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Difference in the ability of various crops to germinate and grow in contaminated soils
should be better explored to choose the most appropriate plant species in the development of any phytoremediation process. Germination and subsequent growth of seven
plants including tall fescue, agropyron, puccinellia, white clover, canola, safflower, and
sunflower were tested in a soil with three petroleum contamination levels. Treatments
consisted of C0 (uncontaminated soil), C1 (1:1 w/w, uncontaminated: contaminated
soil), and C2 (1:3 w/w, uncontaminated: contaminated soil). Presence of total petroleum
hydrocarbons (TPHs) in the soil had no effect on seed germination of agropyron, white
clover, sunflower, and safflower, although canola and white clover seedlings were sensitive to these contaminants and failed to produce dry matter yield (DMY) at the end of
the trial period. There were 52 and 56% decrease in germination of tall fescue and puccinellia seeds, respectively, in C2 treatment as compared to C0 treatment. No reduction
was found in DMY of puccinellia in contaminated soils (C1 and C2), while the presence of TPHs in C2 decreased DMY of sunflower and safflower by about 50 and 73%,
respectively. The results showed that germination did not predict the crop differences in
subsequent growth and cannot be used as an approach to find suitable crops for field
trials.
Keywords phytoremediation, germination, subsequent growth, total petroleum hydrocarbons (TPHs), calcareous soil

Introduction
Total petroleum hydrocarbons (TPHs) are important sources of soil and environmental
pollution around oil refineries. Soil becomes contaminated with petroleum hydrocarbon
through accidents, transportation, and leakage from tanks and pipeline ruptures (Nicolotti
and Eglis, 1998). Presence of petroleum hydrocarbons in soils may be toxic to humans,
plants, and soil microorganisms and act as a source of groundwater contamination (Siddiqui
and Adams, 2001). Some genotoxic effects of these pollutants have been documented
(Bjorseth et al., 1979; Gunther and Jones, 1988; Haeseler et al., 1999; Gao and Zhu, 2004).
Therefore, there is serious concern about the environmental presence of TPHs, especially
their potential for bioaccumulation in food chains (Morehead et al., 1986; Nylund et al.,
1992; Fujikawa et al., 1993; Jian et al., 2004).
Remediation of old industrial sites is a necessary step in order to meet the demand for
urban housing, office, and leisure spaces. Decreasing the concentration of these potentially
Address correspondence to A. H. Khoshgoftarmanesh, Department of Soil Sciences, College of
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toxic compounds is also beneficial to the environment. Many methods, including removal,
incineration and removal followed by thermal desorption, have been used for the cleanup
of TPH-contaminated soils, although all these methods are cost-prohibitive (Joner and Leyval, 2001). To find more environmentally and economically acceptable options, biological
methods such as phytoremediation have been investigated.
Phytoremediation has long been recognized as a cost-effective method for removal of
these pollutants from soil (Aprill and Sims, 1990). Phytoremediation or the use of living
green plants in-situ to “clean up” land is a low input approach that depends on natural
attenuation by biodegradation and physiochemical mechanisms that decreases the pollutant
concentration where sowing plants may be the only intervention (Joner and Leyval, 2001).
The ultimate aim of planting in TPH-contaminated soil is to break down and remove
the TPH by a combination of mechanisms of plant and soil interactions, such as improvement of physical and chemical properties of a contaminated soil, increase in soil microbial
activity, and increase in contact between rhizosphere microbes and the toxic compounds in
a contaminated soil (Aprill and Sims, 1990). In addition, the “greening” of a site confers
other important benefits on a contaminated site, such as protection against wind erosion,
reduction of surface water run-off, reinforcement of soil by roots (Harris et al., 1996). It
also enhances the area, making it aesthetically more pleasing.
To achieve maximum TPH and polycyclic aromatic hydrocarbon (PAH) reduction and
to successfully establish stable vegetation cover, various criteria must be considered. The
plants should be chosen carefully so that they provide a maximum root surface area (Aprill
and Sims, 1990) and preferably be native to the area. Due to the frequently poor nutrient
availability in contaminated sites and by considering that cost is an important factor, plants
that require little attention (e.g., fertilizers and frequent cutting) are preferable (Harris et al.,
1996).
Grasses have been used in remediation of contaminated soils due to their fibrous root
systems with extensive surface area for microbial colonization. The fibrous root system
forms a continuous, dense rhizosphere that provides ideal conditions for phytoremediation
(Adam et al., 2002). Nitrogen-fixing plants such as legumes have also been used to remediate
contaminated soils as nitrogen is frequently the limiting nutrient for mineralizing organic
contaminants in soil. Organic contaminants, such as petroleum hydrocarbons, stimulate
microbial activities by the added carbon and as a result cause an imbalance in the soil
C:N ratio, which may result in immobilization of soil nitrogen by the microbial biomass.
Accordingly, legumes that are able to fix atmospheric N2 may prove more successful at
growing on PAH-contaminated soil (Gudin and Syratt, 1975).
Considering the cost of more extensive testing, germination tests have frequently been
used in selecting species to be grown on contaminated sites. Previously, research work
has reported the adverse effects of PAH and TPH on germination but many of these trials involved freshly contaminated soils or subjecting the seeds to solutions of the PAHs
(Chaı neau et al., 1997; Henner et al., 1999; Ren et al., 1996; Smreczak and MaliszewskaKordybach, 2003).
There are several petroleum refineries in Iran, such as the Tehran oil refinery. Unfortunately, environmental pollution is increasingly becoming a great concern in these regions,
so that in some parts ecosystem is subject to serious challenges. Different approaches to
reduce this problem have failed so far, but it appears that phytoremediation might be suitable
to reduce environmental hazards of petroleum hydrocarbons around the Tehran oil refinery.
The objectives of this study were to compare the ability of selected plant genotypes,
including two grasses, a legume and four crops, to germinate and grow in petroleumcontaminated soils. Furthermore, using germination rate as an indicator of subsequent
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establishment and growth of these plants in contaminated soils was investigated. The most
successful plant genotypes would then be used in subsequent phytoremediation studies.

Materials and Methods
Soil Preparation

Downloaded By: [DEFF] At: 10:27 13 November 2008

Bulk samples (300 kg) of uncontaminated and petroleum-contaminated surface (0–40 cm)
soils were collected from farm land and oily waste landfills around the Tehran oil refinery.
Soils were air dried and passed through a 4-mm sieve. Three contamination levels were
prepared by mixing uncontaminated (farm soil) and contaminated soils (oily waste landfill
soil) in different weight ratios. Contamination treatments consisted of C0 (uncontaminated
soil), C1 (1:1 w/w, uncontaminated: contaminated soil) and C2 (1:3 w/w, uncontaminated:
contaminated soil). The samples were landfarmed and mixed at intervals every 3 days by a
garden hoe to ensure a homogenous distribution of the petroleum pollutants.
Soil Characteristics
Selected physical and chemical properties of the uncontaminated and contaminated soil
samples are shown in Table 1. Soil pH was measured using a digital pH-meter (Model 691,
Metrohm AG Herisau Switzerland) (Thomas, 1996) and electrical conductivity (ECe) using
an EC-meter (Model Ohm-644, Metrohm AG Herisau Switzerland) (Rhoades, 1996). Organic matter content was determined by the Walkley-Black method (Nelson and Sommers,
1982). The CaCO3 equivalent was determined by neutralizing with HCl and back titration
with NaOH (Black et al., 1965). Available-P content was extracted from the soil with 0.5 M
NaHCO3 (Olsen and Sommers, 1982) and was determined by a colorimetric method (Black
et al., 1965). Chelate-extractable Zn, Fe, Mn, Cu, was extracted using DTPA as described
Table 1
Selected physical and chemical properties of soils sampled from farm land and
oily waste landfill
Characteristic
Clay (%)
pH
ECe (dS m−1 )
Organic matter (%)
Total N (%)
CaCO3 , equivalent (%)
Available-P (mg kg−1 )
Available-K (mg kg−1 )
DTPA-Mn (mg kg−1 )
DTPA-Zn (mg kg−1 )
DTPA-Cu (mg kg−1 )
DTPA-Fe (mg kg−1 )
DTPA-Ni (mg kg−1 )

Farm land soil

Oily waste
landfill soil

26
7.8
7.4
0.99
0.08
29.5
45.0
21.5
18.0
18.51
5.4
14.7
0.11

22
6.9
9.8
10.23
1.22
24.5
150.0
44.8
39.3
12.03
89.1
62.4
2.76
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Table 2
Concentrations of measured selected PAHs and TPHs in oily waste landfill soil
PAH

mg kg−1

Naphthalene
Phenanthrene
Anthracene
Fluoranthene
Pyrene
Benzo[k]fluoranthene
Benz[a] pyrene
Benzo[g,h,i]perylene
TPH

42.0
31.7
2.8
26.7
18.3
0.2
0.4
7.0
102586

by Lindsay and Norvell (1978) and then determined using atomic absorption spectrometry
(AAS) (Perkin Elmer 3400, Perkin-Elmer, Wellesley, MA). Total N was determined by the
micro-Kjeldahl method (Bremner and Mulvaney, 1982).
TPHs and PAHs Analysis
The TPHs and selected PAHs in the contaminated treatments was extracted from 30 g soil
subsamples by Soxhlet using a 1:1 (v/v) dichloromethane and n-hexane (150 ml) mixture for
24 h (Christopher et al., 1988). Concentration of TPHs and selected PAHs were determined in
soil extracts using gas-chromatography (GC) with a Delsi DI 200 chromatograph equipped
with a direct injection port and FID detector both set at 340 Co ; carrier gas was helium
under 0.08 MPa; column was a CP Sil 5 CB (Chrompack) capillary column (50 m by 0.32
mm, film thickness 0.25μm); temperature program was 100 to 320 Co , at 3 Co min−1 .
Concentrations of TPHs and selected PAHs in oily waste landfill soil are shown in Table
2. In addition, the TPHs concentrations in different contamination treatments are shown in
Table 3.
Greenhouse Experiment
Seven plants including; tall fescue (Festuca arundiacea L.), Agropyron (Agropyron smithi
L.), Puccinellia (Puccinellia distance L.), white clover (Trifolium repens L.), canola (Brassica napus L.), safflower(Carthamus tinctorius L.) and sunflower (Heliantus annus L.)
were tested. About 1 kg of soil samples was added to plastic pots having 75 mm diameter
Table 3
Concentrations of measured TPHs in different
contamination treatments
Treatment
C0
C1
C2

mg kg−1
<50
40366
69767
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and 150 mm height. A disc of filter paper was placed at the bottom of each pot to prevent
soil escaping from the drainage holes. Seeds of the plants were planted 1 to 2 cm deep in
the pots. The plants were watered from the top during the germination period so that soil
moisture was kept near 70% field capacity. Germination was monitored closely over the
first two weeks of the trials. The number of germinated seeds in each pot was recorded and
expressed as a percentage of the number of seeds added. Germination rate was derived by
taking the germination count at daily intervals up to 14 days and computed according to the
method proposed by Maguire (1962).
In each trial, the plants were grown for 8 weeks after germination period in the green◦
house. The minimum and maximum temperature was 22 and 37C , respectively. Plant height
from the base to leaf tip of the longest leaf was measured at 3-day intervals. At the end
of each growing trial, the plants (shoot plus root) were harvested, washed with deionized
o
water, dried in an oven at 80 C for 48 h and then weighed.
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Data Analysis
The split plots experiment with completely randomized design in triplicates was conducted.
Results were analyzed by Analysis of Variance using the SAS computer program (SAS
Institute, 1988).

Result and Discussion
Germination Percentage and Rate
The effect of petroleum contamination on germination percentage of the studied plant
genotypes is shown in Fig. 1. The presence of TPHs in both contamination treatments
had no significant (P < 0.05) effect on germination percentage of agropyron, sunflower,
safflower, and clover (Table 4). Also, there were no significant differences (P < 0.05) in
seed germination percentage of canola between C1 treatment with control during of the
experimental period (Table. 4). In contrast, seed germination of tall fescue and puccinellia
was significantly (P < 0.05) decreased in C1 and C2 treatments compared to the C0;
however, there were no significant differences (P < 0.05) in seed germination percentage
of tall fescue between soil C1 with C2 treatments. There were 52% and 56% decreases
in germination of tall fescue and puccinellia seeds in C2 treatment as compared to C0 at
the end of experimental period, respectively (Fig. 1). It seems that petroleum hydrocarbons
have an indirect effect on the ability of the soil to provide water and nutrients to the seed for
germination and subsequent growth of plants (Reilly et al., 1996), and as a result, inhibits
seed germination as compared with C0 treatment. Also, this inhibitory effect on germination
may be attributed to the physical constraints induced by petroleum hydrocarbons remaining
in the soil on the seed (Adam and Duncan, 2002). Furthermore, it seems that seed resistance
to phytotoxic properties of oils is mainly attributed to the structure of the cell wall (Terje,
1984).
Significant variation was found in seed germination rate among studied genotypes
(Fig. 2). The presence of petroleum contamination in both C1 and C2 treatments significantly (P < 0.05) decreased germination rate of puccinellia and tall fescue; however, there
was no significant difference between C1 and C2 treatments for tall fescue (Fig. 2). Seed germination of puccinellia started with 4 and 5 day delay in C1 and C2 treatments, respectively
(Fig. 1). A 3-day delay in tall fescue seed germination was observed (Fig. 2). Germination
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Figure 1. Seed germination of plant genotypes in soils with different petroleum contamination levels, C0 (uncontaminated soil), C1 (1:1 w/w, uncontaminated: contaminated soil) and C2 (1:3 w/w,
uncontaminated: contaminated soil).

rate of canola decreased at the higher contamination level (C2), but no decrease was found at
the C1 treatment as compared to the C0 treatment. According to Adam and Duncan (2002),
petroleum hydrocarbons can cause a film of oil to form around the seed, which would act
as a physical barrier, preventing or reducing both water and oxygen transfer to the seed.
This physical impedance was shown to delay seed emergence, and therefore could be an
additional factor in the overall inhibitory effect of petroleum hydrocarbons contamination
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Table 4
Average percentage seed germination of plant genotypes in soils with different petroleum
contamination levels
Percentage of seeds germinated
Plant genotype
Sunflower
Safflower
Clover
Agropyron
Canola
Tall fescue
Puccinellia

Downloaded By: [DEFF] At: 10:27 13 November 2008

∗

C0

C1

C2

89.45a∗
86a
77.6a
72.7a
84.5a
14.74a
23.5a

89.12a
76a
69.3a
68.8a
73.7a
2b
12.89b

86.53a
72.7a
61.3a
63.8a
65b
0.89b
6.85c

In each row, means with the same letters are not significantly different at P < 0.05.

on germination (Adam et al., 2002). In contrast, no such inhibitory effect or delay was
found in germination rate of agropyron, sunflower, clover and safflower in the petroleum
contamination treatments (Fig. 2).
In other studies, genotypic variations in seed germination rate and percentage have
been reported previously (Crafts and Reiber, 1948; Currier, 1951; Baker, 1970; Warner
et al., 1983; Gauvrit and Cabanne, 1993; Chaı neau et al., 1997). For example, Gauvrit
and Cabanne (1993) found that the members of the family Umbelliferae (e.g., carrots)
are notably tolerant to injury by lighter oils (low molecular weight) whereas grasses are
intolerant. Maila and Cloete (2002) concluded that increasing concentration of PAHs by
50 mg kg−1 to 1000 mg kg−1 decreased germination of L. sativum about 75 and 16%,
respectively, in the artificially contaminated soil. Also, Chaı neau et al. (1997) observed
significant dose-dependent reductions in the germination rate in all their investigated plant
species and reported that the resistance of seeds to the oil hydrocarbons contaminants in the
soils followed the order of sunflower> bean> wheat> clover> maize> barley> lettuce.
According to the findings of Adam and Duncan (2002), the volatile fraction of diesel fuel
plays an influential role in delaying seed emergence and reducing germination percentage;
however, seed germination response varied greatly with plant species and was species
specific, as members of the same plant family showed differential sensitivity to diesel fuel
contamination.

Subsequent Growth and Total Dry Matter Yield
Subsequent growth of plant genotypes for an eight-week experimental period is shown in
Figure 3. Plant height was significantly (P < 0.05) reduced by the presence of TPHs in all
contamination treatments, especially in the higher TPH-concentration treatment. There was
a significant (P < 0.05) reduction in the height and shoot biomass of sunflower, safflower
and agropyron in contamination treatments, although no significant difference was found
between C1 and C0 treatments for agropyron (Fig. 3). On the other hand, the petroleum
contamination had no effect on the height and shoot biomass of puccinellia (Fig. 3). In
contrast, the height and shoot biomass of tall fescue significantly (P < 0.05) decreased
at C1 treatment. The inhibition of plant growth may be attributed to the inherent toxicity
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Figure 2. Seed germination rate of plant genotypes in soils with different petroleum contamination
levels, C0 (uncontaminated soil), C1 (1:1 w/w, uncontaminated: contaminated soil) and C2 (1:3 w/w,
uncontaminated: contaminated soil). Means with the same letter are not significantly different at P <
0.05.

of TPHs, which results in dry matter yield (DMY) reduction (Bossert and Bartha, 1985;
Chaı neau et al., 1997).
With increasing concentration of the TPHs in the soil, DMY decreased significantly for
all plants studied, except puccinellia (Table 5). Although, the canola and white clover seeds
germinated well in the petroleum-contaminated soils (Fig. 1), their seedlings were sensitive
to the contaminant compounds and did not survive. Therefore, no DMY was obtained at
the end of trial period (Table 5). The presence of TPHs proportional to the contamination
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Table 5
Total dry matter yield of different plant genotypes grown in soils with
different petroleum contamination levels for 8 weeks
Dry Matter Weight (mg pot−1 )
Plant genotype
Sunflower
Safflower
Canola
Clover
Agropyron
Tall fescue
Puccinellia

C0

C1

C2

2875a∗
974a
565a
437a
1221a
856a
641a

2121b
585b
npb
npb
931a
649a
589a

1457c
264c
npb
npb
601b
283b
487a
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∗
In each row, means with the same letters are not significantly different at
P < 0.05.
“np” indicates no dry matter yielded at the end of experiment.

level reduced the total dry matter yield of sunflower and safflower. There were 60 and 73%
decreases in DMY of safflower and 27 and 50% decreases in DMY of sunflower in C1 and
C2 treatments, respectively, as compared to the control (Table 5). A significant reduction
in dry matter yield of tall fescue and agropyron was found in C2 but not C1 as compared to
the control (Table 5). The wettability of oil-treated soil can be reduced by the hydrophobic
properties of the contaminant crude oil, bringing about perturbations in the root development
(Amakiri and Onofeghara, 1983) and reduction of water and nutrient availability to the crop
(Bossert and Bartha, 1985; Terje, 1984). As a result, reduction in DMY of the studied plant
genotypes may be attributed to both the inherent toxicity of TPHs and induced nutrient
deficiencies. Puccinellia seedlings were tolerant to TPHs and no significant reduction was
found in the total dry matter yield of this genotype in contaminated soils (Table 5).
The results showed that seeds of sunflower, safflower, clover, and canola germinated
well in the petroleum contaminated soils (C1 and C2 treatments), but their subsequent
growth and dry matter yield was significantly reduced in the presence of TPHs (Fig. 1 and
Table 5). Accordingly, these genotypes do not seem to be suitable for subsequent testing
in field trials and reclamation of the investigated contaminated site by phytoremediation.
In contrast, tall fescue and puccinellia had low seed germination percentage and rate in
petroleum contaminated soils (Figs. 1 and 2), but their seedlings were tolerant to these
compounds and lower reduction was found in their growth and dry matter yield as compared
to the control (Fig. 3 and Table 5). This result suggests that tall fescue, agropyron and
puccinellia are suitable for phytoremediation testing in field trials for the studied region.
Chaı neau et al. (1997) reported that poor germination of seeds is related to the subsequent poor growth in freshly hydrocarbon-contaminated soil and concluded that the inhibition of plant growth increases with hydrocarbon concentration, but was not proportional
to the loading rate. Furthermore, a reduction in biomass greater than 80% was found for
wheat and bean at a concentration of 0.3% and lower than 30% for maize at 1.2%. In
contrast, Li et al. (1997) reported that oil contamination had no effect on seed germination
of the plant studied while subsequent growth was significantly reduced. This controversy
in the results may be attributed to different experimental conditions employed (e.g., PAHs
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Figure 3. The height of plant genotypes in soils with different petroleum contamination levels, C0
(uncontaminated soil), C1 (1:1 w/w, uncontaminated: contaminated soil) and C2 (1:3 w/w, uncontaminated: contaminated soil).

solutions, freshly spiked soils and aged soils in closed or open systems) influencing PAHs
availability and volatile losses.

Conclusion
The plant genotypes in our experiment showed different responses in seed germination and
seedling growth to soil contamination treatments. The crops and legumes germinated well
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but thereafter grew poorly. While the grasses had poor seed germination, subsequent growth
and establishment in the contaminated soils indicate amenability to phytoremediation. Furthermore, the results showed that germination testing alone cannot be used as an approach
to find out suitable plant species for subsequent testing in field trials.
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