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Abstract: Germination rate in contaminated soils cannot be used as the sole indicator to select suitable species for 

phytoremediation trials, since it does not predict the plant development after germination. As a result, most screening tests 

for selection of specie with phytoremediation potential to treat contaminated soils include germination rate and biomass 

production. These screenings take several months and considerable space in greenhouses. As an attempt to reduce the time 

required for screening, seedling emergence and root and aerial biomass growth in a very early stage of plant development 

were investigated in soil contaminated with crude oil. The experimental design was based on a factorial of 6x6x50 where 

seeds from six tropical species (Ricinus communis - castor bean; Helianthum annus - sunflower, Glycine max - soybean; 

Acacia holosericea - candelabra wattle; Brachiaria brizantha – braquiaria; Tibouchina granulosa - quaresmeira) were 

placed in sterilized sand contaminated with crude oil at 6 oil concentrations (0% - control, 0.05%, 0.5%, 2%, 4% and 6% 

weight/dry weight) in boxes with 50 seeds. Four replicates resulted in a total of 7200 seeds (1 200/specie) in 144 

experimental units kept in a greenhouse under light and temperature controlled conditions. It was observed that depending 

on the oil concentration and specie, germination can be significantly (  = 0.05) postponed or reduced and root as well as 

aerial dry biomass can be reduced. Root biomass increase was observed for oleaginous species soybean, sunflower and 

castor bean. Candelabra wattle was the only specie not significantly affected. The results support the hypothesis that more 

than one type of oil-soil-plant interaction might occur. The ranking in terms of tolerance to the crude oil, considering all 

variables analyzed was: A. holosericea > G. max = B. brizantha > H. annus > R. communis > T. granulosa. The low cost 

and short time required by the screening procedure proposed make it useful and effective for testing many species 

simultaneously, as the first step of a full-scale phytoremediation trial. 
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INTRODUCTION 

 Phytoremediation - the use of plant-microorganisms 
systems for soil and groundwater decontamination - is 
among the fastest growing areas of environmental 
remediation research, technology development and impleme-
ntation [1]. Even though investigations regarding the 
potential of tropical plants for phytoremediation are still 
scarce, the potential of this technology for tropical and sub-
tropical areas is expected to be high due to prevailing 
climatic conditions favoring plant growth and microbial 
activity [2]. Although it has not been proved yet that plants 
suffering toxic effects of the presence of contaminants in soil 
are not capable to remediate it, the plant’s capacity to 
germinate and to produce biomass in the presence of the 
contaminant is necessary. However, tolerance to the soil 
contaminant is not always followed by phytoremediation 
capacity. Phytotoxicity can be defined as any change in the 
normal development of cultivated or native species, due to 
the presence of a chemical compound in the soil. The  
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adverse effects of crude oil (petroleum) and in particular, 
some target groups of petroleum hydrocarbons on plant 
development result in a number of physical and/or chemical 
interactions with the plant system that go from reduction of 
phytotranspiration and carbon fixation processes to plant 
death [3]. 

 These adverse effects have been the basis for the 
development of phytotoxicity tests where the purpose is to 
establish how harmful a chemical substance is to the 
environment and, specifically to plants by using 
recommended pre-tested species [4-6]. This is not the case of 
phytoremediation investigations, where the focus is to 
identify species capable to survive and even remove or 
degrade soil or groundwater contaminants. 

 Regarding chemical effects, heavy oils are usually less 
toxic than light oils, the second group having apparently 
easier penetration into the plant, preventing leaves to grow 
and sprouts regeneration [7]. Some studies report the 
reduction of seedling emergence and plant growth in the 
presence of polycyclic aromatic hydrocarbons-PAHs in 
newly contaminated soils or in solutions [8-11]. According 
to Henner et al. (1999) [10], the phytotoxicity of sites 
contaminated with crude oil or by-products de is mostly 
caused by volatile compounds. If so, aged contaminated soils 
are expected to be less toxic to plants than newly 
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contaminated soils, due to low water solubility and strong 
adsorption of the large remained petroleum hydrocarbons to 
the soil matrix [12]. It has also been demonstrated that 
petroleum hydrocarbon toxicity to microorganisms, animals 
and aquatic plants is enhanced by the action of radiation [13, 
14]. Reduced biomass in the presence of contaminants has 
been observed by Merkl et al. (2004) [2] that conducted an 
experiment for 30 weeks. Smith et al. (2006) [8] observed no 
significant effect on germination rate but growth reduction of 
seven oleaginous and grass species after 12 weeks in the 
presence of polycyclic aromatic hydrocarbons-PAHs in soils. 
Similar behavior – no effect on germination but biomass 
reduction - was described by Besalatpour et al. (2008) [15] 
with another group of species. These investigations suggest 
that germination alone is not sufficient to indicate 
phytotoxicity and to predict subsequent plant performance in 
contaminated soils. Therefore, germination rate cannot be 
used as the only indicator during screening of suitable crops 
for phytoremediation field trials. One constraint when 
searching for species with phytoremediation potential is that 
most studies assessing biomass production requires several 
months of plant development. 

 The objective of this investigation is to evaluate the 
effect of the crude oil on the seedling emergency 
(germination rate) and to check if a short screening period of 
five weeks would be enough to detect differential toxicity 
effects on root and aerial biomass growth. The purpose was 
to assess the potential for using the selected species in 
phytoremediation experiments. Six species were tested: a 
grass frequently found in degraded Brazilian soils; a specie 
native from Atlantic rainforest, a specie recommended for 
recovering degraded soils and three oleaginous in the 
Brazilian biodiesel production program. 

MATERIALS & METHODOLOGY 

Studied Species 

 The oleaginous species tested are included in the 
Brazilian biodiesel program: (a) Helianthus annus 
(sunflower) variety Embrapa 2000, (b) Glycine max 
(soybean) variety M-Soy 5826 and (c) Ricinus communis 
(castor bean) variety Guarani, native to Asia, drought-
resistant, found in tropical and sub-tropical regions, which is 
three times more productive per hectare than soybean. Castor 
bean also produces lubricating oils used in high-rotation 
motors. Once confirmed that biodiesel producing crops can 
grow in contaminated soils – which are inappropriate for 
food production – and in the best scenario, can remediate 
them, the competition between biodiesel crops and food 
species for agricultural land might be reduced. The other 
three species tested were: (d) Brachiaria brizantha (a grass 
known in Brazil as braquiaria) variety Marangatu, native to 
Africa, introduced into most tropical countries used for hay 
and silage, which has attributes such drought resistance, 
ability to spread and suppress weeds and to grow in shad, 

often found in contaminated areas; (e) Acacia holosericea 
(candelabra wattle, native from Australia) which belongs to 
the genus Acacia used for timber production and more 
recently suggested for recovery of Brazilian acid and 
degraded soils [16]; (f) Tibouchina granulosa (quaresmeira), 
evergreen shrub native to the Brazilian Atlantic Rainforest, 
that might be suitable for remediation of areas where 
protection restrictions prevent plantation with exotic species. 

Experiment Setup 

 Crude oil from Alagoas basin, Brazil (Table 1) was 
added to a fine sand soil (0.20-0.05 mm), previously 
sterilized at 120 

o
C (1 atm) during 1 h. The sand was mixed 

with crude oil at the concentrations: 0% (control), 0.05%; 
0.5%; 2%; 4% and 6% (weight/dry weight). High density 
polyethylene-HDPE boxes (19 x 11 x 5.5 cm) previously 
disinfected where filled with 400 g of sand each. Six oil 
concentrations, six species and four replicates (with 50 seeds 
each) resulted in 200 seeds and 24 experimental units per 
specie. Seeds of R. communis, B. brizantha and A. 
holosericea were scarified with the purpose of promoting 
germination, according to the Brazilian Seeds Analysis 
Manual [17]. The HDPE boxes were kept in shelves in a 
cultivation room (24-25 

0
C, 98% of moisture and 

photoperiod of 8-12 h). During five weeks of monitoring, 
seeds with fungi were counted and discarded; emerged 
seedlings were counted, shoots were washed, roots were 
separated from the aerial part and both parts were dried at 60 
0
C for 24 h and weighted to measure dry biomass. 

Germination Rate 

 The germination was counted as: early germination, late 
germination and total germination. Seeds that germinated 
within the time interval for specie studied was established in 
the Brazilian Seeds Analysis Manual [17] were counted as 
early germination. Seeds that germinated after that period 
were counted as late germination in each oil concentration, 
and compared to the control. The total germination rate was 
the total number of seedlings emerged during five weeks 
period among all seeds, excluding those with fungi, which 
were discarded. The germination index for each specie and 
oil concentration was the ratio between the average 
germination rates in that oil concentration divided by the 
average germination rate in the control, according to Eq. (1): 

Germination Index = Average germination rate at X                    (1) 

      Average germination rate at the control 

where X is the oil concentration in % (weight/dry weight) 

Dry Biomass 

 The root and aerial dry biomass of early germinated 
seedlings were measured separately for all species but T. 
granulosa that had only the total (root and aerial) dry 
biomass considered. 

Table 1. Characteristics of the Crude Oils from Alagoas Platform, Brazil 

 

Relative Density (g ml
-1

) 
o
API Class TPHs (mg g

-1
) BEXT (mg g

-1
) PAH (mg g

-1
) 

0.824 40.20 light  727.366 31.467 2.688  

oAPI=[(141.5/specific gravity)-131.5]; TPH=total petroleum hydrocarbons; BTEXT=benzene, toluene, ethyl-benzene, xylene, trimethyl-benzene; PAH = polycyclic aromatic 
hydrocarbons. 
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Statistics 

 Many variables didn’t follow normal distribution 
according to the normality test and data transformation (log 
transformation, etc.) did not result in normal distribution. 
Therefore, instead of using regression modeling, Kruskal-
Wallis (a non-parametric alternative to the one-way analysis 
of variance) was chosen to test the equality of medians. For 
those variables where the hypothesis H0 was rejected (at  = 
0.05), Mann-Whitney was performed for each treatment (oil 
concentration) compared to the control. 

RESULTS 

Germination Period and Total Germination Rate 

 Fig. (1) shows the germination periods for all species, 
from the first to the last seedling emergence. Fig. (2) shows 
the total germination rates for different species at different 
concentrations of oil. H. annus and R. communis (6% of oil) 
and T. granulosa (2%, 4% and 6% of oil) showed a 
significant decrease in the total germination rate compared to 
the controls. The total germination rates of the other species 
(A. holosericea, G. max and B. brizantha) were not 
significantly affected in any oil concentration. 

Early and Late Germination 

 When total germination was separated in early and late 
germination, effects of the oil on the germination speed were 
observed. B. brizantha had a significant decrease of early 
germination at 6%, which was compensated by late 
germination, the reason the total germination was not 
affected. Fig. (3) shows the germination index obtained for 
all studied species. The germination index for A. 
holosericea, G. max, B. brizantha and H. annus were close 
to 1, in oil concentrations up to 4% with a decrease at 6%. 

Biomass 

 Fig. (4) shows descriptive statistics and Table 2 shows 
the results of the statistical test for comparison between 
medians for root and aerial biomass of early germinated 
plants at different oil concentrations and control. 

Root Biomass 

 A significant increase in root biomass was observed in 
two oleaginous species: H. annus (from 0.05% to 4% in 
early germinated seeds and at 4% in late germinated seeds); 
and G. max (from 0.05% to 6% in early germinated seeds). 
The third oleaginous specie studied R. communis showed an 
apparent increase of dry root biomass at oil concentrations 
from 0.05% to 2% but not statistically significant. 

Aerial Biomass 

 A significant decrease in aerial biomass in early-
germinated B. brizantha (4% and 6% of oil) was observed. 

DISCUSSION 

 Regarding the effect oil-contaminated soils have on 
germination rate, Dominguez-Rosado et al. (2004) [18] 
described an increasing germination rate of Glycine max 
when seeds were sown in soil contaminated with lubricating 
oil at low concentrations (0.1% and 1%). Merkl et al. (2004) 
[2] described the same behavior for Mimosa orthocarpa in 
the presence of 5% of crude oil. They attributed this positive 
effect on germination to changes in water infiltration due to 
the hydrophobic properties of oil, resulting in soil water 
retention and less moisture losses. Similar to what happened 
with B. brizantha seeds in the present experiment, Udo and 
Fayemi (1975) [19] observed that one of the plant responses 
to the presence of oil is the delay in germination. Another 
response to the presence of oil in soil is the reduction of 

 

Fig. (1). Germination period registered for six species, including early and late germination. Ah = Acacia holosericea; Bb= Brachiaria 

brizantha; Gm = Glycine max; Ha = Helianthum annus; Rc = Ricinus communis; Tg = Tibouchina granulosa. 
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germination. However, as long as no significant reduction of 
biomass occur, such as the case of quaresmeira in this 
experiment, germination might occur in clean soil and 
seedlings might be later transferred to the contaminated area 
and the specie can still be tested in phytoremediation trials. 

 The fact that only oleaginous species showed significant 
(sunflower, soybean) or apparent (castor bean) increase of 
root biomass in the presence of low concentrations of oil 
might have relevant implications and requires further 
investigations. To explain the phenomenon of root biomass 
increase observed in these oleaginous species, the following 
mechanisms previously described in the literature might be 
considered: (a) the oil was absorbed and accumulated in the 
vacuoles and cellular walls [20] and the procedure used for 
biomass drying (24 h at 60 

o
C) was not enough to eliminate  

 

 

Fig. (3). Germination indexes for each specie and oil concentration. 

Ah = A. holosericea; Bb= B. brizantha; Gm = G. max; Ha = H. 

annus; Rc = R. communis; Tg = T. granulosa. 

 

Fig. (2). Box plots for total germination rate under different oil concentrations. (a) A. holosericea; (b) B. brizantha; (c) G. max; (d) R. 

communis; (e) H. annus; (f) T. granulosa. Red dots and horizontal lines inside boxes are the average and the median respectively. Upper and 

lower limits of each box mean upper (third) quartile (Q3, x.75) and lower (first) quartile (Q1, x.25) respectively. Lower and higher 

perpendicular lines outside each box indicate the smallest non-outlier observation and the highest non-outlier observation respectively. Points 

outside the box plots in (d) are outliers. 
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Fig. (4). Box plot: non-parametric statistics and mean values (red dot inside boxes) for dry root biomass (a, c, e, g, i) and dry aerial biomass 

(b, d, f, h, j) of early germinated plants in oil-contaminated soil (0, 0.05, 0.5, 2.0, 4.0, 6.0%). (a, b) A. holocericea; (c, d) B. brizantha; (e, f) 

H. annus; (g, h) R. communis and; (i, j) G. max. 
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it; this hypothesis could be tested in the future by comparing 
microscopy images of histological preparation of plant 
tissues or comparing the ashes produced at 550 

o
C for 16h 

[21]. Another possible explanation is that (b) higher root 
biomass in the presence of oil is related to the utilization of 
the petroleum hydrocarbon compounds as carbon source, 
stimulating the root growth [18]. Transversal histological 
cuttings obtained from fresh aerial and root portions of 
sunflower seedlings growing in the control soil (0%), and 
0.05% and 4% oil-contaminated soil observed with optical 
microscopy (x 1.000, no coloration applied), showed dark-
brown coloration in the parenchyma of those seedlings 
growing in contaminated soil. These images were confirmed 
in a second experiment with soybeans, after 30 days of 
growth in soil contaminated with 3% of crude oil. Gill and 
Nyawuame (1992) [22] observed the presence of crude oil at 
cellular level in seedlings of Chromolaena odorata and 
reported the absence of oil in vascular tissues, suggesting 
that the oil transport mechanism occurred via extracellular 
(diffusion through intercellular walls and voids). 

Table 2. Kruskal-Wallis Non-Parametric Test for Equality of 

Medians Applied to Dry Biomass in Early 

Germination 

 

Specie Root Biomass  Aerial Biomass 

Brachiaria brizantha p=0.296 p=0.022 

Helianthus annus p=0.019 p=0.202 

Glycine max p=0.014 p=0.144 

Acacia holocericea  p=0.93 p=0.814 

Ricinus communis  p=0.085 p=0.234 

 Total biomass 

Tibouchina granulosa* p=0.168 

Values of p < 0.05 (in bold) mean that the oil had significant effect on that particular 

variable, in at least one of the tested concentrations.  

*Due to the small size of the shots, only total biomass was considered. 

 

 Regarding aerial biomass it has been previously reported 
[23] that at least for some species, aerial biomass growth is 
less affected than root biomass growth by the presence of oil 
in soil. Hernandez-Valencia and Mager (2003) [23], for 
instance, found that aerial biomass was more affected than 
root biomass in both G. max and H. annus plantlets growing 
in oil-contaminated medium. 

CONCLUSIONS 

 Depending on the oil concentrations and plant species, 
different significant effects were observed when seeds of G. 
max, H. annus, R. communis, A. holocericea, B. brizantha 
and T. granulosa were sown in oil-contaminated sand soil 
under controlled environment: (i) no effect (A. holocericea); 
(ii) inhibition of germination (H. annus and R. communis at 
6% of oil and T. granulosa at 2%, 4% and 6% of oil); (iii) 
delay in germination (B. brizantha); (v) decrease of aerial 
biomass (B. brizantha); (vi) increase in root biomass (H. 
annus, G. max). Taking into consideration four criteria in 
decreasing order of importance: (1º) absence of any effect on 
the variables studied; (2º) no significant decrease of 
germination; (3º) no significant decrease of biomass; the 

species were ranked as following, regarding their tolerance 
to the presence of the oil in the soil and, therefore, their 
potential to be used in phytoremediation schemes: (1

st
) A. 

holocericea; (2
nd

) G. max and B. brizantha; (3
rd

) H. annus; 
(4

th
) R. communis; (5

th
) T. granulosa. Having in mind that 

tolerance does not obligatorily mean phytoremediation 
capacity, additional investigation is needed to assess 
phytoremediation potential and specific properties such as 
rizodegradation, phytoextraction, phytodegradation, 
phytovolatilization. Since oleaginous species showed 
tolerance to germinate and to grow in the presence of oil, 
growing biofuel crops in contaminated areas could be 
considered as a strategy to reduce competition with food 
crops over arable and clean land. Therefore further 
investigation about the phytoremediation potential of these 
species should be carried out. 
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