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Abstract: Phytotoxic secondary metabolites produced by plants have been studied as possible
sources of bioherbicides. However, several environmental factors can change the secondary
metabolism of plants and thus, the production of these compounds. Among these factors,
seasonality can cause variations in the content of all classes of secondary metabolites. In this
study, we evaluated the phytotoxic effect of aqueous extracts of leaves from Byrsonima
intermedia, Gochnatia polymorpha, Luehea candicans, Miconia chamissois and Qualea
cordata (species of the Brazilian savanna), collected both during the dry and the rainy season,
on germination and seedling growth of maize and cucumber. The analysed parameters were
affected by all leaf extracts collected during both seasons. However, a greater phytotoxic
effect was observed when leaves were collected during the dry or during the rainy season,
depending on the savanna species studied, on the target species and parameters evaluated. The
phytochemical screening of all extracts was also evaluated and allowed the identification of
anthraquinones, triterpenoids, saponins and tannins. The composition of extracts differed
between the seasons for all species. This study highlights the importance of considering

savanna seasonality when studying the phytotoxicity of the species of this biome.

Key words: allelopathy, Cerrado, phytochemical screening, secondary metabolism, aqueous

extracts.
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Introduction

Bioactive plant compounds are sources for the development of new chemical compounds,
which are important for pharmaceutical, medical and agronomic areas, among others. In
agronomy, phytotoxic bioactive compounds are used as templates for the development of new
natural herbicides that are less toxic to the environment (Duke et al. 2000). The search for
these bioactive compounds has increased the interest in secondary metabolites derived from
chemical communication between organisms (Macias et al. 2008) or those that are responsible
for the protection of plants against other plants, insects and herbivores (Pinto et al. 2002).

Studies have shown that plants submitted to biotic or abiotic stress produce large amounts
of bioactive compounds (Chaves and Escudero 1999; Gobbo-Neto and Lopes 2007). The
Brazilian Cerrado, the largest savanna in South America, is a promising resource in the search
for these bioactive compounds. The Cerrado is one of the most biodiverse vegetation
formations in Brazil, where plants are strongly influenced by limitations of rainfall regime,
high temperatures, high irradiances and nutrient-poor soils with high levels of aluminum
(Franco 2002; Gottsberger and Silberbauer-Gottsberger 2006), and fire (Hoffmann 1996). The
climate of this biome is markedly seasonal, with a dry period from May to September
(Gottsberger and Silberbauer-Gottsberger 2006). Rainfall is concentrated in the summer and
annual precipitation ranges from 800 to about 2,000 mm and the mean annual temperature
ranges from 20 to 26°C (Eiten 1972). Considering the rainfall seasonality of the Cerrado,
water deficit in the surface layers of the soil and a high atmospheric evaporative demand are
key factors for plants that grow there (Sarmiento 1996; Franco 2002; Bucci et al. 2008).
Critical physiological processes such as photosynthesis, reserve mobilisation, resource
allocation patterns and plant growth are affected by water limitation, triggering changes in
plant secondary metabolism (Taiz and Zeiger 2009). Therefore, water limitation can alter the

production of many secondary metabolites, depending on the period in which drought occurs
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and whether it is of short or long duration (Gershenzon 1984; Horner 1990; Jung 2004).
Studies on the phytotoxicity of Cerrado species have increased (Gatti et al. 2004; Silva et al.
2006); however, few studies have focused on seasonality effects of the Cerrado on the
phytotoxic potential of native species (Gatti et al. 2014), which remains poorly understood.
The species selected for this study are abundant in the Cerrado and have biological activity
(Barros et al. 2006) or are used in popular medicine (Carvalho 2003; Stefanello et al. 2006;
Negrelle 2011; Santos et al. 2012). Many medicinal plants have phytotoxic potential (Fujii et
al. 2003; Alves et al. 2011; Silvestre et al. 2013), indicating that these might be good
candidates to be studied among the species that occur in the Cerrado. Thus, we investigated
the phytotoxicity of leaf extracts of five Cerrado species and the effect of seasonality (dry and
rainy season) on their phytotoxic potential. We also did a preliminary assessment of the
composition of secondary metabolites in leaves collected both during the dry and during the

rainy season.

Materials and Methods
Plant materials

Leaves of Byrsonima intermedia A. Juss. (Malpighiaceae), Gochnatia polymorpha
(Less.) Cabrera (Asteraceae), Luchea candicans Mart. (Tiliaceae), Miconia chamissois
Naudin (Melastomataceae), and Qualea cordata Spreng (Vochysiaceae) were collected in
August 2013 (dry season) and April 2014 (rainy season) in the Cerrado at the Ecological
Station of Assis, municipality of Assis, Sdo Paulo state, Brazil (22°33°20” to 22°37°41”’S and
50°24°48” to 50°21°27”W). Leaves of G. polymorpha and L. candicans were collected at the
edge of the cerradio phytophysiognomy, leaves of B. intermedia and Q. cordata were
collected in the cerrado stricto sensu, and leaves of M. chamissois were collected in swampy

areas. The cerraddo is composed of trees up to 15 m high, which form a continuous canopy;

4
https://mc06.manuscriptcentral.com/botany-pubs

Page 4 of 28



Page 5 of 28

Botany

grasses are absent. The cerrado stricto sensu is characterised by shrub vegetation with
scattered trees and a discontinuous canopy cover (Durigan et al. 1999). Leaves were collected
from at least five randomly chosen individuals for each species and in each season. All
individuals were adult, over 15 cm in diameter at breast height (for the tree species G.
polymorpha, L. candicans and Q. cordata) or over 5 cm in diameter at the stem base (for the
shrub species B. intermedia and M. chamissois), and were sampled in the same region with a
minimum distance of 5 m. All individuals were exposed to similar light conditions, and
healthy and completely expanded leaves were collected from the third and fourth nodes. At
least 30 leaves were collected per individual; these were dried in the shade, and ground in a

Wiley mill. Leaf powder was stored in polyethylene containers and kept at 4°C until use.

Preparation of extracts

Extracts were obtained in the ratio of 1:10 w/v (plant material:distilled water), and were
maintained at rest at 4°C for 24 h in the dark (Borghetti et al. 2013). Subsequently, the
extracts were filtered through 14-um porosity qualitative filter paper, from Qualy®. An
aliquot of the extracts was evaporated to dryness and their yields were calculated. The

remainder of the extracts were stored in polyethylene containers and frozen until use.

Physical-chemical characteristics of the extracts
Measurement of pH and its influence on the target species

The pH of the aqueous extracts (ratio of 1:10 w/v) was measured using a pH meter
(TEC-2, Tecnal, Brazil). Toxicity tests with an aqueous solution acidified with 0.1N HCI
were performed to assess the influence of the lowest pH value obtained from the extracts
(3.69, see Table 1) on the parameters of germination and early growth of maize and

cucumber. This analysis is important, because germination and seedling development are
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adversely affected by acidic conditions (Eberlein 1987), which might result in a phytotoxic

effect similar to that of bioactive compounds.

Osmotic potential measurement
The osmotic potential of extracts was determined with an Abbe refractometer, from
osmotic solutions obtained using PEG 6000 (Villela et al. 1991), with osmotic potentials of -

0.001 to -0.01 MPa and was calculated according to equation (1):

y=-3.7765x - 10.237x + 0.195
where: y = Refractive Index in (Brix).
The osmotic potential of extracts was evaluated because it can mimic phytotoxic
effects (Wardle et al. 1992; Ferreira and Aquila 2000); at osmotic potential values more
negative than -0.9 MPa, germination is severely reduced, and at values more negative than -

1.5 MPa, germination is totally inhibited (Eberlein 1987).

Target species

Bioassays were conducted with long green cucumber (Cucumis sativus L.) and double
hybrid maize SHS 4080 (Zea mays L.) to evaluate the phytotoxic potential of extracts on their
germination and early growth. Because phytotoxic effects can be species-dependent (Ferreira
and Aquila 2000), two target species were selected; one eudicot and one monocot,
respectively. Cucumber and maize were selected because they display high, rapid and uniform
germination, rapid early growth, and a high sensitivity that allows effects at low

concentrations of bioactive compounds to be observed (Rice 1979; Ferreira and Aquila 2000).

Germination bioassay
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Experiments were performed in germination boxes (11 x 11 x 3.5 c¢cm), containing two
sheets of wetted filter paper with 10 mL of extracts for bioassays conducted with cucumber
seeds and 15 mL of extracts for bioassays conducted with maize, or distilled water for the
control. Each treatment consisted of five replicates containing 20 seeds of cucumber or maize
(n = 100). Germination boxes were kept in a BOD incubator (Eletrolab, model 102 FC) at
25°C (= 1°C) with a photoperiod of 12 h. Seed counting was performed every 12 h, totalling
96 h for maize seeds and 120 h for cucumber. Seeds were considered to have germinated
when 1 mm of the root protruded. The parameters analysed were germination ability at the
end of the observations (equation 2), the speed of germination (equation 3) and synchrony of
germination (equation 4). A lower germination ability, a slower speed germination and less-
synchronised germination (high values of synchrony) indicate disruptions to the germination

process (Santana et al. 2000).

Eq. 2 G(%) = (N/A) x 100

where: G(%) = the germination percentage; N = the number of germinated seeds; A = the total

number of seeds placed to germinate.

Eq.3 V=14

where: V = the speed of germination (hours ); t = the mean germination time t =
Y.(ni. ti)/Y:ni, with: t;= the incubation time and n; = the number of germinated seeds in time

between two successive observation times (t-1) and (t;)).

Eq. 4 U=-Y[fi.log,(f)]
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where: U = germination synchrony; fi = the relative frequency in time (fi = ni/Y.ni; with: f; =
the relative frequency in time; n; = the number of germinated seeds in time between two

successive observation times (t - 1) and (t;); > .n; = the number of total germinated seeds).

Note that U actually is lack of synchrony, in that the more synchronous the
germination timing, the lower the value of U. The advantage of this metric is that its value is
not influenced by the total number of germinated seeds. Also, note that log of zero is

undefined (Santana and Ranal 2000).

Initial growth bioassay

Bioassays were performed in germination boxes (11 x 11 x 3.5 cm), containing two
sheets of wetted filter paper with 10 mL of extracts or distilled water (control). Each treatment
consisted of three replicates containing 20 germinated seeds (with 2 mm of root protrusion) of
cucumber or maize (n = 60). Germination boxes were kept in a BOD incubator under the
conditions previously described. The bioassays lasted for 96 h for maize seedlings and 120 h
for cucumbers. The parameters analysed were the length of the main root and shoot, and the

number of secondary roots.

Phytochemical screening

Aqueous leaf extracts used for the bioassays were subjected to qualitative
phytochemical screening by chemical reactions, resulting in the development of colour or
precipitate or spume, characteristic for each class of substances. To identify alkaloids, the
Hager, Mayer and Dragendorff reagents were used. Anthraquinones were identified with

NaOH, coumarins with KOH, and steroids and triterpenoids with (CH;CO),0 and H,SO4. To
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identify flavonoids and tannins AICl; and gelatin solution were used, respectively (Matos,

1997).

Statistical analysis

The germination ability, speed of germination, synchrony, length of shoot and primary root
and number of secondary roots were calculated as the mean percentage difference compared
with the negative control (Chung et al. 2001), according to equation (5):

control — extracts

Percentage difference (%) = ] X 100

control

Positive values represent stimulation and negative values represent inhibition in
relation to the control.

The experimental design was completely randomised. The data were tested for
normality of the residuals (Shapiro—Wilk test, p > 0.05) and for the homogeneity of the
variances (Levene or Cochran test, p > 0.05). All statistical tests were performed on absolute
values. Significant differences between treatments were determined using one-way ANOVA
followed by Dunnett’s test (p < 0.05). The data relating to the effect of the extracts and the
seasons were analysed by factorial MANOVA followed by Tukey’s test for the interaction

between factors (p < 0.05).

Results
Yield and physical-chemical characteristics of the extracts

The yield of the extracts ranged from 0.006 to 0.019 g/mL for Q. cordata (for leaves
collected during the rainy season) and M. chamissois (for leaves collected during the dry
season), respectively. The yield of the extracts was higher when the leaves were collected

during the dry season, except for L. candicans (Table 1).
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The pH of distilled water (negative control treatment) was 6.01, whereas the pH of the
extracts ranged from 3.69 to 6.22 (Table 1). The germination and initial growth of the target
species were not affected when tested under the lowest pH value using an acidified aqueous
solution at pH 3.69 (data not shown). The osmotic potential of the extracts ranged from -0.031
to -0.008 MPa (Table 1), values that are not considered in the phytotoxic range (Eberlein

1987).

Activity of extracts and phytochemistry

For the germination and growth of maize and cucumber, the Wilks’ lambda test
showed significance for the leaf extracts, for the seasons and for the interaction between these
two factors (Supplementary Table S1). Considering each parameter evaluated for germination
and growth of the target species, the statistical analyses reported in Supplementary Table S2
and S3, respectively, showed that significant differences exist among the leaf extracts,
between seasons when the samples were collected, and in the interaction between these two
factors, except for germination synchronism.

Extracts of B. intermedia decreased the speed of germination and the germination
synchrony only for cucumber compared with the control. However, there were no significant
differences in effects on germination by leaf extracts collected during different seasons (Table
2). In contrast, all seedling growth parameters were lower after treatment with these B.
intermedia extracts compared to the control, except for maize shoot length (Table 3). The B.
intermedia leaf extract obtained during the dry season was more phytotoxic to maize growth
parameters than that obtained during the rainy season; for cucumber growth, the most
phytotoxic leaf extract was that obtained during the rainy season (Table 3). The extract of B.

intermedia contained a higher concentration of tannins and of triterpenoids in the dry season.
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Anthraquinones were found only in samples collected during the dry season, whereas
saponins were found only in samples collected during the rainy season (Table 4).

For G. polymorpha, only the leaf extract obtained during the rainy season inhibited
germination, and reduced maize germination ability and the speed of germination of both
target species compared with the control (Table 2). All growth parameters studied were lower
following treatment with G. polymorpha extracts compared with the control; except for
cucumber shoot length that was enhanced after treatment with leaf extract obtained during the
rainy season. In general, the leaf extract obtained during the dry season was more phytotoxic
to seedlings than that obtained during the rainy season (Table 3). This may correlate to higher
concentrations of anthraquinones and triterpenoids in extracts of G. polymorpha in samples
collected during the dry season than in those collected during the rainy season (Table 4).

The leaf extract of L. candicans obtained during the rainy season decreased the
germination ability of both target species; this extract also decreased the speed of germination
and the germination synchrony of cucumber compared with the control (Table 2).
Furthermore, the main root of maize was longer when treated with L. candicans extract
obtained during the rainy season, whereas its shoot was longer following treatment with the
extract obtained during the dry season compared with the control (Table 3). The main root of
cucumber did not grow as much, and had fewer secondary roots than in the control following
treatment with either the extract obtained during the dry season or the rainy season (Table 3).
The extracts of L. candicans contained saponins and tannins in samples collected during both
seasons and had a higher concentration of triterpenoids in samples collected during the rainy
season (Table 4).

The only effect observed for the M. chamissois extracts on germination was a
reduction in the speed of germination of cucumber, in comparison with the control, for the

leaf extract obtained during the rainy season (Table 2). In contrast, the extracts of M.
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chamissois caused a reduction in all the growth parameters studied; however, maize shoots
were longer when treated with the extract obtained during the rainy season (Table 3). The M.
chamissois leaf extract obtained during the dry season was more phytotoxic to all growth
parameters than the extract obtained during the rainy season (Table 3). This may correlate to
higher concentration of triterpenoids and tannins in samples collected during the dry season
than in those collected during the rainy season (Table 4).

The extracts of Q. cordata did not affect germination compared to the control (Table
2); however, they caused a reduction in most of the growth parameters of the target species
compared with the control (Table 3). The leaf extract of Q. cordata obtained during the dry
season was more phytotoxic than that obtained during the rainy season (Table 3). This may
correlate to higher concentration of saponins and tannins in samples collected during the dry

season than that obtained during the rainy season (Table 4).

Discussion

The pH and osmotic potential of the evaluated extracts per se were not responsible for
the observed effects on germination and seedling growth; therefore, the bioassays confirmed
that the Cerrado species B. intermedia, G. polymorpha, L. candicans, M. chamissois, and Q.
cordata are phytotoxic plants. Phytotoxic effects on seeds were observed for most extracts.
The decrease in germination ability and the speed of germination, and less synchronised
germination indicate disruption of the chemical reactions in the germination process of these
seeds (Santana et al. 2006). However, in general, the phytotoxic effects were more
pronounced on seedling growth than on germination, corroborating the results of other studies
(Ferreira and Aquila 2000; Silvestre et al. 2013).

The effect of secondary metabolites on germination and seedling growth remains

unclear. The effect of these metabolites in germination appears to be mediated mainly by the
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disruption of normal cell metabolism and via the mobilisation of reserves, which usually
occurs rapidly during the early stages of germination (Gniazdowska and Bogatek 2005). The
effects of secondary compounds on seedling growth are diverse and can affect different
physiological processes, such as cell division (Silva et al. 2014), photosynthesis (Qian et al.
2009) and respiration (Hejl and Koster 2004; Mushtaq et al. 2013).

The differences in the effects of leaf extracts collected during the dry and rainy
seasons of all studied species indicate that seasonality influences the phytotoxicity. Plants
usually show a higher phytotoxic potential in the dry season as a result of water stress
(Gobbo-Neto and Lopes 2007; Gatti et al. 2014). We observed that a higher phytotoxic
potential related to seasonality in Cerrado plants differs, depending on the stage of the target
plant life cycle evaluated. For instance, leaf extracts of G. polymorpha and M. chamissois
obtained during the rainy season were generally more phytotoxic during germination, whereas
the leaf extracts from the dry season of these same species were more phytotoxic to growth
parameters. Considering that germination occurs during the rainy season for most Cerrado
species (Ranal et al. 2010) and that growth inhibition may hamper the seedlings establishment
(Allem et al. 2014), these anti-germination effects in the rainy season and anti-growth effects
in the dry season seem to be an optimized strategy to reduce competition under natural
conditions in this environment. However, the significant interaction between the different leaf
extracts and seasons may at least partially explain the lack of consistent trend across species
evaluated.

The effects observed in bioassays of phytotoxicity are the result of different chemical
compounds or of different concentrations of these compounds in plants. The phytochemical
screenings of the Cerrado plants studied were positive for three or four chemical classes,
depending on the species. Some of these chemical classes have been previously reported for

these same species, confirming some of our findings: tannins for B. infermedia (Sannomiya et
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al. 2007) and triterpenoids for G. polymorpha (Farias et al. 1984) and for L. candicans (Silva
et al. 2012). Previous phytochemical studies of the genus Miconia revealed the presence of
some chemical classes in common with the chemical constituents encountered for M.
chamissois: triterpenoids (Peixoto et al. 2011), tannins and saponins (Gorla and Perez 1997).
This reinforces our findings for the species M. chamissois.

Considering all of the species studied, together, there were no clear trends in the
seasonality of different compounds; however, the phytochemical analysis suggested a higher
concentration of tannins in leaf extracts obtained during the dry season compared to those
obtained during the rainy season. Triterpenoids were detected for all five species in leaf
extracts obtained both during dry and rainy season; saponins were also detected in all species
studied, but not always in the leaf extracts from both seasons. Because extracts did not
contain steroids but did contain triterpenoids, the saponins detected in extracts are probably
triterpenic. Considering that the leaf extracts of all Cerrado species studied either from both
the dry season and the rainy season are phytotoxic, saponins and triterpenoids are good
candidates to be potential phytotoxic compounds. Saponins and triterpenoids are recognised
as biologically active compounds that affect germination and seedling growth. It has been
suggested that saponins reduce the respiratory rate of cotton seeds due to the reduced
availability of oxygen diffusion through the integument, which inhibits germination
(Marchaim et al. 1974). Several saponins that have been isolated and characterised from other
species inhibit the shoot elongation (Scognamiglio et al. 2012) or radicle growth (Hernandez-
Carlos et al. 2011) of plants. It has been proposed that the inhibitory effect of saponins is
related to the formation of high-molecular-weight matrices around the radicle, which prevents
water uptake by the plant (Waller et al. 1999). Triterpenoids also act as inhibitors of lettuce
germination (Martins et al. 2010). In addition, triterpenoids can inhibit the root growth of

Echinochloa crus-galli, Amaranthus hypochondriacus and lettuce (Gonzalez-Coloma et al.
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2011) and stimulate seedling growth in some crop species (Macias et al. 1997), but the
mechanism of action of these compounds remains unknown.

Besides considering the effect of seasonality on the phytotoxicity of species, studies
that seek to identify bioactive compounds must evaluate different target species, because
these can not only exhibit differences in sensitivity (Ferreira and Aquila 2000), but also
antagonistic responses. In this study, extracts of L. candicans from samples collected during
both seasons favoured the growth of maize and inhibited the growth of cucumber seedlings.
Therefore, these extracts contain potential compounds with which to formulate both
biofertilizers and selective post-emergent bioherbicides. Extracts of L. candicans obtained
during the rainy season also contain potential compounds for the formulation of pre-emergent
herbicides. Extracts of B. intermedia from both seasons and extracts of G. polymorpha, M.
chamissois and Q. cordata from the dry season are good candidates for identifying
compounds with a post-emergent herbicide action. Moreover, G. polymorpha extracts, mainly
the extract from the rainy season, contain potential compounds that can be used to formulate
pre-emergent herbicides. Seedlings of cucumber and maize treated with extracts of G.
polymorpha and M. chamissois, respectively, obtained during the rainy season, showed longer
shoots than the control; however, in these specific cases, this effect might have resulted from
a change in the allocation pattern instead of a direct positive affect of the extracts, since the
seedlings had longer shoots, although their roots were not as long as the control roots.

In conclusion, this study shows that aqueous extracts of leaves of B. intermedia, G.
polymorpha, Q. cordata, L. candicans, and M. chamissois possess phytotoxic potential. Their
phytotoxic effect, as well as the amount and composition of their secondary metabolites,
differ seasonally, probably playing a role in the community ecology of the Cerrado system.

Additional research is required to clarify the seasonal regulation of the secondary metabolites
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and exactly how they are involved in the observed phytotoxic effects, to evaluate them better

as potential new sources of bioherbicides.
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Table 1. Yield and physical-chemical characteristics of leaf extracts of Cerrado species
obtained during the dry and rainy season.

Season

Parameter Extracts Dry Rainy
Byrsonima intermedia 0.016 0.011

Gochnatia polymorpha 0.012 0.007

Yield Luehea candicans 0.005 0.008
(g/mL) Miconia chamissois 0.019 0.012
Qualea cordata 0.012 0.006

Byrsonima intermedia 4.72 4.98

Gochnatia polymorpha 5.59 6.22

pH Luehea candicans 5.47 5.75
Miconia chamissois 3.93 4.48

Qualea cordata 3.69 4.09
Byrsonima intermedia -0.025 -0.022
Osmotic potential Gochnatia pqumorpha -0.008 -0.008
(MPa) Lu.ehecfr candlcqns . -0.011 -0.011
Miconia chamissois -0.031 -0.008
Qualea cordata -0.025 -0.011
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Table 2. Effect of seasonality on the phytotoxicity of leaf extracts of the studied species on the germination of maize and cucumber. Data are
presented as the mean percentage difference compared with the negative control (= 100%) + standard deviation. Absolute values for the negative
control of maize: G = 94.00+6.52%, V = 0.02+0.00 h™', and U = 1.66+0.12 bits. Absolute values for the negative control of cucumber: G =
99.00+2.24%, V= 0.03£0.00 h™', and U = 1.34+0.27 bits.

Maize Cucumber
Parameter Extract : -
Dry season Rainy season Dry season Rainy season

Byrsonima intermedia -6.0£5.7 (ab) -11.0 £ 11.9 (abc) -1.0+4.5 (ab) -3.0£4.5 (ab)
Gochnatia polymorpha -26.0 £ 22.8 (abc) -36.0 = 11.5 (bc*) -1.0 £ 4.5 (ab) -4.0 £4.2 (ab)

G (%) Luehea candicans 0.0+2.2 (a) -42.0 £31.9 (c*) 1.0 + 0.0 (ab) -7.0 £8.9 (b*)
Miconia chamissois -2.0+6.1(a) -8.0 £ 8.9 (ab) 3.0+£2.2 (a) -2.0£2.7 (ab)
Qualea cordata -14.0 £ 12.9 (abc) -8.0 £ 8.2 (ab) -5.0+£ 5.0 (ab) 0.0 £ 0.0 (ab)
Byrsonima intermedia -12.8 + 8.1 (abc) -4.9 £ 4.6 (abc) -17.1 £ 5.6 (abcd*) -30.1 5.2 (d%)
Gochnatia polymorpha -18.4 £ 10.3 (abd) -19.8 £ 6.3 (bd*) -6.2+8.2 (a) -23.2 £ 8.7 (bed*)

V (%) Luehea candicans 1.4 +8.4 (c*) -8.3 9.1 (abc) -8.9 4+ 12.5 (ab) -26.1 £ 9.3 (cd*)
Miconia chamissois -18.8 £ 3.7 (abd) -3.7+4.3 (ac) -13.4 + 6.3 (abc) -19.2 £ 6.5 (abed*)
Qualea cordata -32.3+£9.5(d) -9.0 £ 7.5 (abc) -18.2 £ 6.5 (abed) -10.8 £ 5.6 (abc)
Byrsonima intermedia 29.8+12.8 -6.9+7.7 23.7+14.1 68.0 £32.4 (%)
Gochnatia polymorpha 148+17.2 16.9+£19.0 57.4+57.5 51.8+27.1

U (%) Luehea candicans 28.9+23.9 -23.1+£46.5 63.7+49.3 60.4 +21.7 (%)
Miconia chamissois 553+£275 324+124 324+79 24.5+3.9
Qualea cordata 520+334 45+26.2 58.0+223 17.6 £17.3

Note: G — germinability, V — speed of germination, U — synchronism. *Significant difference between the negative control and the treated
according to ANOVA and Dunnett’s test. Significant differences among treatments for maize or cucumber are indicated by different letters
according to factorial MANOVA and Tukey’s test for the interaction between factors (p<<0.05). All statistical tests were performed on absolute

values.
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Table 3. Effect of seasonality on the phytotoxicity of leaf extracts of the studied species on growth of maize and cucumber seedlings. Data are
presented as the mean percentage difference compared with the negative control (= 100%) + standard deviation. Absolute values for the negative
control of maize: main root length = 3.89+0.90 cm, shoot length = 1.3040.33 cm, and secondary roots number = 3.18+0.44. Absolute values for
the negative control of cucumber: main root length = 8.64+1.67 cm, shoot length = 2.05+0.32 cm, and secondary roots number = 17.38+3.81.

Maize Cucumber
Parameter Extract - -
Dry season Rainy season Dry season Rainy season
Byrsonima intermedia -71.1 £15.8 (a%*) -66.4 £19.3 (ab%*) -93.1 £2.5 (a%) -94.4 +£3.5 (a*)
Mainroot  Gochnatia polymorpha ~ -51.7+12.8 (bd*)  -12.0£17.2 (c*) TJLS5+111(e%)  -42.3+11.9 (d*)
length Luehea candicans 78.3+39.4 (e) 27.4 +34.2 (f¥%) -57.5+£12.5 (b*) -63.2 + 8.0 (¢*)
(%) Miconia chamissois -62.5 £ 19.9 (ab*) -14.0 £37.4 (c*) -90.9 £ 5.3 (a¥) -58.7 £10.7 (bc*)
Qualea cordata -69.0 £ 12.7 (a*) -39.0 £27.2 (d*) -93.2 £3.1 (a%) -93.4+£29 (a*)
Byrsonima intermedia -19.4 £19.4 (cf) 20.1 £22.3 (b) -21.4 £23.0 (bc*) -48.3 £22.2 (de*)
Gochnatia polymorpha -2.0 £24.4 (ef*) 11.7 £17.6 (be) -21.1 £25.4 (bc*) 41.6 £39.1 (f*)
ShOOtO length /. ehea candicans 522 +£47.2 (a%) 40.9 +39.1 (ad) 6.6+ 433 (a) -5.1 4 34.5 (ab)
(%0) Miconia chamissois -22.0+20.0 (¢) 57.0 £26.5 (a*) -61.4 £8.5 (d%) 2.0+ 18.9 (a)
Qualea cordata -29.1+18.2 (¢) 27.6 £29.7 (bd) -56.7 £ 15.7 (d*) -36.9 £16.2 (ce*)
Byrsonima intermedia -34.9 £ 45.8 (d*) -6.0 £ 41.8 (bc*) -71.3 £14.4 (bd*) -65.9 £ 17.9 (d*)
Secondary  Gochnatia polymorpha -11.2+26.0 (¢) 7.6 £23.9 (abc) -40.4 £20.1 (a*) -39.4+16.2 (a*)
roots Luehea candicans 24.1+£23.1(a) 18.8+19.2 (a) -33.8+16.3 (a*) -41.1 £ 13.6 (a*)

number (%)

Miconia chamissois
Qualea cordata

157.3£42.9 (%)
-44.7 + 40.1 (de*)

19.6 £ 19.6 (a)
9.8 +32.1 (ab)

-84.3 + 15.4 (c¥)
-77.1 % 13.1 (be*)

0.0 +22.7 (%)
-79.3 +17.9 (bc*)

Note: *Significant difference between the negative control and the treated according to ANOVA and Dunnett’s test. Significant differences
among treatments for maize or cucumber are indicated by different letters according to factorial MANOVA and Tukey’s test for the interaction
between factors (p<0.05). All statistical tests were performed on absolute values.
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Table 4. Phytochemical screening of leaf extracts of Byrsonima intermedia (EB), Gochnatia
polymorpha (EG), Luehea candicans (EL), Miconia chamissois (EM) and Qualea cordata (EQ)
obtained during the dry season (DS) and the rainy season (RS).

EB EG EL EM EQ
DS RS DS RS DS RS DS RS DS RS

Chemical test

Alkaloids* - - - - _ i i _ _ _
Anthraquinones + - +HH o+ - - +  ++ - +
Coumarins - - - - - - - - - -
Steroids - - - - - - - - - -
Triterpenoids =+ o+ A+ + + o+
Flavonoids - - - - - - - - - -
Saponins - +H o+ + o+ - ++ o+
Tannins +=+ o+ - - + + 4+ o+ o+

Note: “- represents a negative test (absence of characteristic colours, precipitate (for the
tannin test) or spume (for the saponins test), “+” represents a weakly positive test (the
presence of characteristic and soft colours, precipitate (for the tannin test) or spume (for the
saponins test) paucity), and “++” represents a strongly positive test (the presence of
characteristic and striking colours, precipitate (for the tannin test) or spume (for the saponins
test) in abundance). *Tested using the reagents of Dragendorff, Hager and Mayer.
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