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Abstract

Bidens pilosa is an aggressive species that competes with crops and, in addition, has a high capacity to acquire
resistance or tolerance to herbicides. Thus, the objective of the present study was to investigate the allelopathic
effects of aqueous extract of Urochloa ruziziensis on germination, development, respiration, antioxidant enzymes
and cells morphology of B. pilosa seedlings during initial growth at laboratory.The seeds were sown with water
or U. ruziziensis extract at concentrations of 250, 500 and 900 ppm, and after four days the percentage of
germinated seeds, root and hypocotyl development, as well as respiration, peroxidase and catalase activity by
seedlings, were analysed. The results were submitted to analysis of variance (ANOVA) and the means compared
by the Tukey test and regression analysis. The cellular structures of the root with U. ruziziensis extract treatment
(0, 500 and 900 ppm) were also analysed by transmission electron microscopy. The application of the extract
reduced the germination of the seeds. The root growth increased, however, there was a reduction in the dry
matter mass at 500 ppm. Mitochondrial respiration decreased and there was an increase in the activity of the
peroxidase and catalase enzymes at 500 ppm. Morphological changes in the cells were also found, mainly with
this concentration. Thus, it is possible can be concluded that allelochemicals present in extract from U.
ruziziensis have the potential to provoke oxidative stress in B. pilosa seedlings in laboratory, mainly at a
concentration of 500 ppm. This oxidative stress caused alterations mainly in the energetic metabolism of this
plant, being this a primordial factor for its growth and survival.
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1. Introduction

The Bidens pilosa L. weed is an annual plant originating in South America, but is widely distributed in most
regions of the world (Holm et al., 1991; Xuan & Khanh, 2016). The seeds of this plant are widely dispersed by
wind and animals, so a single plant can produce approximately 5000 seeds that can remain viable for years when
buried in the soil (Xuan & Khanh, 2016). Due to its rapid growth, this plant is found in most parts of the world
and may be in both cultivated and uncultivated fields causing problems in food crops in many countries (Holm et
al., 1991; Khanh et al., 2009; Mitich, 1994; Xuan & Khanh, 2016).

In Brazil, B. pilosa occurs in most of the country and is considered to be one of the most important weeds in
annual and perennial crops (Kissmann & Groth, 1992). It is an aggressive species that competes with crops and
serves as a host for pests and diseases, causing significant reductions in productivity. In addition, this species
exhibits a high capacity to acquire herbicide resistance or tolerance (Kissmann, 1997). For all these reasons,
there is a growing interest in developing natural alternative methods for weed control. Thousands of secondary
products are produced by plants and these can be used in the process of allelopathy among living organisms, as
well as providing new molecules that can be used as natural herbicides in weed control. Allelopathy is defined as
the direct or indirect inhibitory or beneficial effect of a plant on another living organism through the production
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of chemical compounds that are released into the environment (Bell & Koeppe, 1972; Gressel & Holm, 1964;
Muller, 1966).

Oliveira et al. (2019) studied the allelopathic potential of Brachiaria (Brachiaria brizantha), sunflower
(Helianthus annuus) and sorghum extracts (Sorghum bicolor) on germination and initial growth of beggar ticks
(Bidens pilosa). 1t was verified that Brachiaria and sorghum extracts showed no action on germination, but
controlled the initial growth of beggar tick, being potential natural herbicides.

There are some studies that show the effect of allelochemicals present in plant extracts on other plants. Pacheco
et al. (2016) studied the use of cover crops such as U. ruziziensis in no-tillage and conventional systems with
soybean, corn and rice crops in the cerrado of Piaui and demonstrated significant reductions in the emergence
and accumulation of weeds. Martinelli et al. (2017) studied the effect of two species of Urochloa on the Citrus
and found that Urochloa as a cover is a good option for the sustainable and integrated management of weeds.
Nepomuceno et al. (2017) studied the effect of U. ruziziensis when used as a vegetative cover in the cultivation
of transgenic soybeans, and found that extracts collected from U. ruziziensis contained substances which can
control the growth of weeds.

Oliveira et al. (2014) studied that the U. ruziziensis has shown to be specie that can be cultivated to produce
straw with allelopathic potential. These effects were effective in suppressing the emergence or early growth of E.
heterophylla and B. pilosa.

However, there are few studies that are concerned with modes of action of allelochemical. Mitochondrial
respiratory metabolism is essential for the production of energy and precursors for biosynthesis of new cellular
structures. An effect on respiratory metabolism could be a mode of action of natural compounds that suppress the
germination and growth of weeds (Pergo et al., 2008). In order for these extracts to be used in the field, it is
necessary to make tests that indicate mode of action first in the laboratory.

Thus, the objective of this study was to investigate the allelopathic effects of the aqueous extract of U.
ruziziensis (brachiaria) on germination, development, respiration, antioxidant enzymes and cell morphology of B.
pilosa seedlings during initial growth, at laboratory, indicating that the contribution of mitochondrial respiration
to the energy metabolism of the seedlings was predominant.

2. Materials and Methods
2.1 Preparation of the Aqueous Extract

The aqueous extract of straw used was U. ruziziensis (brachiaria). This was planted, dried and prepared in 2017
at the Campus of the Umuarama, Parana, Brazil. The brachiaria used for the production of the extract was
planted on 15 February 2017 in a dystrophic red latosol and harvested on 1 May 2017. After collection, the
plants were placed in an oven at 65 °C and remained there for three days to achieve a quantity of stable dry
matter which was then ground. This dry material (40 g) was mixed with 1 L of water and placed in an
Erlenmeyer flask. The flask was placed in an orbital shaker at 200 rpm and at a temperature of 30 °C for at least
24 h. After that time, the solution was gassed to remove larger particles, dispensed into tubes for centrifugation at
3000 g for 15 min at 4 °C. The supernatant was distributed in round-bottom flasks for lyophilization. After
complete drying, the extract was removed and packed in amber flasks. Quantities extract were weighed and
diluted in distilled water in order to obtain concentrations corresponding to 250, 500 and 900 ppm.

2.2 Seed Germination and Growth

The seeds of B. pilosa L. were purchased from a commercial supplier (Cosmos Agricola Produtos e Servigos
Rurais Ltda, Brazil). Seeds were sterilised in a 1.0% sodium hypochlorite solution. After, seeds were placed on a
double sheet of germination paper in plastic germination boxes (gerbox; 110 x 110 mm), moistened with 10 mL
of distilled water or 10 mL of aqueous extract of U. ruziziensis prepared at concentrations of 250, 500 and 900
ppm. Four replicates were used for each treatment, each replicate consisting of 50 seeds distributed in a gerbox.
Experiments were repeated four times. Boxes were placed in a growth chamber with a 12/12-h light/dark
photoperiod and a temperature of 30 °C.

Seeds that had germinated at four days were counted and selected for growth tests. Seedlings were removed and
the primary roots and hypocotyl excised for measurement of their length and fresh matter mass. The dry matter
mass of these structures were obtained after seedlings were kept in an oven with a temperature of 65 °C until
reaching a constant mass. Data were expressed as centimeters or milligrams per root or hypocotyl.

In subsequent experiments, seedlings with up to four days of incubation were used, because after this period the
first leaves appear showing that photosynthesis may be contributing to the energy metabolism of these seedlings.
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The experiments done in this work want to study only the contribution of mitochondrial metabolism, without the
presence of photosynthetic metabolism.

2.3 Respiration of Excised Primary Roots

After four days of incubation, the primary roots of B. pilosa seedlings were removed to verify oxygen
consumption measured by a clark electrode polarograph (Bracht & Ishii-iwamoto, 2003). For each measurement,
six root samples were cut into 5 cm segments, weighed and immediately placed in the oxygen electrode vessel
with 2 mL nutrient solution (pH 5.8) containing 2 mM Ca(NO;),, 2 mM KNO;, 0.43 mM NH4CI, 0.75 mM
MgSO, and 20 mM NaH,PO, (Larkin, 1987). To estimate the contribution of mitochondrial cytochrome oxidase
(COX) and alternative mitochondrial oxidase (AOX), in addition to extramitochondrial oxidases, 270 puM
potassium cyanide (KCN) was injected into the reaction. Oxygen uptake was monitored for 15 min. Absorption
rates were calculated from polarographic records based on an initial dissolved oxygen concentration of 240 uM
at 25 °C (Estabrook, 1967) and in relation to fresh root weight.

2.4 Peroxidase Activity

After four days of incubation, B. pilosa primary roots or seedlings were removed to verify the presence of
peroxidase activity. Primary roots or seedlings (approximately 0.2 g fresh weight) were weighed and transferred
to a mortar where they were thoroughly mixed with 2.0 mL of a cold 67 mM K-phosphate (pH 7.0) solution
containing 1% PVP. Extracts were centrifuged for 15 min at 3.000 rpm and 5 °C. The reaction was measured in a
medium containing 25 mM K-phosphate (pH 6.8), 10 mM H,0,, 2.6 mM guaiacol, and 0.1-0.4 mg protein from
the enzyme extract. Tetraguaicol formation (g, 25.5 mM™' cm™") was measured at 470 nm (Piitter, 1974).

2.5 Catalase Activity

After four days of incubation, B. pilosa seedlings were removed to verify the presence of catalase activity.
Seedlings (approximately 0.2 g fresh weight) were weighed and transferred to a mortar and thoroughly mixed
with 2.0 ml of a cold 67 mM K-phosphate (pH 7.0) solution containing 1% PVP. Extracts were centrifuged for
15 min at 3.000 rpm and 5 °C. The reaction was measured in a medium containing 67 mM K-phosphate (pH 7.0),
10 mM H,0,, and 0.1-0.4 mg protein from the enzyme extract. The consumption of H,O, was monitored at 240
nm (g, 0.036 mM™" cm™) (Aebi, 1984).

2.6 Electron Microscopy Studies

After four days of incubation, B. pilosa primary roots were removed to ultrastructural analysis was performed
using transmission electron microscopy (TEM). The primary roots were washed in 0.01 M phosphate-buffered
saline and prefixed in 2.5% glutaraldehyde in 0.1 M sodium cacodylate buffer.

Then, the primary roots were postfixed in a solution containing 1% osmium tethoxide in 0.1 M cacodylate buffer.
Afterwards, they were washed in the same buffer and dehydrated in increasing concentration acetone and
embedded in EPON resin.

For the ultrafine TEM sections they were stained with 5% uranyl acetate and lead citrate and examined using a
JEOL JEM 1400 transmission electron microscope.

2.7 Statistical Analyses

The experimental design adopted was completely randomized. The results of the evaluations were subjected to
analysis of variance-ANOVA by the ‘F’ test (P < 0.05), and the means were adjusted and submitted to the
Dunnett test and regression models, and the equations were chosen based on the models. (P < 0.05) with
biological logic and high R?, using the SISVAR (Ferreira, 2014).

3. Results
3.1 Germination

The germination of B. pilosa seeds decreased in the presence of the aqueous extract of U. ruziziensis with all
tested concentrations, as can be observed in Figure 1. However, the concentration of 500 ppm of the extract
caused the lowest germination rate, 42% lower than in the controls.
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Figure 1. Germination of Bidens pilosa, on the effect of the aqueous extract of Urochloa ruziziensis in
concentrations of 0, 250, 500 and 900 ppm, after four days of growth. * following by Dunnett’s test

3.2 Root and Hypocotyl Development

With regard to the development of B. pilosa plants (Figures 2A-2F), the effect of the aqueous extract of U.
ruziziensis was only evident for root growth and root dry matter mass. In the case of the variable root growth, as
shown in Figure 2A, it is noted that the extract caused an increase in the root growth of B. pilosa. The increase in
root growth was most accentuated with 500 ppm, which was 31% higher than the control root growth. Figure 2E
shows that the dry matter mass of B. pilosa roots decreased by approximately 50% at all concentrations tested,
despite the increase in root growth. This result can be explained by the image of the control root and roots grown
in the presence of the extract in Figure 3, where rapid growth of the root caused by extract at 500 ppm resulted in
thinner appearance. Thus, it is understood that the cells of the root, in an attempt to recover the damage caused
by the extract, grew faster and this probably hindered the normal development of the tissue.
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Figure 2. Primary root growth (A), hypocotyl growth (B), root fresh matter mass (C), hypocotyl fresh matter
mass (D), root dry matter mass (E) and hypocotyls dry matter mass (F) of Bidens pilosa, on the effect of the
aqueous extract of Urochloa ruziziensis in concentrations of 0, 250, 500 and 900 ppm, after four days of growth.
* following by Dunnett’s test

Figure 3. Images showing the morphological appearance of root of B. pilosa grown in the presence of water
(control) and root grown in the presence of the aqueous extract of Urochloa ruziziensis in the concentration of

500 ppm, after four days of growth
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3.3 Respiration Root

In Figure 4, it can be observed that the respiration in the roots of B. pilosa seedlings also suffered changes in the
presence of the aqueous extract of U. ruziziensis. Total tissue respiration, which is the sum of respiration that is
sensitive to KCN and insensitive to KCN, decreased significantly in a dose dependent manner; up to 35% and
44% inhibition occurred at concentrations of 500 and 900 ppm, respectively. The KCN-sensitive respiration,
corresponding to cytochrome oxidase respiration of the mitochondria, showed the same behaviour as total
respiration, except with a concentration of 500 ppm where KCN-sensitive respiration was higher than with other
concentrations in relation to the control. The KCN-insensitive respiration, corresponding to the respiration
involving alternative oxidase and extramitochondrial enzymes, also decreased in the presence of the extract. It
was observed that at 500 ppm the lowest value for KCN-insensitive respiration occurred, reaching 68%
inhibition and showing a great change in energy metabolism of B. pilosa seedling roots. Thus, in comparing the
values for total respiration, sensitive and insensitive to KCN, we can state that the respiration that predominates
in B. pilosa roots during this period of growth is almost exclusively mitochondrial via cytochrome oxidase,
because the KCN-insensitive represented only 22% of the total respiration.
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Figure 4. Respiration activity primary roots of Bidens pilosa on the effect of the aqueous extract of Urochloa
ruziziensis in concentrations of 0, 250, 500 and 900 ppm, after four days of growth. Total respiration: oxygen
consumption in the absence of KCN; KCN Insensitive: oxygen consumption in the presence of KCN; KCN
Sensitive: difference between total respiration and KCN Insensitive. * following by Dunnett’s test

3.4 Antioxidant Enzymes

Figure 5 shows effects on antioxidant enzymes of B. pilosa seedlings, such as peroxidase (POD) and catalase
(CAT). The activity of POD (Figure 5A) in the seedlings that were grown in the presence of the aqueous extract
of U. ruziziensis did not present a significant difference in relation to the control. Due to this, the determination
of POD activity in B. pilosa seedling roots was performed again only with the 500 ppm concentration. Thus, it is
shown in Figure 5B that extract at a concentration of 500 ppm caused a 68% increase in POD activity in relation
to the control. These results are consistent with the results of CAT activity in B. pilosa seedlings, in that, as
shown in Figure 5C the greatest effect of this enzyme also occurred at the concentration of 500 ppm, with a 36%
increase in the activity of this enzyme in relation to control.
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Figure 5. Peroxidase Activity seedling (A), Peroxidase Activity root (B) and Catalase activity seedling (C) of
Bidens pilosa on the effect of the aqueous extract of Urochloa ruziziensis in concentrations of 0, 250, 500 and
900 ppm, after four days of growth. * significant differences according to ANOVA with Dunnett’s multiple range
test at 5% level significance

3.5 Images of Electron Microscopy

Figure 6a and b show the images obtained by TEM of B. pilosa seedlings grown in the presence of water
(control). These images show normal cells during development which corresponded to four days of growth
following germination. The cytoplasm contained sufficient reserves and showed vacuoles in formation, grains of
amyloplasts and the presence of mitochondria. The TEM images of roots grown in the presence of the extract at
a 500ppm concentration, presented differences compared to the control images (Figure 6¢ and d). The cells are
modified in that they appear to be more elongated. The cytoplasm contained large vacuoles that push the
organelles to the periphery of the cell. Also, a greater number of mitochondria is observed. In Fig. Se and f,
which shows images of B. pilosa roots grown in the presence of the aqueous extract at a concentration of 900
ppm, no changes were observed in relation to the control images.

223



jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 15;2019

gt B et > .

Figure 6. Electron microscopy photomicrographs of roots control (a, b) and treated at the aqueous extract of
Urochloa ruziziensis in concentration of 500 ppm (¢, d) and 900ppm (e, ) of Bidens pilosa on the for four days.
a, ¢ and e: transmission electron microscopy of root showing vacuoles (vc), mitochondria (mtc) and cell
reservations (rs); b, d and f: transmission electron microscopy of root showing starch granules (gr) and

mitochondria (mtc). Bars = 1 um

4. Discussion

In stress situations, there is an increase in the activity of antioxidant enzymes, such as peroxidase, which
neutralise reactive oxygen species (ROS), such as hydrogen peroxide (H,0O,), as a mechanism to avoid further
cell damage (Lima et al., 2002).

There are some studies that also study the antioxidant defense system of weeds, such as B. pilosa, during the
early phase of growth, but no work so far has studied the defense system of this plant when submitted to the
aqueous extract of U. ruziziensis, which makes understanding and comparison difficult.

According to Pergo and Ishii-Iwamoto (2011), and Pergo-Coelho et al. (2017), the increase in the activity of
antioxidant enzymes suggests an increase in ROS generation, indicating oxidative stress caused by
allelochemicals, which makes seeds and seedlings more vulnerable to dysfunction and cell death.

This stress caused by the extract was very evident in the germination that decreased, probably due to an
inhibition or a delay in the germination process.

Therefore, the stress demonstrated in this study by increased POD and CAT activity with 500 ppm of the extract
is probably due to activation of root growth and elongation (Figure 3). The plant probably needed more energy
than normal, compromising the mitochondrial respiration, with increasing ROS and activating the defense
system of antioxidant enzymes.

However, there was a cellular alteration and that this change is mainly in the energetic metabolism of the cell, so
that the KCN-insensitive respiration decreased as much, about 68% in the concentration of 500 ppm of the
extract, because this represents a parallel path to the consumption of oxygen by mitochondria without the
production of ATP. This again shows an effect of oxidative stress since other enzymes that help neutralize ROS
and are also part of the KCN-insensitive respiration have possibly been inhibited by the extract used.

According to Foletto et al., 2012, the waters soluble compounds of U. ruziziensis were phytotoxic to 1. triloba,
inducing perturbations in respiratory activity and lipid peroxidation. Although trans-aconitic acid exerted similar
effects to the aqueous fraction, it is not the main compound responsible for the effects of aqueous fraction in /.
triloba, because its content is very little in this fraction.
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According to Nepomuceno et al. (2017) studied the extracts collected from U. ruziziensis contained substances
such as protodioscin and triterpenoid saponins, which can control the growth of weeds.

Protodioscin (Giancotti et al., 2015) is a bidesmosidic saponin formed by a hydrophobic moiety of the furostanol
type and two sugar fragments. The structural characteristics of these compounds mean that they are readily
soluble in water and, therefore, easy to be absorbed by the plant root, as shown in this work, which was the tissue
most affected by the aqueous extract of U. ruziziensis.

It is emphasized that the experimental results obtained in the laboratory or in greenhouse are difficult to be
extrapolated under field conditions, since the allelochemicals derived from the secondary metabolism of plants
that are released into the environment and are transformed by the action of biotic factors (soil microflora and
exudates from the roots of other competitors) and abiotic (variation of soil temperature and humidity) in order to
activate or inactivate them as agents of biological control (Reigosa et al., 2013; Dayan et al., 2009; Duke, 2015).

The results are laboratory experiment, the effect of the extracts need be verified further in field test with soil
media. The active compounds in extracts could be absorbed, detained, transformed and degraded in soil media,
thus be weaken its bioactivity, especially the 500 ppm level in laboratory bioassay.

5. Conclusion

It can be concluded that allelochemicals present in extract from U. ruziziensis have the potential to provoke
oxidative stress in B. pilosa seedlings in laboratory, mainly at a concentration of 500 ppm. This oxidative stress
caused alterations mainly in the energetic metabolism of this plant, being this a primordial factor for its growth
and survival, mainly in this initial stage of development, where there is still no contribution of photosynthesis.
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