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SUMMARY

Secondary plant metabolites with allelopathic activity or phytotoxicity could be
biotechnologically important, serving as a source of allelochemicals, and thus contributing to
the agro-industrial sector. The objective of this study was to use the obtained common walnut
(Juglans regia L) and bitter dock (Rumex obtusifolius L) leaves extracts rich in phenolic compounds,
i.e. with high antioxidant potential, and to identify their phytotoxicity to Setaria glauca (L) P. Beauv.
and Sorghum halepense (L) Pers. weed seedlings grown in vitro. The obtained plant extracts had
remarkably high affinity for scavenging free radicals, having DPPH IC5 values of 0.127 mg/ml
for common walnut leaf extract and 0.194 mg/ml for bitter dock leaf extract. Ferric reducing
antioxidant power of the extracts was also high, FRAP value of the common walnut leaf extract
was 3844 + 8.1 pmol Fe?*/g dry mass, and of the bitter dock leaf extract 321.6 + 2.5 pmol Fe?*/g
dry mass. At the highest used concentration, common walnut leaf extract reduced germination
of S. glauca by 67.3%, while bitter dock leaf extract reduced germination of that weed by 54.5%.
Shoot length of S. glauca was inhibited 80.7% when subjected to common walnut leaf extract,
and 78.2% under the influence of bitter dock leaf extract, and its root length was inhibited 96.4%
and 93.19% respectively. Germination of S. halepense was inhibited 100% under the influence of
the obtained common walnut leaf extract at its highest test concentration, and 79.2% when
subjected to bitter dock leaf extract at the same concentration. Shoot length of this weed was
reduced 100% after treatment with commmon walnut leaf extract, and 93.7% when subjected
to bitter dock leaf extract. Root length was reduced 100% and 99.3%, respectively. Overall, the
extracts demonstrated pronounced antioxidant activity and remarkable allelopathic potential.
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INTRODUCTION availabilities coupled with higher quality standards
(safety, environment, welfare and ethics). Along with

The fact of increasing world population has putsome  increased crop production, pressure from weeds, insects
durable challenges before the food and agricultural ~ and diseases has also risen. Among crop pests, weeds are
sector through increased demand of total food  regarded asa major one, responsible for 45% of crop yield
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losses (Gnanavel & Natarajan, 2014). Weed infestation
decreases crop productivity or reduces the quality of
harvested products due to direct competition with crop
plants for limited resources (Kaur et al., 2018).

For decreasing crop yield and product quality losses
caused by weeds, control strategies are necessary and
chemical control is still regarded as the most common
and successful control method across the globe, despite
problems and issues associated with the use of synthetic
herbicides, (Hossen et al., 2021). However, extensive
uses of herbicides in modern agriculture cause more
and more problems, including development of weed
resistance, increment of toxic residues in products, health
concerns and environmental pollution. As a result, the
tendency towards finding effective and safer alternatives
for synthetic herbicides is rapidly increasing. Among
non-chemical approaches for weed control, using the
phenomenon of allelopathy to suppress weeds turns
out to be one of the most effective weed management
methods (Jabran & Faroogq, 2013).

As allelopathy utilization in agro-ecosystems relies on
allelochemicals, i.e., secondary metabolites produced and
released by plants, and their effect on the germination,
development, reproduction and survival of other nearby
plants in the same population (Rice, 1984), it is precisely
those phytochemicals that are at the focus of research
in the field of bioherbicide development. Due to their
destructive effects on plants (seed germination inhibition,
shoot and root length restriction and photosynthesis and
water/nutrient uptake disruption), various allelopathic
compounds such as phenolic compounds (Arroyo et
al., 2018), sterols and terpenes (Gaaliche et al., 2017),
essential oils (Hazrati et al., 2018) and fatty acids (Qian
etal., 2018) are already being tested for potential usage
in weed control within organic agricultural systems.
One of the advantages of using herbicides based on the
mentioned natural compounds is that their half-lives are
usually short, indicating that those bioherbicides will
degrade quickly and leave no residues in the soil after
harvest (Hazrati et al., 2018). Hence, literature data
shows that secondary metabolites from plants could be a
promising tool for weed control and their implementation
in weed management would probably reduce chemical
herbicide usage, which would further promote human
health protection and environment preservation.

Among the identified chemicals with phytotoxic
activity, phenolic compounds are shown to be one of
the most important ones (Simoes et al., 2008; Li et al,
2010; Mominul Islam & Kato-Noguchi, 2014). Thus
a promising start for finding candidates for potential
bioherbicides is to obtain plant extracts rich in phenolic
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compounds, i.e., with high antioxidant potential, and
conduct quick testing of their phytotoxic activity by i
vitro bioassays. Therefore, the main objective of this
study was to test the antioxidant activity of extracts
of common walnut (Juglans regia L.) and bitter dock
(Rumex obtusifolius L.) leaves, and evaluate their impact
on seed germination and seedling growth of Sezaria
glanca (L.) P. Beauv. (yellow foxtail) and Sorghum
halepense (L.) Pers. (Johnson grass), two invasive weeds
considered highly damaging to agricultural crops.

MATERIAL AND METHODS

Plant material and plant extraction

Fresh leaves of common walnut (Juglans regia L.) and
bitter dock (Rumex obtusifolius L.) were collected in
Vojvodina province, Serbia, in April 2019, then air dried
under shade conditions, stored in paper bags in order to
protect them from light and milled just before extraction.

A mix of methanol:acetone:distilled water (40:40:20
v/v) was used as extraction solvent. The powdery material
was soaked in the solvent in 1:5 solid to volume ratio and
sonicated for 15 min in an ultrasonic bath. Extraction
was performed in triplicate and aliquots from three
extractions were merged after centrifugation (3000 rpm,
10 min) and filtration (Whatman filter paper grade 1).
Extract was evaporated to dryness at 50°C usinga vacuum
rotary evaporator. Residues were dissolved in distilled
water, freeze dried, and kept at -20°C for future analysis.

In vitro evaluation of antioxidant activity

Antioxidant activity of the obtained extracts was
tested by determining their radical scavenging activity
(2,2-diphenyl-1-picrylhydrazyl [DPPH] scavenging capacity
- DPPH assay) and by measuring their reducing potential
(ferric ion reducing antioxidant power - FRAP assay).

DPPH assay: For evaluation of free radical scavenging
activity, 0.25 g of dry leaf extract was dissolved in distilled
water (25 ml), and series of dilutions were prepared from
the stock solution in order to obtain concentrations within
a range from 0.05 to 0.5 mg/ml. A volume of 0.5 ml of
each dilution was mixed with 1 ml of DPPH solution
(0.2 mM in methanol) and 3 ml of methanol in test tubes
and vortexed well. Volume was adjusted up to 6 ml with
methanol, and the solution was incubated for 30 minutes
at 25 °C in the dark. The absorbance was measured by
spectrophotometer at 517 nm. The solution containing only
reagents, excepting the extract, was considered as a control,
and antioxidant activity was calculated using the formula:
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% inhibition = [(Abs.ynerol = AbSgampie)/(Absconerol)] X 100.
ICs values (concentration of sample required to scavenge
50% of free radicals) were calculated. Ascorbic acid was
used as a positive control.

FRAP assay: Acetate buffer (pH 3.6) (300 mM),
TPTZ solution (10 mM in 40 mM HCI) and FeCl; x
6H,0 solution (20 mM) were mixed (10:1:1 v/v) into a
FRAP solution. Dry leaf extract (150 pl, concentration
0.5 mg/ml in methanol) and 150 pl of distilled water
were mixed with 3 ml of FRAP solution and incubated
in the dark at 37 °C for 30 minutes. FRAP solution was
used as a blank. Absorbance was measured at 593 nm
by spectrophotometer. Ferrous sulphate heptahydrate
(FeSO4 x 7H,0O) was used as equivalents for calibration
curve preparation, and the results were expressed as mol
of ferric ion (Fe?*) per g of dry extract. Ascorbic acid was
used as a positive control.

Germination bioassay

A Petri-dish experiment was set up for Setaria glanca
(L.) P. Beauv. (yellow foxtail) and Sorghum halepense (L.)
Pers. (Johnson grass) under controlled conditions. Seeds
of S. glauca were collected in fields around Batajnica
(Belgrade, Central Serbia) in October 2017. Seeds of
S. halepense were collected in fields around Zemun
(Belgrade, Central Serbia) in October 2017. The seeds
were cleaned and stored in paper bags in the laboratory
at a temperature of 20-22 °C. Prior to the experiment
the seeds were surface sterilized for 3 minutes in a 5%
aqueous solution of sodium hypochlorite and washed
several times with distilled water. Fifteen disinfected
seeds were placed into each Petri dish (@ = 9 cm) lined
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with sterilized filter paper disk. Common walnut and
curly dock leaf extracts were diluted in distilled water
t0 0.5,0.75 and 1% (w/v) concentrations and 5 ml was
applied to each Petri dish. Distilled water served as a
control. All dishes were sealed with parafilm to avoid
evaporation. The dishes were placed in an incubator
at 2741 °C and kept in darkness. After a period of 7
days, the percentage of germination was calculated and
carly seedling growth (shoot and radical length) was
measured. The experiment design was a randomized
complete block with four replications, repeated twice,
and data were combined for analysis.

Statistical analysis

All chemical measurements were performed in
triplicates. The results of the FRAP assay were expressed
as mean = standard deviation. The ICs values for DPPH
assay were calculated using the GraphPad Prism statistical
software package. Germination bioassay data were analyzed
by a one-way analysis of variance (ANOVA), using the
STATISTICA 8.0. software package. When F-values were
statistically significant (p<0.05) treatments were compared
using Fisher’s Least Significant Difference (LSD) test.

RESULTS
Antioxidant activity of plant extracts

The scavenging effect of plant extracts on DPPH radical
is shown in Figure 1. Both common walnut and bitter dock
leaf extracts showed remarkably high DPPH reductions,
compared with ascorbic acid at the same concentrations.
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Figure 1. DPPH radical scavenging ability of common walnut (/. 7egiz) and bitter
dock (R. obtusifolius) leaf extracts (CWLE-common walnut leaf extract;
BDLE-bitter dock leaf extract; ASC-ascorbic acid)
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Common walnut leaf extract achieved approximately
20% inhibition already at its concentration of 0.05 mg/
ml, and reached alittle above 90% with the concentration
of 0.5 mg/ml. Bitter dock leaf extract had somewhat
lower scavenging ability as inhibition was approximately
13% at the concentration of 0.5 mg/ml, and reached
around 85% at the concentration of 0.5 mg/ml. In
comparison, the highest concentration (0.5 mg/ml) of
ascorbic acid inhibited almost 94% of DPPH radicals,
however, at lower concentrations this antioxidant had
lower DPPH reduction activity than the obtained plant
extracts. Powerful scavenging ability of the plant extracts is
especially noticeable when comparing the calculated ICs
values. Thus, ICs values were 0.127 mg/ml for common
walnut leaf extract and 0.194 mg/ml for bitter dock leaf
extract, both significantly lower compared with the ICs,
value of ascorbic acid (0.228 mg/ml).

The ferric reducing antioxidant power (FRAP) of plant
extract was also high. The results presented in Figure 2
demonstrate that the tested plant leaf extracts possess
a significant ferric reducing capacity compared to the
standard used (ascorbic acid), although pure antioxidant
showed higher potency for this ability.

The FRAP value of common walnut leaf extract was
384.4 + 8.1 pmol Fe?*/g dry mass, the FRAP value of
bitter dock leaf extract was 321.6 + 2.5 umol Fe?*/g dry
mass, while ascorbic acid had FRAP value of 2576.3 +
21.5 umol Fe?*/g dry mass.
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Germination bioassay

The effects of common walnut and bitter dock leaf
extracts on Setaria glanca germination and seedling growth
at different concentrations are presented in Figure 3.

Data show that over 90% of the seeds germinated in
control petri dishes. Inhibition of S. glauca germination
by both plant extracts was significant at all used
concentrations, and especially high at the highest
concentration. Common walnut leaf extract was overall
more effective. Although this extract caused lower
germination inhibition with its lowest concentration
(0.5% w/v), compared to the same concentration (9.1%
inhibition) of bitter dock leaf extract, inhibition of S.
glanca germination caused by common walnut leaf extract
at the concentration as low as 0.75% w/v was 34.5%, while
it reached 67.3% at the highest test concentration (1%
w/v). The lowest concentration of bitter dock leaf extract
inhibited S. glanca germination by 18.2%, the 0.75%
concentration achieved somewhat higher inhibition
(23.6%), although not significant, while the highest used
concentration reached 54.5% inhibition.

Considering seedling growth, both plant extracts
significantly affected shoot and radical elongation of .
glauca. Reduction in shoot length was similarly high after
treatments with common walnut and bitter dock leaf
extracts. At the lowest and mid concentrations, inhibition
of shoot length caused by walnut was 63.0 and 69.3%, while
59.4 and 68.3% was caused by dock, and the difference

BCWLE
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Figure 2. Ferric reducing antioxidant power (FRAP) of common walnut (/. regia)
and bitter dock (R. obtusifolius) leaf extracts (CWLE-common walnut
leaf extract; BDLE-bitter dock leaf extract; ASC-ascorbic acid). Data
represent the mean values of three experiments (£SD). Values marked
with different letters differ significantly (p<0.05))

12



Pestic. Phytomed. (Belgrade), 37(1), 2022, 9—19

between these results was without statistical significance. As
expected, the highest inhibition of shoot length occurred
under the highest concentration of common walnut and
bitter dock leaf extracts, and without statistical significance
between the plant extracts — 80.7% and 78.2%, respectively.
The extracts of test plants had even higher negative effect
on radical elongation of S. glasnca, and, although at lower
concentrations the reduction in radical length caused
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by both plants was more or less similar (70.5-89.7% for
common walnut; 86.1-89.9% for bitter dock), a significant
difference was noted for the highest concentration, where
common walnut leaf extract inhibited radical length by
96.4%, and bitter dock leaf extract by 93.1%.

The effects of common walnut and bitter dock leaf
extracts on Sorghum halepense germination and seedling
growth at different concentrations are presented in Figure 4.

Control
BCWLE 0.5%
BCWLE 0.75%
BCWLE 1%
OBDLE 0.5%
OBDLE 0.75%
OBDLE 1%

Figure 3. Effects of common walnut (/. 7egia) and bitter dock (R. obtusifolius) leaf extracts
on germination (a), shoot elongation (b) and radical clongation (c) of Setaria
glauca seed at different concentrations (CWLE-common walnut leaf extract;
BDLE-bitter dock leaf extract). Data represent the mean values of experiments
(SD). Values marked with different letters differ significantly (p<0.05)
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Figure 4. Effects of common walnut (. regiz) and bitter dock (R. obtusifolius) leaf extracts
on germination (a), shoot elongation (b) and radical elongation (c) of Sorghum
halepense seed at different concentrations (CWLE-common walnut leaf extract;
BDLE-bitter dock leaf extract). Data represent the mean values of experiments
(£SD). Values marked with different letters differ significantly (p<0.05)
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The results showed that seeds of S. halepense
germinated also at high rate in the control - 75%. Both
plant extracts highly inhibited the seed germination of
this weed at all used concentrations. Inhibition by the
lowest concentration, although high, was still under 50%
and without a significant difference between the plants
(41.7% for walnut and 45.8% for dock). However, the
mid and highest concentrations of common walnut leaf
extract showed extremely high effects on germination
rate. Inhibition caused by the concentration of 0.75%
w/v was 66.7%, while 1% w/v concentration of this
extract prevented germination of S. halepense (100%
inhibition). Bitter dock leaf extract did not cause total
inhibition of germination of this weed, although the
effect was still very high. Germination inhibition was
58.3% at the mid concentration and it reached 79.2%
at the highest test concentration.

Seedling growth of S. halepense was significantly
affected by both plant extracts. Common walnut leaf
extract was overall more effective in reducing shoot
length, as inhibition of shoot elongation was 90.4 and
92.0% already at the lowest and mid concentrations,
respectively (without statistical differences). As
mentioned before, germination inhibition at the highest
concentration, and consequently shoot length inhibition,
was 100%. Inhibition of shoot length caused by the
three concentrations of bitter dock leaf extract from
the lowest to the highest, was 72.0, 86.2 and 93.7%,
respectively, and differences between those results were
statistically significant.

As for 8. glauca, negative effects of plant extracts on its
radical length were even more pronounced in comparison
with shoot length. At lower concentrations the reduction
of radical elongation caused by both plants was without
statistical differences and extremely high: 94.0-95.4%
for common walnut and 92.9-96.1% for bitter dock. At
the highest used concentration, as mentioned earlier,
common walnut leaf extract inhibited germination, and
consequently radical length, by 100%, while inhibition
was 99.3% after treatment with bitter dock leaf extract.

DISCUSSION

Antioxidant activity of plant extracts

Walnut and dock leaves have been intensively used
in medical practice, but also as a source of valuable
compounds for various industrial applications based
on their antioxidant properties. The varied biological
activities of Juglans and Rumex species is due to
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the presence of various groups of biologically active
substances in them, most belonging to phenolic
compounds: tannins (galotannins and ellagitannins),
a naphthoquinone derivative (juglone), anthraquinones,
flavonoids (quercetin, kaempferol, etc.), phenolic acids
(caffeic acid, p-coumaric acid, etc.) (Amaral et al., 2008;
Zhou et al., 2015; Rusu et al., 2018; Jimoh et al., 2008;
Wegiera et al., 2007; Litvinenko & Muzychina, 2008).
Phenolic profiles of extracts obtained from these plants
may differ quite significantly depending on the polarity
of solvents used for extraction. In this study a mix of
three solvents (acetone, methanol and water) was used
in order to extract antioxidative phenolic compounds
with a wide range of polarity. As antioxidants from
plants respond in a different manner to different radical
or oxidant sources (Prior et al., 2005), two methods
based on different reaction mechanisms were used to
determine the antioxidant activity of the obtained
extracts.

Both common walnut and bitter dock leaf extracts
obtained in this experiment showed to possess high
antioxidant activities. Their affinity for scavenging free
radicals was remarkably high, compared with ascorbic
acid, with DPPH ICs, values being lower (higher
antioxidant activity) than the ICs value of ascorbic
acid. Ferric reducing antioxidant power (FRAP) of plant
extract was also significantly high. However, compared to
the standard used (ascorbic acid), plant extracts showed
lower ability to reduce transition metal ions.

The DPPH scavenging ability of the obtained
common walnut leaf extract was higher than it was
in bitter dock. Its ICs, value (0,127 mg/ml) was lower
than those Pereira et al. (2007) found for walnut leaves
aqueous extracts (0.151-0.202 mg/ml) or Carvalho et al.
(2010) for walnut leaves methanol (0.199 mg/ml) and
petroleum ether (2.921 mg/ml) extracts. On the other
side, Santos et al. (2013) recorded even lower ICs values
(0.066 mg/ml) for walnut leaves methanol extracts from
certain cultivars. Bitter dock leaf extract obtained in our
present study had somewhat lower DPPH scavenging
ability, compared to walnut, although still significantly
higher than ascorbic acid. Its ICs value (0.194 mg/
ml) was significantly lower than those found for dock
leaf extracts obtained by ultrasonic extraction, using
methanol:water 80:20 solvent mix (approximately 40
mg/ml) (Wegiera et al., 2011), but higher than those
obtained by Soxhlet extraction with methanol (0.078
mg/ml) (Harshaw et al., 2010). Inconsistencies in results
are most likely due to the extraction methodology,
which is important in any antioxidant assay as the yield
of antioxidative phenolic compounds depends on the
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solubility of natural products and choice of solvent.
However, the importance of plant cultivar itself, as
well as the growth environment and phase of plant
ontogenetic development should not be underestimated.
Extracts of common walnut and bitter dock leaves
obtained in this experiment could be considered to
have high radical scavenging ability.

Considering the ferric reducing antioxidant power,
common walnut leaf extract showed a moderate ability
to reduce metal ions. FRAP value obtained for this
plant (384.4 pmol Fe?*/g dry mass) was somewhat
higher compared with bitter dock leaf extract. However,
its potency regarding this ability was notably lower
compared to ascorbic acid. A similar FRAP value for
walnut leaves extract was obtained by Shah et al. (2018)
(418.92 pmol Fe?*/g dry mass), although this group of
authors reported even higher values (up to 1067.94 pmol
Fe?*/g dry mass), depending on walnut genotype tested.
The ferric reducing antioxidant power of bitter dock leaf
extract was moderate, somewhat lower than the power of
walnut, with a FRAP value 321.6 pmol Fe?*/g dry mass.
Antioxidant activity has been examined in a number
of Rumex species, thus Jimoh et al. (2008) reported a
significant ferric reducing antioxidant power of Rumex
ecklonianus with FRAP value of 384.64 pmol Fe?*/g dry
mass for acetone leaf extract, 707.26 pmol Fe**/g dry
mass for methanol leaf extract and 47.88 pmol Fe?t/g
dry mass for water leaf extract, while Chelly et al. (2021)
tested bioproperties of methanol extracts of different
parts of Rumex roseus and obtained a FRAP value for
leaf of 700 umol Fe?*/g dry mass. Generally, regarding
FRAP assay, it is difficult to make comparison with
literature data primarily due to different interpretations
of results, but also differences in plant cultivars, their
phenological phase and plant growth conditions, as
well as extraction solvents used and sample preparation
procedures, especially considering that the extraction
method has proved to have significant influence
on FRAP.

Overall, bioactive compounds present in the obtained
common walnut and bitter dock leaf extracts could
be considered as interesting and economical sources
of antioxidants with strong antioxidant capacity
for various applications, including potential weed
control.

Allelopathic potential of plant extracts

The results of our research indicate that common
walnut and bitter dock leaf extracts were phytotoxic to

both tested weeds - S. glauca and S. halepense.

For S. glanca, the allelopathic effect expressed
through the inhibition of seed germination was more
pronounced only after treatments with the highest
used concentrations of extracts, reaching over 50%
inhibition, and common walnut leaf extract was more
efficient regarding this bioassay parameter. Regarding
S. halepense, both extracts used already at their mid
concentrations caused over 50% seed germination
inhibition. At the highest concentration, bitter dock
leaf extract extremely reduced the germination rate of
S. halepense, while common walnut leaf extract fully
stopped its germination (100% inhibition). Inhibition of
seed germination by the tested extracts can be attributed
to the presence of phenolic compounds and effects may
be due to their synergistic effect rather than a single
constituent. Based on the strong antioxidant capacity of
the extracts it could be assumed that phenolic compounds
(flavonoids, phenolic acids, tannins, quinines, etc.) are
most probably present in large quantities in common
walnut and bitter dock leaves extracts. As those phenolic
compounds could interfere with the activities of
respiratory enzymes in seed germination (Muscolo et
al., 2001) or alter the activities of the growth hormone
gibberellic acid, thereby causing inhibitory effect on its
germination (Olofsdotter, 2001), their presence in the
extracts could probably be the reason for the obtained
inhibitions.

Considering seedling growth, both plant extracts
significantly reduced shoot and radical length of both
tested weeds. Regarding S. glauca, shoot length was
similarly affected by the same concentrations of common
walnut and bitter dock leaf extracts, and both tested
extracts inhibited shoot elongation at almost the same
rate without statistically significant difference. Radical
elongation of this weed was more sensitive to bitter
dock leaf extract at the lowest tested concentration
but the highest concentration of common walnut leaf
extract achieved higher inhibition of this parameter.
S. halepense was even more sensitive to the tested plant
extracts, and overall the common walnut leaf extract
had a higher impact on its shoot and radical length
than the bitter dock leaf extract. Radical elongation
was for this weed also more intensively inhibited than
shoot elongation. Generally, roots often show higher
sensibility compared with shoots, as roots of plants
are in fact the first plant organ to absorb allelopathic
compounds from extracts (Nishida et al., 2005).
Besides, root tissue is more permeable than shoot tissue
(Mominul Mominul Islam & Kato-Noguchi, 2013).
Phenolic compounds, namely flavonoids, have been
shown to influence the expression of specific genes
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associated with root tissue differentiation, decreasing
root development (Franco et al., 2015), and generally
many studies report suppressions of root growth due
to decrease in mitotic cell division in root apex when
exposed to different plant extracts (Levizou et al., 2002;
Piyatida & Kato-Noguchi, 2010; Morikawa et al., 2012,
Rob etal., 2021).

Overall, common walnut leaf extract showed
greater efficacy in inhibiting germination and
seedling elongation of the test weeds, compared to
bitter dock leaf extract, and there is a consistency
regarding antioxidant activities of the extracts and
their phytotoxicity as the walnut leaf extract also had
a higher antioxidant potential. Walnut is one of the
most famous allelopathic plants (Ercisli et al., 2005)
and its toxicity is associated mostly with the powerful
napthoquinone juglone (Strugstad & Despotovski,
2012). However, juglone is not expected to be the
only allelochemical present in Juglans species. Studies
regarding the allelopathic potential of walnut are
generally focused on the effect of juglone itself, while
some studies have also investigated the effect of walnut
leaf extracts with or without quantification of contents
of juglone and/or other phenolic compounds in them,
and all studies reported high inhibitory effects on
germination and seedling growth of various cultivated
or native plants (Babula et al., 2014; Zubay et al., 2021;
Ercisli et al., 2005; Kocacé Aliskan & Terzi, 2001;
Ercisli & Turkkal, 2005; Medic et al., 2021). Regarding
Rumex species, less literature data is available dealing
with its allelopathic potential. Zaller (2006) tested
the effect of an aqueous extract of bitter dock leaves
on seed germination of 14 plant species belonging to
graminoids, non-leguminous forbs and leguminous
forbs, and revealed that all tested grasses were heavily
inhibited by the extracts, while herbs and legumes
varied from unaffected to heavily inhibited. Another
group of authors also pointed out strong inhibiting
effects of R. crispus and R. obtusifolius leaf extracts on
tested grassland grass species (Dragomir et al., 2017),
while allelopathic effects of those extracts were severe
for some grassland perennial legume seeds (Medicago
sativa, Trifolium pratense and Lotus corniculatus) and
moderate for others (T7ifolium repens) (Camen et al.,
2017). As indicated in numerous previous studies, the
effects of identical extracts are not necessarily the same
across various plants, i.e. each plant species has its own
response to allelochemicals (Medic et al., 2021). Our
research showed that S. halepense seeds were more
sensitive to the tested common walnut and bitter dock
leaf extracts than S. glauca seeds.
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CONCLUSION

The results of the present study demonstrated that
the obtained common walnut (Juglans regia L.) and
bitter dock (Rumex obtusifolius L.) leaves extracts have
pronounced antioxidant activity, and it could be inferred
from the presented preliminary investigation that they
possess remarkable allelopathic potential as both had
significant negative impact on the germination and
seedling growth of the tested weeds Setaria glanca (L.)
P. Beauv. and Sorghum halepense (L.) Pers. The level of
growth suppression varied with extract concentration
and examined plant species. An association was noted
between the antioxidative potential of extracts and their
phytotoxicity, suggesting that phenolic compounds, the
dominant antioxidant components in plants, could be
responsible for their allelopathic potential. The result may
be useful for future research in the field of bioherbicide
development, but additional studies are required to
validate the present results under field conditions and
to test extract phytotoxicity to cultivated plants before
proceeding towards development of herbicides based
on natural products.
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Antioksidativna aktivnost i skrining
alelopatskog potencijala ekstrakata lista
Juglans regia L. i Rumex obtusifolius L.

REZIME

Alelopatski potencijal i fitotoksi¢nost sekundarnih metabolita biljaka znacajni su sa
aspekta biotehnologije imajuci u vidu da ove fitohemikalije u svojstvu alelohemikalija mogu
znacajno da doprinesu razvoju agroindustrijskog sektora. Cilj rada bio je da se dobiju ekstrakti
lista oraha (Juglans regia L) i Stavelja (Rumex obtusifolius L) bogati fenolnim jedinjenjima
odnosno sa visokim antioksidativnim potencijalom i da se ispita njihova fitotoksi¢nost prema
korovskim vrstama Setaria glauca i Sorghum halepense kroz inhibiciju klijanja i rasta klijanaca.
Dobijeni biljni ekstrakti pokazali su izraZzen potencijal u neutralisanju DPPH radikala, sa ICsq
vrednostima od 0,127 mg/ml za ekstrakt lista oraha i 0,194 mg/ml za ekstrakt lista Stavelja.
Redukciona sposobnost jona metala dobijenih biljnih ekstrakata takode je bila veoma visoka,
FRAP vrednost za ekstrakt lista oraha iznosila je 384,4 + 8.1 umol Fe?*/g suvog ekstrakta,
dok je za ekstrakt lista stavelje iznosila 321,6 + 2.5 umol Fe?*/g suvog ekstrakta. Pri najvecoj
koristenoj koncentraciji ekstrakt lista oraha inhibirao je klijanje semena S. glauca za 67,3%, dok
je ekstrakt lista Stavelja inhibirao klijanje ovog korova za 54,5%. Porast stabaoceta S. glauca
inhibiran je 80,7% nakon tretmana ekstraktom lista oraha, a 78,2% pod uticajem ekstrakta lista
stavelja, dok je porast korenka inhibiran 96,4%, odnosno 93,1%. Klijanje semena S. halepense
potpuno je inhibirano (100%) pod uticajem ekstrakta lista oraha, dok je ekstrakt lista Stavelja
pri najvecoj koris¢enoj koncentraciji prouzrokovao 79,2% inhibicije. Porast stabaoceta ovog
korova potpuno je redukovan (100%) nakon tretmana ekstraktom lista oraha, a ekstrakt lista
Stavelja prouzrokovao je 93,7% inhibicije ovog parametra. Porast korenka inhibiran je 100%
odnosno 99.3% nakon tretmana ovim ekstraktima. Dobijeni rezultati ukazuju na postojanje
znacajne antioksidativne aktivnosti i izrazenog alelopatskog potencijala dobijenih ekstrakata
lista oraha i lista Stavelja.

Kljucne reci: orah, Stavelj, korovi, antioksidativna aktivnost, alelopatija
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