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Abstract

The objective of this work was to evaluate the phytotoxic effect of Brachiaria decumbens Stapf. on the
morphometry of Eucalyptus urograndis plants, genetically modified hybrid of Fucalyptus urophylla S. T. Blake
x Fucalyptus grandis W. Hill ex Maiden. Pots containing the eucalyptus plants were conditioned in protected
environments in a completely randomized experimental design. The treatments were composed of aqueous
extract of Brachiaria decumbens grass at different concentrations: 0% (control, distilled water only), 20%, 40%,
60%, 80% and 100% (g/L). On day 30 of the experiment, the following morphological parameters of the plants
were evaluated: aerial part height, diameter of stem, aerial dry mass, root dry mass, total dry mass, and
robustness index. The data were submitted to analysis of variance at the 5% level of significance, and a
regression equation was constructed for the quantitative treatments. The results indicated that the Brachiaria
decumbens grass extract did not have an inhibitory effect on aerial part height and robustness index. However,
the extract at concentrations higher than 20% had negative effects on root dry mass, aerial dry mass, and total
dry mass. For the diameter of the stem, only concentrations above 60% had an inhibitory effect.

Keywords: aqueous extract, morphological parameters, inhibition
1. Introduction

In recent years, the silvopastoral systems (SPS), one of the modalities of agroforestry systems, have attracted a
great number of followers in the search to promote sustainable land use. Because it encompasses more than one
productive component, special attention should be given to the planning phase. One of the factors that merits
attention is called allelopathic effect (Plevich et al., 2019).

Sustainability in Brazilian agriculture is related to the integration of production systems, such as
crop-livestock-forest integration (ILPF) and low-carbon agriculture (ABC Plan) (Kluthcouski et al., 2013).
Agricultural models aimed at the diversification of production, increase and better distribution of income over
time, soil and water conservation, thermal comfort for animals, improvement of forage nutritional value and
others are obtained through agroforestry (Oliveira Neto & Paiva, 2010). The SPS is the intentional combination
of trees, pastures and animals in the same area and at the same time, managed in an integrated way (Silva et al.,
2010), and has been become more widely used in recent years.

The composition of these components, as well as their spatial and temporal arrangement, can promote
innumerable interactions, both ecological and economic, and that must be strategically analyzed in planning,
implementing, and managing the system (Oliveira Neto & Paiva, 2010).

Adopting agroforestry systems means choosing ecologically and economically suitable species for a desired
purpose (Simdo et al., 2012). In these productive systems, many peculiarities inherent in the interaction itself
and/or influence that occurs between plants should be considered. The term allelopathy was created by Molisch
and is derived from the union of the Greek words alleton and pathos, meaning mutual and mischief, respectively
(Molisch, 1937).
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Allelopathy occurs in nature as a mechanism by which some plants, algae, bacteria or fungi can interfere with
nearby species or biological systems, affecting their growth and/or development in a beneficial, malicious or
neutral way. Such interactions occur due to the release of chemical substances (allelochemicals) from secondary
metabolism in organisms that affect other community components (International Allelopathy Society, 2017).

Allelopathic substances are released from plant tissues by volatilization, leaching, root exudation, and the
decomposition of plant residues (Larcher, 2000). It is more common for neighboring plants to interact in a
negative than a positive way, so that the emergence and/or growth of one or both of them is inhibited (Pires &
Oliveira, 2011).

Finding the phytotoxic potential with focus allelopathic in plants is the objective of many researches, such as
those developed by Cremonez et al. (2013), Silva et al. (2015), Rizzi et al. (2016), Silveira et al. (2016), Plevich
et al. (2019); therefore, are natural methods that can be used as weed management strategies. Potentially
allelopathic species that benefit others can be used to improve sustainable agriculture control methods, such as
no-tillage, rotation, and crop consortium (Bonamigo et al., 2013).

Important forages such as species of the family Poaceae (especially Brachiaria decumbens) have become
problematic in commercial plantations of Eucalyptus spp. and Pinus spp., not only because they are highly
aggressive and difficult to control, but also because of the increase in exploitation of old pastures by
reforestation companies (Toledo, 1998). In addition, the forester should also consider the potential negative
allelopathic effect of B. decumbens’ root exudates, already proven to influence neotropical tree seedlings (Silva
et al., 2017).

Forest species, like other crops, are subject to neighboring plant interference, which leads to qualitative and
quantitative decreases in their production, becoming one of the major problems in the implementation and
maintenance of eucalyptus forests (Toledo et al., 1999). For example, in the region of Botucatu (SP, Brazil) there
was a reduction in the initial development of eucalyptus (E. grandis) seedlings planted in old pastures of B.
decumbens (Souza et al., 2003). The coexistence between eucalyptus and brachiaria grass has been showing
negative interference on the growth of both species (Assis et al., 2015).

On the basis of this information and with the new demands that are arising to improve production systems, it is
important to evaluate possible allelopathic effects, especially when consortium cultivation systems occur—for
example, the forest component (eucalyptus plants) and pasture (brachiaria grass). This can prevent producers
from exhibiting allelopathic effects in the search for the best production management.

In this context, the present work aimed to study the possible phytotoxic effect of an aqueous extract of
Brachiaria decumbens Stapf. on the initial development of Eucalyptus urograndis seedlings.

2. Material and Methods
2.1 Location of the Experiment and Treatments

The studies were conducted in the experimental area of the State University of the West of Parana (UNIOESTE),
Campus of Cascavel, Parana, Brazil, in a greenhouse model with a thermorephore sombrite, located at 02°46’
South latitude and 77°39" West longitude, average altitude 700 meters. The experiment was conducted between
April and May 2018, totaling 30 days.

Sixty seedlings of clone AEC 144, a genetically modified hybrid of Fucalyptus urophylla x Eucalyptus grandis,
were obtained from a regional nursery, 120 days after staking and already in the dispatch phase. These, in turn,
were transplanted into vessels with a dimension of 0.2 m in height and 0.2 m in diameter, with a volume capacity
of 6.28 dm® each. One plant was transplanted per pot.

The pots were filled with substrate at a ratio of 1:1 (v/v), that is, 50% subsoil (dystrophic Red Latosol) mixed
with 50% humus (Humisto®) composed of earthworm humus, charcoal, pine bark ground, limestone, and
vermiculite (Gongalves et al., 2013).

For the preparation of the extract, Brachiaria decumbens plants were collected near the experimental unit of the
university campus. The aerial part of the plants was conditioned in Kraft paper bags and kept in an oven with
forced air circulation at 65 °C until a constant weight was achieved. Afterwards, it was ground in a Willey type
mill using a 20 mesh sieve.

The aqueous extract was obtained by adding the crushed dry matter of Brachiaria decumbens to distilled water.
This mixture was homogenized at different concentrations, according to the ratio of solute mass (Brachiaria
decumbens crushed dry matter) to volume of the solution (distilled water, in liters): 0% (control), 20%, 40%,
60%, 80% and 100% (g/L).
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The vessels containing the eucalyptus seedlings were placed in a protected environment arranged in a completely
randomized experimental design (CRD), with ten replicates for each of the six treatments.

The aqueous extract was applied directly to the vessels at different concentrations for each treatment on the first
day of implantation of the experiment. The treatment with 0% extract (control) received only distilled water.
Throughout the experiment, irrigation needs were monitored daily to maintain the field capacity of the substrate
used. To avoid possible losses of water by percolation, the vessels were conditioned under trays with no drains.

On the thirtieth day of the experiment, morphological data were collected from eucalyptus plants, such as: aerial
part height (H), diameter of stem (D), aerial dry mass (DMA), root dry mass (DMR), total dry mass (DMT), and
robustness index (IR).

The height of the aerial part was measured from the substrate level to the apical meristem using a ruler graduated
in millimeters. The collection diameter was measured in millimeters (mm) at the substrate level with the aid of a
digital caliper. To determine DMA and DMR, root and aerial parts were separated from the plants, which were
then conditioned in a Kraft paper bag, duly identified and oven dried with forced air circulation at 65 °C until
reaching constant weight; the weighing was done with the aid of a semi-analytical electronic scale, with
divisions of 0.01 g. The DMT was obtained by adding the DMA and DMR.

The robustness index was obtained by dividing the height of the aerial part by the diameter of stem of the
seedlings (Santos et al., 2017). The IR is an absolute value, with no units, and is considered a precise
morphological characteristic, as it gives information about how thin the molt is (Gomes & Paiva, 2004).

2.2 Statistical Analysis of the Data

These parameters were submitted for analysis of variance by the Snedecor F-test (Devore, 2006). Initially the
assumptions of the model were verified using the Bartlett test for homogeneity of variances and Shapiro-Wilk
test for normality. The effect of the extract concentrations on the morphological characteristics of the plants was
evaluated by adjusting the regression equation. Analyses were performed using the procedures available in
SISVAR software 5.6 (Ferreira, 2010).

3. Results and Discussion

The extract of brachiaria grass not influenced the eucalyptus plant’s height of the aerial part (H) and index of
robustness (IR), indicating that there was no response by the eucalyptus plants to the different levels of extract
used in this study.

However, there was a statistically significant difference among the following phenotypic variables: diameter of
stem (D), root dry mass (DMR), aerial dry mass (DMA), and total dry mass (DMT). Therefore, the different
concentrations of extract had an effect on these variables and consequently on the development of the eucalyptus
seedlings (Table 1).

Table 1. Experimental F-test and coefficient of variation (C.V.) for Eucalyptus urograndis plants treated with
different concentrations of Brachiaria decumbens grass extract, Cascavel-PR 2018

Dry mass (g)
Treatment IR H (cm) D (mm) -
Root Aerial part Total
F. 0.80™ 0.93N 2.92% 5.05%* 3.65%* 4.50%%
P.>F, 0.55 0.47 0.02 0.00 0.00 0.00
C.V. (%) 11.42 9.38 6.38 20.42 16.62 16.03

Note. H = height aerial part; D = diameter of stem; DMA = aerial dry mass; DMR = root dry mass; DMT = total
dry mass; IR = index of robustness. ** Significant at the 1% probability level (P < 0.01). * Significant at the 5%
probability level (0.01 < P < 0.05). NS = not significant (0.05 < P).

Table 1 shows that the coefficients of experimental variation diverged from 6.38% (for D variable) to 20.42%
(for DMR variable). However, coefficients of variation below 10% are considered low, and those between 10
and 20% are average (Pimentel-Gomes, 1987).

For the behavior of the mean values (Table 2), the 100% (g/L) concentration of extract compared to the control
caused a decrease of 20.55% in the DMT of the seedlings. A similar trend was found for DMA and DMR, where
the extract at 100% decreased the average values by 19.23% and 20.83%, respectively, compared to the control.
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Table 2. Mean values for Eucalyptus urograndis plants treated with different concentrations of Brachiaria
decumbens grass extract under protected environment conditions for 30 days, Cascavel-PR 2018

Treat. IR % H (cmplant!) % D (mm plant™’) %

0% 13.61+1.67' - 62.10+4.84 - 4.59+0.25 -

20% 12.79+1.51 93.98 59.40+7.49 95.65 4.65+£0.29 101.31
40% 12.7541.69 93.68 61.60+8.12 99.19 4.85+0.35 105.66
60% 13.28+1.27 97.58 63.65+4.14 102.50 4.81+0.29 104.79
80% 12.83+1.37 94.27 59.40+4.75 95.65 4.65+0.21 101.31
100% 13.67+1.47 100.44 59.75+3.32 96.22 4.40+0.37 95.86
Treat. DMR (g plant™) % DMA (g plant’) % DMT (g plant™) %

0% 1.20+0.26 - 4.94+0.65 - 6.13+0.83 -

20% 1.31£0.20 109.17 4.69+0.77 94.94 6.00+0.85 97.88
40% 1.31+0.26 109.17 4.89+0.89 98.99 6.20+1.08 101.14
60% 1.17£0.21 97.50 4.75+0.72 96.15 5.92+0.89 96.57
80% 0.94+0.24 78.33 3.92+0.77 79.35 4.87+0.92 79.45
100% 0.95+0.22 79.17 3.99+0.70 80.77 4.93+0.87 80.42

Note. H = height aerial part; D = diameter of stem; DMA = aerial dry mass; DMR = root dry mass; DMT = total
dry mass; IR = index of robustness. ' The data represent the mean+SE (n = 10). % = percentage in relation to the
dose 0% (g/L) of the extract.

In the treatment with the 40% extract, the highest values were obtained for D (4.85 mm plant'), DMR (1.31 g
plant™), and DMT (6.20 g plant”). Meanwhile, the treatment at 0% (control) presented a higher DMA value
(4.94 g plant™).

A similar study developed by Marcolini et al. (2009), found that the density of Brachiaria decumbens Stapf. had
a strong negative influence on the initial growth of Coffea arabica L. In the coexistence of the coffee tree with
16 plants per square meter of grass, the dry matter reduction of the seedlings was 80%. B. decumbens showed a
47% reduction in leaf area when it coexisted with coffee at four plants per square meter of grass, with higher
densities yielding higher reductions in leaf area.

The aqueous extract of brachiaria grass significantly influenced most of the morphometric characteristics of
eucalyptus plants evaluated in this experiment. According to research developed by Chou (1989), this grass
contains compounds with allelopathic properties, such as ferric acid, p-coumaric acid, 2,4-dihydroxybenzene
acid, vanillic acid, p-hydroxybenzoic acid, and p-hydroxyphenylacetic acid, which are phenols, with p-coumaric
acid and p-hydroxyphenylacetic acid having the highest concentrations.

Kobayashi and Kato-Noguchi (2015), evidenced that an aqueous methanol extract of B. decumbens inhibited the
growth of roots and shoots of cress (Lepidium sativum), lettuce (Lactuca sativa), timothy (Phleum pratense) and
ryegrass (Lolium multiflorum) seedlings. The extract was then purified using chromatographic methods and a
phytotoxic substance with allelopathic activity was isolated and identified by spectral analysis as
(6R,9S)-3-ox0-0-ionol. These results suggest that this compound may contribute to the allelopathic effect caused
by the B. decumbens extract and may be in part responsible for the invasion and domination of B. decumbens.
Therefore, this compound may play an important role in the phytotoxicity of the brachiaria species.

The regression analysis (Figure 1) shows a clear downward trend in the mean aerial dry mass (DMA) and total
dry mass (DMT); in this case, this was due to the increasing concentrations of extract applied.
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Figure 1. Aerial dry mass (A) and total dry mass (B) of Eucalyptus urograndis plants treated with increasing
doses of Brachiaria decumbens (EB, %) extract

Note. Graph with straight line adjusted to the experiment data. ** Significant at the 1% probability level.

Graphs A and B (Figure 1) show a linear effect of the brachiaria grass extract, whereas the quadratic effect was
not verified. Together with the straight lines, it is adjusted regression equation: the approximate equation that
links the levels of X (concentrations of EB in %) to Y (aerial dry mass and total dry mass, in grams).

The increase in concentrations led to a decline in mean values and, consequently, the lines presented a downward
behavior. Therefore, in the adjusted regression equations, the coefficient X (negative for both cases) expresses
that the dry mass of the aerial part and total (DMA and DMT) decreased with ascending levels of brachiaria
grass extract.

This information corroborates data presented in other studies. As in the case of B. decumbens, it was observed
that the dry matter of some weeds had an inhibitory effect on the full development of Eucalyptus grandis plants
(Souza et al., 2003). In a project developed by Bacha et al. (2016), distinct sowing and regrowth densities (above
2.6 plants m™) of B. decumbens had a negative effect on the initial growth of E. urograndis.

Silva et al. (2017), when evaluating the allelopathic effect of B. decumbens root exudates on the early
development of some pioneer forest species, also observed drastic reductions in leaf area, root dry mass, and the
aerial part. However, for non-pioneer forest species, the allelopathic effect was shown to be less intense.

The brachiaria extract had a quadratic effect on the eucalyptus plants’ stem diameter (D) and root dry mass
(DMR), according to regression equations (Figure 2).

14 2.0
= ° ° [B] = . [A]
& - 438 o
129 5
S = . °
) o Do
s 1.0 >
g . | 544
> -
S g Y=1.2360+0.003X - 7E-05*X? .g . Y =4.5510+ 0.0119X- 0.0001**X?
‘g R?=0.8224 g %< R?=0.9204

<

m =

0.6 Q40

0 20 40 60 80 100 0 20 40 60 80 100
Concentrations EB, % Concentrations EB, %

Figure 2. Diameter of stem (A) and root dry mass (B) of Eucalyptus urograndis plants treated with increasing
doses of Brachiaria decumbens (EB, %) extract

Note. Parable graph with adjusted second-order mathematical model. ** Significant at the level of 1% and * 5%
probability levels.

According to the behavior of the parabola in Figure 2, which indicates a curvature related to this increase in the
concentration of the extract (EB, %), there is a significant quadratic effect on the morphological characteristics
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mentioned above. For the variable collecting diameter (Figure 2A), the curve reached the maximum value (a < 0)
of the quadratic function when brachiaria extracts were applied at a concentration of 59.5% (~60%).

Thus, the diameter of the seedlings was beneficially influenced by an increase up to a 60% concentration of the
extract. However, for concentrations greater than 60%, there was a decline in the mean values due to an
inhibitory effect. As a consequence, the parabola is pointed downward.

For the variable root dry mass (Figure 2B), the curve reached a maximum value (a < 0) when the extract was
applied at a concentration of 21.4% (~20%); that is, up to 20% the extract influenced the variable dry mass roots
in a beneficial way, and higher concentrations influenced it negatively.

Similar research, however, with native forest species, indicated that the aqueous extracts of brachiaria grass
(Brachiaria spp.) and megathyrsus grass (Megathyrsus maximus (Jacq.) B. K. Simon & S. W. L. Jacobs) at
different dilutions and increasing concentrations (up to 10%) did not have a significant effect on the
development of angico-red (Parapiptadenia rigida (Benth.) Brenam). Therefore, even when treated with the
aqueous extracts in question (brachiaria and megathyrsus grasses), the angico-red seedlings presented
satisfactory development (Hartmann, 2015).

4. Conclusions

Considering the particularities of the present work, the extract of the aerial part of B. decumbens did not present
an inhibitory effect on E. urograndis aerial part height (H) and robustness index (IR). However, there was a clear
tendency towards inhibitory effects for extracts at concentrations above 20%, which significantly influencing the
variables root dry mass (DMR), aerial dry mass (DMA) and total dry mass (DMT). Therefore, these
morphological characteristics were shown to be more sensitive to the treatments.

For the diameter of the stem (D), only concentrations above 60% had an inhibitory effect, hampering the full
development of E. urograndis seedlings. Therefore, these assessments allow us to determine some aptitudes,
especially when choosing forest species best suited for the implementation of agroforestry projects, or even those
best suited for the regeneration and recovery of degraded areas.
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