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ABSTRACT. This study aims to evaluate the phytotoxicity potential of leaf and root extracts of Drimys
brasiliensis on the germination and seedling growth of Panicum maximum and Euphorbia heterophylla and its
influence on metaxylem cell size in the seedling roots of the latter specie. The leaf and root extracts were
fractionated by partition chromatography, and the hexane and ethyl acetate fractions obtained from each
organ were evaluated at different concentrations for phytotoxic activity in several bioassays. In seedling
growth tests, we compared the effects of these fractions with the herbicide oxyfluorfen. The hexane
fraction of the root extracts showed a higher inhibitory potential on the germination and growth of weeds
and reduced the average size of the metaxylem cells of E. heterophylla roots by more than 50%. The
inhibitory effects of the root hexane fraction on seedling growth was similar to the herbicide, indicating
that D. brasiliensis is a possible alternative form of control for the weed species examined.
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Potencial fitot6xico de Drimys brasiliensis Miers para o controle de plantas daninhas

RESUMO. O objetivo do estudo foi avaliar o potencial fitotéxico de fragoes do extrato de folhas e raizes de
Drimys brasiliensis sobre a germinagio e o crescimento de plantulas de Panicum maximum e Euphorbia
heterophylla, ¢ sua influéncia sobre as células do metaxilema da dltima espécie. Os extratos de folhas e raizes
foram fracionados por cromatografia de parti¢gio e as fracdes hexinica e acetato de etila obtidas de cada
6rgio foram avaliadas nos bioensaios, em diferentes concentragdes. No teste de crescimento, comparou-se
o cfeito das solugoes das fragdes com o herbicida oxyfluorfen. A fragio hexinica das raizes apresentou
maior potencial para inibir a germinagio e crescimento das espécies infestantes e ocasionou redugio em
mais de 50% no tamanho das células do metaxilema de E. heterophylla. As inibigdes no crescimento inicial,
decorrentes da aplicagio da fragio hexinica das raizes, foram similares ao efeito produzido pelo herbicida

comercial, indicando a eficiéncia de D. brasiliensis para o controle das espécies infestantes estudadas.

Palavras-chave: alelopatia, inibi¢io, germinacio, crescimento inicial.

Introduction

Plants are capable of producing secondary
metabolites that affect the germination and growth
of other plants; this interaction has been defined as
allelopathy (INDERJIT et al., 2011; WEIR et al.,
2004). Allelopathic relationships may occur in a
positive or negative manner through the production
of chemical compounds known as allelochemicals.
Allelochemicals are released into the environment
by different mechanisms, such as volatilization, leaf
leaching or root exudation (WEIR et al., 2004). The
leaves and roots constitute the main source of
allelochemicals (WU et al., 2009); however, due to
the specific production of metabolites that are
directly exuded into the environment, many
compounds with relevant biological activities have

been isolated almost uniquely from the roots of
these plants (OLIVEROS-BASTIDAS et al., 2009).
Weeds are adaptable to different habitats and
often compete with crops by taking advantage of the
favorable conditions that occur in agricultural
systems. The indiscriminate application of synthetic
herbicides has contributed to an increase in
herbicide resistance in weeds, has led to a gradual
degradation of soil quality and the surrounding
environment and presents a human health hazard
(VERDEGUER et al., 2011). Secondary metabolites
derived from plants may serve as a promising
environmentally  friendly  tool for  weed
management. Allelochemicals have low or no
toxicity to animals and beneficial insects and possess
an array of activities with varying and diverse sites of
action. In addition, allelochemicals exhibit faster

Acta Scientiarum. Agronomy

Maringd, v. 37, n. 4, p. 505-516, Oct.-Dec, 2015



506

degradation rates and contain fewer halogen
substituents than synthetic herbicides (FAROOQ
etal., 2011).

Many secondary metabolites derived from
plants, such as drimanes sesquiterpenes, are
present in species of the genus Drimys and exhibit
a wide variety of biological activities, including
leishmanicidal (CORREA et al., 2011), herbicidal
and insecticidal activities (ZAPATA et al., 2009;
2011). In addition, secondary metabolites can
induce cytotoxicity and affect plant-growth
regulatory activities (JANSEN; GROOT, 2004).
Thus, species of Drimys are promising in the
search for phytochemicals capable of acting as
natural herbicides. Drimys brasiliensis  Miers,
commonly called “casca d’anta”, belongs to the
Winteraceae family and is found in the Atlantic
Forest and gallery forests that extend into the
Cerrado domain (EHRENDORFER et al., 1979).
Previous studies have shown that it contains
fungicidal (MALHEIROS et al., 2005) and anti-
inflammatory properties (LAGO et al., 2010).
However, few studies have examined its potential
phytotoxicity, particularly with respect to its
activity against agricultural weeds.

Panicum maximum Jacq. (guinea grass) is an alien
grass known as one of the most important weeds in
the sugarcane areas and planted forests of Brazil. Its
interference with agricultural productivity is
primarily due to its highly aggressive growth
patterns, its intense production capacity and the
longevity of its seeds (COSTA et al, 2002).
Similarly, Euphorbia heterophylla L. (wild poinsettia) is
a weed that negatively affects the productivity of
agricultural systems, particularly soybean crops.
Furthermore, it is considered difficult to control and
shows resistance to several herbicide action
mechanisms (TREZZI et al., 2009).

In this context, the aim of this study is to
evaluate the phytotoxic effects of fractionated crude
extracts of D. brasiliensis roots and leaves on the
germination and early growth of E. heterophylla and
P. maximum, as well as its influence on the
metaxylem cell size of E. heterophylla roots.

Material and methods

Preparation of the chemical fractions

The leaves and roots of D. brasiliensis were
collected in September 2011 from the Savanna area
on the Sio Carlos Federal University (UFSCar)
campus in Sio Carlos-SP (22° 2’ S and 47° 52° W),
Brazil. After collection, the leaves and roots were
dried at 40°C for 72 hours and ground into a powder
with an industrial mill.
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For D. brasiliensis phytochemical extraction and
the initial chromatography studies, 50 g of leaf and
root powder, separately, were extracted with
dichloromethane (DCM)/methanol (MeOH) (1:1)
(5 x 200 mL). The resulting extracts were vacuum
filtered, pooled and concentrated in a rotary
evaporator under reduced pressure.  Each
concentrated crude extract was suspended in 95%
MeOH (200 mL) and partitioned with n-hexane (3
x 200 mL), resulting in both methanol and hexane
(2.38 g) fractions. The methanol fraction was
concentrated, resuspended in distilled water (200
mL) and partitioned with ethyl acetate (3 x 200 mL),
yielding two fractions: an ethyl acetate (AcOEt)
(2.88 g) fraction and an aqueous (6.32 g) fraction
(RANGEL et al., 2001). At the end, the aqueous
fractions of both organs were discarded, and the

ethyl
weighed  and

fractions
subjected  to

hexane and acetate were
evaporated,
phytotoxicity bioassays.

In cach bioassay, 40 mg of each leaf or root
extract (hexane and AcOEt fractions) were
solubilized in 40 mL of buffer solution (10 mM 2-
[N-morpholino] ethanesulfonic acid (MES) and 1
M NaOH, pH 6) and DMSO (dimethyl sulfoxide, 5
uL mL™), resulting in an initial concentration of 1
mg of extract mL™". From this solution, dilutions of
0.5, 0.25 and 0.125 mg mL"' were prepared. For each
bioassay, a negative control with only bufter solution
and DMSO (5 uL mL™") was also assessed (MACIAS

etal., 2010).

Germination bioassay

The hexane and AcOEt fractions of
D. brasiliensis leaf and root extract were applied to
E. heterophylla and P. maximum seeds. Bioassays
were conducted in Petri dishes (9 cm in diameter)
containing two sheets of filter paper moistened
with 5 mL of cither the sample fractions or the
negative control solution.

The experimental design was completely
randomized and contained four replicates of 25
seeds for each bioassay. The experiment was
conducted in a germination chamber at 25°C,
with a photoperiod of 12 hours for E. heterophylla
(INOUE et al, 2010) and alternating
temperatures of 20-30°C and a photoperiod of
8-16h for P. maximum (TOMAZ et al., 2010). The
germination criterion was based on embryo
protrusion, which was evaluated every 24 hours
until  germination  was  stabilized. @ The
germinability, mean germination time and
synchrony were calculated as described by Ranal
and Santana (2006).
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Early growth bioassay

For the early growth analysis of E. heterophylla
and P. maximum seedlings, the seeds were previously
germinated in distilled water under the same
conditions mentioned for the germination bioassay.
Only seedlings with roots of 2 mm in length were
selected and transferred to transparent plastic boxes
(13 x 8 x 3 cm) containing filter paper moistened
with 5 mL of the negative control solution, leaf or
root fractions, or herbicide. For this test, a bioassay
was performed with the commercial herbicide
oxyfluorfen (240 g ia. L") at the same
concentrations as the fractionated extracts.

The boxes were maintained in a germination
chamber under the same conditions of light and
temperature adopted for the germination test. The
experimental design was completely randomized
and contained four replicates of 10 seedlings. After
seven days, the shoot and primary root lengths of
the seedlings were measured with a caliper. The
presence or absence of any anomalies was noted, and
the seedlings were classified as normal or abnormal,
according to Brasil (2009).

Examination of metaxylem cells

E. heterophylla seedlings were grown in control or
D. brasiliensis leaf or root extract fractions under the
same conditions adopted for the growth bioassay.
After five days, the primary root segments of the
seedlings were removed and immersed in 70%
alcohol (GATTI et al., 2010). Primary root segments
were subjected to a modified Fuchs staining method
(KRAUS; ARDUIN, 1997). Briefly, the roots were
immersed in 70% alcohol for five days and placed in
a solution of 25% NaOH at 60°C for 48 hours to
clarify the material.

The root segments were subsequently immersed
in safranin (C,,H;,N,C,) and caustic soda (10%
NaOH) for 24 hours at 60°C. After staining, the
segments were mounted on glass slides with
Apathy’s syrup (KRAUS; ARDUIN, 1997) and
observed with an optical microscope (Olympus-
BX41) coupled to a camera (Sony CCD-IRIS) at
20X magnification. Four primary roots of
E.  heterophylla  seedlings grown in different
concentrations of the fractions and control solutions
were assessed. Half of the length of each root from
the central region upward was photographed. From
each photograph, 10 central cells of the metaxylem
were measured with the aid of Image Pro Plus 5.0
software (GATTI et al., 2010).

Statistical Analysis

The data were tested for normality (Shapiro-
Wilk) and homogeneity (Levene). Once these two
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assumptions were met, an analysis of variance
(ANOVA) was performed followed by Tukey’s or
Dunnett tests at a significance level of 0.05. A lack of
normality or homogeneity (or both) required the
use of a nonparametric Kruskal-Wallis test to obtain
pairwise comparisons at a significance level of 0.01.
For the germination and growth bioassays, the linear
or quadratic regression models were adjusted when
the ANOVA F statistic was significant. The
goodness of fit of the models was tested at a level of
significance of 0.05 and evaluated by its coefticient
of determination (R?). For the variables that showed
no significant differences between treatments, the
results were presented in tables.

The early growth data were submitted to
conjoint analysis because the ratio between the
larger and smaller residual mean square was less
than 7 (PIMENTEL-GOMES, 1990).

Results and discussion

Germination and growth bioassays

The hexane and AcOEt root fractions of
D. brasiliensis strongly inhibited the germination
process and early growth of P. maximum. The
AcOEt fraction promoted a linear decrease in
germination and synchrony (17% and 0.157 for each
additional 0.01 mg mL" of solution applied,
respectively), and mean germination time increased
in a linear manner (1.57 days for each additional
0.01 mg mL™" of solution applied). In the presence of
the hexane fraction, a linear increase in mean
germination time of 2.56 days for each additional
0.01 mg mL" of solution was observed, and the
minimum germinability (13.79%) and synchrony
(0.06) values were estimated at concentrations
of 0.75 and 0.69 mg mL", respectively (Figure 1A
to C).

The root extract fractions effectively inhibited
the growth and changed the morphology of
P. maximum seedlings. The percentage of normal
seedlings decreased linearly at a rate of 80.5% for
each 0.01 mg mL"' of AcOEt fraction solution
added. The hexane fraction reduced the normal
seedling percentage to zero at an estimated
concentration of 0.81 mg mL™" (Figure 1D).

The root growth of seedlings in the presence of
the AcOEt and hexane fractions was reduced to null
at estimated concentrations of 0.65 and 0.71 mg mL",
respectively. A linear decrease in shoot growth of 4.80
mm for each additional 0.01 mg mL" of AcOEt
fraction applied was observed. The minimum shoot
length (3.40 mm) was observed in the hexane
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fraction treated group at a concentration of 0.71 mg
mL™" (Figure 1E and F).

Treatment with hexane and AcOEt fractions of
D. brasiliensis leaf crude extract revealed a significant
inhibition of some of the P. maximum germination
and growth parameters evaluated. The mean time
and synchrony of seed germination after hexane

Anese et al.

fraction treatment displayed a linear increase of 1.60
days and a linear decrease of 0.2017 for each
additional 0.01 mg mL"' of solution applied,
respectively (Figure 2A and B). All other variables
analyzed showed no significant differences among
the concentrations when treated with either fraction
(Table 1).
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Figure 1. Germination and early growth of P. maximum treated with different concentrations of the AcOEt (0; ---y) and hexane (¢; —7y)
fractions obtained from D. brasiliensis roots. Equations were obtained by regression analysis: (A) y = 86.17 - 17x, R> = 0.90; ‘y = 85.09 -
0.188x + 0.0001x%, R*= 0.99; (B) y = 3.80 + 1.575x, R> = 0.94; y = 4.26 + 2.56x, R>= 0.82; (C) y = 0.325 - 0.157x, R = 0.87; ‘y =
0.3336 — 0.7966x + 0.574x%, R*> = 0.91; (D) y = 110.599 — 80.5x, R> = 0.91; ‘y = 105.35 — 257.85x — 157.14¢%, R* = 0.97; (E) y = 34.81 —
102.26x + 71.20x%, R* = 0.85; ‘y = 32.79 — 120.17x + 91.37x% R* = 0.78; (F) y = 10.74 — 4.805x, R*> = 0.94; ‘y = 10.52 — 20.04x +

14.10x% R* = 0.94.
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Figure 2. Germination and early growth of P. maximum treated with different concentrations of the AcOEt (0; ---y) and hexane (¢; —7)
fractions obtained from D. brasiliensis leaves. Equations were obtained by regression analysis: (A) ‘y = 3.788 — 1.604x, R* = 0.92; (B)Yy =
0.3394 - 0.2017x, R* = 0.96; (C) y = 42.351 — 12.57x, R* = 0.95; ‘y = 36.34 — 83.45x + 57.11x% R* = 0.88; (D) y = 11.544 - 2.636x, R* =
0.95; ‘y = 10.685 — 7.8851x + 5.146x% R* = 0.79.

Table 1. Seed germination and seedling morphology of P. maximum treated with different concentrations of hexane or AcOEt fractions
from D. brasiliensis leaf extract.

Concentrations (mg mL™) Statistics

Variables (units)

0 0.125 0.25 0.5 1 F (P) H (P)

Hexane fraction of leaves

G (%) 85+ 75a 78 +95a 78 +95a 80 = 8.64a 79 =+ 4.6a 0.487 (0.745)

NS (%) 100 £ 0a 97 +5a 80+ 7a 77 = 11a 75+ 10a 11.39 (0.062)
AcOEt fraction of leaves

G (%) 85+ 7.57a 81 +6.83a 84 +4.61a 84 +3.26a 79 = 8.24a 0.618 (0.657)

MGT (d) 3.6+0.18a 35+025a 3.72*x034a 3.87*037a 3.88=*024a 0.931(0.472)

Z 036 +0.02a 043 +0.092 034%=0.082a 034=031a 031=0.08a 0.897(0.490)

NS (%) 100 = 0a 100 + 0a 975=+5a 95 +57a 925+ 7a 3.87 (0.423)

Means followed by the same letter in the line do not differ by tukey’s test at a 0.05 level of significance; G: germinability; MGT: mean germination time; Z: synchrony; NS: normal
seedlings; F: test statistic F - Values indicated no significant differences among the concentrations (ANOVA; p > 0.05); H: statistic of the Kruskal-Wallis test — Values indicated no
significant differences among the concentrations (p > 0.05); p: probability.

The growth of P. maximum was sensitive to the leaf
extract fractions. Upon treatment with the AcOEt
fraction, linear decreases of 12.57 and 2.63 mm were
observed on root and shoot growth, respectively, for
each additional 0.01 mg mL" of solution applied.
Upon treatment with the hexane fraction, the
minimum root length (5.86 mm) was observed at a
concentration of 0.73 mg mL"', whereas the minimum
shoot length (7.65 mm) was observed at an estimated
concentration of 0.76 mg mL™" (Figure 2D and C). The
percentage of normal seedlings was
not significantly aftected by the leaf extract fractions
(Table 1).

Root extract fractions from D. brasiliensis did
not significantly affect most of the germination
variables of E. heterophylla (Table 2); however, a

minimum germination value (32.6%) upon
treatment with the hexane fraction was
significantly ~ affected at  an  estimated

concentration of 0.64 mg mL™" (Figure 3A).
Despite the results observed in the germination
bioassay, the root extract fractions exerted strong
phytotoxic effects on the morphology and growth of
E. heterophylla seedlings. The minimum root length
values (0 and 2.01 mm) were observed at estimated
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concentrations of 0.66 and 0.79 mg mL"' for
hexane and AcOEt fractions, respectively. The
minimum shoot length of seedlings treated with
hexane (7.83 mm) or AcOEt (23.39 mm) fractions
were observed at estimated concentrations of 0.73

Anese et al.

and 0.75 mg mL", respectively. Normal seedling
percentages ranged from 95% (control) to 0% at
estimated concentrations of 0.68 and 0.89 mg mL"
' for hexane and AcOEt fractions, respectively
(Figure 3B to D).

Table 2. Seed germination and seedling morphology of E. heterophylla upon treatment with different concentrations of D. brasiliensis root
and leaf extract fractions.

. . Concentrations (mg mL™) Statistics
Variables (units) 0 0.125 0.25 05 1 F (P) H (P)
Hexane fraction of roots
MGT (d) 154 £0.14a 1.65 +0.12a 175+ 025a 1.81 £0.16a 1.96 £ 0.16 a 2.051 (0.138)
Z 046 =0.12a 0.40 £0.03a 040 =0.13a 042 +0.182 037 +0.13a 0.246 (0.907)
AcOEt fraction of roots
G (%) 53 +757a 44 £ 8.64a 50 +£9.52a 49+383a 43 £503a 1.348 (0.298)
MGT (d) 1.54 £ 0.28a 1.75 £ 0.11 ab 1.83 £ 0.15ab 1.89 £ 0.18 ab 2.02+0.15b 3.669 (0.028)
Z 046 =£0.12a 033 +0.05a 034 = 0.052a 0.37 £033a 0.30 = 0.082a 2.492 (0.070)
Hexane fraction of leaves
G (%) 53 +757a 52+ 12.64a 44 £653a 56 £9.79a 47 £1321a 0.878 (0.500)
MGT (d) 1.54 £ 0.28a 1.81 £0.16a 1.77 £ 0.03 a 1.88 £0.192a 1.93 £024a 2.214 (0.117)
Z 046 =£0.12a 034 =0.04a 0.35+0.03a 0.37 £0.08a 032 = 0.06a 1.976 (0.150)
AcOEt fraction of leaves
G (%) 53 +757a 49 £ 824a 51 1697 a 40 £ 14.69a 41 £1280a 3.731 (0.444)
MGT(d) 1.51 £ 0.28a 1.66 £ 021a 1.59 £0.02a 1.64 £0.13a 1.65 £ 0.03a 1.758 (0.780)
Z 046 =£0.12a 044 +£0.07a 044 = 0.052a 0.36 = 0.02a 0.47 = 0.06a 1.260 (0.329)
NS (%) 95 +£577a 775 *5a 65+ 10a 65+ 8a 722+ 7a 2.827 (0.062)

Means followed by the same letter in the line do not differ by tukey’s test at a 0.05 level of significance; G: germinability; MGT: mean germination time; Z: synchrony; NS: normal
seedlings; F: test statistic F — Values in bold indicate significant difference among the concentrations (ANOVA; p < 0.05); H: statistic of the Kruskal-Wallis test; P: probability.
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Figure 3. Germination and early growth of E. heterophylla treated with different concentrations of AcOEt (T; ---y) and hexane (¢; — )
fractions obtained from D. brasiliensis root extracts. Equations were obtained by regression analysis: (A) ‘y = 55.4 — 72.74x + 56.77x% R* =
0.90; (B) y = 48.55 — 116.95x + 73.488x%, R* = 0.75; ‘y = 49.002 — 177.97x + 133.08x% R*= 0.81 (C) y = 64.195 — 112.75x +76.874x%, R*
=0.90; y = 61.35 - 141.39x + 93.378x% R*= 0.80; (D) y = 91.35 - 0.207x + 0.0001x%, R* = 0.96; y = 79.65 — 0.2823x + 0.0002x% R* =

0.85.
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The germination variables examined for
E. heterophylla seeds treated with the D. brasiliensis
leaf extract fractions were not significantly
different among all concentrations (Table 2);
thus, the leaf extract exerted no phytotoxic effects
on the germination of this species. In contrast, the
leaf extract fractions inhibited the growth of
E. heterophylla seedlings. The minimum shoot
length (32.8 mm) was observed at a concentration
of 0.87 mg mL™" after application of the hexane
fraction. In addition, a linear reduction in root
length (48.26 mm) observed for each
additional 0.01 mg mL™" of solution applied. The
seedlings treated with the AcOEt fraction
displayed lower shoot (35.7 mm) and root (25.15
mm) lengths at estimated concentrations of (.73
and 0.71 mg mL", respectively. Seedling

morphology was altered upon treatment with the

was

hexane fraction, displaying a linear reduction of
59.9% for each additional 0.01 mg mL™" of
solution added (Figure 4A to C).

511
The D. brasiliensis root and leaf extract
fractions  exerted  phytotoxic  effects on

P. maximum and E. heterophylla as measured by
several characteristics: inhibition was positively
associated with increased concentrations of extract
fractions. The allelopathic effect depended upon
the extract concentration, target species, and the
plant tissue from which the allelochemicals were
extracted (GNIAZDOWSKA; BOGATEK, 2005;
HAO et al., 2007). The effective concentrations of
plant extracts on weed control were previously
reported to range from 0.1 to 100 mg mL" (GRISI
et al., 2012; TEERARAK et al., 2012; ZAPATA et
al., 2011). For the characteristics evaluated in both
weed species upon treatment with D. brasiliensis
extract fractions, the greatest inhibitory effects
occurred at concentrations estimated at 1 mg mL™
‘Therefore, the effective concentrations evaluated
in this study could be considered low, indicating
the potential of D. brasiliensis to act as a donor
species for the production of compounds with
high phytotoxic potential.
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Figure 4. Early growth of E. heterophylla treated with different concentrations of AcOEt (0; ---y) and hexane (¢; — ) fractions of

D. brasiliensis leaf extract. Equations were obtained by regression analysis: (A) y = 57.46 — 90.68x + 63.63x% R*=0.92; &y = 54.467 —
42.826x, R = 0.93; (B) y = 64.157 — 77.79x + 53.165x% R* = 0.81; ‘y = 66.937 ~77.826 x + 44.59x?, R*=0.96 (C) ‘y = 92.363 — 59.9x,

R?=0.91.
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The phytotoxic activity of D. brasiliensis root and
leaf extract fractions was stronger during early
growth than during the germination phases in both
weed species. In general, species with small seeds are
more sensitive to allelochemicals than species with
large seeds (BURGOS; TALBERT, 2000). Weeds
with large seeds tend to be less sensitive to
allelochemicals such as sorgoleone because these
plants can minimize the phytotoxic effects by
decreasing its absorption of the allelochemical, by
translocation or by increasing the metabolic
degradation rate of the phytotoxins (DAYAN, 2006).
In this study, the germination of E. heterophylla was
less sensitive to treatment with the D. brasiliensis
fractions than P. maximum. Seeds of E. heterophylla
are larger than the P. maximum; therefore, we infer
that the seeds of this species are more tolerant to
allelochemicals. However, the seed size does not
completely explain the tolerance of some species
to these compounds. As with commercial
herbicides, the ability of a species to detoxity toxic
compounds may contribute to tolerance
(BURGOS et al., 2004).

The D. brasiliensis tfractions inhibited the seedling
growth of both weed species. In general, the root
was the most sensitive organ, as previously reported
in other studies (GATTTI et al., 2010; GRISI et al,,
2012; INOUIE et al., 2010; SOUZA FILHO et al,,
2010; TEERARAK et al., 2012). Souza Filho and
Duarte (2007) have suggested that inhibition of root
development is one of the main factors that indicate
sensitivity to allelochemicals in a manner that is
independent of the receiver species or the
concentration. This inhibition 1is particularly
important during early seedling development, which
is  characterized by high metabolism and
environmental stress sensitivity (CRUZ-ORTEGA
et al, 1998). Changes in the growth and
development of seedling roots in response to
allelochemicals can be explained by a reduction in
the number of mitotic cells, inhibition of
meristematic cell proliferation, inhibition of the cell
cycle, disintegration of the root cap, increased
diameter of the wvascular cylinder and earlier
lignification of the metaxylem (SANTOS et al,
2008; SOLTYS etal., 2011 ).

Examination of metaxylem cells in E. heterophylla seedlings

The anatomical study of E. heterophylla roots
allowed us to better visualize the phytotoxic effects
of the extracts at the cellular level. The roots grown
in the presence of D. brasiliensis root extract fractions
displayed a more significant reduction in the average
size of the metaxylem cells compared to those
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grown in the presence of leaf extract fractions and
the control solution (Figures 5 and 6).

500 - = Control
0.125 mg mL"

SN () )5 ;g mL-!

400 A

300 A

200 A

Size of metaxylem cells (um)

o
1]
L

0 - e A

Control AcOEt of leaf Hexane of leaf AcOEt of roots Hexane of roots

Figure 5. Average sizes of E. heterophylla root metaxylem cells in
the presence of different concentrations of AcOEt and hexane
fractions obtained from D. brasiliensis leaf and roots extracts
compared to the control. (*)Average differs significantly from
control by the Dunnett test, at a level of significance of 0.05.

Figure 6. Photomicrographs of root metaxylem cells of
E. heterophylla grown in control (A), AcOEt fraction of leaf extract
(B), hexane fraction of leaf extract (C), AcOEt fraction of root
extract (D) and hexane fraction of root extract (E) of
D. brasiliensis, at a concentration of 0.25 mg mL™". Scale = 50 um.

The average size of the control seedling
metaxylem cells was 445.64 um. Seedlings grown in
the presence of root extracts had a statistically
smaller average metaxylem cell size than seedlings in
the control group (more than 50%). The smallest
average cell size (100.20 wm) was observed in
seedlings treated with the hexane fraction of the root
extract at a concentration of 0.25 mg mL™. Values
for the hexane fraction root extract treated seedlings
could not be obtained for the 0.5 mg mL’'
concentration, due to an absence of root growth and
prevention of metaxylem formation (Figure 5).

The hexane fraction from D. brasiliensis root
extract inhibited root growth of seedlings of
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E. heterophylla at a higher level, suggesting that this
inhibitory effect may be associated with a decrease in
metaxylem cell elongation. This result is in
agreement with the results presented by Gatti et al.,
(2010). The authors suggest that allelochemicals
interfere with cell growth and that this reduction in
cell size may be associated with changes in the
concentration of hormones, such as auxins. Auxin is
the major phytohormone controlling cell division,
growth and differentiation (PERROT-
RECHENMANN, 2010) and has a profound
influence on root morphology and growth. Auxin is
also thought to control the differentiation and
growth of the primary vascular root tissues, the
protoxylem and the metaxylem (ALONI et al,
2006). Thus, allelochemicals may interfere with the
action of auxins, resulting in changes in cell growth.

Conjoint analyses for growth bioassay

The conjoint analysis allows for the comparison
of the D. brasiliensis fractions data with the results
obtained using the commercial herbicide. The
AcOEt and hexane root extract fractions equally
inhibited E. heterophylla root growth and displayed
higher inhibitory activity than the commercial
herbicide or leaf extract fractions. In addition, both
root fractions displayed similar inhibitory eftects on
the root growth of P. maximum. However, the
hexane fraction was not significantly different from
the commercial herbicide, demonstrating its ability
to control the growth of this weed (Figure 7A).

The commercial herbicide exerted greater
phytotoxic effects on the shoot growth of weed
species compared to the chemical fractions;
however, the hexane fraction from root extracts
exhibited the highest inhibitory potential for both
species (Figure 7B). Thus, crude D. brasiliensis root
extract fractions, particularly the hexane fraction,
showed higher phytotoxicity towards the growth of
target species than extracts obtained from the leaves.
Previous reports have suggested that toxicity levels
vary depending on the plant organ used during the
extraction. The roots are the major source of
phytotoxins in Bauhinia guianensis and Parkia pendula
species (MOURAO-JUNIOR; SOUZA FILHO,
2010). However, Eragrostis plana (FAVARETTO
et al., 2011) and Eucalyptus sp. (ZHANG et al., 2010)
exhibited greater phytotoxic activity from leaf
extracts. The spectrum of phytotoxic effects
observed after treatment with leaf and root extracts
may be attributable to differences in the
concentrations of diffusible allelochemicals, varied
chemical composition, or differentiated alkalinity
(DORNING;  CIPOLLINI,  2006).  Many
compounds are synthesized in the roots and are
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exuded directly into the environment without being
detected in the aerial parts of the plant. Because of
this specificity of the location of allelochemical
synthesis, many compounds with promising
biological activities have been isolated almost
uniquely in roots (OLIVEROS-BASTIDAS et al.,
2009).

50
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Figure 7. Root (A) and shoot lengths (B) of E. heterophylla and P.
maximum seedlings treated with hexane and AcOEt fractions
obtained from D. brasiliensis root and leaf extracts or a commercial
herbicide. Means followed by the same capital letters within each
species do not differ by tukey’s test at a significance level of 0.05.

The conjoint analysis and the anatomical results
revealed variations in the phytotoxic activity among
D. brasiliensis fractions related to the polarity of the
solvents used in the extraction. For both organs, the
fractions obtained with the solvent n-hexane had
higher levels of inhibitory activity, which suggests
that substances with allelopathic potential present in
D. brasiliensis are nonpolar. Classes of compounds
with low polarity that originated from the extraction
with hexane include the monoterpenes, oxygenated
monoterpenes and  sesquiterpenes, which are
reported to contain high biological activity
(DURAIPANDIYAN et al., 2012; NISHIDA et al.,
2005; ZAPATA et al., 2009). Among the low polarity
compounds that are most abundant in the Drimys
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genus, the drimanes sesquiterpenes are the most
interesting (MALHEIROS et al, 2005;
RODRIGUEZ et al., 2005, ZAPATA ct al., 2009).
This class of compounds has a wide spectrum of
biological activities and appears to play an important
role in plant defense mechanisms (JANSEN;
GROOT, 2004). The high herbicidal potential of
D. brasiliensis observed in the present study may be
associated with the sesquiterpenes compounds.
However, the presence of
particularly in D. brasiliensis roots, needs to be
confirmed. Thus, this research serves as a starting
point for the purification and characterization of the
compounds responsible for the phytotoxic effects
exerted by the hexane fraction of D. brasiliensis root
extract. The identification of these phytotoxins may
contribute to a better understanding of the
allelopathic potential of D. brasiliensis and provide
interesting opportunities for weed management
based on natural products.

sesquiterpenes,

Conclusion

D. brasiliensis  displayed strong phytotoxicity
towards E. heterophylla and P. maximum. The hexane
fraction of the roots showed great potential to
inhibit the parameters measured, particularly weeds
root growth. The inhibitory effects could also be
observed at the cellular level of E. heterophylla roots,
with a decrease of over 50% in metaxylem cell size.
The early growth inhibition effects of the hexane
fraction of root extract were similar to the effects
produced by the commercial herbicide, thus
confirming the potential use of D. brasiliensis in weed
control.

Acknowledgements

The authors would like to thank Mr. Carlos A.
Casali for assistance with plant material collection,
Prof. Roberto G.S. Berlinck (Instituto de Quimica
de Sio Carlos, Universidade de Sio Paulo) for his
help and advice in the preparation of the extracts
from D. brasiliensis and the CAPES for financial
support.

References

ALONI, R. ALONI, E.: LANGHANS, M.;: ULLRICH,
C. I. Role of cytokinin and auxin in shaping root
architecture: regulating vascular differentiation, lateral
root initiation, root apical dominance and root
gravitropism. Annals of Botany, v. 97, n. 5, p. 883-893,
2006.

BRASIL. Ministério da  Agricultura, Pecuiria e
Abastecimento. Regras para analise de sementes.

Anese et al.

Secretaria de Defesa Agropecudria. Brasilia: MAPA/ACS,
20009.

BURGOS, N. R;; TALBERT, R. E; KIM, K. S.; KUK, Y.
I. Growth inhibition and root ultrastructure of cucumber
seedlings exposed to allelochemicals from rye (Secale
cereale). Journal of Chemical Ecology, v. 30, n. 3,
p. 671-689, 2004.

BURGOS, N. R,; TALBERT, R. E. Differential activity
of allelochemicals from Secale cereal in seedling bioassays.
Weed Science, v. 48, n. 3, p. 302-310, 2000.

CORREA, D. S;; TEMPONE, A. G.; REIMAO, J. Q;
TANIWAKI, N. N; ROMOFF, P; FAVERO, O. F;
SARTORELLI, P.; MECCH, M. C.; LAGO, H. G. Anti-
leishmanial and anti-trypanosomal potential of polygodial
isolated from stem barks of Drimys brasiliensis Miers
(Winteraceae). Parasitol Research, v. 109, n. 1, p. 231-236,
2011.

CRUZ-ORTEGA, R.; ANAYA, A. L.; HERNANDEZ-
BAUTISTA, B. E; LAGUNA-HERNANDEZ, G.
Effects of allelochemical stress produced by on seedling
root ultrastructure of Phaseolus vulgaris and Cucurbita
ficifolia. Journal of Chemical Ecology, v. 24, n. 12,
p- 2039-2057, 1998.

COSTA, E. A. D,;; MATALLO, M. B.; CARVALHO, J.
C.; ROZANSKI, A. Eficiéncia de nova formulag¢io do
herbicida oxyfluorfen no controle de plantas daninhas em
drea de Pinus caribea morelet var. hondurensis barr. et Golf.
Revista Arvore, v. 26, 1. 6, p. 683-689, 2002.

DAYAN, F. E. Factors modulating the levels of the
allelochemical sorgoleone in Sorghum bicolor. Planta,
v. 224, 1. 2, p. 339-346, 2006.

DORNING, M.; CIPOLLINI, D. Leaf and root extracts
of the invasive shrub, Lonicera maackii, inhibit seed
germination of three herbs with no autotoxic effects.
Plant Ecolology, v. 184, n. 2, p. 287-296, 2006.
DURAIPANDIYAN, V., AL-HARBI, N. A;
IGNACIMUTHU, S; MUTHUKUMAR, C.
Antimicrobial activity of sesquiterpene lactones isolated
from traditional medicinal plant, Costus speciosus (Koen ex.
Retz.) Sm. BMC Complementary and Alternative
Medicine, v. 12, n. 13, p. 1-6, 2012.

EHRENDORFER, F.; GOTTSBERGER, I S
GOTTSBERGER, G. Variation on the population, racial,
and species level in the primitive relic angiosperm genus
Drimys ~ (Winteraceae) in South America. Plant
Systematics and Evolution, v. 132, n. 1, p. 53-83, 1979.
FAROOQ, M.; ZAHID, K. ].; CHEEMA, A.; WAHID,
A.; SIDDIQUE, K. H. M. The role of allelopathy in
agricultural pest management. Pest Management
Science, v. 67, n. 5, p. 493-506, 2011.

FAVARETTO, F.; SCHEFFER-BASSO, S. M.; FELINI,
V.; ZOCH, A. N.; CARNEIRO, C. M. Growth of white
clover seedlings treated with aqueous extracts of leaf and
root of tough lovegrass. Revista Brasileira Zootecnia,
v. 40, n. 6, p. 1168-1172, 2011.

GATTI, A. B, FERREIRA, A. G.; ARDUIN, M,
PEREZ, S. C. J. G. A. Allelopathic effects of aqueous
extracts of Aristolochia  esperanzae  O. Kuntze on

Acta Scientiarum. Agronomy

Maringd, v. 37, n. 4, p. 505-516, Oct.-Dec, 2015



Phytotoxic potential of Drimys brasiliensis Miers

development of Sesamum indicum L. seedlings. Acta
Boténica Brasilica, v. 24, n. 2, p. 454-461, 2010.
GNIAZDOWSKA, A.; BOGATEK, R. Allelopathic
interactions between plants. Multi site action of
allelochemicals. Acta Physiologiae Plantarum, v. 27,
n. 3, p. 395-407, 2005.

GRISI, P. U.,; RANAL, M. A;; GUALTIERI S. C. J;
SANTANA, D. G. Allelopathic potential of Sapindus
saponaria L. leaves in the control of weeds. Acta
Scientiarum. Agronomy, v. 34, n. 1, p. 1-9, 2012.

HAO, Z. P.; WANG, Q. CHRISTIE, P.; LI, X. L.
Allelopathic potencial of watermelon tissues and root
exudates. Scientia Horticulturae, v. 112, n. 3,
p. 315-320, 2007.

INDERJIT, W. D. A; KARBAN, R;; CALLAWAY, R. M.
The ecosystem and evolutionary contexts of allelopathy.
Trends in Ecology and Evolution, v. 26, n. 12, p. 655-662,
2011.

INOUE, M. H.; SANTANA, D. C.; VILHENA, K. S. S;
SOUZA FILHO, A. P. S.;; GUILHON, G. M. S. P,
POSSAMAL A. C. S.; SILVA, L. E.; DALLACORT, R.
Avalia¢io do potencial alelopitico de substincias isoladas
em sementes de araticum (Annona crassiflora). Planta
Daninha, v. 28, n. 4, p. 735-741, 2010.

JANSEN, B.; GROOT, A. Occurrence, biological activity
and synthesis of drimane sesquiterpenoids. Natural
Product Report, v. 21, n. 4, p. 449-477, 2004.

LAGO, G. H. G;; CARVALHO, L. A. C;; da SILVA, F. S;
TOYAMA, D. O.; FAVERO, O. A.; ROMOFF, P. Chemical
Composition and Anti-Inflammatory Evaluation of Essential
Oils from Leaves and Stem Barks from Drimys brasiliensis
Miers (Winteraceae). Journal of the Brazilian Chemical
Society, v. 21, n. 9, p. 1760-1765, 2010.

KRAUS, J. E; ARDUIN, M. Manual basico de
métodos em morfologia vegetal. Seropédica: EDUR,
1997.

MACIAS, F. A; LACRET, R; VARELA, R;
NOGUEIRAS, C.; MOLINILLO, J. M. G. Isolation and
phtytotoxicity of terpenes from Tectona grandis. Journal of
Chemical Ecology, v. 36, n. 4, p. 396-404, 2010.

MALHEIROS, A.; CECHINEL FILHO, V.; SCHMITT,
C. B;; YUNES, R. A; ESCALANTE, A,; SVETAZ, L
ZACCHINO, S.; MONACHE, F. D. Antifungal activity
of drimane sesquiterpenes from Drimys brasiliensis using
bioassayguided fractionation. Journal of
Pharmaceutical Sciences, v. 8, n. 2, p. 335-339, 2005.

MOURAO-JUNIOR, M.; SOUZA FILHO, A. P. S.
Diferencgas no padrio da atividade alelopética em espécies
da familia leguminosae. Planta Daninha, v. 28, ndmero
especial, p. 939-951, 2010.

NISHIDA, N.; TAMOTSU, S.; NAGATA, N.; SAITO,
C.; SAKAIL, A. Allelopathic effects of volatile
monoterpenoids produced by Salvia leucophylla: Inhibition
of cell proliferation and DNA synthesis in the root apical
meristem of Brassica campestris seedlings. Journal of
Chemical Ecology, v. 31, n. 5, p. 1187-2030, 2005.
OLIVEROS-BASTIDAS, A. J.; MACIAS, F. A,
FERNANDEZ, C. C.; MARIN, D.; MOLINILLO, J. M.

515

G. Exudados dela raiz y su relevancia actual en las
interacciones alelopaticas. Quimica Nova, v. 32, n. 1,
p. 198-213, 2009.

PERROT-RECHENMANN, C. Cellular Responses to
Auxin: Division versus Expansion. Cold Spring Harbor
Perspectives in Biology, v. 2, n. 5, p. 1-15, 2010.

PIMENTEL-GOMES, F. P. Curso de estatistica
experimental. 13. ed. Piracicaba: Nobel, 1990.

RANAL, M. A; SANTANA, D. G. How and why to
measure the germination process? Revista Brasileira de
Botanica, v. 29, n. 1, p. 1-11, 2006.

RANGEL, M.; SANCTIS, B.; FREITAS, ]. C;
POLATTO, J. M.; GRANATO, A. C.; BERLINCK, R. J.
S.; HAJDU, R. Cytotoxic and neurotoxic activities in
extracts of marine sponges Porifera from southeastern
Brazilian coast. Journal of Experimental Marine
Biology and Ecology, v. 262, n. 1, p. 31-40, 2001.
RODRIGUEZ, B.;, ZAPATA, N., MEDINA, P.
VINUELA, E. A complete 'H and "C NMR data
assignment for four drimane sesquiterpenoids isolated
from Drimys winterii. Magnetic Resonance in
Chemistry, v. 43, n. 1, p. 82-84, 2005.

SANTOS, W. D.; FERRARESE, M. L. L.; NAKAMURA,
C. C; MOURAO, K. S. M; MANGOLIN, C. A;
FERRARESE-FILHO, O. Soybean (Glycine max) root
lignification induced by ferulic acid: the possible mode of
action. Journal Chemical Ecology, v. 34, n. 9,
p. 1230-1241, 2008.

SOLTYS, D.; RUDZINSKA-LANGWALD, A.; KUREK,
W.; GNIAZDOWSKA, A. SLIWINSKA, E.; BOGATEK,
R. Cyanamide mode of action during inhibition of onion
(Allium cepa L.) root growth involves disturbances in cell
division and cytoskeleton formation. Planta, v. 234, n. 3,
p. 609-621, 2011.

SOUZA FILHO, A. P. S.;; DUARTE, M. L. R. Atividade
alelopitica do filtrado de cultura produzido por Fusarium
solani. Planta Daninha, v. 25, n. 1, p. 227-230, 2007.

SOUZA FILHO, A. P. S; GURGEL, E. S. C;
QUEIROZ, M. S. M,; SANTOS, J. U. M. Atividade
alelopética de extratos brutos de trés espécies de Copaifera
(Leguminosae-Caesalpinioideac). Planta Daninha, v. 28,
n. 21, p. 743-751, 2010.
TEERARAK, M.; LAOSINWATTANA, (O
CHAROENYING, P; KATO-NOGUCHI, H.
Allelopathic activities of Jasminum officinale f. var.
grandiflorum  (Linn.) Kob.: Inhibition effects on
germination, seed imbibition, and o-amylase activity
induction of Echinochloa crus-galli (L.) Beauv. African
Journal of Biotechnology, v. 11, n. 31, p. 7850-7854,
2012.

TOMAZ, C. A;; MARTINS, C. C,; CARVALHO, L. C;
NAKAGAWA, J. Duragio do teste de germinagio do
capim-tanzinia. Revista Brasileira de Sementes, v. 32,
n. 4, p. 80-87, 2010.

TREZZI, M. M.; PORTES, E. D. S.; SILVA, H. L.
GUSTMAN, M. S,; DA SILVA, R. P.; FRANCHIN, E.
Caracteristicas morfofisiol6gicas de bidtipos de Euphorbia
heterophylla com resisténcia a diferentes mecanismos de

Acta Scientiarum. Agronomy

Maringd, v. 37, n. 4, p. 505-516, Oct.-Dec, 2015



516

a¢io herbicida. Planta Daninha, v. 27, ndmero especial,
p. 1075-1082, 2009.

VERDEGUER, M.; GARCIA-RELLAN, D.; BOIRA, H;
PEREZ, E.; GANDOLFO, S, BLAZQUEZ, M. A
Herbicidal Activity of Peumus boldus and Drimys winterii
Essential Oils from Chile. Molecules, v. 16, n. 1, p. 403-411,
2011.

ZHANG, C,; FU, S. Allelopathic effects of leaf litter and
live roots exudates of Eucalyptus species on crops.
Allelopathy Journal, v. 26, n. 1, p. 91-100, 2010.
ZAPATA, N.; BUDIA, F.; VINUELA, E.; MEDINA, P.
Antifeedant and growth inhibitory effects of extracts and
drimanes of Drimys winteri stem bark against Spodoptera
littoralis  (Lep., Noctuidae). Industrial Crops and
Products, v. 30, n. 1, p. 119-125, 2009.

ZAPATA, N.; VARGAS, M.; MEDINA, P. Actividad
fitotéxica de un extracto n-hexano obtenido de la corteza

Anese et al.

de Drimys winteri sobre cuatro especies de malezas. Planta
Daninha, v. 29, n. 2, p. 323-331, 2011.

WEIR, T. L; PARK, S. W. VIVANCO, J. M.
Biochemical and physiological mechanisms mediated by
allelochemicals. Current Opinion in Plant Biology,
v.7,n. 4, p. 472-479, 2004.

WU, A; YU, H,; GAO, S.; HUANG, C.; HE, W.; MIAO,
S.; DONG, M. Differential belowground allelopathic
effects of leaf and root of Mikania micrantha. Trees, v. 23,
n. 1, p. 11-17, 2009.

Received on December 18, 2012.
Accepted on_June 6, 2013.

License information: This is an open-access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.

Acta Scientiarum. Agronomy

Maringd, v. 37, n. 4, p. 505-516, Oct.-Dec, 2015



