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Abstract The growth behavior of canary grass
(Phalaris canariensis L) when cultivated in presence
of farming fuels is reported in this work. P. canariensis
L. is relevant in several countries. It is an emergent plant
for phytoremediation and biofuel activities. The follow-
ing variables: root length, stem length, total plant
weight, green tissue weight (tiller, leaf), and total chlo-
rophyll and chlorophyll a/b ratio, weremonitored during
the growth in presence of commercial fuels (premium
grade, regular grade, diesel, and kerosene) at different
concentrations. We applied a comprehensive statistical
analysis to understand the results: Univariate analysis,
factorial analysis of variance, and subsequent Tukey test

were applied to the variables to assess the significance
of the differences found. The normality of these vari-
ables was analyzed with the Shapiro Wilk test. All
parameters were affected by all type and concentrations
of fuels and its interaction. This is one of the first
reported cases which describe the growth parameters
responses from canary grass when cultivated in presence
of an essentially constant concentration of farming fuels.

Keywords Fuels . Toxicity . Canary grass .Phalaris
canariensis

1 Introduction

Farming activities usually release hydrocarbon fuel due
to accidental spills. Sometimes, these contaminants do
not result in hazardous waste formation but reduce the
overall productivity of the farmed area. Based on agri-
cultural needs, many remedial programs implemented
by government agencies are over-designed, expensive,
and have little or no clean-closure criteria.

Farming operations require use of gas and diesel-
powered machines for tillage, planting application, har-
vesting, and transportation equipment. When ground-
water is pumped from under the farmland, liquid-fuel
internal combustion engines are frequently used to pow-
er the pump. These engines are refueled in the field from
portable or moveable supply tanks. Invariably, liquid-
fueling operations result in releases of liquid hydrocar-
bons (Deuel and Holliday 1997; Holliday and Deuel Jr
2006; Pons Jiménez 2010). Because of its short-chain
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hydrocarbons, diesel fuel acts as an herbicide, lowering
the agronomic potential of the impacted area (Miller and
Honarvar 1975; MacKinnon and Duncan 2013). It is
responsible for hydrocarbon wastes produced in certain
places and contaminates large parts of soil, groundwater,
and surface and deep water (Kirchmann and
Thorvaldsson 2000; De viana et al. 2003). In addition,
if the soil has been continuously contaminated, the
levels and variety of microorganisms in the soil will be
diminished to the point in which the remaining bacterial
populations will not facilitate contaminant degradation
and/or enhance plant growth (Burd et al. 1998; Glick
1995; Balwin 1922; Huang et al. 2004; Siciliano and
Germida 1997).

P. canariensis L. is the onlymember of its genus used
as feed for caged birds. It was also used as sizing agent
for some textiles, and the canary grass farinaceous food
is blended with wheat flour for bread-making in some
Southwestern European countries (Oram 2004). The
area planted annually in Argentina is relatively impor-
tant. Argentina is among the largest exporters (Yagüez
2002). The augmented use of biofuels and more partic-
ularly biodiesel in Europe has increased the interest in
including P. canariensis L. as raw material.

P. canariensis is still cultivated to a limited extent as a
food grain in several countries (Oram 2004). It is used as
hypolipemiant (blood lipid reducer), and has demulcent
properties (it has the effect of acting as a protective
barrier on irritated or inflamed tissues). In the Canarias
Islands, it is considered a great remedy for kidney and
bladder diseases. It is indicated for prevention of hyper-
cholesterolemia and atherosclerosis, and in the follow-
ing situations that require increased diuresis: genitouri-
nary disorders (cystitis), hyperazotemia, hyperuricemia,
gout, hypertension, edema, and overweight accompa-
nied by liquid retention (Concepción 1999).

P. canariensis has been considered for use in
phytoremediation technologies (Schnoor 1997; Adam
and Duncan 2002). Due to the high possibilities of
finding soils with fuel contaminants caused by farming
operations, its negative economic effects on plant yield
and the lack of attention on the canary grass behavior
under stress, more P. canariensis growth studies are
necessary. Normally, fuels are held in the surface soil
and within the rooting zone of most plant species (Adam
and Duncan 2002). Polycyclic aromatic hydrocarbons
(PAHs) can penetrate through the cell membranes, de-
crease water and nutrient utilization efficiency, and in-
hibit photosynthetic activity and electron transport

(Nakata et al. 2011; Ma et al. 2010). Therefore, some
physiological characteristics can be used as indicators
for tolerance to contamination (Huang et al. 2004).
These traits include the following (but are not limited
to): germination; rapid growth; vigorous root systems;
and the ability to maintain water content, chlorophyll
levels, and the chlorophyll a/b ratio. Recently,
MacKinnon and Duncan (2013) found that relatively
low levels of diesel fuel contamination caused delayed
shoot/root emergence and reduced germination in
P. canariensis, but no information is given related to
its growth under persistent contamination conditions.

In this study, P. canariensis L. seeds were grown in a
wet support with an essentially constant concentration
of commercial fuels (premium grade fuel, regular grade
fuel, diesel, and kerosene). Several parameters of the
plants were monitored during the growth, including root
length, stem length, total plant weight, green tissue
weight (tiller, leaf), and total chlorophyll and chloro-
phyll a/b ratio. The objective of this work was to
investigate the growth parameters of P. canariensis L.
when cultivated under a persistent contamination of
farming fuels.

2 Materials and Methods

2.1 Plant Growth

The nutrient conditions were performed at pH 7.6 taking
into account the culture conditions as previously de-
scribed Putnam et al. (1990). It was achieved in 1.4 %
(w/v) agar-agar with mineral salts (MS): PO4K2H
(2.93 g/l), PO4H2K (0.77 g/l), NH4CL (2.25 g/l),
MgSO4.7H20 (0.45 g/l), SO4Fe (0.135 g/l), and Cl2Ca
(0.45 g/l). We used a modified method of Alarcón et al.
(2006) and Bushnell and Haas (1941). Melted agar with
MS was poured inside Petri dishes with four different
commercial fuels (premium grade−99 octanes gasoline,
regular grade−93 octanes gasoline, diesel fuel−51 ce-
tanes, or kerosene BS2869 Class C2) in acetone to
obtain an even distribution of fuel in the agar. Then,
the acetone was evaporated off in a fume cupboard.
Twenty seeds of P. canariensis L. previously sterilized
in a solution of Triton X-100 (0.04 %v/v) and bleach
(30 %v/v), were added to each plate. In order to avoid
loses of volatile hydrocarbons, plates were immediately
covered with a lid after seeding, and liquid fuels with the
proper concentration ((v/v): 1, 3, or 10 % for each one)
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were layered on the surface of the solid agar. This thin
layer was replenished every 7 days to keep constant the
fuel concentration. Seven replications were used per
treatment. Plates with acetone but without the addition
of hydrocarbon were used as negative controls. The
experiments were conducted in a growth chamber with
a 16/8 light/dark cycle and a constant temperature of
20 °C, the best condition for an optimum growth of
P. canariensis L. (Scurfield 1963). All the plates were
watered with sterilized distilled water every week to
maintain the agar moisture.

2.2 Plant Growth and Physiological Parameters

Plants were observed and monitored every 2 days. Plant
samples were taken on day 60 for chlorophyll analysis
(the negative effect of fuels on plants was greater during
early growth). The fresh weight as well as the length of
stems and roots was also measured on day 60. There
were seven replications per treatment. Chlorophyll
content of plants was measured according to Moran
and Porath (1980). Two hundred milligrams of plant
leaves were incubated in 80 % acetone for 24 h, at
4 °C, in the dark. Absorbance of the solutions was
measured with a spectrophotometer (Shimadzu,
UV1601PC) at 645 and 663 nm. Chlorophyll concen-
trations were calculated using the following equations:

Chl a½ � ¼ 12:7 x A663½ �− 2:69 x A645½ �
Chl b½ � ¼ 22:9 x A645½ �− 4:68 x A663½ �

Total Chl½ � ¼ 8:02 x A663½ � þ 20:2 x A645½ �
Then chlorophyll contents were expressed based on

fresh weight of plants in milligrams/grams.

2.3 Statistical Analysis

The applied statistical design was the factorial analysis,
because there are two factors “type of oil” and “hydro-
carbon concentration”, each with four (1: premium, 2:
diesel, 3: regular, 4: kerosene) and three levels (1: 1 %,
2: 3 %, 3: 10 %), respectively.

The first stage consisted of univariate descriptive
analysis of each variable: (root length, stem length, total
plant weight, green tissue weight (tiller, leaf), and total
chlorophyll and chlorophyll a/b ratio) (Table 1). To
analyze the normality of these variables, the Shapiro
Wilk test was applied.

Since the aim of the work was to analyze how each
fuel and its concentration affect the growth and survival
of P. canariensis, a factorial analysis was performed
(Table 2). Subsequently, we applied the Tukey test to
detect significant differences between means where var-
iance analysis was significant.

The data analysis was done with the R Project for
Statistical Computing software version 2.12.0 (www.r-
project.org).

3 Results

Table 1 shows the univariate analysis of the observed
variables (root and stem length, biomass, and chloro-
phyll content) during the growth of P. canariensis under
different fuels at diverse concentrations. The Shapiro
Wilk test indicated that all variables are normally dis-
tributed, as the p value yielded by the test was signifi-
cantly higher than the alpha level (0.05) for all variables.

In a second step, we applied the variance factorial
analysis (Table 2). The fuel factor has four levels (1:
premium, 2: diesel, 3: regular, 4: kerosene), while the
concentration factor has three levels (1: 1 %, 2: 3 %, 3:
10 %), whereby the interaction effect has 12 categories
(4 types of fuels×3 concentrations).

Factorial analysis of variance showed that for all
studied variables, the effect of concentration and types
of fuel as well as the interaction between both factors
(type and concentration) were significant (Table 2).

Finally, the Tukey test was applied to detect the
significantly different means for each observed variable
(Fig. 1). The interaction between the two factors does
not exist when the lines resulting from joining the mean
values obtained with each method are parallel or coin-
cident. On the other hand, the points where the different
lines are in contact represent the interaction of both
factors (type and concentration of fuel) which affects
the analyzed variable.

3.1 Effect of Fuels on Root Length

Table 1 described the behavior of the variable under
different type and concentration of fuels, and variance
factorial analysis showed (Table 2) that the four fuels at
different concentration affected the root length. It is
observed (Table 1) that root length at 1 and 3 % with
premium fuel; 1, 3, and 10 % with regular fuel; and 1 %
with kerosene are significantly longer than the control
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group. We also observed extremely curled roots (Fig. 2)
at these concentrations. This deformation was not seen
in controls assays without fuels.

When considering the effect that the interaction be-
tween type and concentration of fuel has over the root
length, we observed (Fig. 1) that the means of the root

length with regular at 1, 3, or 10 %, and premium 1 or
3 % did not show significant differences. This means
that the different concentrations of regular or premium
fuel do not produce effects on the variable (root length).
Therefore, the effect on the variable produced with
premium is the same to those produced in presence of

Table 1 Univariate analysis of the observed variables during the
growth of P. canariensis under different fuels at diverse concen-
trations. Variables: chlorophyll content, root and stem length, and
plant and green tissue weight of P. canariensis L during plant

exposition to different fuels. Chlorophyll contents were calculated
based on fresh weight of plants in milligrams per gram (mg/g).
Length and weight were calculated in centimeter (cm) and grams
(gr), respectively. x� SD , mean±standard deviation

Variables Control group (x� SD ) Fuels (%) Commercial fuels

Premium Diesel Regular Kerosene

Root length 1 10.67±0.33 6.13±0.32 10.40±0.12 9.67±0.07

6.75±0.50 3 10.43±0.19 0.00±0.00 10.68±0.02 2.37±0.08

10 7.97±0.45 0.00±0.00 10.23±0.21 0.00±0.00

Stem length 1 9.64±0.37 4.65±0.31 10.33±0.09 5.72±0.02

12.5±0.58 3 9.38±0.10 0.00±0.00 10.65±0.11 1.25±0.17

10 4.20±0.33 0.00±0.00 7.50±0.65 0.00±0.00

Plant total weight 1 0.86±0.06 0.36±0.03 0.93±0.02 0.67±0.06

1.20±0.08 3 0.83±0.02 0.15±0.03 0.88±0.02 0.13±0.00

10 0.63±0.03 0.13±0.01 0.81±0.05 0.13±0.00

Green tissue weight 1 0.18±0.03 0.04±0.01 0.26±0.01 0.14±0.02

0.43±0.01 3 0.24±0.02 0.00±0.00 0.18±0.00 0.09±0.01

10 0.13±0.02 0.00±0.00 0.16±0.01 0.00±0.00

Chlorophyll a/b ratio 1 4.33±0.14 0.95±0.07 3.67±0.07 0.66±0.14

4.5±0.58 3 4.21±0.14 0.00±0.00 3.27±0.12 0.29±0.11

10 3.85±0.13 0.00±0.00 2.44±0.11 0.00±0.00

Total chlorophyll content 1 2.77±0.10 0.43±0.07 2.22±0.09 0.44±0.05

2.75±0.96 3 2.48±0.05 0.00±0.00 1.83±0.04 0.09±0.05

10 2.22±0.03 0.00±0.00 1.57±0.14 0.00±0.00

Table 2 Variance factorial analysis. We studied the effect of
concentration and type of fuel as well as the interaction between
both factors, for all variables under studio (chlorophyll content;
root and stem length, and plant and green tissue weight). Zero

values of P indicate that the means of the variables under study are
different under the effect of each factor (concentration and type of
fuel) as well as with the interaction between both (concentration×
type)

Variable Type HC Concentration Type and HC concentration

Root length 0.00 0.00 0.00

Stem length 0.00 0.00 0.00

Plant weight 0.00 0.00 0.00

Green tissue weight 0.00 0.00 0.00

Chlorophyll a/b ratio 0.00 0.00 0.00

Total chlorophyll content 0.00 0.00 0.00
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Fig. 1 Tukey results for the interaction between type and
concentration of fuel over the variable. Tukey test was
applied to detect the significantly different means for each
observed variable: root (root length), stem (stem length), T
weight (the plant total weight), G weight (the weight of the
plant green tissue), Chloroab (chlorophyll a/b ratios), and
chloro T (total chlorophyll content) according to the type of
fuel (Premium, Diesel, Regular, Kerosene) and concentra-

tion (CONC (v/v), 1, 3, 10 %). Chlorophyll contents were
calculated based on fresh weight of plants as milligrams per
gram (mg/g) of fresh weight. Length and weight were
expressed in centimeters (cm) and grams (gr), respectively.
Parallel lines mean that the interaction has no significant
effect, namely the interaction of the two factors do not
affect the analyzed variable. Otherwise, the interaction has
significant effect
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regular. The most harmful effect on root length was
produced with diesel at 3 or 10 % and kerosene 10 %
with means without significant differences. The interac-
tion effect between type and concentration of fuel is
significant since the lines are not parallel.

3.2 Effect of Hydrocarbon Fuels on the Length
of the Stem

After the univariate analysis of the observed variables
(Table 1), variance factorial analysis showed (Table 2)
that the interaction between the types of hydrocarbons

and different levels of concentration affect the stem
length. In particular, with the Tukey test we have seen
(Fig. 1) that the means of the stem length exposed at 1 or
3 % of regular fuel were less affected and did not differ
significantly between them. This means that the effect
produced for the interaction will be the same.

The stem length was more affected by premium at 1
or 3 % than regular fuel at the same concentration. The
most harmful effect on the length of the stem is 3 or
10 % diesel or 10 % kerosene.

The interaction effect between type and concentra-
tion of fuel is significant.

Fig. 2 Plant growth after 10 days of the experiment.White arrow
indicates characteristic curled roots when the seeds germinated
under fuels. HC 1, 3, and 10 % indicate fuel concentration (v/v).

The “control” assay was prepared in agar and mineral salt but
without the addition of fuels
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3.3 Effect of Hydrocarbon Fuels on Total Plant Weight

Table 1 described the behavior of the variable under
different type and concentration of fuels. The interaction
between the two factors (type and concentration of
fuels) altered plant weight in all fuel types at different
levels of concentration as was seen in Table 2. The
Tukey test (Fig. 1) showed that regular fuel at 1 %
affected less the total plant weight than regular at 3 or
10 %, and premium at 1 or 3 %. Therefore, the plant
weight will be affected in the same way if the plant
grows under regular at 3 or 10 %, and premium at 1 or
3 %. The most harmful effect on plant weight was
produced with diesel or kerosene at 3 or 10 %, which
presented means without significant differences.

The interaction effect between type and concentra-
tion of fuel is significant.

3.4 Effect on Green Tissue Weight

The behavior of the variable under different type and
concentration of fuels is seen in Tables 1 and 2 showed
that the effect of each factor and its interaction were
significant. Figure 1 describes the results after the Tukey
test application and it was seen that premium 3 % and
regular 1%where the fuels which less affected the green
tissue weight, and they presented the same mean.

The effect of diesel at 3 or 10 % was the same as
kerosene at 10 % since they presented means without
significant differences. They showed to have the more
harmful effect for the development of the green tissue in
grass canary plants.

The interaction effect between type and concentra-
tion of fuel is significant.

3.5 Effect on a/b Chlorophyll Ratio

Table 1 described the behavior of the variable under
different type and concentration of fuels. After the
Tukey test application, it was observed (Table 2) that
the interaction between the two factors (type and con-
centration of fuels) affected the relation of a/b chloro-
phyll in all types of hydrocarbons at different levels of
concentration. Figure 1 showed that the effect on the
relation a/b chlorophyll at 1 or 3 % of premium was less
harmful than premium 10 % or regular 1 %. The major
detrimental effect on the a/b chlorophyll ratio was pro-
duced with diesel at 3 or 10 %, and it was the same with
kerosene at 10 %.

The interaction effect between type and concentra-
tion of fuel is significant.

3.6 Effect of Fuels on Chlorophyll Content

Univariate analysis of the observed variables (root and
stem length, biomass, and chlorophyll content) during
the growth of P. canariensis under different fuels at
diverse concentrations is seen in Table 1. Variance fac-
torial analysis showed that the interaction between the
two factors (type and concentration of fuel) altered green
weight in all types of hydrocarbons at different levels of
concentration (Table 2). In Fig. 1, we observed that each
fuel affect the total chlorophyll content with all the
tested concentrations. The damaging effect was reduced
in presence of premium 1 or 3 %, followed by premium
10 % and regular 1 %. The most harmful effect in the
total chlorophyll content was seen with diesel 3 or 10%,
and it was the same to those produced in presence of
kerosene 10 % (they have the lowest mean).

The interaction effect between type and concentra-
tion of fuel is significant.

4 Discussion

The ability of P. canariensis L. to proliferate in the
presence of different fuels varied among the type and
concentrations of fuel used. It was shown that the inter-
action was significant; therefore, it is complex to exam-
ine separately the effects of each treatment factor. This is
not often taken into account and can lead to misinter-
pretation. The data suggest that certain responses might
be indicative for resistance and acclimation to those
fuels at different concentration in the environment. Re-
cently, some authors (MacKinnon and Duncan 2013)
have shown that volatile hydrocarbons from diesel fuel
delay shoot/root emergence and have a detrimental ef-
fect on plant development, with branched cyclohexanes
shown to be successful at arresting growth in certain
grass species. On the other hand, the more resistant
species can increase water content in shoots in presence
of creosote (Huang et al. 2004). PAHs are part of the
heavy fuel fraction and some authors mentioned
(Nakata et al. 2011; Ma et al. 2010) that PAHs can
penetrate through the cell membranes and decrease wa-
ter and nutrient utilization efficiency. We found that
fuels such as premium and regular showed to have less
toxic effects in canary grass growth compared to diesel
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and kerosene. Maybe the first ones, although they are
more volatile (Topping), have less heavy products than
diesel and kerosene, and the plants could keep enough
water content in the shoots.

Chlorophyll content and the chlorophyll a/b ratio are
often used as indicators of stress in plants (Huang et al.
2004). These parameters are used for assessing exposure of
plants to most common fuels because aromatic hydrocar-
bons block electron transport on photosynthesis (Marwood
et al. 2001). This agrees with our observations, where
chlorophyll content and chlorophyll a/b ratio were affected
by the presence of different fuels and concentrations.

Roots in premium (1 and 3%), regular (1, 3, and 10%),
and Kerosene (1%) were significantly longer compared to
the control group. Plants grown in the presence of fuel
have longer roots (Huang et al. 2004), suggesting that this
could be onemechanism to survive under toxic conditions.
Larger and deeper root systems would increase nutrient
and water uptake to maintain vigorous growth in presence
of PAHs. Morphological symptoms of PAH stress were
deformed trichomes and impaired root hair initiation in
Arabidopsis sp. (Alkio et al. 2005). Ethylene, the simplest
alkene, affects root growth, alters the normal geotropic
response of the root, and causes epinasty in plants (curva-
ture of the leaves by excess growth in the upper face, and
other deformities) (Abeles et al. 1992).

Although, there is little information on the physiolog-
ical basis of curvature induction by hydrocarbon across
the root cap. Over-curled roots, especially at low fuel
concentration were observed in this work. This curvature
may be due to differential growth that at some point
becomes stabilized and long-lasting. The formation of a
curve in Arabidopsis induces lateral root initiation and
explains left/right positioning, and the formation of a
curve could potentially trigger periodic increases in auxin
concentration in regions as far away as the basal meristem
region (Laskowski et al. 2008). Perhaps the formation of
curled roots in P. canariensis L. induces the formation of
lateral roots to find optimal conditions for growth and
protection in toxic environment.

We can clearly distinguish distinct groups in our
work from the behavior of the variables according to
the type of fuel to which the plants were exposed:
regular and premium fuel for one side, and kerosene
and diesel fuel on the other side. This can be seen in
Fig. 1, and from the p values in Table 2. The variations
in the studied parameters may change as a function of
the fraction of fuel used, being the heavier fraction
(kerosene and diesel) the more toxic.

Adam andDuncan (2002) found that diesel fuel played
an influential role in delaying seed emergence and
reducing percentage germination. It has an inhibitory
effect on germination by physically impeding water and
oxygen transfer between the seed and the surrounding soil
environment. Recently, MacKinnon and Duncan (2013)
have demonstrated that the acute phytotoxicity in germi-
nation is caused by the volatile fraction of diesel fuel. We
also confirmed that germination response was affected by
the concentration of the specific fuel employed (Fig. 2),
although we have been focused in less studied parameters
such as those related with growth.

The biomass produced during the plant growth is
critical for a successful remediation; therefore, this aspect
should be taken into account since canary grasses are
used in hydrocarbon phytoremediation (Schnoor 1997).
They provide a tremendous amount of fine roots in the
surface soil which is effective at binding and transforming
hydrophobic contaminants such as TPH, BTEX, and
PAHs. On the other hand, even if the present research
was focused for the first time in persistent contamination,
it has shown that the studied fuels, their concentration,
and the interaction of both factors, affect the plant weight.
It would play a critical role in plant biomass accumulation
and subsequent effective phytoremediation. Consequent-
ly, more care is necessary when using P. canariensis in
fuel phytoremediation to reduce the cost and time of
remediation. Our results suggest that using
P. canariensis to remediate soils contaminated with pre-
mium or regular for above 3 % (v/v) cannot be recom-
mended. The same conclusion applies for the case of
P. canariensis in remediation of soils contaminated with
diesel or kerosene at the studied concentrations.

Future studies are required related to plant-microbial
interaction with rhizosphere when the studied fuels are
present in the matrix. If plants can be successfully grown
in polluted soils, then the plant-microbial interaction in
the rhizosphere may provide enhanced breakdown of
fuels in vegetated soils as opposed to non-vegetated soils.

5 Conclusions

P. canariensis growth parameters were affected by all
concentrations of the studied fuels and by the interaction
between concentration and the type of fuel. This is one of
the first reported cases which describe the observed vari-
ations in growth parameters of canary grass when culti-
vated in presence of essentially constant contamination of
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farming fuels. This work highlights the importance of
fully understanding the soil components interaction with
plant growth variables in order to enhance remediation
efforts prior to establishment of expensive field trials.
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