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ABSTRACT

The objective of this study was to evaluate the effect of extracts obtained from leaves of Jatropha curcas L. on germination and 
initial growth of wheat. The aqueous and alcohol (ethanol and methanol) extracts of dried leaves were prepared in the concentration 
of 50 mg/mL. From the crude extract were made dilutions and obtained different concentrations. Some of the aqueous extracts 
tested were autoclaved. Over seven days, the germination characteristics and growth of wheat seedlings were evaluated with the 
different treatments. There was no effect of aqueous extracts on percentage of seed germination, however the methanolic and 
ethanolic extracts 5% affected the germination of a cultivar in study. There was a decrease in the germination speed index when 
the seeds were incubated with crude aqueous extract and methanol extract. The extracts affected the growth of seedlings and the 
most phytotoxic was the ethanol extract 5%. The autoclaved extracts promoted a reduction in all parameters evaluated. The results 
presented here show the extracts of dried leaves of jatropha promoted allelopathic effects on wheat.
 Key words: extract, interference, germination, growth of seedlings.

RESUMEN

El objetivo de la investigación fue evaluar el efecto de los extractos obtenidos a partir de hojas de Jatropha curcas L. sobre la 
germinación y el crecimiento inicial del trigo. Las acuosas y alcohol (etanol y metanol) extractos de hojas secas se prepararon de 
la concentración de 50 mg/ml. A partir del extracto crudo se hicieron diluciones, obteniendo diferentes concentraciones. Algunos 
de los extractos acuosos ensayados se trataron en autoclave. Durante siete días, las características de germinación y crecimiento 
de plántulas de trigo fueron evaluados con los diferentes tratamientos. No hubo efecto de extractos acuosos en el porcentaje de 
germinación de las semillas; sin embargo, los extractos metanólicos y etanólicos 5% afectaba la germinación de un cultivar en 
estudio. Hubo una disminución en el índice de velocidad de germinación cuando las semillas se incubaron con extracto crudo 
acuoso y extracto de metanol. Los extractos afectaron el crecimiento de las plántulas y el más fitotóxico era el extracto en etanol 
5%. Los extractos autoclave promovieron una reducción en todos los parámetros evaluados. Los resultados aquí presentados 
muestran los extractos de hojas secas de Jatropha que promueven efectos alelopáticos sobre el trigo.
 Palabras clave: extracto, interferencia, germinación, crecimiento de las plántulas.

Introduction

Allelopathy can ensure the survival of different 
species in the ecosystem as can instigate studies 
with biomolecules on an industrial scale for the 
production of insecticides, herbicides and medicines.

The chemical compounds with allelopathic 
function are from the secondary metabolism of 
plants and can in this way, be useful in alternative 
managements in agriculture (Duke & Dayan, 2006). 
Even with promising potential, allelopathy may 

cause economic damage in plantations, once the 
chemical compounds potentially used in the control 
of diseases and pests, for example, can interfere 
with the culture of interest (Chou, 1983).

Allelopathy is a phenomenon that occurs in 
nature, in which chemical substances are released 
by plants in the environment and can cause stimu-
latory or inhibitory effects in germination, growth 
and development of other nearby plants, which may 
interfere in many life processes of plants as the use 
of water and nutrient assimilation, growth of the 
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roots, in the expansion of leaves, in photosynthesis, 
synthesis of proteins, in cellular respiration and cell 
membrane permeability (Rice, 1984; Cruz-Ortega 
et al., 1988; Einhellig, 1995). 

Jatropha (Jatropha curcas L.) is a perennial plant 
belonging to the family Euphorbiaceae, whose seed 
is used to extract oil that presents many different 
utilities, with the possibility of being used for the 
biodiesel production (Alves et al., 2008). The oil 
extracted from the seed presents toxic compounds 
as diterpenes with applications such as pesticides, 
insecticides, bactericides, nematicides and fun-
gicides (Devappa et al., 2010). Among the main 
toxic substances present in jatropha are curcin and 
phorbol ester 12 - deoxy-16-hidroxiforbol (Beltrão 
& Oliveira, 2008).

Reports show possible allelopathic action of 
jatropha. Thus, Lemos et al. (2009), observed 
interference of the aqueous extract of leaves in the 
initial development of lettuce. Bonamigo et al. (2009) 
report allelopathic effect of aqueous extract of root 
on the initial development of soybean and canola.

Faced the facilities of its cultivation, recent 
attention as a promising source of biofuel and few 
studies about allelopathy, this study aimed to eva-
luate the effect of aqueous and alcoholic extracts of 
leaves on the initial development of wheat.

Materials and Methods

Plant Material

The leaves of jatropha used in the preparation 
of the extracts were collected in the city of Palotina, 
PR, Brazil, in area of cultivation. The seeds of wheat 
cultivar Frontana and CD104 were kindly provided 
by the company COODETEC, Cascavel, PR.

Obtaining Extracts

The leaves of jatropha after being collected 
were air dried at 45 °C for 48 hours. Then, they 
were transferred to desiccator until the complete 
cooling. With the dry material were prepared crude 
extracts at a concentration of 50 mg/mL.

For the preparation of crude aqueous extract 
the dried plant material was ground in a blender 
with the addition of distilled water and filtered 
in gauze and cotton. The treatments consisted of 
crude aqueous extract in different concentrations. 
To obtain the crude ethanolic and methanolic 

extracts, the plant material was finely grounded 
with ethanol or methanol, respectively. The plant 
material was in contact with the solvent during 72 
hours and maceration was performed at intervals 
of 24 hours. The extracts were filtered with gauze 
and cotton, and then evaporated at reduced pressure 
using a rotary evaporator.

In order to evaluate the activity of the extracts 
on germination and development of wheat, the 
crude aqueous and alcoholics extracts were diluted 
in distilled water to obtain different concentrations. 
Thus, the crude aqueous extract was diluted in 
concentrations of 5, 10, 15, 20, 25, 30 and 35% 
(v/v). A fraction of the concentrations of 5, 10 and 
15% of the aqueous extract was autoclaved to check 
the influence on germination and growth. On the 
other hand, the alcoholic extracts (methanolic and 
ethanolic) were also diluted in distilled water to 
obtain the concentrations of 1 and 5%.

Germination Test and Evaluation of the Initial 
Growth of Wheat

Over seven days the germination characteris-
tics and growth of seedling were evaluated. In the 
germination bioassay, fifty seeds of wheat were 
arranged in a Petri dish lined with germitest paper 
previously moistened with the extracts. As a control 
was used only distilled water. The germination 
percentage (G%) and the germination speed index 
(GSI) were evaluated. For GSI were counted daily 
the number of seeds that showed protrusion of the 
seminal root with length ≥ 2 mm. GSI was calcu-
lated by summing the number of germinated seeds 
each day, divided by the number of days between 
sowing and germination, according to Ferreira & 
Borghetti (2004). In the growth biotest, twenty 
seeds were arranged with the edge of rootlet down 
in the center of the paper type germitest. After 
seven days, the air and the seminal root of normal 
seedlings were measured in length. The tests were 
conducted in a germination camera type B.O.D. at 
23 ºC and photoperiod of 12 hours. The design was 
prepared entirely randomized and all treatments 
were replicated four times.

Statistical Analysis

Analysis of variance (ANOVA) and the diffe-
rences between the parameters were evaluated by 
Dunnett or Scott Knott test. The values of p ≤ 0.05 
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when different of the control were considered sta-
tistically significant.

Results and Discussion

There was no significant effect of aqueous extract 
in different concentrations tested on the germination 
percentage (%G) of wheat seeds. However, there was 
a decrease in germination speed index (GSI) when 
both cultivars were maintained in the presence of 
crude aqueous extract (Figure 1A and B).

The alcoholic extracts at the highest concen-
tration tested (5%) promoted a reduction in the 
percentage of seed germination of wheat cultivar 
CD104 (Table 1). On the other hand, the alcoholic 
extracts tested did not interfere in the germination 
percentage of cultivar Frontana (Table 2). The speed 
of seeds germination was negatively affected only 
in the cultivar Frontana by methanol extract. The 
alcoholic extracts promoted greater allelopathic 
effect on the germination of wheat compared to 
the aqueous extracts even at higher concentration.
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Figure 1. Germination speed index of wheat seeds (Triticum aestivum L.) cultivar CD 104 (A) and 
cultivar Frontana (B) germinated in filter paper with different concentrations of crude aqueous ex-
tract (EBA) of jatropha leaves (Jatropha curcas L.). Bar followed by (*) is significantly different by 
Dunnett test at 5% probability.
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Even if some treatments do not alter the G%, 
was observed that the GSI of seeds was negatively 
affected by the crude aqueous extract and methanol 
extract in one of the cultivars in study. Similar re-
sults have been reported frequently in studies about 
allelopathy (Melo & Gonçalves, 2001; França et 
al., 2008; Silva et al., 2009; Silva-Candido et al., 
2010; Silva et al., 2011). According to Ferreira & 
Borguetti (2004), the allelopathic effect on speed 
of germination is due to the interference that block 
or delay the progress of metabolic processes during 
the germination process. The GSI measures the time 
that the seeds take to germinate, so lower values 
of GSI represent delay in the germination process 
and, therefore, reductions in the time of germination 
may show that the presence of allelochemicals can 
decrease the speed of deployment and translocation 
of nutritional components of the endosperm to the 
embryo.

With respect to the growth of seedlings, the 
crude aqueous extract inhibited the growth of the 
seminal root of both cultivars as well as the shoot of 
cultivar Frontana (Figure 2). The concentrations of 

aqueous extract 20, 25, 30 and 35% stimulated the 
growth of the root of cultivar CD104. Similar result 
was observed in the growth of the shoot, except with 
the extract at a concentration of 20% (Figure 2).

The inhibition of the shoot growth was more 
pronounced in treatment with ethanolic extract 
5% reaching to reduce 65.9 % compared to con-
trol in the cultivar CD 104. This same treatment 
completely inhibited the growth of the shoot of 
cultivar Frontana (Table 2 and Figure 3). In the 
presence of alcoholic extracts, the shoot of the 
seedlings was more affected than the root (Tables 
1 and 2).

In the test with the extracts autoclaved, was 
observed that the %G and the GSI were negatively 
influenced (Table 3). In comparison with the con-
trol, the crude aqueous extract autoclaved caused 
a decline of 15.4 % and 40.9 % in %G and IVG, 
respectively. A similar result was verified by Muniz 
et al. (2007), who reported that there were lower 
values of germination in lettuce seeds subjected to 
autoclaved extracts of purple nutsedge (Cyperus 
rotundus). According to these authors, the lowest 

Table 1. Germination and seedling growth of wheat (Triticum aestivum L.) cultivar CD 104 germinated and grown in substrate 
containing alcoholic extracts (ethanol or methanol) of jatropha leaves (Jatropha curcas L.). 

Treatments %G GSI Length shoot (cm) Length root (cm)

Control 88 a 13.15 b  8.35 a 13.87 a
Ethanol 1% 93 a 21.28 a  4.60 c  8.95 c
Ethanol 5% 64 b 12.11 b  2.85 d  6.43 d
Methanol 1% 85 a 10.90 b  8.98 a 11.50 b
Methanol 5% 75 b  9.39 b  6.15 b  5.92 d

C.V. (%) 11.12 15.02 15.62 16.25

C.V. = coefficient of variation; %G = germination percentage; GSI = germination speed index.
Means comparisons within each column were compared by Scott-Knott test at 5% probability.

Table 2. Germination and seedling growth of wheat (Triticum aestivum L.) cultivar Frontana germinated and grown in filter 
paper containing alcoholic extracts (ethanol or methanol) of jatropha leaves (Jatropha curcas L.).

Treatments %G GSI Length shoot (cm) Length root (cm)

Control 88.5 a 14.64 a 10.47 a 12.86 a
Ethanol 1% 86.0 a 14.80 a  2.13 b  2.40 b
Ethanol 5% 79.5 a 14.02 a  0.00 c  0.20 c
Methanol 1% 87.5 a 10.74 b 12.05 a 14.12 a
Methanol 5% 81.5 a  9.04 b  3.45 b  2.97 b

C.V. (%) 8.07 11.46 13.63 16.32

C.V. = coefficient of variation; %G = germination percentage; GSI = germination speed index.
Means comparisons within each column were compared by Scott-Knott test at 5% probability.
*  No growth.
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Figure 2. Average growth of the seminal root and shoot (P.A.) of wheat seedlings (Triticum aestivum L.) 
cultivar CD 104 (A) and cultivar Frontana (B) grown seven days in filter paper in different concentrations of 
crude aqueous extract (EBA) of jatropha leaves (Jatropha curcas L.) leaves. Bars followed by (*) represents 
statistical difference by Dunnett test at 5% probability.

values of germination observed in the presence 
of the extracts autoclaved can be attributed to the 
higher concentration of the substance, as during 
the autoclaving can occur water loss.

The crude aqueous extract in different con-
centrations (5, 10 and 15 %), autoclaved or not, 
promoted reduction in the growth of shoot (Table 3). 
With the presence of the crude aqueous extract not 
autoclaved in the midst of growth of seedlings, 
there was an inhibition of approximately 73.3 % 
in the length of the shoot when compared with 
the control group.

The extracts of jatropha leaves showed inter-
ference in the initial growth of wheat seedlings 
independent of the type of extraction and con-
centration of the extract. While the crude extracts 
inhibited the growth, in some lower concentrations 
of aqueous extract there was a stimulation of growth 
of cultivar CD 104. These results corroborate with 
those of Cruz-Silva et al. (2009) and Sausen et al. 
(2009). 

The reduction in the growth of wheat seedlings 
in the presence of the different extracts tested was 
more drastic than on the germination of seeds. 
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Figure 3. Reduction of the of root and shoot growth (PA) (%) of wheat seedlings (Triticum aestivum L.) cultivar CD 104 
(A) and cultivar Frontana (B) grown in the presence of jatropha leaf (Jatropha curcas L.) extracts with the concentration 
of 5% from the inicial one of 50mg/mL. Bar followed by (*) is significantly different by Dunnett test at 5% probability.

Some studies have shown similar results (Periotto 
et al., 2004; Maraschin-Silva & Áqüila, 2005; 
Silva-Candido et al., 2010; Pereira et al., 2011). 
According to Ferreira & Aquila (2000) the germi-
nation is less sensitive to allelochemicals than the 
seedling growth, because the allelopathic substances 
may induce the appearance of abnormal seedlings, 
for example, with symptoms of necrosis in the root. 
Maraschin-Silva & Aquila (2005) also indicate 
that the seed may suffer less due to the fact of the 
germination process uses their own seed reserves.

Studies attempting to assess the real impact 
of jatropha on the development of other plants in 
small properties as well as a possible source of 
extraction of molecules with chemical potential 
in the industry of chemicals defensive should be 
conducted.

Conclusion

The alcoholic extracts of the leaves of jatropha 
affected more dramatically the growth of the seedlings 
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than the aqueous extract. The autoclaving process 
of the extracts promoted changes in these biological 
properties, reducing all parameters evaluated. It 

can be concluded that dry leaf extracts of jatropha 
may interfere on the initial development of wheat, 
indicating possible allelopathic action.

Table 3. Germination and seedling growth of wheat cultivar (Triticum aestivum L.) Frontana germinated and grown in substrate 
containing crude aqueous extract (EBA) autoclaved and non autoclaved leaves of Jatropha curcas.

Treatments %G GSI Length root (cm) Length shoot (cm)

Control 91 a 21.74 a 11.07 b 13.67 a
5% 90 a 21.10 a 10.90 b 14.62 a
10% 89 a 20.53 a 12.90 a 15.30 a
15% 85 a 20.05 a 13.87 a 14.77 a
EBA 89 a 20.06 a 8.85 b  3.65 c
5% autoclaved 73 b 12.96 b 10.70 b 10.97 b
10% autoclaved 75 b 14.24 b 11.17 b 12.62 b
15% autoclaved 71 b 13.78 b 10.87 b 10.27 b
EBA autoclaved 77 b 12.84 b 9.45 b 5.15 c

C.V. (%) 8.09 9.41 13.36 10.27

C.V. = coefficient of variation; %G = germination percentage; GSI = germination speed index.
Means comparisons within each column were compared by Scott-Knott test at 5% probability.
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