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ABSTRACT. In this study, the allelopathic potential of aqueous extracts of Codiaeum
variegatum L. Rumph. Ex A. Juss. (40%, 20%, 10%, 5%, 2.5%, and 1.25%) on germi-
nation, early growth, and physiological activity of the selected plant recipient Lolium
perenne L. was investigated. The obtained results confirmed the existence of allelopathic
potential, which differed in its possibilities of adverse effects on the morphological and
physiological characteristics of the recipient plant. The monitoring of the germination
characteristics of the recipient plant showed that the tested extracts exhibited a concen-
tration-dependent effect, i.e., stronger concentrations had a stronger inhibitory effect. A
weaker negative effect on the growth of the selected species was observed, and it was
shown that the root length of the seedling was usually under the stronger inhibitory effect
of higher concentrations of extracts, in contrast to the length of the shoot, where all the
applied extracts had a significant stimulatory effects. Moreover, allelochemicals of C. va-
riegatum were shown to interfere with the synthesis of phenolic compounds and antioxidant
capacity of L. perenne seedlings, the values of which decreased with increasing concen-
tration of test extracts.

Keywords: allelopathy, croton, English ryegrass, total phenolics, total flavonoids, anti-
oxidative activity

INTRODUCTION

Codiaeum variegatum L. Rumph. Ex A. Juss. (croton) is a popular ornamental plant that
belongs to the family Euphorbiaceae. It is native to the Molucca Islands of Indonesia and the
tropical rainforests of the Philippines, Papua New Guinea, and Australia. It was first introduced
to many tropical and warm regions where it grows easily, and later to Europe and the United
States (NJOYA et al., 2021). C. variegatum is an evergreen shrub that usually reaches a height
of 0.5 to 2 m (NAsiB et al., 2008). It is a very attractive garden and potted species with
decorative value.

Phytochemical analysis revealed that extracts of C. variegatum have the highest content
of alkaloids and phenolics whose composition has been identified and quantitatively studied
(HAssAN et al., 2014; SAFFOON et al., 2014; MoOHAMED et al., 2019; ABO-ZEID et al., 2019).
The most abundant alkaloids are glaucine, oxoglaucine, and hemiarginine (HASsAN et al., 2014;
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NJoYA et al., 2021). The following phenolic acids were present in the leaf extracts: chlorogenic
acid, protocatechuic acid, p-hydroxybenzoic acid, vanillic acid, trans- and cis-p-coumaric acid,
trans- and cis-ferulic acid (NAIDU, 1988; NJoYA et al., 2021). Compared to other phenolic acids,
ellagic acid is dominant (SAFFOON et al., 2014). The extracts also contain a variety of flavonoids,
including epicatechin, rutin hydrate, vitexin, isovitexin, apigenin, orientin, and vicenin-2, as
identified in studies by HASSAN et al. (2014) and ABO-ZEID et al. (2019). Terpenoids are also
present in significant quantities, comprising 20-30% of the extract. The most abundant diter
penoids are a-amyrin, B-sitosterol, ent-trachyloban-3-one, and ent-18-hydroxy-trachyloban, as
reported by HASSAN et al. (2014). In addition, the specific phytochemical composition con
tributes to the healing properties of this species (JHA et al., 2016).

Under horticultural conditions, it has been observed that C. variegatum may have a
potential allelopathic effect on other ornamental herbaceous plants (MUSHTAQ and SIDDIQUI,
2017). Allelopathy is a biochemical phenomenon with ecological implications, whereby a
donor plant produces chemical compounds that can have either harmful or beneficial effects on
a recipient plant. These compounds are released into the environment, and their mechanisms of
action are visible in the first stages of the growth and development of recipient plants. The
effects may include inhibition of germination, reduction of seedling growth, changes in cell
membrane permeability, enzyme activities, cell division and elongation, respiration, and
photosynthesis. These primary effects can lead to secondary signs of allelopathic activity, as
noted in studies by Scavo et al. (2018) and Scavo and MAUROMICALE (2021).

Lolium perenne L. (English ryegrass) is a perennial grass that can reach a height
between 10 and 90 cm (CASTLER and DUNCAN, 2003). It is one of the most important forage
species that is a high-quality feed for livestock due to its nutritional value and it is a common
park grassland species (QAWASMEH et al., 2012). It is native to Europe, Asia, and North Africa,
but has also been able to adapt to conditions in several temperate regions in the Americas,
Australia, and New Zealand (QAWASMEH et al., 2012).

The aim of this study was to determine the allelopathic potential of C. variegatum under
experimental conditions, building on our observations of C. variegatum potential during pot
cultivation. Considering the favorable germination dynamics and the park landscape concept
where these plants are commonly found in gardens, L. perenne was chosen as the recipient plant
for testing. The study began with the assumption that the extract of C. variegatum leaves would
inhibit the germination of L. perenne seeds and the synthesis and biological activity of
secondary metabolites belonging to the group of phenolic compounds.

MATERIALS AND METHODS

Experimental design

The leaves of potted C. variegatum cultivated at the Institute of Biology and Ecology,
Faculty of Science in Kragujevac were used. Seeds of L. perenne were obtained from
commercial sources ("Bioproduct" Cagak). Since there are insufficient data on the allelopathic
potential of C. variegatum, in the first part of the experiments, the seeds of L. perenne were
treated with different concentrations of aqueous C. variegatum extracts, and then the
physiological response of the seedlings of the selected plant was observed. The seeds are
exposed to different concentrations of aqueous C. variegatum extracts to determine which
concentrations of the extracts would achieve the greatest allelopathic potential. By following
this procedure selected concentrations were: 40%, 20%, 10%, 5%, 2.5%, and 1.25%. In the next
phase, the influence of selected concentrations on germination characteristics and early growth
of L. perenne seedlings was investigated. The second group of experiments included the study
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of the influence of selected concentrations of extracts on the amount of total phenolic com-
pounds, the amount of flavonoids, and total antioxidant activity.

Preparation of aqueous extracts - infusums of C. variegatum

Water extracts - infusums were made from fresh leaves of potted C. variegatum by
measuring 40 g of grinded fresh plant material and adding 100 mL of distilled water. The
mixture, with stirring, was left for 48 h. After that, the mixture was filtered through Whatman
No. 1 filter paper. From the obtained 40% extract, dilutions were made with distilled water in
order to obtain extracts in concentrations of 20%, 10%, 5%, 2.5%, and 1.25%.

Procedure of experiment

Seeds were surface sterilized with a 0.1% sodium hypochlorite solution (NaClO) to
remove epiphytic microflora and washed several times with distilled water (pH 7). Thirty seeds
were placed in Petri dishes containing Whatman filter paper No 1 and treated with 5 ml of
aqueous C. variegatum leaf extract at concentrations of 40%, 20%, 10%, 5%, 2.5%, and 1.25%.
Untreated seeds served as a control sample. The treated seeds were incubated together with the
untreated ones in an air chamber (temperature 23 + 2°C, photoperiod 16/8 h, humidity 60%)
for three weeks. The experiment was performed three times in three replicates.

Germination parameters

Seeds were considered germinated when a seedling at least 2 mm long was formed.
Germinated seeds were recorded every day until the total number of germinated seeds was
constant. All parameters were calculated according to ESPANANY et al. (2016) using the
following equations:

Germination percentage

Total seeds germination
100

= X
Total number of planted seeds

Mean time of germination
xn X

xn;

ni = number of newly germinated seeds in the time i
ti = time from the start of experiment to the observation (in days)

MTG =

Rate of germination
G
RG =Y —
2 t

G = seed germination at 1-day intervals (the percentage)
t = total germination period (in days).

Germination uniformity
GP

U=¥ta
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Morphological traits and vigor index

Measurements were made three times in three series. Root and shoot lengths were
measured with a digital caliper. Measurements of fresh weight were made using an analytical
balance. The evaluation of the vigor test to predict seed quality was determined using the
following formulas (KHARB et al., 1994):

Seedling Length Vigor Index (SLVI)= (Mean shoot length + Mean root length) x FGP
Seedling Weight Vigor Index (SWVI) = Mean seedling weight x FGP

FGP = Final germination (%).

Preparation of methanolic infusums from plants

A methanolic infusum was prepared from the aerial part of the plants by weighing 20
mg of dry plant material and adding 20 mL of methanol. The mixture was stirred for 48 hours
and then filtered through Whatman filter paper No 1. The resulting infusum was used imme-
diately after preparation to determine total phenolic compounds, total flavonoids, and total
antioxidant activity.

Determination of total phenols in plant infusums

The total phenolic content in the plant infusums was determined using the spectropho-
tometric method (SINGLETON et al., 1999). Methanolic infusum mg/ml, Folin-Ciocalteu reagent
and NaHCOs were used to prepare the samples for analysis. 0.5 mL of methanolic infusum, 2.5
mL of Folin-Ciocalteu reagent and 2 mL of NaHCOz were used to prepare the samples for
analysis. Samples were incubated at a temperature of 45° C for 15 min, then absorbance was
measured at a wavelength of Amax = 765 nm. A calibration curve was constructed based on
different concentrations of gallic acid (from 0.02 to 0.1 mg/mL), which was used as a standard.
The amount of total phenolic compounds was expressed in gallic acid equivalents (mg GAE/g
dry weight).

Determination of total flavonoids in plant infusums

The content of flavonoids in methanolic plant infusums was determined by the
spectrophotometric method (QUETTIER-DELEU et al., 2000). Sample preparation was performed
by mixing the 1 mL of infusum with 1 mL of AIClIs followed by incubation at room temperature
for 1 hour. Absorbance was measured using a spectrophotometer at a wavelength of Amax = 415
nm. A calibration curve was constructed based on different concentrations of rutin (from 0.02
to 0.1 mg/mL), which was used as a standardand the calibration curve was constructed. The
total flavonoid content was expressed as rutin equivalent (mg RUE/g dry weight).

Evaluation of antioxidant activity

The ability of the herbal infusums to neutralize DPPH radicals was investigated using
the spectrophotometric method (TAKAO et al., 1994; STANKOVIC, 2011). For each sample, a
series of double dilutions were prepared in the concentration range from 500 to 0.97 pg/ml.
Samples were prepared by mixing 1 mL of diluted infusum and 1 mL of DPPH solution,
followed by incubation at room temperature for 30 min. Absorbance was measured using a
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spectrophotometer at a wavelength of Amax = 517 nm. The percentage of inhibition was
calculated using the following equation:

A of control — A of sample

% inhibition = ( ) % 100

A of control

Statistical analysis

Results obtained using the SPSS statistical data processing software package (SPSS for
Windows, version 21) are reported as the mean of nine replicates + standard error (SE). The
collected data were analyzed using ANOVA and LSD post-hoc test with a significance
threshold of p < 0.05.

RESULTS AND DISCUSSION

Germination parameters

The germination characteristics of L. perenne were studied in response to different
concentrations of C. variegatum extracts, with germination percentage (GP), mean germination
time (MTG), germination rate (RG), and germination uniformity (U) measured and presented
in Table 1. The highest GP was observed in the treatment with 1.25% extract (GP = 95%),
followed by the control treatment (GP = 94.45%). As the concentration of the extracts
increased, the percentage of total germinated seeds decreased, and a complete inhibition effect
was observed at 40% concentration, where no germination occurred during the experimental
period. This suggests that the allelochemicals in the extract acted at the very first stage of
germination, inhibiting imbibition and preventing complete germination. The highest and
lowest GP values were associated with the highest and lowest RG (RG = 68.29 at 1.25%
treatment; RG = 21.09 at 20% treatment). Similar patterns were observed for germination
uniformity, with the highest values recorded in the control and 1.25% extract treatments (U =
20.48), and the lowest value recorded in the 20% extract treatment (U = 5.95). MTG was
shortest in the 2.50% extract treatment (MTG = 4.52).

Table 1. Effect of different concentrations of C. variegatum extracts on
germination percentage (GP), mean germination duration (MTG), germination rate (RG),
and germination uniformity (U) of L. perenne;

Treatment GP MTG RG U
Control 94.45 + 0.65 4.64 +0.08 66.89 + 1.84 20.48 £0.19
1.25% 95.00+£1.61 472 +0.21 68.29 + 3.98 20.36 £ 1.20
2.50% 89.45+2.24 452 +0.08 65.13 + 3.28 20.02 £0.79
5% 88.89 +1.92 5.14 +0.02 60.42 + 2.47 1729 +0.33 *
10% 82.23+0.64 * 5.75+0.14* 52.37 £ 0.67* 14.35 + 0.20*
20% 38.90 + 8.34* 7.21 + 0.68* 21.09 + 5.82* 5.95 + 1.80*
40% / / / /

The results are presented as the mean of the measurement + standard error. An asterisk (*) indicates a
statistically significant difference (p < 0.05) compared to control values.

Secondary metabolites, including allelochemicals, can have various effects on plant
seeds, ranging from beneficial to inhibitory (RADWAN et al., 2019). The inhibitory effects of
allelochemicals on seed germination can be attributed to their synergistic impact on various
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physiological processes in the recipient plant (IsLAM et al., 2018). IRSHAD and CHEEMA (2004)
report that allelochemicals can significantly affect seed germination and plant productivity by
blocking cell division and hydrolysis of reserve nutrients.

The allelopathic potential of the C. variegatum varied, according to an analysis of the
germination characteristics of L. perenne. Differences in allelopathic potential were expected
given the different concentrations of the extracts. The higher concentrations of the extracts had
a stronger negative effect on seed germination. The obtained results are in agreement with those
of previous studies, which confirmed that lower concentrations of allelochemicals have a
weaker allelopathic effect, while higher concentrations show a stronger allelopathic effect
(NORSWORTHY, 2003; DHIMA et al., 2009; SINGH et al., 2013; RAVLIC et al., 2014). The
stronger inhibitory effect is primarily brought on by allelochemicals acting directly without
transformation or degradation (ABBAS et al., 2014). Additionally, the authors note that other
researchers have observed a dependence of allelopathic potential on the application rate, with a
stronger inhibitory effect at higher allelochemical concentrations. This has been noted by
Qasem (1995), El-Khatib et al. (2004), and Yarnia (2010).

Growth characteristics

The presented results on the effects of different treatments on the early growth of the
recipient plant are summarized in Table 2. The treatment with 2.50% extract resulted in the
most significant increase in root length (6.20 cm), followed by the 1.25% extract treatment
(6.19 cm), both showing significant differences compared to the control. Conversely, all other
treatments had an inhibitory effect on root length compared to the control. In terms of shoot
length, all treatments had a stimulatory effect, with values ranging from 7.88 to 9.64 cm. The
treatment with 20% extract had the highest shoot length values, showing a statistically
significant difference compared to the control. The treatment with 5% and 2.5% extract had the
most observable impact on fresh mass.

SisoblA and SIDDIQUI (2010) indicated that the different phytotoxic effect of C.
variegatum extracts on the growth of selected seedlings was due to different chemical
constituents in these plants. The lesser negative effect on growth and greater effect on seed
germination is the result of different mechanisms of action of allelochemicals (IMAN et al.,
2006). The results obtained were similar to those of previous studies confirming that C.
variegatum extracts can stimulate shoot elongation of selected plants (SiSoDIA and SIDDIQuI,
2010). The reduction in root length and stimulation of shoot elongation indicates that the
adsorbed allelochemicals are distributed in an organ-specific manner. It is noteworthy that
reduced root length in response to allelopathic compounds is a common phenomenon observed
in many plant species, including the recipient plant used in this study. This is thought to be a
result of higher absorption and accumulation of allelochemicals which can lead to toxicity and
inhibition of root growth, due to direct contact with the filter paper (CORREIA et al., 2005).

Vigor index

Analysis of the SLVI indicated that treatments with 1.25% extract (1384.08) and 2.50%
extract (1312.48) were most favorable for promoting germination and early developmental
stages of L. perenne. For the SWVI analysis, a stimulating effect was observed for all applied
treatments (except for the treatment with 20% extract).

It is well known that the Vigor test evaluation is more crucial than the standard
germination test for predicting seed quality because it assesses not only the viability of the seed
but also its capacity to grow plants under unfavorable environmental conditions (ARUMUGAM
et al., 2008; BoJoviIC et al., 2018). Concentrations up to 5% show slight deviations from the
control sample, with the plant tending to respond better to external influences when treated with
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extract than with the control sample, while concentrations above 5% show an inhibitory effect
that increases up to 40% and completely inhibits germination of the test species.

Total phenolic and flavonoid contents

Tab. 3 shows the results for total phenolics obtained in above-ground plant parts. The
concentrations of total phenolics ranged from 6.75 to 9.83 mg GAE /g dry weight. The highest
amount of phenolic compounds was measured in the control treatment and followed by the
values obtained in the treatment with 2.50% extract (9.57 mg GAE/g dry weight). The lowest
amount of these metabolites was measured in the treatment with 20% extract with a statistically
significant difference compared to the control.

The amount of flavonoids in methanolic infusums of aerial plant parts under the
influence of different extracts of C. variegatum is expressed as the rutin equivalent and shown
in Tab. 3. The obtained values for the amount of flavonoids in the shoots ranged from 11.22 to
15.51 mg RUE/g dry weight. Similar to phenols, the highest values were recorded in the
treatment with 2.50% extract. They were followed by the values measured in the control
treatment (14.18 mg RUE/g dry weight), while the lowest values were measured at 20% extract.

Table 2. Effect of different concentrations of C. variegatum extracts on shoot and root length (cm),
fresh weight (g), seedling length growth index (SLVI), and seedling weight growth index (SWV1)
of L. perenne;

Treatment Root Shoot Fresh weigth SLVI SWVI

Control 589+0.11 7.88%+0.17 0.010£0.00 1300.87+22.92 0.944 +0.04
1.25% 6.19+0.21 837+0.22 0.012+0.00 1384.08+44.13 1.107 +0.13
2.50% 6.20£0.20 846+0.19 0.015+0.00* 1312.48+55.18 1.297 +0.07*
5% 567+0.66 8.69+0.18 0.016+0.00* 1278.07+87.11 1.426+0.04*
10% 546+0.46 8.67+0.27 0.012+0.00 1162.20+54.63 1.003 +0.08
20% 3.75+0.08* 9.64+0.80* 0.013+£0.00 327.13+20.46* 0.482+0.09*

The results are presented as mean of measurement + standard error. An asterisk (*) indicates a
statistically significant difference (p < 0.05) compared to control values.

Table 3. Effect of different concentrations of C. variegatum infusums on
total phenolic (mg GAE /g dry weight) and flavonoid contents (mg RUE/g dry weight) of L. perenneg;

Treatment Total phenolic content Flavonoid content
Control 9.83+0.37 14.18 £ 0.20
1.25% 8.40 £ 1.04* 13.79 £ 1.89
2.50% 9.57+0.10 15.51 +0.29
5% 8.71 £0.13* 13.45+1.13
10% 8.27+£0.14 13.41 £ 1.07
20% 6.75 + 0.05* 11.22 +0.62

The results are presented as the mean of the measurement + standard error. An asterisk (*)
indicates a statistically significant difference (p < 0.05) compared to control values.

The recipient plant's phenolic and flavonoid content are both impacted by the extracts
of C. variegatum with the effects on the amount of total flavonoids almost identical to those for
the content of total phenols.. The differences in the content of total phenolics and total
flavonoids in the selected species could be due to the specific response of the species to the
increased concentration of C. variegatum extracts, indicating different adaptation mechanisms
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for tolerance to different concentrations of allelochemicals. The amount of phenolic compounds
depends on their function in the plant itself, i.e., their role in protection against various biotic
and abiotic factors to which the plant is exposed during its growth and development (ALONSO-
AMELOT et al.,, 2004; LATTANzIO et al., 2006). The role of flavonoids in the process of
biochemical communication of plants with the environment is equally important (TREUTTER,
2005). Accordingly, differences in the quantitative characteristics of phenolic compounds and
flavonoids may be due to their unequal distribution and accumulation in plants, which is closely
related to the direct influence of the biochemical composition of C. variegatum (SAFFOON et
al., 2014).

Antioxidant activity

The values obtained for DPPH inhibition varied according to the treatment applied (Tab.
4). The initial infusum dilutions clearly showed the highest percentage of inhibition for the
2.50% treatment, followed by the 10% treatment, while the other treatments showed lower
values compared to the control. This is evident when considering the values obtained for
percentage DPPH inhibition. The percentage of DPPH inhibition, however, decreased in
comparison to the values obtained for the control sample as the initial dilution of the plant
infusum increased.

Phenolic acids are reported to be the most abundant phenolic allelochemicals in C.
variegatum, with ellagic acid playing a dominant role (SAFFOON et al., 2014; NJOYA et al.,
2021). Therefore, the presence of phenolic compounds in C. variegatum could be responsible
for the inhibitory effect of the used extracts on the antioxidant activity of L. perenne. The
obtained results are in line with earlier research that demonstrated a direct relationship between
the allelochemicals of C. variegatum and a reduction in antioxidant capacity (BooNMEE and
KAaTO-NOGUCHI, 2019).

CONCLUSION

The study has provided evidence that C. variegatum possesses allelopathic properties
that can significantly inhibit the germination and early growth of L. perenne. Our findings
suggest that the allelopathic effect of this species is directly correlated with the concentration
of the extract solution, with increasing concentration leading to a proportional increase in
inhibition of germination and growth. Notably, our results also indicate that a 40% solution of
C. variegatum leaf extracts can completely inhibit germination of L. perenne. Additionally, this
study has demonstrated that the allelopathic effect of C. variegatum on recipient seedlings is
related to the biochemical composition of the extracts used, which can disturb the synthesis of
secondary metabolites and antioxidant activity. The obtained results are significant both
scientifically and practically because allelopathic influence is a complex process that is difficult
to distinguish from plant competition for nutrients in the field, compared to laboratory
conditions.
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Table 4. Effect of different concentrations of C. variegatum extracts on total antioxidant activity of L. perenne;

Infusum Treatment

concentration

(ng/ml) Control 1.25% 2.5% 5% 10% 20%
500 4092+390 3941+7.36 42.49+3.66 39.62+1.84  41.39+495 29.44+2.43
250 25.48+2.73 23.70+£3.07 23.63+1.98 24.80 +2.42 23.77+2.36 21.24+2.16
125 21.31+259 2056+3.04 19.06+ 1.01  18.44+1.48 1790+2.15 17.08+1.31
62.5 18.17+1.73 17.14+150 16.73+1.78 16.87 £ 1.97 16.87£1.69 16.26+1.38
31.25 1721 +1.82 16.26+ 148 16.12+1.66 15.92 + 1.66 16.12+1.49 1598 +1.43
15.62 16.87+1.69 1592 +1.43 15.78 + 1.67 15.57 + 1.67 15.92+1.49 15.71+1.49
7.81 16.39+1.68 15.64+1.41 15.57 + 1.67 15.37 + 1.67 15.64+154 15.44 +1.43
3.9 16.12+1.70 1537+1.39 15.30+1.68 15.16 £ 1.67 1530+1.61 1523+1.43
1.9 1592+1.70 15.10+£1.38 15.03+1.69 14.96 + 1.67 15.03+1.61 1496+1.48
0.97 1489+2.12 1455+1.36 14.82+1.69 14.75 £ 1.67 1482 +1.61 14.62+1.60

The results are presented as the mean of the measurement + standard error.
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