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ABSTRACT: This study aimed to identify the main groups of secondary compounds from Crambe 

abyssinica and evaluate the bioactivity of the hexane, ethyl acetate and methanol extracts on the seed 
germination and seedling development of tomato, wild poinsettia, hairy beggartick and soybean. The 
phytochemical screening considered the presence or absence of total saponins, triterpenoids, flavonoids, 
coumarins, tannins, phenols and alkaloids. In the seeds it was evaluated: germination percentage, germination 
velocity index, average germination time, index of allelopathic effects, shoot and root length and seedlings dry 
matter. In the phytochemical screening it was observed that each solvent extracted different compounds. 
Flavonoids were found only in the ethyl acetate extract and saponin only in the methanol extract. A high 
allelopathic effect of hexane, ethyl acetate and methanolic extracts of crambe on the bio-indicator species 
tomato was observed. The hexane and ethyl acetate extracts also showed inhibitory effect on the weed hairy 
beggartick and did not present negative effects on soybean. There is the possibility of isolating the bio-active 
compounds of crambe and use them as a bio-herbicide to the alternative control of the weed hairy beggartick.  
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INTRODUCTION 
 
Plants have the ability to produce chemical 

substances which can contribute to their survival 
besides developing defense mechanisms in their 
environment. These substances are bioactive 
metabolites, called allelochemicals, they derive 
from the secondary metabolism. Some 
allelochemicals are very specific and restricted to 
certain species or group of related species and, they 
can be divided into three main groups: terpenes, 
phenolic compounds and nitrogen compounds 
(TAIZ; ZEIGER, 2013). 

These allelopathic substances can cause 
positive and negative effects on other plants. Such 
effects include delay or inhibition on seeds 
germination, paralyzed growth, damages to the root 
system, chlorosis, withering and plant death 
(EINHELLIG, 1986; CORREIA et al., 2005; TAIZ; 
ZEIGER, 2013). Usually, these substances are water 
soluble, highlighting the saponins, tannins, 
alkaloids, terpenoids and flavonoids, which are 

released directly into the environment through 
leaching, root exudates, volatilization and plant 
residue decomposition (ALVES et al., 2004).  

The recognition of the secondary 
metabolites biological properties has fuelled the 
search for new drugs, antibiotics, insecticides and 
herbicides (MACEDO JUNIOR, 2007). The starting 
point for obtaining these alternative compounds is 
the preliminary approach, since besides facilitating 
the material choice to be studied, it allows the 
possibility to adapt to the isolation and fractionation 
technique, and characterization of pure substances, 
according to the nature of the constituents 
previously detected, easing the subsequent work of 
the more interesting constituents (MATOS, 2009).   

Another aspect to be mentioned is that 
plants from the Family Brassicaceae produce 
secondary metabolites which can be agriculturally 
relevant, because they can be used in the alternative 
control of weeds. According to Weih et al. (2008), 
the possibility of using allelopathic activity as an 
alternative to the chemical control in order to 
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suppress weeds should be acknowledged. Thus, 
Jabran et al. (2015) highlight that allelopathy can be 
an important tool to fight the challenges around 
environmental pollution, and the development of 
herbicide resistance. 

In a study by Onyilagha et al. (2003), C. 

abyssinica presented flavones (quercetin, luteolin 
and apigenin). As reported by Borges et al. (2012), 
in the forage radish (Raphanus sativus L.), which 
belongs to the same family as the crambe (Crambe 

abyssinica), flavonoids and triterpenes were already 
found. The crambe is an oleaginous species, from 
the family Brassicaceae, cultivated for the purpose 
of oil extraction to produce biodiesel. It presents 
between 1.000 and 1.500 kg ha-1 of productivity and 
25 liters of oil yield for each 100 kg of grains, which 
presents approximately 38% of oil content 
(FALASCA et al., 2010; PITOL; BROCH; 
ROSCOE, 2010). It is a good alternative as an 
Autumn/Winter culture, producing soil cover and 
establishing a direct planting system in the South 
and Central-West of Brazil, since it can be 
characterized as resistant to water deficit, low 
temperatures and it also enables crop rotation and 
the succession of other cultures, highlighting the 
soybean culture in the South and Central regions of 
Brazil (PITOL; BROCH; ROSCOE, 2010; 
CONCENÇO et al., 2012).  

There are several studies about the 
importance of allelopathy for the management of 
weeds. Some cultivated species such as cereal rye, 
sorghum, rice, sunflower, colza and wheat were 
documented as crops with important allelopathic 
potential to eliminate weeds in field conditions. 
Besides, the use of plants from crop rotations can 
suppress weeds in the cultures (JABRAN et al., 
2015). 

Considering the hypothesis that plants 
extracts used in crop rotation system can inhibit the 
germination and growth of weeds, due the presence 
of allelopathic compounds, when evaluated in 
laboratory conditions, the aim of this study was to 
identify the main groups of secondary compounds 
present on crambe (Crambe abyssinica) and 
evaluate the effect of hexane, ethyl acetate and 
methanolic extracts on seeds germination and 
seedlings growth of the bioindicator tomato 
(Solanum lycopersicum), the weeds wild poinsettia 
(Euphorbia heterophylla) and hairy beggartick 
(Bidens pilosa) and the cultivated plant soybean 
(Glycine max).  

 
MATERIAL AND METHODS 
 
Cultivation and plant material processing  

The crambe (FMS brilhante cultivar) was 
cultivated from May to July 2014, in an agriculture 
area of the municipality of Cascavel - PR, 700 m 
height, between latitudes 24°56’25.39” S; 
24°56’45.39” S and longitudes 53°30'9.89" O; 
53°31'17.01" O. The climate is considered Cfa 
(subtropical climate), according to Koeppen (1948), 
with an average annual rainfall superior to 1800 
mm, without a well-defined dry season and with the 
possibility of frosts during winter. The soil is 
classified as Eutroferric Red Latosol (EMBRAPA, 
2013). The daily rainfall and average daily 
temperature (ºC) of planting until flowering are 
presented on Figure 1. The weather conditions were 
favorable for the proper crop development 
according to Pitol, Broch end Roscoe (2010) 
recommendations. The average temperature during 
the cultivation period was 22°C, since neither 
negative temperatures nor critic periods of water 
deficit happened. 

 

 
Figure 1. Daily rainfall (mm) and average daily temperature (ºC) during Crambe abyssinica cultivation, from 

May to July 2014. Data obtained from the SIMEPAR meteorological station. 
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The crambe shoot was collected at the 
flowering phase and it was dried in a forced 
ventilation oven at 40°C for 72 h.  After this, the dry 
material was milled on Willey Cutting Mill, STAR 
FT-50 model, using a sieve mesh of 30 mm, and it 
was stored in plastic bags away from light and 
humidity and kept under environment temperature. 
The biomass was used for the exhaustive extraction 
in order to obtain the extracts for the posterior 
phytochemical analysis and also in the germination 
and seedlings growth bioassays. 

 
Exhaustive extraction and extracts obtainment 

The dry and milled crambe material was 
submitted to successive extraction with solvents of 
growing polarity in the Plant Physiology laboratory 

at Western Parana State University - UNIOESTE. 
The process began with hexane, going to ethyl 
acetate and ending with methanol (two extractions 
for each solvent), which resulted, respectively, in 
the hexane, ethyl acetate and methanolic extracts. 
Each solution was filtered and concentrated under 
reduced pressure, using the rotary evaporator 
Tecnal, model TE 211, obtaining then the 
respectively crude extracts. The extraction was 
performed during six days, according to Souza Filho 
et al. (2005) and Ripardo Filho et al. (2012).  

The amount of plant material, solvents, 
extract and yield obtained are described on Table 1. 
The ethyl acetate provided a greater amount of 
extract (24.56 g) and, therefore, a greater yield (1.23 
%).  

 
Table 1. Amount of plant material milled, amount of solvent used, extract obtained and yield for the three 

extracts of Crambe abyssinica.  
  Solvent 
  Hexane Ethyl acetate Methanol 
Amount of crambe milled (Kg) 2 2 2 
Amount of solvent (L) 15 13 13 
Extract obtained(g) 11,19 24,52 10,95 
Yield (%) 0,56 1,23 0,55 
 
Phytochemical screening  

The phytochemical screening or 
phytochemical research identifies the main groups 
of substances which compose a plant extract. It is a 
qualitative test which through staining reagents or 
precipitation reveals the presence or absence of 
secondary metabolites in the sample (BESSA et al., 
2013).  

The research in the hexane, ethyl acetate 
and methanolic extracts of crambe, obtained in the 
exhaustive extraction, was performed following 
Matos (2009) and Paracampo (2011) methodology, 
for the compounds: saponins, pentacyclic 
triterpenoids, free steroids, flavonoids 
(flavones/xanthones), coumarins, tannins, phenols 
and alkaloids.  

 
Germination bioassay 

The extracts obtained in the exhaustive 
extraction were submitted to evaluation regarding 
the ability to inhibit seed germination. The bioassay 
was developed in sprouting cameras, under 
controlled conditions of 25 °C of constant 
temperature and 12 hours of photoperiod. The 
weeds seeds were collected in an agricultural area in 
the municipality of Cascavel - PR, between January 
and March of 2015. The tomato and soybean seeds 
were acquired in the local market.   

The extracts were used in the 1% 
concentration, mass/volume relationship (g/mL), in 
all the tested species. Each crude extract (hexane, 
ethyl acetate and methanolic) was dissolved in their 
respective solvent, following the adapted 
methodology of Souza Filho et al. (2010).  

For the tomato, wild poinsettia and hairy 
beggartick, because they are considered small, the 
methodology of Souza Filho et al. (2010) and 
Ripardo Filho (2012) was used. In petri dishes, 3 
mL of extract were applied on two sheets of 
qualitative filter paper. The complete evaporation of 
the solvent lasted 24 hours and only then the filter 
paper was soaked with distilled water (3 mL). For 
the soybean seeds paper rolls were used as substrate 
to germination, soaked in the proportion of two 
times and half the paper weight, following the 
methodology of BRASIL (2009). 

25 seeds of each species were sown: tomato 
(bioindicator), wild poinsettia and hairy beggartick 
(weeds) and soybean (cultivated) were sowed. For 
all the species a negative control (containing only 
water) and a positive control (containing the 
commercial herbicide atrazine) were used. Every 
treatment and control had four repetitions. 

The positive control was performed with the 
commercial herbicide atrazine 500 g L-1 (50% m/v). 
The solution was prepared according to the 
recommendations of use (4 kg.i.a.ha-1), considering 
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the area of the petri dishes used. According to the 
Ministry of Agriculture, Livestock, and Supply this 
herbicide is presented in the form of concentrated 
suspension, efficient in the control of most of the 
annual weeds, for the pre-emergence control 
application as well as for the post-emergence. 

The germination was monitored during 
eight days. For all the species, seeds were only 
considered germinated when they presented primary 
root with at least 2.00 mm (JUNTILA, 1976, 
DURAM; TORTOSA, 1985). The counting of 
germinated seeds was performed from the first day 
after the first germinated seed, until the seedlings 
number was stabilized, following the methodology 
described by Nakagawa (1999). 

The germination percentage (BRASIL, 
2009), germination velocity index (GVI) 
(MAGUIRE, 1962) and average germination time 
(AGT) were calculated (EDMOND; DRAPALLA, 
1958; LABOURIAU, 1983).   

From the germination data, the allelopathic 
effect index (AI) was also calculated according to 
Gao et al. (2009) by the following equation:   

.                    (Equation 01) 

In which: C = control germination velocity 
and T = treatment germination velocity.  is a 
qualitative index, given that negative values indicate 
inhibitory activity while positive values indicate 
stimulant activity. For this the germination velocity 
was calculated according to Gao et al. (2009):  

Germination velocity (%) = 
.                               (Equation 02) 

being: Gt = number of daily seeds 
germinated of treatment Gc= number of daily seeds 
germinated of control D = number of corresponding 
days.   

 
Bioassay of seedlings growth 

The bioassay of seedlings growth was 
performed in the same conditions as the germination 
test. However, 10 pre-germinated seedlings of each 
species were used. Seeds of tomato, wild poinsettia 
and hairy beggartick were placed in petri dishes 
covered with two sheets of qualitative filter paper 
soaked with 3 mL of distilled water. After two days 
they were transferred to petri dishes containing each 
treatment (distilled water (negative control); 
commercial herbicide (positive control); hexane 
extract 1%; ethyl acetate extract 1% and methanolic 
extract 1%), using the methodology proposed by 
Souza Filho et al. (2010) and Ripardo Filho (2012). 
For the cultivated species (soybean) paper rolls were 
used as substrate (BRASIL, 2009).  

After eight days, root and shoot length (cm) 
were evaluated. Next, the plants were taken to the 
oven at 65 °C until reaching a constant weight, for 
the dry matter (g) determination. 

 
Experimental design and data analysis  

The experimental design was completely 
randomized (CRD) with five treatments, which were 
composed by: distilled water (negative control); 
commercial herbicide (positive control); hexane 
extract 1%; ethyl acetate extract 1% and methanolic 
extract 1%. These were applied on seeds of tomato 
(bioindicator), wild poinsettia and hairy beggartick 
(weeds) and soybean (cultivated plant). Each 
treatment had four repetitions.  

For each variable, descriptive analysis and 
the evaluation of the suppositions associated to the 
statistical model were performed, considering the 
normality test (Shapiro-Wilk test), and the variance 
homoscedasticity (Bartlett's test). In addition, the 
analysis of variance (ANOVA) was made and the 
treatments were compared with every control by the 
Dunnett test.  

For the variables which the data did not 
meet the statistical model suppositions (absence of 
normality and/or variances heterogeneity) the 
Kruskal-Wallis test (non-parametric alternative for 
the ANOVA as a factor) was used. These treatments 
were compared with every control through the 
Wilcoxon test (test similar to Dunnett).   

The statistical analyses were performed 
through the free software R 3.2.1 (R 
DEVELOPMENT CORE TEAM, 2015). In all the 
hypothesis tests performed, 5% of significance was 
considered.  

 
RESULTS AND DISCUSSION 

 
Phytochemical Screening  

The chemical prospection or phytochemical 
screening indicated the presence of saponin, 
pentacyclic triterpenoids, free steroids, flavonoids 
and tannins. Coumarins, phenols and alkaloids were 
not found (Table 2). In forage raddish (Raphanus 

sativus L.), belonging to the same family as the 
crambe (Brassicaceae), triterpenes and flavonoids, 
as reported by Borges et al. (2012). 

According to Matos (2009), the preliminary 
prospection of natural products has as immediate 
goals clarify and record the resulting constituents 
from the secondary metabolism of the plants, and 
also discover substances of economic interest, 
compounds which can be precursors for the 
synthesis of substances of interest. 
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Table 2. Phytochemical screening of crambe extracts obtained through exhaustive and successive extraction. 
Cascavel - PR, 2015. 

Compound 
Solvent 
Hexane Ethyl acetate Methanol 

Saponin -- -- + 
Pentacyclic triterpenoids + -- + 
Free steroids  + + + 
Flavonoids (flavones/xanthones) -- + -- 
Coumarins -- -- -- 
Tannins -- + + 
Phenols -- -- -- 
Alkaloids -- -- -- 

 
The absence of phenolic compounds can be 

explained due the fact that the crambe is cultivated 
in the winter, and, since short days provide less 
insolation this may not induce the plant to produce 
such secondary compound. Rice (1984) noticed that 
longer days enhance the concentration of phenolic 
acids and terpenes in several plant species.  

In the hexane extract, the presence of 
pentacyclic triterpenoids and free steroids was 
observed. In the ethyl acetate extract, however, the 
presence of free steroids, tannins and flavonoids 
(flavones/xanthones) was noticed. In the methanolic 
extract it was verified the greater number of 
compounds: saponin, pentacyclic triterpenoids, free 
steroids and tannins (Table 2).   

The terpenes, terpenoids or isoprenoids 
constitute the bigger class of secondary metabolites. 
Most of them has low water solubility and are 
usually volatile. Others present plant growth or 
development functions, such as the gibberellins, an 
important group of phytohormones, they are 
diterpenes (DUKE et al., 2000; TAIZ; ZEIGER, 
2013).   

The steroids are derived from triterpenes, 
essential compounds of the cell membranes (TAIZ; 
ZEIGER, 2013; FAGAN et al., 2015). One of the 
most important functions of the free steroids is, 
probably, the contribution to the membrane stability. 
Besides, some of them have allelochemical activity 
(SALISBURY; ROSS, 2012).   

Saponins are also triterpenes, so-called 
because of their detergent and emulsifier properties. 
It is believed that their toxicity is due the ability to 
form compounds such as steroids (TAIZ; ZEIGER, 
2013). Grisi et al. (2011) have associated the 
inhibitory effects on the germination and growth of 
vegetables and weeds with the presence of 
allelopathic compounds, especially saponins. These, 
can alter the cytological characteristics, membrane 
properties, germination, respiration and enzyme 
activity of plants.  

Tannins occur in a wide variety of plants. 
This compound is considered as a defense 
mechanism of plants against pathogenic fungus, 
bacteria, virus (TAKECHI et al., 1985) and against 
the attack of herbivorous insects (KATOH et al., 
1989; TEMMINK et al., 1989). Harris and Burns 
(1970) reported that condensed tannins in the grains 
of certain sorghum hybrids inhibit the germination 
of sorghum in the ear and the attack of fungus. 
According to Cannas (2015) tannins are found 
mainly in the plants vacuole, where they do not 
interfere in their development, since, only after an 
injury or death of the plant they act and have an 
efficient metabolism.  

Flavonoids constitute the bigger class of 
plant phenols. They are classified, primarily, by the 
degree of oxidation of the three carbons chain. They 
present several functions, among them plant 
protection against the incidence of ultraviolet and 
visible light, fungus, insects, virus and bacteria; 
antioxidant; enzyme inhibitors, allelopathic agents, 
among others (ZUANAZZI; MONTANHA, 2003; 
RAVEN et al., 2014). They alter the mitochondria 
and chloroplast membrane permeability 
(MORELAND; NOVITZKY, 1987). This class can 
have a varied and strong biological activity, which 
could be isolated for be used as herbicide (SOUZA 
FILHO; ALVES, 2002).  

Even though we have not found coumarins 
in this experiment, they occur in all plant parts and 
are widely distributed in the plant kingdom. Several 
of them are involved in allelopathic activities and 
are pointed as inhibitors of plant growth, seed 
germination and nitrifying bacteria (RICE; 
PANCHOLY, 1973, EVENARI, 1984).    

Although a great number of the plants 
secondary products have already been identified, 
only 400 thousand of them present allelopathic 
activities. Some of these products or their analogous 
could provide new and important sources of 
chemical substances for the figure use on agriculture 
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(SOUZA FILHO; ALVES, 2002; JABRAN et al., 
2015). 
 
Extracts effects on seed germination  

The results referring to the germination of S. 

lycopersicum, E. heterophylla, B. pilosa and G. max 
submitted to the C. abyssinica extracts, distilled 
water (negative control) and herbicide (positive 
control) are presented on Table 3.  

The seeds of S. lycopersicum presented 
reduction on the germination percentage (G%) and 
GVI, when submitted to the hexane, ethyl acetate 

and methanolic extracts and compared to the 
negative control (water). When comparing to the 
positive control (herbicide) it also did not show any 
significant statistic difference, with 5% of 
significance, in the treatments to the analyzed 
variables, however, the methanolic extract increased 
the germination percentage and GVI. Thus, the 
tested extracts promoted effects on the germination 
of S. lycopersicum seeds, highlighting the hexane 
and ethyl acetate which negatively affected the 
germination percentage.  

 
Table 3. Germination percentage (G%), germination velocity index (GVI) and average time of germination 

(AGT) of Solanum lycopersicum, Euphorbia heterophylla, Bidens pilosa and Glycine max submitted to 
the extracts of Crambe abyssinica, water distilled (negative control) e herbicide (positive control).  

Treatments 
S. lycopersicum E. heterophylla 

G% (1) GVI (1) ATG (1) G% (1) GVI (1) ATG (1) 
Water (-) 92.00 A 7.41 A 3.35 A 94.00 A 14.77 A 1.78 A 
Herbicide(+) 34.00 a  1.36 a 6.67 a 44.00 a 3.52 a 3.21 a 
Hexane 10.00 B b 0.33 B b 7.69 B b 97.00 A b 11.64 B b 2.17 B b 
Ethyl acetate 0.00 B b 0.00 B b 0.00 B b 96.00 A b 11.58 B b 2.12 B b 
Methanolic 61.00 B b 2.16 B b 7.17 B a 92.00 A b 11.25 B b 2.08 B b 
p-value < 0.001* 0.001* < 0.001* < 0.001* < 0.001* < 0.001* 
CV (%) 11.35 12.46 5.83 6.43 10.15 5.72 
  B. pilosa G. max 

  G% (1) GVI (1) ATG (2) G% (1) GVI (1) ATG (1) 
Water (-) 90.00 A 7.00 A 3.89 A 93.00 A 22.75 A 2.07 A 
Herbicide(+) 94.00 a 4.38 a 5.58 a 94.00 a 23.33 a 2.02 a 
Hexane 5.00 B b 0.19 B b 6.50 B b 90.00 A a 20.17 B b 2.36 B b 
Ethyl acetate 6.00 B b 0.25 B b 6.75 B b 93.50 A a 22.98 A a 2.06 B a 
Methanolic 90.00 A a 6.49 A b 4.39 A b 88.50 A b 20.61 B b 2.25 B b  
p-value < 0.001* < 0.001* 0.003* 0.023* < 0.001* < 0.001* 
CV (%) 8.25 9.76 14.88 2.67 3.02 2.32 
Notes: Different capital letters in the collun present significance between treatments and the negative control (water) and caseletters in 
the collum present significance between the treatments and the positive control (herbicide). 1F test (ANOVA) and Dunnett test (data met 
the statistical model assumptions: normality and homogeneity of variances). 2Kruskal-Wallis test and Wilcoxon (data did not meet the 
statistical model assumptions: heterogeneity of variances). *Significant (p-value <0.05). CV%: coefficient of variation 
 

The results here presented suggest that the 
extracts of C. abyssinica have compounds with toxic 
effects, because they negatively interfere on the 
germination (Table 3) of the bioindicator S. 

lycopersicum, when compared to the negative 
control (water), at 5% of significance. Such effects 
may have been caused by compounds found in the 
phytochemical screening (Table 2), because with the 
extraction methodology used in this work the 
compounds of intermediary polarity as terpenoids 
and flavonoids are present in the extracts. 
Phytotoxic substances belong mainly to these 
groups (KIM at al., 2005). They are considered 
germination inhibitors, and can block the 
preparation metabolism for the germination or 
prevent gas exchange, as well as they can inhibit the 

phytohormones activity and cell elongation 
(MARCOS FILHO, 2015).  

Seeds of E. heterophylla submitted to 
hexane, ethyl acetate and methanolic extracts did 
not present significant difference on the germination 
percentage when compared to the negative control 
(water), at 5% of significance. However, a reduction 
in the GVI and an increase in the AGT occurred. 
Although, if compared with the positive control 
(herbicide), all the extracts differ statistically at 5% 
of significance, in other words, did not reduce the 
germination percentage and GVI and increased the 
AGT. We can also notice that, even though the 
germination percentage reduced, the herbicide did 
not inhibit completely the weeds, presenting 44% of 
germination.   
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Studies performed by Agostinetto and 
Vargas (2009) with E. heterophylla have indicated 
resistance to the acetolactate synthase-inhibiting 
herbicides (ALS), these resistant biotypes survived 
treatments with doses higher than ten times the 
recommended dose in field, and the growth rate and 
biomass production are similar among the resistant 
and sensible biotypes.   

The germination of B. pilosa seeds 
submitted to hexane and ethyl acetate extracts 
presented accentuated reduction of GVI and G% 
values, as well as increase in the AGT, when 
compared to the negative control (water). 
Considering the positive control (herbicide), we can 
observe that the hexane and ethyl acetate extracts 
also reduced the germination percentage and GVI, 
and increased the AGT, while the methanolic extract 
increased the GVI and reduced the AGT, in other 
words, it benefited the weed germination.  

We can also notice that the positive control 
(herbicide) presented a high germination percentage 
of B. pilosa, this result indicates that the weed is 
resistant to such herbicide, as already described by 
Guerra et al. (2011), which tested the effect of 
different herbicides on this weed. Due resistance, 
alternatives are sought to control this weed, and the 
extracts studied in this work can be important in 
such way. As already verified in the phytochemical 
screening (Table 2), the ethyl acetate extract 
presented the flavonoid, which according to Marcos 
Filho (2015) is considered a germination inhibitor 
and can block the preparatory metabolism for 

germination or stop the gas exchanges. Thus, this 
compound can be isolated and tested as an 
alternative control of B. pilosa. 

The relevance of testing the treatments 
effects on G. max was to discover if these extracts 
obtained from C. abyssinica can harm the crop 
development when applied in the weed control. 
Thereby, it can be noticed that the germination 
percentage of seeds did not differed statistically, at 
5% of significance, when the treatments with the 
extracts were compared to the negative control 
(water), however there was GVI reduction when 
submitted to the hexane and methanolic extracts and 
AGT increase for all treatments. When the extracts 
were compared to the positive control (herbicide) 
we verified that the methanolic extract reduced the 
parameters related to germination. 

An important indicator of allelopathy is the 
index of allelopathic effect answer ( ) (Figure 2), 
which varies from -1 to +1. Negative values indicate 
inhibitory effects and positive values indicate 
stimulant effects. According with this index the 
bioindicator species S. licopersicum was sensible to 
all extracts indicating inhibitory allelopathic effects 
of C. abyssinica compounds extracted through 
hexane, ethyl acetate and methanol solvents. This 
effect was inhibitory (presenting low or high 
intensity) for all the species and in all the extracts, 
with exception to soybean, on which the herbicide 
and the ethyl acetate extract promoted an effect 
slightly stimulant.   

 

 
Figure 2 Index of allelopathic effect answer ( ) for Solanum licopersicum, Euphorbia heterophylla, Bidens 

pilosa and Glycine max submitted to comercial herbicide (atrazine) and 1% extracts (hexane, ethyl 
acetate and methanolic) of Crambe abyssinica. 

 
Particular attention is drawn to the effects of 

the hexane and ethyl acetate extracts on S. 

licopersicum (tomato) and B. pilosa (hairy 

beggartick), which was close to -1, in other words, it 
was highly inhibitory. For B. pilosa, the hexane and 
ethyl acetate extracts presented a greater effect than 
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the commercial herbicide. While the effect on 
E. heterophylla was slightly high only when the 
commercial herbicide was used, fact noticed also on 
seed germination and seedlings development (Table 
3 and 4).  

For G. max it was noticed a slight inhibitory 
effect of the hexane and methanolic extracts and, 
stimulant effects of the ethyl acetate and herbicide 
extracts. Thus, the extracts did not have a relevant 
negative effect on this species. These results 
indicate the possibility of using the isolation of 
bioactives compounds of crambe as a future 
bioherbicide, aiming to control mainly the weed B. 

pilosa without damages to the G. max crops.    
The positive allelopathic effect caused by 

the ethyl acetate extract, on soybean, may be related 
to the presence of the compound flavonoid, verified 
in the phytochemical screening (Table 2), since 
according to Moreira and Siqueira (2006), the 
allelochemical effects vary depending on the 
substance concentration. There can be absence of 
effect in low concentrations or positive effect as the 
concentration arises.   

However, in the study performed by 
Rizzardi et al. (2008) with the species canola, 

belonging to the family Brassicaceae, the authors 
observed an inhibitory effect of leaves, roots and 
stem of canola in the emergence velocity and in the 
germination percentage of soybean and hairy 
beggartick.  

It is important that the new products 
available for weeds control present the same 
efficiency as the current synthetic products 
commercialized and, also, is substantial that they do 
not cause the environmental and health problems 
provoked by the synthetic ones (SOUZA FILHO; 
ALVES, 2002). Rizvi et al. (1980) and Jabran et al. 
(2015) mention that the pesticides originated from 
chemical substances produced by plants are more 
systemic, and they are more easily biodegraded than 
the synthetic pesticides.  

 
Extracts effects on seedlings grow  

The results regarding the seedling 
development of S. lycopersicum, E. heterophylla, B. 

pilosa and G. max submitted to C. abyssinica 

extracts, distilled water (negative control) and 
herbicide (positive control) are presented on Table 
4.  

 
 
Table 4. Shoot (S) and root (R) and dry matter (DM) of Solanum lycopersicum, Euphorbia heterophylla, 

Bidens pilosa and Glycine max submitted to Crambe abyssinica extracts, distilled water (negative 
control) and herbicide (positive control). 

Treatments 
S. lycopersicum E. heterophylla 

S (cm) (1) R (cm) (1) DM (mg) (2) S (cm) (1) R (cm) (1) DM (mg) (2) 
Water (-) 2.22 A 6.66 A 32.48 A 4.14 A 7.10 A 147.25 A 
Herbicide(+) 0.73 a 1.75 a 10.20 a 5.88 a 2.99 a 37.55 a 
Hexane 0.10 B a 0.32 B b 0.02 B b 3.32 A b 3.12 B a 147.73 A b 
Ethyl acetate 0.00 B a 0.00 B b 0.00 B b 4.26 A b 2.04 B a 69.78 B b 
Methanol 1.78 B b 2.43 B a 16.13 B b 2.77 B b 6.66 A b 89.05 B b 
p-value 0.002* < 0.001* < 0.001* < 0.001* < 0.001* 0.002* 
CV (%) 53.99 26.8 12.91 11.66 18.74 8.27 

  
B. pilosa G. max 

S (cm) (1) R (cm) (1) DM (mg) (1) S (cm) (1) R (cm) (1) DM (mg) (1) 
Water (-) 2.32 A 3.42 A 28.27 A 9.27 A 7.85 A 470,83 A 
Herbicide(+) 2.02 a 2.19 a 6.05 a 10.37 a 11.27 a 462,57 a 
Hexane 0.00 B b 0.00 B b 0.00 B b 7.75 B b 9.07 A b 520,82 B b 
Ethyl acetate 0.16 B b 0.11 B b 0.01 B b 10.82 B a 12.12 B a 487,07 A a 
Methanol 3.10 B b 2.90 B b 21.68 B b 8.97 A b 8.47 A b 472,05 A a 
p-value < 0.001* < 0.001* 0.001* < 0.001* < 0.001* 0,008* 
CV (%) 13.95 12.66 14.16 6.55 10,50 4,22 
Notes: Different capital letters in the collun present significance between treatments and the negative control (water) and caseletters in 
the collum present significance between the treatments and the positive control (herbicide). 1F test (ANOVA) and Dunnett test (data met 
the statistical model assumptions: normality and homogeneity of variances). 2Kruskal-Wallis test and Wilcoxon (data did not meet the 
statistical model assumptions: heterogeneity of variances). *Significant (p-value <0.05). CV%: coefficient of variation 
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The parameters regarding the S. 

lycopersicum growth presented significant 
difference when the treatments were compared to 
the negative control (water), highlighting the 
reduction of shoots, roots and dry matter of plants 
exposed to the hexane, ethyl acetate and methanolic 
extracts. Also, when the extracts were compared to 
the positive control (herbicide), there was 
significant difference only for the methanolic 
extract, stimulating both shoot and dry matter. As 
well as in the germination (Table 3), the seedlings 
growth was inhibited with the hexane and ethyl 
acetate extracts when compared to the negative 
control (water) and positive control (herbicide), at 
5% of significance. 

Corroborating this results, Nunes et al 
(2014) have also verified that aqueous extracts of 
Crambe abyssinica and Raphanus sativus shoots, at 
the flowering period, interfered in the lettuce and 
cucumber (bioindicators) and did not presented 
negative effects on soybean seedlings. 

The growth of E. heterophylla plants 
showed shoot and dry matter reduction when 
exposed to methanolic extract when compared to the 
negative control (water). Considering the positive 
control (herbicide) was verified that the hexane, 
ethyl acetate and methanolic extracts reduced the 
length of shoots and dry matter of the weed. Only 
the methanolic extract promoted increase in root 
length.  

As well as verified for the bioindicator 
species S. lycopersicum, a stimulus was observed 
for the variable root length (Table 4), which can be 
due the presence of the compound saponin, 
identified in the extraction with the methanol 
solvent (Table 2), since it was the only different 
compound found. This fact may be due the direct 
and prolong contact of the roots with the extract 
(ALIYU; MUSTAPHA, 2014), and this may have 
caused the stimulation.   

The same way Spiassi et al. (2015) aiming 
to find control alternatives, for the wild poinsettia, 
verified that the culture filtrate of Fusarium solani 
reduced the shoot length and fresh matter of the 
wild poinsettia, without negatively affect the 
soybean, it may be used as an alternative control of 
this weed, once in the present study there was no 
inhibition of this crop.   

Is possible to verify the inhibitory effect in 
the B. pilosa seedlings growth exposed to the 
hexane and ethyl acetate extracts when compared to 
the negative control (water), at 5% of significance, 
with exception to the methanolic extract which 
promoted shoot length increase. However, the 
hexane and ethyl acetate extracts effect were 

significant and reduced the shoot length, root and 
dry matter.   

The growth reduction on tomato, wild 
poinsettia and hairy beggartick seedlings, may have 
happened due the interaction between 
allelochemicals and plant hormones, since studies 
point out that allelopathic compounds can inhibit 
gibberellins activity and the indoleacetic acid (IAA), 
preventing phases from the cycle and cell 
elongation, and consequently altering the seedling 
growth (HABERMANN et al., 2015).  

When the treatments were compared to the 
positive control (herbicide) it can be observed that 
the three extracts (hexane, ethyl acetate and 
methanolic) differed from the control, while the 
hexane and ethyl acetate inhibited completely the 
growth parameters, which means, there was no 
seedlings development, the methanolic extract 
increased the shoot, root and dry matter length.   

The hexane and ethyl acetate extracts tested 
in this work were efficient to inhibit the germination 
(Table 3) and growth of this weed, with a more 
accentuated effect than the commercial herbicide 
(Table 4). Corroborating with the results of Cruz et 
al. (2000) and Ferreira et al. (2007), which observed 
that the Eucalyptus citriodora extract reduced 
significantly the germination of B. pilosa seeds.  

Due the undesirability B. pilosa on 
agricultural lands and the resistance of this weed to 
the herbicide used, this result is of great importance, 
because it demonstrates that is possible to obtain 
new and alternative control methods of this plant, 
aiming higher crop yields and decrease in the use of 
herbicide that contaminate the biological systems.   

G. max seedlings showed shoot reduction, if 
compared to the negative (water) and positive 
(herbicide) control when submitted to hexane and 
methanolic extract, and increase when exposed to 
ethyl acetate extract. Considering the negative 
(water) and positive (herbicide) control, it can be 
observed that there was increase in the dry matter of 
seedlings submitted to the hexane extract.   

The ethyl acetate extract did not interfere 
negatively on the germination (Table 3, Figure 1) 
and soybean growth (Table 4). Thereby, it can be 
used as a control to hairy beggartick without 
negatively interfering on the soybean crop, being 
then a control alternative of this weed.  

The growth stimulus, as observed to G. max 
in this work, is described in studies regarding 
allelopathy and it is possible that this process be 
related to the influence of the extracts on the 
phytohormone production of the target species or 
increase in the tissues sensibility (RICE, 1984). 
According to Hong et al. (2004), the greater growth 
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of seedling in low extract concentration may also be 
due a protection mechanism.    

We indicate, so, the possibility of isolating 
the bioactive compounds of C. abyssinica for further 
use as an alternative control of the weed B. pilosa. 

We also recommend that more detailed studies be 
made to isolate and identify the active molecules of 
C. abyssinica extracts, in order to complement the 
results of this work. 

 
CONCLUSIONS  
 

The main groups of compounds identified in 
crambe (C. abyssinica) extracts were: saponins, 
pentacyclic triterpenoids, free steroids, flavonoids 
and tannins. There were no signs of coumarins, 
phenols nor alkaloids. 

There is an inhibitory effect of the hexane, 
ethyl acetate and methanolic extracts of crambe on 
the bioindicator species tomato (S. licopersicum). 
The ethyl acetate and hexane extracts also presented 
this effect on the weed hairy beggartick (B. pilosa), 
without negatively affecting the soybean (G. max). 
On the wild poinsettia (E. heterophylla) the extracts 
did not present inhibitory effects.   
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RESUMO: Este trabalho objetivou identificar grupos de compostos do metabolismo secundário de 

Crambe abyssinica e avaliar a bioatividade dos extratos hexânico, acetato etílico e metanólico 1% sobre a 
germinação de sementes e o crescimento de plântulas de tomate, leiteiro, picão-preto e soja. O screening 
fitoquímico considerou a presença ou ausência de saponinas totais, triterpenóides, esteroides, flavonoides, 
cumarinas, taninos, fenóis e alcaloides. Nas sementes avaliou-se a porcentagem de germinação, índice de 
velocidade de germinação, tempo médio de germinação, índice de resposta do efeito alelopático, comprimento 
de parte aérea e raiz e massa seca das plântulas. No screening fitoquímico observou-se que cada solvente 
extraiu compostos diferentes. Flavonóides foram encontrados somente no extrato acetato etílico e saponina 
apenas no extrato metanólico. Verificou-se elevado efeito alelopático dos extratos hexânico, acetato de etila e 
metanólico de crambe sobre a espécie bio-indicadora tomate. Os extratos hexânico e acetato etílico também 
apresentaram efeito inibitório sobre a planta invasora picão-preto e não tiveram efeitos negativos sobre a soja. 
Existe a possibilidade de isolamento de compostos bioativos de crambe para utilização como possível bio-
herbicida para controle alternativo da planta invasora picão-preto.  
 

PALAVRAS-CHAVE: Bio-herbicida. Controle alternativo. Extratos de crambe. Picão-preto.  
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