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RESUMO: Compostos secundários têm ação alelopática sobre a 
germinação, crescimento e desenvolvimento inicial de plântulas, 
e a Bidens pilosa pode ter sua germinação e crescimento afetados 
pela ação dos extratos alelopáticos. Nesse sentido, objetivou-se ava-
liar o potencial alelopático de extratos de braquiária (Brachiaria 
brizantha), girassol (Helianthus annus) e sorgo (Sorghum bicolor) 
na germinabilidade e no crescimento inicial de picão-preto (Bidens 
pilosa). Para isso foi instalado um experimento no delineamento 
inteiramente casualizado, com quatro tratamentos e seis repetições, 
sendo eles extrato de braquiária, girassol, sorgo e o controle (água 
destilada). Os extratos foram obtidos utilizando 200 g de material 
vegetal fresco para 1.000 mL de água destilada. As sementes foram 
distribuídas em caixa gerbox contendo duas folhas de papel ger-
mitest umedecidas com os tratamentos e levadas para a câmara de 
germinação. Foi acompanhada diariamente a germinação e, após 
10 dias, foi avaliado o crescimento inicial. Os extratos não causa-
ram prejuízos à germinação, porém, provocaram demora em seu 
tempo de eclosão, sendo o extrato de braquiária o mais prejudicial. 
As plântulas submetidas aos extratos de braquiária e sorgo apresen-
taram menor crescimento. Os extratos de braquiária e sorgo não 
apresentaram ação sobre a porcentagem de germinação das sementes 
de picão-preto, mas controlaram o crescimento inicial das plântulas 
e podem ser indicados para possíveis herbicidas naturais.

PALAVRAS-CHAVE: plantas invasoras; alelopatia; controle 
alternativo.

ABSTRACT: Secondary compounds have allelopathic 
action on germination and growth, and initial development 
of seedlings and beggar tick can have its germination and 
growth affected by the action of allelopathic extracts. Thus, 
this work aimed to evaluate the allelopathic potential of 
Brachiaria (Brachiaria brizantha), sunflower (Helianthus 
annuus) and sorghum extracts (Sorghum bicolor) on 
germination and initial growth of beggar ticks (Bidens pilosa). 
For this, an experiment was conducted in a completely 
randomized design with four treatments and six replicates 
and brachiaria, sunflower and sorghum extracts and control 
(distilled water) treatments. Extracts were obtained using 
200 g of plant material and 1,000 mL of distilled water. 
Seeds were distributed in gerbox containing two sheets of 
germitest paper moistened with treatments and taken to 
germination chamber. Germination was daily monitored, 
and ten days after, initial growth was evaluated. Extracts did 
not reduce germination. However, they caused increase in 
germination time, mainly by brachiaria extract. Seedlings 
submitted to brachiaria and sorghum extracts showed lower 
growth. Brachiaria and  sorghum extracts showed no action 
on germination, but controlled the initial growth of beggar 
tick, being potential natural herbicides.
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INTRODUCTION

Weed control can be obtained through allelopathy, being an 
inexpensive method in comparison to others, not pollutant 
and, most importantly, it does not require the use of sophis-
ticated equipment for its application (OLIVEIRA, 2014). 
Studies using alternative weed control techniques in culti-
vated or non-cultivated systems, especially through allelopa-
thy, will become more important the greater the economic 
and ecological limitations of conventional control practices 
are (CARVALHO et al., 2012).

Allelopathy can be a very important tool to aid in the 
verification of benefits or losses in a crop system, in con-
sortium or in succession type, studying the relationships 
between cultivated species (FERREIRA; AQÜILA, 2000). 
It is a research area that proposes the use of plant substances, 
allowing searching for new substances with herbicidal action. 
These substances with allelopathic activity can be used in the 
formulation of natural or even altered herbicides in order to 
improve their biological activity, such as interference in seed 
germination processes, seedling growth and development 
(DOUSSEAU et al., 2008).

In the management of cultivated species, infestation with 
weeds has been a major problem, because weeds compete with 
the crop of interest causing production losses. Thus, studies 
have sought to control some weed species using allelopathy 
(MAULI et al., 2009). With the knowledge of the allelo-
pathic potential of species of agricultural interest, it is easier 
to choose plant species to compose cultivated systems and to 
better manage weed control.

Thus, the aim of this study was to evaluate the allelo-
pathic potential of brachiaria, sunflower and sorghum aque-
ous extracts on the germination and initial growth of beggar 
tick (Bidens pilosa).

MATERIALS AND METHODS

The experiment was carried out at the Laboratory of Plant 
Physiology, Department of Agrarian, Environmental and 
Biological Sciences of Federal University of Recôncavo da 
Bahia (UFRB), municipality of Cruz das Almas (Bahia), 
with coordinates 12º49’19” S and 39º06’22” W, and 
220 masl.

A completely randomized experiment was carried out 
with four treatments: aqueous extract of brachiaria, sunflower 
and sorghum shoots, with control (distilled water), with six 
replicates, totaling 24 experimental plots. Each experimental 
plot consisted of six seeds per gerbox.

Beggar tick (Bidens pilosa L.) seeds were obtained in 
the experimental field of UFRB; sunflower (Helianthus 
annuus L.) were from Hélio 250 (black grain) simple 

hybrid; Brachiaria (Brachiaria brizantha cv. Marandu) 
and sorghum (Sorghum bicolor L.) were purchased in 
the local trade, except sunflower, which was donated by 
Heliagro company.

There was a previous stage for multiplication of brachiaria, 
sunflower and sorghum plants in greenhouse, for the prepa-
ration of the aqueous extract of shoots. In greenhouse, seeds 
were sown in pots of 5.0 kg capacity in a mixture of soil, sand 
and organic fertilizer in a 1:1:1 ratio.

The aqueous extracts of donor species were obtained as 
it follows: 200 g of fresh leaves of each species were crushed 
and mixed with 1,000 mL of distilled water, adapted from 
CORSATO et al. (2010). Extracts were filtered and col-
lected in a Becker, and the pH was determined using pH 
meter (Digimed model DM 22). Reading was the average 
of six replicates.

Six beggar tick seeds were placed to germinate on 
two sheets of germitest paper moistened with the extracts 
in the proportion of three times the weight of the dry 
paper and control with distilled water in gerbox placed 
in biochemical oxygen demand (BOD)-type germinador 
Model EL 222, with constant temperature of 25ºC, with 
11 hours of light.

Irrigation with distilled water was applied throughout 
the experimental period to maintain moisture in gerboxes, 
whenever necessary.

Germination was monitored daily, considering as ger-
mination criterion the emission of 2 mm radicle to obtain 
the number of germinated seeds of the target species (beggar 
tick) (FERREIRA; AQÜILA, 2000). The average germi-
nation time (TMG) (RANAL; SANTANA, 2006) and the 
germination speed index (GSI) were determined by record-
ing the number of germinated seeds per day (MAGUIRE, 
1962). Seven days after sowing, shoot length (CPA), root 
system length (CSR) and total dry mass (MMST) were 
evaluated. From these data, the percentage of shoot and 
root system inhibition was determined (CHUNG et al., 
2001). The normality of seedlings was also evaluated 
(BRASIL, 2009).

Data were submitted to analysis of variance, and the 
means of treatments were compared by the Tukey test at 
5% of significance. Statistical analyses were performed 
by the Assistat-Statistical Attendance software (SILVA; 
AZEVEDO, 2009). With the aid of the Statistical Analysis 
System (SAS) software, data normality test was performed 
by the Shapiro-Wilk test at 5% significance, in order to 
observe the distribution of variables. As variables followed 
normal distribution, with p > 0.05, Pearson’s correlation 
was performed among variables, except for the germina-
tion percentage, which was excluded from the analysis (SAS 
INSTITUTE, 2004). For percentage data, angular trans-
formation was performed, sine arc √x / 100; and count 
data were transformed by √x.
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RESULTS

By measuring the pH of extracts, it could be inferred that 
none of changes observed in variables can be attributed to 
pH, since they were found in the ideal pH range for seed ger-
mination (5.5 to 7.0). The pH values ​of brachiaria, sunflower 
and sorghum extracts were 5.62; 6.50; and 6.01, respectively. 
Therefore, alterations in variables can be attributed to the alle-
lopathic effects of extracts, since the pH measured is at levels 
that do not affect germination.

There was no significant interaction for variables germi-
nation percentage and GSI. It was verified that the other vari-
ables were significant by the F test of the analysis of variance, 
which confirms the effect of treatments on the variables ana-
lyzed (Table 1). In general, there was increase in coefficient of 
variation (CV), but all treatments had germination percent-
age above 60% (Table 2).

For the averages of variables germination percentage and 
GSI, there was no difference by the Tukey test.

Brachiaria, sunflower and sorghum extracts increased 
the mean germination time of beggar tick seeds in relation 
to the control treatment. However, they did not differ from 
each other (Table 2).

For variable shoot length (CPA), significant differ-
ence was observed. For CSR and formation of normal 
seedlings, significant difference was observed by the Tukey 
test (Table 3).

Brachiaria extract caused greater reduction in the shoot 
length of beggar tick. However, it did not differ from sun-
flower and sorghum extracts, which did not differ from con-
trol with distilled water. It was also observed that brachiaria 
and sorghum extracts did not differ from each other and were 
those that affected the CSR and also the formation of nor-
mal seedlings in relation to sunflower extract, which did not 
differ from control.

The sorghum extract reduced the dry matter mass of beg-
gar tick, being the most efficient extract in the reduction of 
this variable. Changes reflected in plant growth and develop-
ment, which were pointed out in the present study.

Regarding the inhibition of shoot and root system, all 
extracts used cause inhibition, and brachiaria and sorghum 
extracts were more aggressive for both variables (Fig. 1).

FV GL G (%) TMG GSI CPA CSR MST PN (%)

Treatments 3 0.13ns 0.15* 0.09 ns 1.97* 8.66** 0.00** 0.71**

Residue 20 0.13 0.04 0.04 0.55 0.75 0.00 0.17

MG 1.21 2.62 0.82 2.47 2.65 0.02 1.00

CV (%) 30.11 7.64 24.63 30.00 32.71 38.53 41.90

G (%): germination percentage; TMG: average germination time (days); GSI: germination speed index (germinated seedlings day-1); CPA: shoot length 
(cm); CSR: root system length (cm); MST: total dry matter (g); PN: percentage of normal seedlings; FV: source of variation; MG: general mean; CV (%): 
coefficient of variation; nsnot significant by the F test of the analysis of variance; *significant at 5% probability level (p < 0.05); **significant at 1% 
probability level (p < 0.01).

Table 1. Analysis of variance summary for variables germination percentage, average germination time, germination speed index, 
shoot length, root system length, total dry matter and percentage of normal seedlings of Bidens pilosa L. submitted to treatments 
with extracts, Cruz das Almas, BA, 2013.

Table 2. Means of germination, mean germination time 
germination speed index of Bidens pilosa L. submitted to 
treatments with extracts, Cruz das Almas, BA, 2013.

Treatments G (%) TMG (days) GSI

Control 1.22 a 2.47 b 0.91 a

Brachiaria 
extract

1.15 a 2.83 a 0.69 a

Sunflower 
extract

1.06 a 2.61 ab 0.73 a

Sorghum 
extract

1.41 a 2.56 ab 0.93 a

CV (%) 30.11 7.64 24.63

Means followed by the same letter do not differ statistically from each 
other, by the Tukey test at 5% probability. G (%): germination 
percentage; TMG: average germination time (days); GSI: germination 
speed index (germinated seedlings day-1); CV: coefficient of variation.

Table 3. Mean shoot, root system length and percentage of 
normal seedlings of Bidens pilosa L. submitted to treatments 
with extracts, Cruz das Almas, BA, 2013.

Averages followed by the same letter do not differ statistically from 
each other, by the Tukey test at 5% probability. CPA: shoot length 
(cm); CSR: root system length (cm); MST: mass of the total dry matter; 
PN: percentage of normal seedlings; CV: coefficient of variation.

Treatments CPA (cm) CSR (cm) MST (g) PN (%)

Control 3.18 a 4.15 a 0.024 a 9.85 a

Brachiaria 
extract

1.78 b 1.75 bc 0.027 a 6.49 b

Sunflower 
extract

2.47 ab 3.09 ab 0.022 a 7.27 ab

Sorghum 
extract

2.44 ab 1.61 c 0.005 b 6.33 b

CV (%) 30.00 32.71 38.53 31.37
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The Shapiro-Wilk normality test at 5% of significance 
was not significant for all variables analyzed, indicating that 
all variables follow normal distribution. Correlations were 
highly significant by the Student’s t test for variables shoot 
length and CSR and also for the formation of normal seed-
lings (Table 4).

There was a positive and significant linear correlation at 
5% by the Student’s t test for CSR and formation of normal 
seedlings. This indicates that the formation of a well-developed 
root system may also result in increased emergence of normal 
seedlings, and the opposite is also true. For variables GSI and 
mass of the total dry matter, negative and significant linear cor-
relation was observed.

DISCUSSION

The changes observed in variables analyzed can be attributed 
to the allelopathic effects of extracts, because pH was found 
at levels that did not affect germination. Since beggar tick is a 
wild species, without any type of improvement, non-uniform 
germination was observed (CORSATO et al., 2010), which 
probably influenced CV.

Possibly, no differences were verified in the seed germina-
tion process because, after the physiological maturation period, 
seeds require only moisture and oxygen to germinate, which 
makes this stage the most insensitive to allelochemicals present 
in the medium (FERREIRA; AQÜILA, 2000). In addition, 
due to the characteristics of the plant cell membrane and wall, 
in which allelochemicals can be retained, they function as a 
semipermeable barrier (TAIZ; ZEIGER, 2013). Using con-
centration of 200 g.L-1, CORSATO et al. (2010) found reduc-
tion in the germination of beggar tick submitted to sunflower 
aqueous extract. This may be due to differences between each 
sunflower genotype. However, in the same study, when com-
paring several sunflower genotypes, not all had the potential 
to reduce the germination percentage of beggar tick equally, 
and these changes were attributed to flavonoids (water-soluble 
substances) present in sunflower plants. In the present study, 
reduction in the germination percentage could not have been 
observed, because a hybrid was used to obtain the sunflower 
extract, which is genetically modified, and may present lower 
allelopathic potential (KRUSE et al., 2000).

The germination process is less sensitive to allelochemicals, 
because it is a discrete phenomenon, that is, the seed germi-
nates or not, so the effect can often be observed on another 
parameter of the germination process, as, in this case, on the 
mean germination time (FERREIRA; AQÜILA, 2000). In field 
condition, this is of fundamental importance, since the spe-
cies of interest would have more time to germinate free from 
weed interference. This phenomenon could lead to a certain 
population of weeds losing dominance to another species, so 
it may be very advantageous if a weed loses dominance to a 
cultivated plant (SILVA et al., 2011).

Allelopathy reveals its inhibitory effects, mostly on the 
formation of the root system (FERREIRA; AQÜILA, 2000). 
The growth of the root system is very important to guaran-
tee the development and establishment of plants, and, when 
the root system is affected, it can compromise the entire life 
cycle, since it depends on an adequate development, includ-
ing growth and good architecture of the root system for its 
fixation to the soil and mainly for absorption of water and 
nutrients, which are essential processes for plant survival. 

Table 4. Pearson’s linear correlation matrix among evaluated variables, constructed with the aid of the Statistical Analysis System 
software, Cruz das Almas, BA, 2013.

Variables GSI CPA CSR MST PN

TMG -0.46ns -0.42ns -0.39ns 0.39ns -0.31ns

IVG 0.69* 0.29ns -0.68* 0.46ns

CPA 0.77** -0.37ns 0.72**

CSR 0.06ns 0.68*

MMST -0.08ns

nsnot significant by the Student’s t test; *significant at 5%; **significant at 1%. 
TMG: average germination time (days); GSI: germination speed index (germinated seedlings day-1); CPA: shoot length (cm); CSR: root system 
length (cm); MMST: mass of the total dry matter; PN: percentage of normal seedlings.

Figure 1. Percentage of shoot and root system inhibition 
of Bidens pilosa L. submitted to treatments with allelopathic 
extract, Cruz das Almas, BA, 2013.
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The literature points out that the allelopathic effects may be 
more pronounced on roots, which is due to their more inti-
mate contact with the allelochemical solution (FERREIRA; 
AQÜILA, 2000; CHUNG et al., 2001).

The growth and initial development of seedlings are 
the stages most affected by the allelopathic substances, and 
in the present study, changes were observed that literature 
reports as secondary responses to the primary effects that 
undergo changes in the plant metabolism (PEDROL et al., 
2006; RANAL; SANTANA, 2006).

The changes observed in seedlings may be due to allelo-
pathic substances, that result in effects on membrane perme-
ability, deoxyribonucleic acid (DNA) transcription and trans-
lation, secondary messengers functioning, respiration, oxygen 
sequestration, change in enzyme conformation, or combina-
tion of all these factors (FERREIRA, 2004).

The reduction in the growth of beggar tick root observed 
in the present study was similar to the inhibition occurred 

in soybean plants submitted to aqueous sorghum extracts 
(CORREIA et al., 2005).

CONCLUSION

Brachiaria, sunflower and sorghum extracts did not affect the 
beggar tick germination, but brachiaria and sorghum extracts 
were efficient in controlling the initial growth of beggar tick.
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