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Effect of Urucu crude oil on the aquatic macrophyte Pistia stratiotes.
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ABSTRACT: Effect of Urucu crude oil on the aquatic macrophyte Pistia stratiotes. We evaluated the
influence of Urucu crude oil in three different concentrations (0.1 Lm -2;  0.2 Lm -2 and 0.3
Lm -2) on the aquatic macrophyte Pistia stratiotes. During a period of 14 weeks we measured
the root length, rosette diameter, number of individuals, l ive and dead biomass, and the
temperature, pH, electrical conductivity, turbidity and dissolved oxygen. The limnological
variables did not significantly increase or decrease during the study period. Values of live
biomass in the treatment without oil (control) were statistically higher than in the treatments
with Urucu crude oil from the second week onwards. During weeks 1-4, dead biomass in
the t reatments wi th Urucu crude o i l  was s igni f icant ly  h igher  than in the contro l .  A l l
individuals in the control tanks remained alive, whereas the number of individuals in the
treatments with Urucu crude oil decreased significantly.
Key-words: petroleum, live biomass, dead biomass, aquatic vegetation.

RESUMO: Efeito do petróleo de Urucu sobre a macrófita aquática Pistia stratiotes. O objetivo deste
estudo foi avaliar a influência de três concentrações de petróleo de Urucu (0,1 Lm -2; 0,2
Lm -2 e 0,3 Lm -2)  na macrófita Pistia stratiotes. Durante 14 semanas obtivemos valores de
temperatura, pH, condutividade elétr ica, turbidez, oxigênio dissolvido, comprimento da
raiz, diâmetro de roseta, número de indivíduos e biomassa viva e morta. As variáveis
l imnológicas não variaram estatisticamente entre os tratamentos no período de estudo.
Os valores de biomassa viva no tratamento sem petróleo de Urucu foram estatisticamente
maiores a partir da segunda semana em relação aos tratamentos com petróleo. Durante as
semanas 1, 2, 3 e 4, os valores de biomassa morta no tratamento com petróleo foram
significativamente maiores do que o tratamento sem petróleo. Os indivíduos permanece-
ram vivos no tratamento sem petróleo. O número de indivíduos nos tratamentos com
petróleo de Urucu reduziu-se significativamente.
Palavras-chave: petróleo, biomassa viva, biomassa morta, vegetação aquática.

Introduction

Aquat ic  macrophytes are f requent ly
found in floodplain areas, especially in tro-
p ica l  reg ions ,  because of  the favorab le
geolog ica l ,  hydro log ica l  and c l imate
conditions (Esteves, 1988). Pistia stratiotes
is  a  f loa t ing aquat ic  macrophyte  tha t  is
originally from tropical America and is widely
distributed in aquatic environments in Brazil,
occurr ing in the Pantanal of Mato Grosso
(Pot t  &  Pot t ,  1994) ,  a r t i f ic ia l ly  eut rophic
reservoirs (Palombo, 1997; Lopes-Ferreira,
2000), coastal rivers of the state of São Pau-
lo  (Henry -S i lva e t  a l . ,  2001 )  and in  the
Amazon basin. Studies of the herbaceous
vegeta t ion ( te r res t r ia l  and aquat ic )  in
Amazonian floodplains have shown that 4
of the 17 most dominant species are aquatic
macrophytes, including Pistia stratiotes (Junk
& Piedade, 1997).

The Amazon basin is an important oil-
p roduc ing reg ion in  Braz i l .  The o i l  i s
extracted from wells located in the vicinity
of the Urucu River, and is used to produce
derivatives of high aggregate value, such
as diesel, naphtha and gasoline. The Urucu
oi l -bear ing province produces a mean of
56.5 thousand barrels of petroleum per day,
and is the second-largest producer on land
in the country (Petrobras, 2007). With the
increasing production of petroleum in the
Amazon reg ion,  the r isk  of  occas ional
accidental spills of oil or its derivatives has
increased, and therefore the possibil i ty of
impact from oil on the biota of the aquatic
ecosystems is higher.

The effect of oil on aquatic vegetation
varies with the amount and kind of oil, which
is classi f ied in f ive categories:  very l ight
oil, such as gasoline; light oil, such as die-
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sel, number 2 fuel oil, and light crude oil;
medium light oils, such as the majority of
crude oils; heavy oil, such as number 6 fuel
oil; and very heavy oil, which does not float
on water. This classif ication is imprecise,
but can be used to indicate the effects of
the different kinds of oil on the aquatic biota
(Pezeshki et al., 2000). The Urucu crude oil
is classified as light oil, because it produces
mainly diesel. This kind of oil is the most
tox ic  for  p lants  and other  organisms,
compared to heavy oi ls  (Pezeshki  et  a l . ,
2000) .  Pet ro leum causes changes in the
food chain, because it affects the primary
producers (DeLaune et  a l . ,  1979)  and
consequently the aquatic fauna that uses
the biomass of aquatic macrophytes.

The effects of oil on the vegetation of
coastal  brackish waters have been much
studied.  The s tudies have examined
di f fe rent  fac tors ,  such as the k ind and
amount  o f  o i l  sp i l led in to  the medium
(Pezeshki et al., 2001; Lindau et al., 1999);
the sensitivity and age of the plant species
involved (Pezeshki  e t  a l . ,  2000) ;  the
direction of movement of the ocean waves,
and consequently of the petroleum; and the
growth stage of the plants, among others.
S tud ies on the chemica l  tox ic i ty  and
physical effects of petroleum on estuarine
plants have also been carried out because
of the intense activity (refining, storage and
transport) in these areas and accidents with
oi l  tankers such as the Torrey Canyon in
1967, the Exxon Valdez in 1989, the Erika in
1999, the Jessica in 2001 and the Prestige
in 2002 (Laws,  2000;  Born et  a l . ,  2003;
Cadiou et al . ,  2004; Medina-Bellver et al . ,
2005) .

DeLaune et al. (1979) and Pezeshki et
a l .  (2000)  observed that  pet ro leum
contaminat ion of  p lants  can de lay seed
germination, reduce their size, biomass or
photosynthesis rate,  or even cause com-
plete mortality. The metabolism of estuarine
plants can also be rapidly affected by oil
spills, reducing gas exchange, transpiration
and photosynthesis as the oi l  covers the
stems and leaves (L indau et  a l . ,  2003) .
However, there have been few studies of
the e f fect  o f  pet ro leum on f reshwater
aquat ic  macrophytes ,  and s tud ies
compar ing the responses of  d i f ferent
groups of  aquat ic  p lants are only in the
in i t ia l  s tages (DeLaune et  a l . ,  2003) .
Therefore, it is fundamentally important to
assess the levels  of  sensi t iv i ty  of  the
dif ferent species of aquatic vegetat ion to

petroleum, in order to predict its effects on
both the plants and the aquatic ecosystem.
The main object ive of  the present  s tudy
was to evaluate the inf luence of dif ferent
concentrat ions of Urucu crude oi l  on the
growth of the floating aquatic macrophyte
P. stratiotes, and to improve knowledge of
the ef fects of  th is  substance on aquat ic
plants.

 Materials and methods

The ful ly randomized experiment was
conducted during a 14-week period (January
through April 2004) in a greenhouse (95%
transparence) in the Experimental Garden
of the Biosciences Institute, UNESP, Rio Cla-
ro Campus in the state of São Paulo, Brazil.
Twelve experimental tanks (0.19 m2)  were
set up, with equal quantities of water and
plants,  total l ing 4 t reatments in t r ip l icate
with different concentrations of Urucu crude
oil. The treatments were: (1) control, without
oil; (2) 0.1 Lm -2; (3) 0.2 Lm-2 and (4) 0.3 Lm -2

of oil. Water lost through evapotranspiration
was replaced weekly with water from the
collection locality.

The root length and rosette width of
each individual were measured weekly, and
the (fresh) live and dead biomasses in each
experimental tank were weighed after the
excess water was allowed to drain from the
plants for 5 minutes, according to Agami &
Reddy ( 1990) .  The temperature ,  pH,
e lec t r ica l  condut iv i ty ,  tu rb id i ty  and
dissolved oxygen were measured weekly
with a Horida U-10 multi-sensor.

The dry biomass of P.  strat iotes was
estimated from a linear regression between
f resh b iomass and dry  b iomass of
individuals collected on the south coast of
São Paulo:

DB = -0.1663 + (0.0624) FB (r2 = 0.9864),
where DB = dry biomass, FB = fresh biomass.

The ana lys is  o f  var iance (one -way
ANOVA), with a 5% confidence interval, was
applied to the results for root length, rosette
diameter,  number of individuals, l ive and
dead b iomass to  tes t  for  s ign i f icant
differences between the treatments in each
week.  Subsequent ly a Tukey ’s test  was
used to ident i fy  d i f fe rences among
treatments (Zar, 1999).

Results and discussion

The limnological variables (Tab. I ) did
not  d i f fe r  among the four  t rea tments .
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Probably the low concentrations of oil used
in this study were not suff icient to cause
di f ferences in the physical  and chemical
var iab les o f  the water.  However  Crema
(2003), studying the influence of Urucu oil
on the f loa t ing aquat ic  macrophyte
Eichhornia crassipes, observed signif icant
d i f ferences in  d issolved oxygen and
electrical conductivity of the water between
the t reatments ,  and at t r ibuted these
di f fe rences to  decomposi t ion of  the
petroleum and the plant biomass. We note
the author used concentrations of oil up to
ten times greater (3 Lm -2) than in the present
study. In our experiment, we observed the

presence of algae in all the treatments with
oil, which may also explain why the oxygen
concentrations remained steady, even in the
higher oil concentrations.

The amounts of l iving biomass in the
control treatment were significantly higher
(P <0 .001 ,  i n  the  14 th  week )  than  in  the
o the r  t rea tmen ts  beg inn ing  w i th  the
second week ,  whereas  the  amounts  o f
dead b iomass  were  s ign i f i can t ly  h igher
(P<0.05, in the 6th week) than the control
in the treatments with oi l  during the f i rst
six weeks. Fig. 1 i l lustrates the reduction
of  approximately  50% of  living  biomass
in  Treatment 4  in   the   second   week.

Table I:   Means and standard deviations (14 weeks) of the physical and chemical variables of water in the
different treatments.
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Figure 1:  Means and standard deviat ions of l iv ing (   )  and dead (   )  b iomass of P. strat iotes in the
different treatments.

Variable    \     Treatment 1 2 3 4 

pH 7.5 ± 0.59 7.57 ± 1.03 7.55 ± 1.13 7.40 ± 1.19 

Conductivity (mScm-1) 0.049 ± 0.014 0.081 ± 0.027 0.071 ± 0.013 0.066 ± 0.013 

Turbidity (NTU) 2.02 ± 2.10 4.26 ± 4.28 4.69 ± 2.86 3.36 ± 2.81 

Temperature (oC) 23.89 ± 3.43 24.6 ± 3.89 24.85 ± 3.99 24.96 ± 3.98 

Dissolved oxygen (mgL-1) 6.00 ± 1.03 5.62 ± 0.89 5.19 ± 0.93 5.00 ± 1.16 
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In the control treatment, dead biomass was
observed only f rom the four th week on,
whereas in the t reatments with oi l ,  dead
biomass was observed beginning in  the
second week. These results demonstrated
that P. stratiotes is highly sensitive to Urucu
crude oil: only 0.1 Lm-2 oil was sufficient to
reduce growth and cause mortal i ty to the
plant .  Th is  sens i t iv i ty  is  more ev ident
compared to the results obtained by Crema
(2003) ,  who s tudied the e f fect  o f  Urucu
crude o i l  on E.  crassipes .  The author
observed growth of  E.  crassipes  a t
concentrat ions of 1 .5 and 3.0 Lm - 2 Urucu
crude oil until the fifth week, and only after
th is  per iod observed the appearance of
dead b iomass . Pezeshki  e t  a l .  (2001 )
observed a reduction in the aerial biomass
of  the emergent  macrophytes Spar t ina
patens and Sagit tar ia lancifol ia ,  fol lowing
appl ica t ion of  2  Lm - 2  of  South Lou is iana
crude oil to the leaves.

The high sensit ivity of P. strat iotes to
Urucu crude oil is probably related to the
characteristics of its leaf blade, which was
described by Pott & Pott (2000) as spongy,
and by Lorenzi & Souza (1995) as velvety.
When a p lant  of  P.  s t rat iotes comes into
contact with Urucu crude oil, its leaves act

as absorbent  paper  and the ent i re  lea f
surface comes to be covered with a thin
layer of  oi l .  According to Pezeshki  et  a l .
(2000), oil can affect plants both physically
and chemica l ly ,  but  in  the case of  P.
st rat iotes the physical  ef fect  is  probably
more important. Pezeshki & DeLaune (1993)
observed that the oil covers the leaf surface
and blocks the stomates, thus limiting the
ent ry  o f  carbon d iox ide ,  reduc ing
photosynthesis and l imit ing plant growth.
The oil , besides causing oxygen stress in
tissue growth because of the reduction of
gas exchange,  a lso ruptures the root
membranes (DeLaune et al., 2003).

The results indicated that appl icat ion
of  Urucu crude o i l  caused a s ign i f icant
reduction in the number of individuals of P.
stratiotes (P<0.001, in the 14th week). Fig. 2
shows that  the number of  indiv iduals in
Treatment 1 (control) remained unchanged
dur ing the 14 weeks of  the exper iment ;
however in the treatments with oi l ,  there
was a significant decline in the number of
individuals. In Treatment 4, all the plants died
in the 14th week. DeLaune et al. (2003) also
observed a significant reduction of individuals
of Spartina patens after they were exposed
to 2 Lm -2 of South Louisiana crude oil.
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Figure 2: Means and standard deviat ions of the number of individuals of P. strat iotes  in Treatments 1-
control (  ), 2- 0.1 Lm -2 (   ); 3- 0.2 Lm -2 (   ) and 4- 0.3 L.m -2 (  ).

Changes in  the root  length and the
roset te  d iameter  were observed in  a l l
t reatments ,  inc lud ing the cont ro l .  In  the
t reatment  wi thout  pet ro leum,  the root
increased in length and the diameter of the

roset te  decreased s l ight ly. However, the
amounts o f  root  length and the roset te
d iameter  in  the cont ro l  t reatment  were
s ign i f icant ly  h igher  then in  the other
t rea tmen ts  (P <0 .005 ,  i n  the  14 th  week ) .
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The  reduct ion in roset te diameter in the
control  t reatment indicates that  probably
the exper imenta l  condi t ions were not
favorable to  the growth of  th is  species .
Although the tanks were f i l led with water
f rom an envi ronment  where the species
shows in tense growth (Rubim,  2004) ,

probably the lack of renewal of the water
limited the growth of the species. Xie & Yu
(2003)  observed an increase in  the root
leng th  o f  E .  c rass ipes i n  nu t r i en t - poo r
water. On the other hand, in the treatments
w i th  o i l ,  bo th  the  roo t  l eng th  and  the
rosette diameter decreased (Fig. 3 and 4).
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Figure 3:  Means and standard deviations of root length in Treatments 1- control (  ), 2- 0.1 L.m -2 (  ); 3- 0.2
L.m -2 (   ) and 4- 0.3 L.m -2 (  ).
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Figure 4:  Means and standard deviations of the rosette diameter in Treatments 1- control (  ) , 2- 0.1 Lm -2

(  ); 3- 0.2 Lm -2 (   ) and 4- 0.3 Lm -2 (  ).

These results illustrate the damaging effect
of  the o i l  on th is  species of  aquat ic
macrophyte.

The sensit ivi ty of P. strat iotes and of
the d i f ferent  ecologica l  types of  aquat ic
macrophytes is  apparent  f rom the
observat ions presented in Tab. I I .  Higher
concent ra t ions of  o i l  were used in  the

studies with species of emergent aquatic
macrophytes than with floating species, and
there was regeneration of individual plants
or parts of  plants in most of  the studies
with emergent species. The resistance of
S. alterniflora to oil is higher when its leaves
are not touched by the oil (DeLaune et al.,
1979) .  P.  s t ra t io tes  is  the most  sens i t ive
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species, because its leaves inevitably come
into contact  wi th  the o i l ,  and are not

immedia te ly  res is tant  to  h igh o i l
concentrat ions.

Comparing the tolerance to oi l  of the
two f loat ing aquat ic  macrophytes P.
stratiotes and Eichhornia crassipes, it can
be concluded that an oi l  spi l l  in an area
colonized by both species could cause
mor ta l i ty  o f  P.  s t ra t io tes .  Because E .
crassipes  is  more res is tant  to  o i l ,  th is
species could increase its biomass and area
occupied,  because the e l iminat ion of  P.
s t ra t io tes  would reduce compet i t ion
pressure,  benef i t ing the growth of  E .
crass ipes .  The ef fect  o f  o i l  on  p lan ts
depends on several factors, including the
concentration of the oil, the ecological type
of the plant, and amount of the contact of
the leaves with the oil.

I t  is concluded that the aquat ic
macrophyte Pistia stratiotes is very sensitive
to oil, because the oil killed all the individual
plants within 14 weeks at a concentration of
0.3 Lm -2.  Pist ia strat iotes is much more
sensitive than the floating species Eichhornia
crassipes, and also than emergent species,
because much higher concentrat ions of
petroleum (10 times higher in the case of E.
crassipes) are necessary to cause mortality
in these species.
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