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ABSTRACT – The aim of this study was to verify the seed and seedling tolerances 
of red clover exposed to increasing diesel oil concentrations, through physiological and 
biochemical changes, in order to indicate this species for use in possible phytoremediation 
of contaminated areas. Therefore, the substrate was moistened with different diesel oil 
concentrations (0; 0.1; 0.2; 0.3% v/v) and the seeds were placed to germinate, and the 
following were later assessed: fi rst germination count (FGC), germination speed index 
(GSI), electrical conductivity (EC), initial growth, and activity of hydrolytic enzymes. The 
germination, the FGC, and the GSI decreased as the diesel oil concentrations increased, 
as well as seed α-amylase and phosphatase enzyme activity. There was a decrease of EC 
in both incubation periods in the highest diesel oil concentration. The physiological and 
biochemical changes caused by diesel oil in red clover seeds and seedlings demonstrate that 
the germination and early growth of this species is harmed.
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RESUMO – Alterações fi siológicas e bioquímicas de sementes e plântulas de trevo 
vermelho submetidas ao óleo diesel.  Objetivou-se verifi car a tolerância de sementes e 
plântulas de trevo vermelho expostas a diferentes concentrações de óleo diesel, através 
das alterações fi siológicas e bioquímicas provocadas por este composto, visando indicar 
esta espécie como possível fi torremediadora de áreas contaminadas. Para isso, o substrato 
foi umedecido com diferentes concentrações de óleo diesel (0; 0,1; 0,2; 0,3% v/v) e as 
sementes foram semeadas colocadas para germinar, sendo posteriormente avaliadas 
quanto à germinação, primeira contagem de germinação (PCG), índice de velocidade de 
germinação (IVG), condutividade elétrica (CE), crescimento inicial e atividade de enzimas 
hidrolíticas. A germinação, a PCG e o IVG reduziram com o aumento das concentrações de 
óleo diesel, assim como a atividade das enzimas α-amilase e fosfatase nas sementes. Houve 
redução da CE em ambos os períodos de incubação na maior concentração de óleo diesel. 
As alterações fi siológicas e bioquímicas causadas pelo óleo diesel em sementes e plântulas 
de trevo vermelho demonstram que a germinação e o crescimento inicial desta espécie são 
prejudicados.

Palavras chave: crescimento vegetal, fi torremediação, germinação, Trifolium pratense L. 

INTRODUCTION

Oil is an important fossil fuel for the world’s 
economy. However, one of its derivatives, diesel 
oil, could represent a considerable environmental 
problem, as accidents that occur while transporting 

this compound has been one of the main causes of 
several types of environmental pollution (Andrade et 
al., 2010; Aguiar et al., 2012).

Over the past few years, the maritime industry 
and the naval hub have become essential sectors 
for the state of Rio Grande do Sul, specially in the 
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city of Rio Grande, where a series of oil platforms 
are located, characterizing the revitalization of the 
naval industry in the country. However, the growing 
development of this activity leads to more chances 
of oil product contamination such as leakages in fuel 
storage tanks and pipelines, as well as the dumping 
of these residues in the soil and accidental spills 
(White Jr. et al., 2006; Spinelli et al., 2012). 

The numerous leaks of oil products registered 
in Brazil have motivated the development of new 
techniques aimed, mainly, at decontamination, in 
order to reduce the leakage effects on the ecosystem 
(Marín et al., 2006). Oil is a complex mixture 
leading to the treatment of contaminated areas by 
its derivatives, i.e. diesel oil. It is also a moderately 
volatile fuel containing several phytotoxic 
compounds, which can be introduced into the 
environment and remain in the soil (Jacques et al., 
2007), contaminating groundwater and interfering in 
normal plant development (Andrade et al., 2010).

Due to the fact that environmental accidents 
caused by these elements occur in coastal regions, 
such as southern Rio Grande do Sul, appropriate 
attention should be given for the recovery of 
riparian vegetation in these damaged areas, since 
the contaminated soil becomes sterile, damaging 
the ecosystem. A possible solution for this situation 
would be the introduction of seeds and seedlings to 
revegetate these areas. Scientifi c studies of native 
and pioneering plants, which survive in polluted 
environments, may be used to accelerate the recovery 
of these degraded areas. In this context, to reach 
an effi cient and low cost cleaning of a large scale 
of pollutants, the phytoremediation technique has 
been considered an emerging technology that uses 
plants to remediate soils contaminated by chemical 
substances deriving from oil (Andrade et al., 2010; 
Soleimani et al., 2010).

Most revegetation programs have used seedlings 
although some studies indicate the use of species 
through direct sowing on the fi elds as a feasible 
alternative, mainly due to lower costs. Thus, 
studying the response of plant species sown in soil 
contaminated with diesel oil, from germination 
to plant development, is extremely important; as 
this can be indicated for recovery plans with direct 
sowing. 

Red clover is a species originating from North 
America and well adapted to the climate and soil 
conditions of Rio Grande do Sul state. The purpose 
of this study was to verify the tolerance of red 
clover seeds and seedlings exposed to increasing 

diesel oil concentrations, through physiological 
and biochemical changes, in order to indicate this 
species for putative use in the phytoremediation of 
contaminated areas.

MATERIAL AND METHODS

The study was carried out at the Seeds 
Physiology Laboratory in the Botany Department 
of the Universidade Federal de Pelotas (UFPel). The 
red clover seeds (Trifolium pratense L.) used were 
bought locally. Standard viability and vigor tests 
were conducted according to the Seeds Analysis 
Rules (BRASIL, 2009), as described below:

Germination test (G): carried out with 200 seeds 
(four sub-samples of 50 seeds) for each repetition, in 
a total of four repetitions. Transparent plastic boxes 
(Gerbox®) were used, with two blotting paper sheets as 
the substrate, which were previously moistened with 
different diesel oil concentrations (0, 0.1, 0.2, 0.3% 
v/v) from gas stations and, afterwards, the red clover 
seeds were sown and kept in a germinator at 25ºC. The 
results were expressed in germination percentage.

First germination count (FGC): carried out with 
the germination test, in which the fi rst count for the 
red clover was performed four days after sowing 
(DAS). The results were expressed in percentages of 
normal seedlings.

Germination speed index (GSI): carried out with 
the germination test, in which daily counts were 
performed after radicle protrusion from the seed 
tegument until the number of seedling remained 
steady. The last counting day for this test was the 
same as indicated for the germination test (10 days). 
The calculation for the germination speed index was 
undertaken according to Maguire (1962), using the 
following formula: germination speed index = G1/
N1 G2/N2+...+Gi/Ti where G1, G2, and Gi refer to the 
number of germinated seedlings in each day, and, T1, 
T2, Ti refer to the DAS.

Aerial part length (APL) and seedling root length 
(RL): were obtained through the average of 40 
seedlings by repetition. At the end of the germination 
test, the length was measured using a millimeter ruler 
and the results expressed in mm seedling-1.

Total dry mass (TDM): obtained at the end of 
the germination test, the dry mass was obtained 
gravimetrically, in a forced ventilation oven 70 ± 1ºC 
until reaching a constant mass and the results were 
expressed in mg seedling-1.

Electrical conductivity (EC): four sub-samples 
of 25 seeds by repetition were used. Firstly, the 
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seed mass was determined, which were soaked for 
60 minutes in different diesel oil concentrations (0, 
0.1, 0.2, and 0.3% v/v). Immediately afterwards, 
the seeds were washed in distilled water, placed 
in 80 mL beakers of deionized water and kept 
in a germinator at 25ºC. After the incubation 
periods of three and 24 hours, the recipients were 
removed from the germinator, smoothly agitated 
and the samples and deionized water were read 
using a Digimed CD-21 Conductivimeter. To 
fi nd the electrical conductivity solution value 
with the seeds, the conductivity value read in the 
conductivimeter was subtracted from the deionized 
water value reading, dividing the value obtained 
by the dry mass of the 25 seeds, with the results 
expressed in μS cm-1 g-1 of seeds, using the method 
described by Krzyzanowski (1999).

Determination of the activity of acid phosphatase 
and α-amylase enzymes: determined according to 
the method presented by Aoac (1965), with some 
adaptations. The extractions were carried out in red 
clover seeds from a germination test, zero and 10 
days after sowing (DAS), where 1000 mg of seeds 
(zero) and seedlings (10 days) were macerated by 
a mortar, using 20 mL of potassium acetate buffer 
(50 mM, pH 5.0) and centrifuged at 4000 rpm for 20 
minutes, at 4°C. Then, the supernatant was removed 
and placed in test tubes, which were stored in a 
refrigerator at 4ºC until the analyses were performed. 
For acid phosphatase, 0.2 mL of the extract, 0.8 mL 
of potassium acetate buffer (50 mM, pH 5.0), and 
0.1 mL of p-nitrophenyl phosphate (0.018 M) were 
added in all test tubes. The tubes were incubated 
at 30°C for fi ve minutes. Afterwards, 1 mL of 
sodium hydroxide (0.5 N) was added and read in 

a spectrophotometer at 400 nm, with the activity 
expressed in μmol p-NPP hydrolysis min-1 g-1 of 
fresh mass (FM). For the determination of α-amylase 
the extract was put at 70°C for 20 min. After that, 
a 15 minute centrifugation was carried out in order 
to have the supernatant. Then, in each test tube, 0.2 
mL of the extract, 0.8 mL of buffer solution, 1 mL 
of starch solution, and 1 mL of I2+KI were added. 
The reading was executed in a spectrophotometer 
at 620 nm and the results were expressed in μg of 
hydrolyzed starch min-1 g-1 FM.

The experimental design used was completely 
randomized, with four replications and the data 
related to the measured variables were subjected to 
the variance analysis with subsequent polynomial 
regression.

RESULTS AND DISCUSSION

The red clover seeds exposed to different diesel oil 
concentrations (0, 0.1, 0.2, and 0.3% v/v) decreased 
in germination percentage according to the increase 
in diesel oil concentrations (Fig. 1a). These results 
concluded that the substrate contaminated with this 
oil product, in these concentrations, was suffi cient 
to characterize the toxic effect in the seeds reducing 
their germination. Additionally, inhibitory effects 
on the germination may be attributed to physical 
limitations induced by petroleum hydrocarbons, 
complex substances which form a hydrophobic 
layer around the seed and probably act as a physical 
barrier reducing both water absorption and oxygen 
transfer to the seed (Adam & Duncan, 2002). This 
physical impedance explains the decrease observed 
in the variables of the fi rst germination counts and 
germination speed index (Fig. 1b and 1c).
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Fig. 1. (A) Germination test (G), (B) fi rst germination count (FGC) and (C) germination speed index (GSI) of red clover seeds 
(Trifolium pratense L.), under different diesel oil concentrations (0, 0.1, 0.2, and 0.3% v/v). The bars represent the standard error of 
four replications.

Studies have reported a decrease in seed 
germination (Smith et al., 2006), and inhibition 
of biomass production (Merkl et al., 2004b) in the 
presence of petroleum derivative compounds. Other 
research using different petroleum concentrations (0, 
1:1, and 1:3 v/v) in Agropyron, sunfl ower, clover, and 
saffl ower seeds have reported no inhibitory effect 
or delay in the germination rate of these cultures 
(Besalatpour et al., 2008). However, according to the 
conclusions by Adam & Duncan (2002), the diesel 
oil volatile fraction reduces germination. However,  
the response of the seed germination is quite likely 
to change in the same species and even in the same 
family showing a differential sensitivity to diesel 
fuel contamination (Besalatpour et al., 2008).

The electrical conductivity in a three-hour-
incubation resulted in a quadratic regression, 
since at 0.1% diesel oil concentration there were 
higher conductivity values, characterizing higher 
leaching of solutes (Fig. 2a). Through this result it 
is possible to conclude that the lowest concentration 
of this compound (0.1% v/v) caused destabilization 
of the cellular membranes, possibly due to the 
compound acting as a type of solvent. On the other 
hand, in 24 hours of seed imbibition the regression 
curve decreased in a linear way. However, in 
both incubation periods it was possible to check 
signifi cant differences between the treatments, with 
a decline in conductivity values at the highest diesel 
oil concentration (Fig. 2b).

2 artigo physiological.indd   1982 artigo physiological.indd   198 27/01/2014   16:02:5727/01/2014   16:02:57



IHERINGIA, Sér. Bot., Porto Alegre, v. 68, n. 2, p. 195-201, dezembro 2013

Physiological and biochemical changes in seeds and seedlings of red clover submitted to diesel oil 199

Fig. 2. Electrical conductivity (EC) of red clover seeds (Trifolium pratense L.), under different diesel oil concentrations (0, 0.1, 0.2, 
and 0.3% v/v), after (A) three and (B) 24h of soaking. The bars represent the standard error of four replications.

A physical barrier with a hydrophobic layer, 
which this oil product possibly created around the 
seeds, explains the lowest release of exudates from 
seeds during the highest diesel oil concentration. 
This fact may have hindered the release of ions 
through the tegument of seeds, harming the input 

of water and, consequently, delaying and reducing 
germination, directly descreasing growth of the aerial 
part and roots, as well as the total seedling dry mass 
that were submitted to these diesel oil concentrations 
(Fig. 3).

Fig. 3. (A) Length of aerial part (APL), (B) root (RL), and (C) seedling total dry mass (TDM) of red clover seeds (Trifolium pratense 
L.), under different diesel oil concentrations (0, 0.1, 0.2, and 0.3% v/v). The bars represent the standard error of four replications.
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In studies undertaken with grassy plants, such as 
Panicum maximum L. and Brachiaria bryzantha (A. 
Rich.) Stapf in order to remediate soil contaminated 
with petroleum hydrocarbons to check their effect 
on the seed germination, it was noticed that water 
and nutrients absorption changes when oil fi lm 
covered the roots (Hernandez-Valencia & Mager, 
2003), leading to biomass decrease due to the 
decline of transported processors. Also, these 
decreases in growth caused by diesel oil may be 
due to reduction of cell division in the meristem 
root zone and cell lengthening suppression caused 

by the plasticity decrease of the cell wall (Sharma 
& Dubey, 2005). Moreover, the decline of some 
enzyme activities involved in the embryo growth, 
such as the α-amylase enzyme activity in time 
zero (0 days) where the activity of this enzyme 
statistically decreased in relation to the control (Fig. 
4a), showing that as there is an increase in diesel oil 
concentrations, there is lower water absorption and, 
consequently, there was a smaller starch degradation 
performed by this enzyme, characterizing smaller 
preparation of reserves destined to embryo axis 
growth.

Fig. 4. (A) Activity of α-amylase enzyme and (B) activity of acid phosphatase in seeds (0 days) and seedlings (10 days) of red clover 
seeds (Trifolium pratense L.), under different diesel oil concentrations (0, 0.1, 0.2, and 0.3% v/v). The bars represent the standard error 
of four replications.

A similar response was found for the activity 
of the acid phosphatase enzyme (0 days), which 
is present in ester hydrolysis reactions and is also 
involved in keeping cell phosphate, as its activity 
may affect the metabolism of phosphate in seeds 
(Santos et al., 2005). There was a decline in the 
activity of the acid phosphatase enzyme in seeds 
with the increase of diesel oil concentration (Fig. 
4b). This response probably happened due to the lack 
of water absorption which occurred due to the rise 
of an oil layer around the seed, which affected the 
breakage of reserves used to form the seedling and 
consequent vegetation establishment. On the other 
hand, there was an increase in the activity of the acid 
phosphatase enzyme in all diesel oil concentrations 
10 days after sowing (Fig. 4b). This can be justifi ed 
by the greater need to reverse the negative effect 
caused by the diesel oil in seeds in order to release 
energy as phosphate for the embryo growth. The 
same trend was not observed in α-amylase enzyme 
in this period (10 DAS), in which it was not 

possible to check signifi cant differences between 
the treatments. The selection of plant species is an 
important factor in the phytoremediation process 
of contaminated areas, since to be successful this 
technique needs the selected species to be able 
to germinate, get established and fl ourish in the 
conditions of that contaminated environment 
(Coutinho & Barbosa, 2007). The results presented 
above are particularly necessary to assess the 
contaminant toxic effect in the species studied, 
which will be used for phytoremediation, before 
carrying out the experiment at fi eld scale. 

CONCLUSIONS

The physiological and biochemical changes 
caused by diesel oil in red clover seeds and seedlings 
demonstrate that germination and early growth of 
this species was harmed, showing that this species 
is not the most indicated for phytoremediation of 
contaminated areas with this oil derivative.
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