar to the control. Extract concentrations
of 1:4 and 1:8 did not significantly inhibit the germination of barley seeds (Figure
2B). Compared to white clover (Figure 2A), a higher percentage of germination
was recorded in barley during all treatments.

The mean germination time (MGT) of barley seeds in the control treatment
was the fastest and amounted to 5.07 days (Figure 3A). Compared to the control,
concentrations 1:2 and 1:4 had the highest inhibitory effect, where the mean
germination time was 5.56 days. Also, it was observed that the mean germination
time was longer for barley in comparison to white clover.

The mean germination time of white clover was approximately the same
in the control and the treatment with 1:2 concentration leaf extract and was 5.01
days. The highest inhibitory effect was in the concentrated leaf extract, while
concentrations of 1:4 and 1:8 had a similar inhibitory effect, where the mean
germination time was 5.2 days (Figure 3A).
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Figure 3. Mean germination time (MGT) (A) and germination index (GRI) (B) of the tested
species in control and at different concentrations of the extract. (*) indicates a statistically
significant difference between the control and treatments in one examined species (p<0.05).

Applied concentrations of the aqueous extract of ragweed leaves had a
significant effect on the germination rate index of barley and white clover seeds.
The germination rate index (GRI) of barley was significantly higher than that of
white clover. The GRI of barley was maximum in the control treatment (18.47),
while it was significantly lower in the concentrated extract (3.05). In other
treatments, the GRI of barley was lower compared to the control (Figure 3B).
The white clover GRI was the highest in the control (17.12), and then decreased
with increased extract concentrations. The GRI of white clover was 0.44 at a
concentration of 1:2, 4.96 at 1:4 and finally 14.42 at 1:8 concentration treatment.
A significant difference in the GRI was determined between the control and all
applied concentrations in both examined species except for the 1:8 treatment.

The applied concentrations of the aqueous extract of ragweed leaves (CE,
1:2, 1:4) significantly inhibited the growth of shoot and root of both examined
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species (Figure 4A and 4B). The extract concentration 1:8 did not significantly
affect the growth parameters of the tested species, except for white clover roots,
where a reduction of 15% was observed. The impact of the aqueous leaf extract
on the root growth of both test plants was significant.
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Figure 4. Influence of different concentrations of Ambrosia artemisiifolia extract on root
and shoot length of barley (A) and clover. (*) indicates a statistically significant difference
in the measured parameter between the control and treatments in one examined species
(p<0.05).

Some plant species express tolerance to the presence of ragweed
(Buzhdygan & Bagley, 2016), while for most of them, an inhibitory effect was
found, which is reflected in the reduction of the percentage of germination,
growth, development as well as yield of young plants (Beres & Kazinczi, 2000;
Cicek & Tilki, 2007; Hodisan et al., 2009; Vidotto et al., 2013; Novak et al.,
2018; Kincel et al., 2019). The results obtained in this work showed that the
aqueous extract isolated from the leaves of the weed species A. artemisiifolia
caused a decrease in seed germination, extended the germination time, and
caused weaker initial growth of young plants. Most of the inhibitory effects were
detected in the initial stages of germination (3™ and 5" day) at the highest extract
concentration. The highest inhibitory effect was recorded in white clover with a
concentrated extract where germination was not determined, while the other
concentrations had no inhibitory effect. The obtained results on the inhibitory
effect of ragweed were recorded by Vidotto et al. (2013) on germination and
seedling growth of tomato, lettuce, black nightshade, and finger-grasses.

Kincell et al. (2019) determined a significant decrease in the germination
of Amaranthus retroflexus seeds (germination of 4.83% - 8.33%) under the
influence of ragweed extract. They showed that at different concentrations A.
artemisiifolia inhibits the germination and growth of corn plants, although in
some variants (using the 30% extract concentration) some stimulating effects in
the growth initiation appeared. The results obtained in this work showed that the
extract isolated from the ragweed leaves inhibited germination in all treatments,
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with the fact that it was lower in clover compared to barley, and also decreased
in the following order: concentrated extract <1:2 <1:4 <1:8. On the other hand,
Buzhdygan & Bagley (2016) in their research found a stimulating effect of
ragweed on barley, which was contrary to the results obtained in this work.
Differences in the effect of the ambrosia extract on germination can be attributed
not only to different concentrations but also to different parts of the material used
for the extract preparation, as well as the sensitivity of the tested species seeds
(Novak et al., 2018). Cicek & Tilki (2007) state in their research that the seed
size plays a key role, i.e. larger seeds have a higher survival rate (80%), while
the smaller ones significantly lower (71%), which is probably one of the reasons
for the higher germination of barley compared to the clover in this research.

The applied aqueous leaf extract of ragweed slightly increased the MGT
of barley compared to white clover. The average germination time of barley and
white clover seeds was the shortest in the control treatment and lasted about 5
days (Figure 2A and B), while it was about 5.56 days for barley and 5.29 days
for white clover, which was recorded in the treatment of 1:4. The germination
rate index was maximum and minimum in the lowest and highest concentration
(concentrated and 1:8) of the aqueous ragweed extract. Also, it can be noted that
the GRI of white clover was significantly lower in the concentrated extract (0.58)
compared to barley (2.19). Extracts taken from the leaves of the weed
Chenopodium murale had an inhibitory effect on the GRI of wheat, corn, and
beans (Islam et al., 2014).

The results of this study have confirmed the common fact that the
allelopathic effect on the initial sprout's growth is stronger compared to the
germination of the test species (Novak et al., 2018). The applied water extracts
of ragweed significantly inhibited sprout and root growth compared to the control
(by more than 60%), with this effect being more visible on young clover plants
compared to barley. Therefore, it is obvious that allelopathy depends on the
applied concentration and species. This was confirmed in other studies by
Vidotto et al. (2013); Novak et al. (2018); Kinzel et al. (2019) who reported
similar results. Experiments conducted by Lehoczky et al. (2011) showed that
ragweed sprout extracts significantly reduced the growth of wheat, rye, and oats,
while this effect was absent in corn. On the other hand, the inhibitory effect of
ragweed interfered with germination more than corn growth. In our research, all
applied concentrations inhibited the root growth in both tested species compared
to the control. However, when it comes to clover shoot, a slight stimulating effect
was observed at the 1:8 concentration. The results are also in agreement with
those obtained by Buzhdygan & Bagley (2016) who recorded the inhibition of
root length in sunflower, wheat, barley, alfalfa, and clover under the influence of
the aqueous ragweed extract. In contrast, Séepanovié et al. (2007) found that date
extract inhibited sprout length but stimulated corn root length. The results of our
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study are similar to previous research done on this topic (Lehoczky et al., 2011;
Novak et al. 2018; Maksimovi¢ et al. 2021) and they confirmed that allelopathic
effects were improved by increasing concentrations of allelochemicals. Certain
studies have shown that the allelopathic effects of plants in controlled conditions
are not always the same as those in the natural environment (Inderjit, 2003).
Therefore, it is necessary to carry out more detailed research in controlled and
natural conditions to gain a clearer insight into the impact of the aqueous ragweed
extract on seed germination and seedling growth of agricultural crops, like barley
and white clover.

Conclusion

The results obtained in this research have shown a more notable
allelopathic effect that depends on the applied concentration and the treated
species. A significantly lower percentage of seed germination under the influence
of the aqueous extract of ragweed leaves has been determined in white clover
compared to barley. The aqueous extracts have prolonged the average
germination time and reduced the germination rate index of both test plants.
Higher sensitivity of the roots compared to the shoots has been proved in both
researched species. Taking into account the ragweed potential to reduce the plant
growth and crop yield, our research points to the crucial importance associated
with the sensitivity of cereals to the presence of ragweed. All of this indicates an
increasing need to control the spread of ragweed, with a recommendation to plan
the cultivation of less sensitive species before growing more sensitive
horticultural ones. In conclusion, the research emphasized the importance of
suppressing this invasive weed considering its negative allelopathic influence.
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AJenonaTcku yTHIa]j rejaeHacte amoposuje (Ambrosia
artemisiifolia L.) na kiujaBoCT cjeMeHa M IOYSTHHU PACT KJIMjaHAala
jeuma (Hordeum vulgare L.) u oujene mjerenune (Trifolium repens

L.)

Tama Makcumosuh, Mue Lijerunosuh, Jluno Xacanaruh®

! Vuusepsumem y Barwoj Jlyyu, Ipupoono-wamemamuuxu paxyimem, barwa Jlyka, Bocha
u Xepyeecosuna

Caxerak

Anenonaruja je jeJMHCTBEH ()EHOMEH y TMPHPOJM KOjU CE€ OJHOCH Ha
JMUPEKTaH WIM WHAMPEKTaH, IMO3UTHBAH WM HETaTHBAaH YTHIA] jeJHEe OWIbKE
(yxspyuyjyhu MHKpoOpraHu3me, MHCEKTE W OWJbOjelie) Ha APYry OWUIBKY MyTem
XeMHjCKUX m3TydeBHHa (anenoxemukanuja). Ambrosia artemisiifolia (menenacra
am0po3uja) je mo3HaTa MHBa3WBHA OHMJbKA KOja MMocjeyje aleaoXxeMUKadje 3a Koje
je yrBpheHo m1a nHXHOMpPajy pacT U pa3Boj OMibaka y B€HOj HETIOCPEIHO] OKOIMHH.
CBpxa OBOI' MCTpaXuBama OWia je Ja ce YTBPAW ajeJONaTCKH yTHUIIAj BOJCHOT
EKCTpaKTa N30JI0BAHOT U3 JIMCTOBA aMOpo3uje (KOHIIGHTPOBaHU eKCTpakT, 1:2, 1:4 u
1:8) Ha mporeHaT KIMjaBOCTH, CPE/IFbY BPHjeIHOCT KilHjarba, OP3UHY KITHjarmba, pacT
noHuka u KopujeHa jeuma (Hordeum vulgare L.) u gjerenune (Trifolium repens L.).
HcnutrBanu BoJIeHN €KCTPAKTH aMOpo3uje uMaliv ¢y Behul ”HXHOUTOPHH YTHUIIA] HA
KJIMjaBOCT CjeMeHa JIjeTeIMHE Y 0JIHOCY Ha jedaM. KitnjaBocT cjeMeHa jedama je ouiia
HajHIDKa TIPH KOHIIEHTPOBAHOM eKcTpakTy (3a 70% Hmka y 0HOCY Ha KOHTPOJTY )
JIOK KJIMjaBOCT CjeMeHa JjjeTalnHe HUje yTBpheHa mpu 0BOj KoHIEHTpauuju. [lpu
OCTaJIMM TPeTMaHWMa KIIMjaBOCT je Oujia 3HA4ajHO HMXKa KOJ 00¢ MCTpaKMBaHE
BpCTE y OJIHOCY Ha KOHTPOJY. PacT moHuKa u KopujeHa o0e UCTpaKMBaHE BPCTE je
Owia nHXUOMpaHa MPH CBUM TPETMaHHMa BOACHOI EKCTpaKTa aMOpo3Huje y OJJHOCY
Ha KOHTPOJIY,IITO yKa3yje Ha Behiy ocjeT/bMBOCT MOHMKaA y mopehemy ¢ kiujaBouiiy
cjemena. JloOujeHn mozjamu ykasyjy Ja BOJEHH E€KCTPaKT aMOpo3uje 3HayajHO
MHXUOMpA PacT KOpUjeHa U MOHKWKa 00€ UCTIUTUBAHE BPCTE, IITO NMoBehaBa noTpedy
32 HIHTCH3WBHA HCTPAXUBaka HA OBY TEMY.

Kwyune pujeuu: Ambrosia artemisiifolia, jeuam, Oujena njerenia, anenonaruja,
BOJICHH €KCTPAKT JIUCTA, KIIHjAaBOCT
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