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ABSTRACT

In this work, the structural and ecophysiologicdteaations (chlorophyll a fluorescence and photdkgtic
pigments), and quantification of Cr, Pb and Zn lre tleaf limb, petiole and younger and older rootsaater
hyacinth from the lower, medium and upper Paraibasdil river (PSR) and Imbé river were evaluatece plants
from the medium and upper PSR (more industrialarsd populated regions) exhibited lower turgid delthe root
cortex, less root hairs and leaf epidermis, chldasgs with plastoglobules and increased stroma ma&uHigher
concentrations of metals were observed in the yeuagd older roots from the medium PSR plants. rEselts
suggested that the plants from more anthropizetbrsgwere able to maintain the maximum quantundyiel/F.,)
which was a result from the metabolic fitting, ieasing the non-photochemical quenching, reducirtgl to
chlorophyll/carotenoids and leading to the struetumodifications.

Key words: chlorophyll a fluorescence, photosynthetic pigments, energyigiiien, morphological alterations,
metal evaluate

INTRODUCTION environments as well as for tolerating and
accumulating the toxic metallic ions and other
The anthropogenic activities have led to thecontaminants (Vesk et al., 1999; Zhu et al., 1999;
degradation of rivers, resulting in the ecological-u et al., 2004; Mahammod et al., 2005; Mishra et
disequilibrium (Souza et al., 2004; Mangabeira eal., 2007). Even under stressful conditions, this
al., 2004). Water hyacinthE[chhornia crassipes plant usually is able to develop without any visual
(Mart.) Solms] has received considerable attentiotpxicity symptoms (Lage-Pinto et al., 2008).
due to its ability to grow in the polluted water
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The influence of pollutants on the plants isin the natural conditions are essential to acdess t
commonly studied by the evaluation of biomasdife conditions in contaminated environments.
production, abundance, growth, pigment contentdnder this context, water hyacinth has been
and enzymatic activity (Vassilev, 2002; Gratéo etonsidered a good model for such studies due to its
al., 2005; Gomes-Junior et al., 2007; Gratdo et alability to survive under various environmental
2008; Arruda and Azevedo, 2009). Chloroptgll circumstances (Mangabeira et al., 2004; Mahmood
fluorescencein vivo analysis has contributed to et al., 2005; Lage-Pinto et al., 2008; Campaneli et
understand and evaluate the sublethal effects af., 2010; Vitoria et al., 2010).

environmental stress on the photosynthetitn the present study, water hyacinth plants from
activity, although such type of analysis is stillthree regions of PSR, with different contamination
modestly used on the study of aquatidevels, and from the Imbé river were studied. The
photosynthetic organisms (Ralph and Burchetlteration in the chlorophylla fluorescence
1998; Lage-Pinto et al., 2008). Allied to thephotosynthetic pigments, metal concentrations,
chlorophyll a fluorescence data, pigmentsmorphological and ultra-structural modifications
guantification has also contributed to the studies were investigated with the aim to evaluate
which the effect of pollutant was evaluatedthewater hyacinth fitting strategies towards
According to Hendry and Price (1993), variationaundesirable environmental conditions.

in the rates of total chlorophyll and carotenoids a

good parameters to demonstrate the plant stress.

Mishra et al. (2007) observed that water hyacintpf/ATERIAL AND METHODS

plants subjected to Cd concentrations of 25, 50, 75

and 100 pg.mi exhibited reduced chlorophyl  Collection sites and plant material

andb contents. Ten young and healthy water hyacinBidhhornia
The anatomical and ultra-structural studies may b@fassipes(Mart_) So|ms] p|ants were collected in
used as a part of the studies on the modificationseptember-2006 from the Imbé river in Campos
caused by the potentially toxic metals and othefios Goytacazes city, Rio de Janeiro State, Brazil,
plant pollutants. Anatomical and morphological(river with reduced human influence) and in three
(Vitéria et al., 2004; Mahmmod et al., 2005) asgifferent points in PSR (Fig. 1) over 800 km: 1)
well as ultra-structural (Vitoria et al., 2006; leeg Upper PSR, in S&o José dos Campos city, S&o
Pinto et al, 2008; Gratao et al, 2009)paulo State, Brazil, with approximately 600,000
modifications at chloroplasts level are well knownjnhabitants and a large industrial park (high
consequences of heavy metals-induced stress.  technology and metallurgy); 2) medium PSR, in
The rivers of the South and Southeast regions folta Redonda city, Rio de Janeiro State, Brazil,
Brazil have been submitted to an increasingvith approximately 460,000 inhabitants and a
process of degradation, being strongly affected byrge industrial park (metallurgy) and 3) lower
the anthropogenic activities (Souza et al., 2004pSR, in Campos dos Goytacazes city with
Rodrigues et al., 2009; Siqueira et aI., 2009)appr0ximate|y 430,000 inhabitantS, an
Paraiba do Sul river (PSR) is a tropical river ofynindustrialized region where agriculture, mainly
medium size with approximately 1,145 km lengthsygar-cane cultivation, was the main activity and
and a drainage basin of 55,400 *that serves source of contaminants.

three of the most important and populatedyater hyacinth plants were collected at each site
Brazilian States. As a consequence, their wate{always at the river margins). Ten plants were
are in constant association with the anthropogenisampled at different points along approximately 1
substances of toxic nature, exposing especiallym and in order to carry out the measurements, the

aquatic biota to stressful conditions (Azevedo eplants were removed from the rivers placed in the
al., 2004; Campanell et al., 2010; Vitoria et al.containers with water from the river and

2010). The investigations on the plant performancgansported to the laboratory.
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Figure 1 - Water hyacinth collection sites. 1 — Imbé rived &+ lower PSR (both in Campos dos
Goytacazes - RJ), 3 — medium PSR (Volta Redondh,-4R- upper PSR (Séo Jose dos
Campos - SP). PSR — Paraiba do Sul river. Sousge-Pinto et al. (2008).

Chlorophyll afluorescence parameters photosynthetic pigments were quantified using the
Chlorophyll a fluorescence parameters wereequations described by Wellburn (1994) for
determined between 9:30 a.m. and 11:00 a.ntarotenoids, chlorophykh and chlorophyllb and
using a portable modulated pulse fluorimetethe total chlorophyll, chlorophyle/b and total
(MINI PAM, Walz, Germany). Ten intact, totally chlorophyll/carotenoids ratios calculated. All the
expanded and healthy leaves from each collectidaboratory procedures were carried out in a low
site were kept in the dark for 30 min with clampdight environment.

and exposed to the weak, modulated light beam

(approximately Gumol m’s* at 660 nm), followed Metal content analysis

by exposure for 0.8 s of high intensity (10 000Thoroughly washed plants (three times with
pumol m’s?) actinic white light. This methodology distilled-deionized water) were separated into
was adapted from Genty et al. (1989) and Vateaf limb, petiole and younger (light color and
Kooten and Snel (1990). The following less than 10 cm) and older roots (dark color and
chlorophyll a fluorescence emission parametersnore than 10 cm) and frozen in liquid nitrogen.
were recorded:FO (minimal fluorescence)Fm  After freeze drying for 48 h (LABCONCO
(maximum  fluorescence) and fluorescenc&60337 Freeze Dry System) and grinding of the
quencher coefficients gN and NPQ (non-plant parts, 500 mg of ground tissue was digested
photochemical quenching). T, Fv/Fm, Fv/FO  following a modified version of the procedure
ratios were calculated and the values are presentaded by Krause et al. (1995). The protocol
as the mean of ten measurements, representing tamsisted of an acid digestion in Teflon bombs

replicates. with 10 mL HNQ (65%) and 10 mL HF (48%)
for 12 h at 150°C. After digestion, the samples
Photosynthetic pigments were resuspended in 0.5 M HNCQANn atomic

Three discs were taken from ten plants and used &mission spectrometer (ICP- AES Varian
quantify the photosynthetic pigments. The thredechtron) was used to detect the Zn, Pb and Cr
discs were sliced and placed in plastic tubesen thelements, and the values were expressed in‘pg.g
dark with a lid containing 5.0 mL dry weight. The detection limits (ug)gto Zn,
dimethylsulfoxide reagent (DMSO - VETEC, Pb and Cr were 0.3, 0.3 and 0.7, respectively.
Brazil) as organic solvent. After a five day-period Standard reference material was analyzed in
the extract was analyzed in a spectrophotometer atder to estimate the recovery only for Zn
wavelengths of 480 nm, 649 nm and 665 nm. ThE78.5%) of the digestion method using Apple
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Leaf Reference Standard Material 1515 supplieddehydrated, and embedded as described above.
by the National Institute of Standards and Ultrathin sections (80 nm) were collected in
Technology (USA). copper grids (300 mesh) and stained with 1.0 %
alcoholic uranyl acetate, followed by 5.0 %
Scanning electron microscopy (SEM) aqueous lead citrate. Ultrathin sections were
Leaf and root samples were fixed for two hours irobserved at 80 kV using a transmission electron
a solution of 2.5 % glutaraldehyde and 4.0 %mnicroscope (EM 900 Zeiss).
formaldehyde in 0.05 M cacodylate buffer, pH 7.2,
according to Vitoria et al. (2003). SubsequentlyStatistical analysis
the samples were rinsed in the same buffer anthe data for metal concentrations, chloroplayll
post-fixed for one hour at room temperature witlfluorescence parameters and photosynthetic
1.0 % osmium tetroxide in 0.05 M cacodylatepigments were checked for the normality and
buffer, pH 7.2. The post-fixed samples werevariance (Statistic 6.0) and subsequently submitted
dehydrated in an ascending acetone series (ot@ variance-test to detect the differences between
hour each step). The samples were then submittélge collections sitesp(< 0.05) and between the
to the critical-point-drying method using GO sites and plant parts for metal concentratiprk (
Dried samples were placed in the stubs, sputteréd05). Pearson’s correlation coefficient (r) was
with 20 nm gold, and then observed with a digitatalculated between the non-photochemical
scanning electron microscope (DSEM 962 Zeiss).quenching parameters (NPQ and gN) and the
concentrations of carotenoids pigments (n = 40).
Light microscopy (LM)
Root fragments were fixed, post-fixed and
dehydrated as described for SEM. SubsequentRESULTS
the material was embedded in epoxi resin
(Polybed). Thin sections (1.0 pm) were staine®Results showed that the concentrations of Cr, Pb
with toluidine blue (1 %). The glass slides wereand Zn were higher in the plants from the medium
sealed with Entellé%(Merck) and examined with PRS and lower in the plants from the Imbé river
an Axioplan Zeiss microscope. (Table 1). Independent of the sampling location of
the plants, these metals were detected in higher
Transmission electron microscopy (TEM) concentrations in the roots (young and older) than
The leaf fragments were fixed, post-fixed,in the aerial parts (leaf limb and petiole).

Table 1 - Metal concentrations (ug'dry matter) in water hyacinth. Upper case lettdifferent collection point.
Lower case letters: different parts of the planttiie same collection point. Means with differenttdes are
significantly different p< 0.05). PSR: Paraiba do Sul river. n.d.: not detbct

Imbé river Lower PSR Medium PSR Upper PSR
Leaf Limb 1.64 £0.25 Ab n.d. 0.80 + 0.80 Ac n.d.
Petiole 0.80 £ 0.80 Ab 1.07 £1.07 Ac 2670480 A n.d.
Cr Younger root 5.79+0.78 Ca 25.3+0.80Bb 39.47#71Ab 2.57+1.38Cb
Older root 4.25 +2.00 Da 30.3+1.25Ba 58.0 H14a 13.8 £ 0.60 Ca
Leaf Limb 38.1+2.93 Bc 43.4+2.25 Bb 122 + 6/d 42.1 +4.40 Bc
7n Petiole 40.6 £1.30 Cc 57.3+0.38 Bb 315+ 6.93 Ac 45.2+1.34BCc
Younger root 69.8 £+ 3.30 Bb 98.7 + 8.06 Ba 467 +58.4 Ab 101 +4.10 Bb
Older root 88.8 + 2.00 Ba 115 +1.28 Ba 961 + 2920 134 +0.16 Ba
Leaf Limb n.d. n.d. n.d. 3.33+1.75Ab
Pb Petiole n.d. n.d. n.d. n.d.
Younger root 1.27 + 1.27Bab 9.13 + 0.58 Aa 9.80 + 1.18 Ab n.d.
Older root 4.20 +0.0 Ca 10.2+1.12 Ba 19.9 + 0.00 Aa 110674 Ba
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The medium and upper PSR plants exhibited thealues of gN and NPQ in the plants sampled in the
maximum chlorophylla/b rates and the lowest upper PSR were higher than in the other sjpes (
total chlorophyll/carotenoids ratesp (< 0.05) 0.05, Table 2). Pearsons’ correlation between the
(Table 2). Results for the pigments andnon-photochemical quenching parameters (gN and
chlorophyll a fluorescence also showed variationNPQ) and carotenoids concentrations revealed a
between the sampling locatiors/F,, (maximum significant correlation (r = 0.4@ = 0.007; n = 40)
guantum yield) andr,/F, ratios were higher in the between the N and carotenoids, and non-
plants of medium and upper PSR than in the plantgnificant correlation (r = 0.2% = 0.061; n = 40)

of lower PSR and Imbé riverp(< 0.05). The between the NPQ and this pigment.

Table 2 - Photosynthetic pigments (+ standard errors) ataraphyll a fluorescence parameters (+ standard errors)
of water hyacinth leaves adapted to the dark. Meatisdifferent letters are significantly differe(i< 0.05). PSR:
Paraiba do Sul river.

Parameters Imbé river Lower PSR Medium PSR Upper PSFk
Cloa/b 24+0.10b 21+0.10b 3.2+0.11a 29+ @10
Clo total/caro 42+0.12a 48+0.19a 3.8+£0.15b 3.8+ Mm13
FuFm 0.79+0.010b 0.77 £0.008 b 0.82 £ 0.006 a @83004 a
Fu/Fo 3.8+0.2b 34+02b 45+02a 48+0.1a
gN 0.023+0.001 b 0.021£0.001 b 0.025+0.002b 0.033+0.001 a
NPQ 0.035+0.002 b 0.027 £0.002 b 0.034£0.002b 0.044 +0.003 a

TEM images showing chloroplasts from the leavef the leaves from the medium PSR (Figs. 2 C and
of water hyacinth sampled in the four regions ofG), which also showed rearrangement and increase
the study (three from PSR and one from Imbéf the stroma to a side of the chloroplasts. Adarg
river) are shown in Figure 2. In all the images thewumber of plastoglobules was observed in the
chloroplasts did not exhibit the signs of thylakoidplants sampled at upper PSR region (Figs. 2 D and
membrane system disorganization. Starch grairts, arrows).

were observed in the majority of samples, except

e R

Figure 2 - Transmission Electron Microscopy (TEM) of chloragts from water hyacinth. Imbé
river (A and E), lower PSR (B and F), medium PSRafd G), upper PSR (D and H).
A, B, C and D (x 12.000, bar: 0.6um). E (x 30.00@r: 0.25um) F, G and H (x
20.000, bar: 0,4um). PSR: Paraiba do Sul riker Starch graine——> :Plastoglobules.
<+—> :stroma<4 : mitochondri¢e : nuclei.
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The analysis of transversal slices of the rootsadicular hairs (Fig. 4B) when compared to the
revealed the presence of calcium oxalate crystateots sampled from the Imbé river (Fig. 4A). The

and/or polymers of phenolic nature in the vasculamajor ultrastructural alteration observed through
bundle (Fig. 3, arrows). Higher cellular turgidity the SEM of epidermal cells from the adaxial foliar

was observed for the root cells in the samples froissue were the plasmolysis of the stomatal
the Imbé river and a reduction in the number of theubsidiary cells and the apparently absence of
layers of the internal cortical cells from theepicuticular waxes on the samples from the

samples from the medium PSR (Fig. 3C). Thenedium PSR (Fig. 4D), when compared to the
morphological analysis of the roots (Fig. 4)in theplant samples from the Imbé river (Fig. 4C).

same samples from the PSR exhibited less turgid

Figure 3 - Transversal section of the absorption region afewayacinth roots from Imbé river
(A), lower PSR (B), medium PSR (C), upper PSR @3r: 20pm. PSR — Paraiba do

Sul river. A : Aerenchym@ : trabecu@p.: xylem.% : medulla4 : cortammp
calcium oxalate crystals.

Figure 4 - Scanning Electron Microscopy (SEM) evidencing r@dtand B) and stomata (C and
D) of the adaxial epidermis in plants of water higtttfrom Imbé river (A and C), and
medium PSR (B and D). A and B (x 1.500, bar: 20u@and D (x 20, bar: 1mm).
PSR: Paraiba do Sul river.
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DISCUSSION water hyacinth plants did not exhibit reduction in
the maximum quantum yield. The valuesFoff,
Different reports with water hyacinth have showrfor all the samples analyzed varied between 0.77
that most of the metal up-taken by this plantind 0.83. These values were within the limit from
species is accumulated preferentially in the root8.75 to 0.85, suggested by Bolhar-Nordenkampf et
(Soltan and Rashed, 2003; Lu et al., 2004; Paiva at. (1989) as indicative of the plants with
al., 2009; Vitoria et al., 2010). The accumulationphotochemical activity from the photosynthesis
of metals in the root system appears to minimizender normal cell conditions, i.e., the plants that
any major effect on the biomass production and tawere not under stress. In a study performed by
reduce the harmful symptoms (Verkleij and Prast,.age-Pinto et al. (2008) with water hyacinth, the
1989). Such strategy occurs with several plantsubstitution on thylakoids arrangement in grana by
and appears to allow the plants to withstand highéamellae was observed in the plants of the medium
metal concentrations (Vitéria et al., 2001; Hu ePSR. According these authors, this could represent
al., 2010; Monteiro et al., 2011). Although higheran attempt to maintain the electronic flow, once
Cr, Zn and Pb concentration were observed in ththe lamellae was rich in FSI and poor in FSII,
roots from the medium PSR, these values wenmore sensitive to the injuries (Krause and Weiss,
high enough to be detected in the plants from othér991).
polluted rivers (Soltan and Rashed, 2003The rates ofF,/F, and F,/F, expresses the
Mangabeira et al., 2004; Lu et al., 2004; Olivaresefficiency of excitation energy capture by the
Rieumont, 2007). opened reaction centers of the PS 1l (Baker, 1991,
Chloroplasts ultrastructural analysis suggestet th&&rause and Weiss, 1991), indicating the
the plants from the medium and upper PSR wenghysiological efficiency of the photosynthetic
under more stressful condition. In the plantsapparatus (Gongalves et al., 2001) and the
originated from the medium PSR, these organellgzhotochemical activity of the chloroplasts (Sayed,
exhibited increased stroma volume but did noR003; Oliveira et al., 2009). In the present study,
show starch grains (Fig. 2G), which wasthe variation inF,/Fy ratio was similar to that of
commonly observed in the chloroplasts from thehe F,/F, ratio (Table 2), reflecting the RS
plants from the other sites sampled. This suggestegiantum vyield, but with a greater amplitude of
the utilization of the photosynthetic reservesvalues. Oliveira et al. (2002) showed that Fué-o
(stored in the form of starch) in the plants of theatio had a response pattern similar to that of the
medium PSR. The increase in the stroma volumE,/F, ratio in coffee seedlings under chilling
was a typical characteristic of the plants exposestress, but with significantly higher values.
to stress (Bernal et al., 2006; Vitoria et al., 00 Similarly, in water hyacinth exposed to *€and
For instance, the chloroplasts from the olive gantCr™®, Paiva et al. (2009) suggested the use of the
cultivated near an aluminum (Al) company inF,/Fyratio, rather than the,/F, ratio, for a better
Greece exhibited increased stroma volume, whictiscrimination of small differences in the PS
was attributed primarily to the atmosphericquantum yield. The authors observed mean values
pollutants F (fluor) and Al (Eleftheriou and of F,/F, andF,/F,, of 5.26 and 0.82, respectively,
Tsekos, 1991). for the control. These values were near to the ones
The plants from the upper PSR presented a largéosund in the present work, suggesting that these
number of plastoglobules (Fig. 2D), which haveplants werenot under the photochemical stress at
been shown to increase in the plants subjected tbe locations under study.
environmental conditions that induced theThe positive correlation between the carotenoids
oxidative stress. These environmental conditionand gN reflected the importance of these pigments
include, for instance, the increment of £O for the protection of the photosynthetic apparatus
concentrations (Sallas et.,aR003), increment of due to their action on the dissipation of the thedrm
the ozone concentrations (Britvec et al. 2001)energy, avoiding the formation of singlet oxygen
exposure to organic complexes Ni(ll)-Glutamateat the reaction center of the PSIl (Goncalves .et al
(Molas, 2002), viral infection (Hernandez et al.,2001; Merzlyak and Solovchenko, 2002; Burns et
2004) and heavy metal (Vitéria et al., 2006;al., 2003). The increase in the concentration of
Gratéo et al., 2009). these pigments was observed when the plants of
Despite the medium and upper PSR being exposedater hyacinth were exposed to high
to higher industrial discards and domestic sewagepncentrations of metals (Hu et al., 2007; Mishra
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et al.,, 2007) and whemalophila ovalis were to nitric acid vapors (HNg) for a 12 h period,
exposed to herbicides (Ralph, 2000). It isobserved cuticle deterioration with the 50 ppb
important to empathize that in the present workH®NO; treatment, apart from the disintegration of
this pigment occurred in higher concentrations irthe wax layer at a concentration of 200 ppb
the plants of the more anthropogenic influenceti*®NOs;. According to Liu (2006), besides being a
environments (medium and upper PSR)barrier to protect the plants from the mechanical
suggesting a defense mechanism against thimmages, desiccation and microbial invasion, wax
environmental stresses. However, Paiva et alayers have an important role in resistance against
(2009) did not find any increase in the carotenoidthe xenobiotics. Liu (2006) reported that, despite
in water hyacinth plants exposed to Crthe impression given by guard-cells of an easy
Apparently, in this species this would not be arentrance point for xenobiotics, only a reduced
obligate path to assist the energy dissipatiomén t portion of these xenobiotics from the leaf surface
plants under stress conditions. were able to enter through the stomatal aperture.
Regarding the plant roots, the main site of metdt is important to highlight that in the present
deposition, light microscopy analysis showed avork, under natural conditions, it was impossible
reduction in the cortex cell layers in the rootefr to isolate the effect of any chemical compound as
the plants sampled in the medium PSR (Fig. 3Cyesponsible for the modifications observed. The
Mahmood et al. (2005) working with this speciedmbé river, although located in a more preserved
reported a reduction in the number of cortex layerarea than the PSR, deservedawareness about the
in the roots from the plants submitted to textileatmospheric deposition evaluation resulting from
industrial wastes, which allowed to correlate suclhe sugarcane plantations. However, there was no
modifications with the metals from the industrialdoubt about the higher anthropogenic influence in
wastes. This reinforced the idea that in the regiothe region of the medium PSR due to its big
of medium PSR, the plants would be exposed to iadustrial park, followed by the upper PSR, with
higher concentration of xenobiotics whenits developed technological-industrial region.
compared to the other sites studied. The SEMInder such context, PSR was exposed to various
images from these roots revealed lower cellulacontaminants originated from the incorrect use of
turgor and reduction in the root hair numbers imon-treated effluents and from agro-chemicals
the plants from the medium PSR (Fig. 4B) andAzevedo et al., 2004).

upper PSR (image not shown) when comparedihus, the results reported here suggested a better
with the plants of the Imbé river (Fig. 4A) and lowcharacterization of environmental stress when
PSR (image not shown). However, Vitéria et alassociating the metal quantification to other
(2003) reported that the roots of radish plantgvaluations, such as the physiology of the biota
exposed to Cd for 48 h increased the number arganisms, as a more realistic way to understand
root hairs when compared to the controlthe life conditions in the ecosystem. Eco-
suggesting that this could be a strategy to inereaphysiological parameters investigated in this study
the water absorption in these plants. It wagor water hyacinth exhibited key changes, although
possible that in the present study the plantthe ratiosF,/F, andF,/F, suggested that none of
sampled exhibited morphological alterations as the plants were under a clearly established
result of a long term exposure to the adversstressful condition when the photochemical
environment, whereas Vitéria et al. (2003)activity was considered. However, other results
subjected the radish plants to a short period afhowed higher metal concentrations, morpho-
exposure to Cd. anatomical and ultra-structural modifications in
The leaves from the plants of the Imbé river (Figthe plants from the medium and upper PSR,
4C) and low PSR (image not shown) showedndicating an effect of human activities on these
turgid epidermis and with probable deposits oplants. Strategies as the increase of heat
cuticular wax and microorganisms associatedjissipation, observed in the plants from the upper
contrasting with the images of epidermis fromPSR, and increase of carotenoids concentration in
leaves of the plants from the medium PSRelation to the total chlorophylls concentration in
(Fig.4D) and upper PSR (images not shown), leghe plants from the medium and upper PSR, could
turgid and apparently deprived of cuticularbe contributing to maintain the quantum vyield of
protection. Bytnerowicz et al. (1998), while this species in a disturbed environment.

evaluating the effect of exposifjnus ponderosa

Braz. Arch. Biol. Technol. v.54 n. 5: pp. 1059-106&pt/Oct 2011



Structural and Ecophysiological Alterations of WWater Hyacinth 1067

ACKNOWLEDGEMENTS photosynthetic electron transport and quenching of
chlorophyll fluorescenceBiochem. Biophys. Acta®90,
87-92.

This work was funded by FAPESP (Grant B x .
n°04/15012.5), CNPq (Grant n° 471091/2004-9) wacoatera. b Lsa, bor. Asevedo, B (2000}
INCT/CNPq (Grant n° 573.601/2008-9). The selenium-induced oxidative stress in coffee cell
authors want to thank FAPERJ/UENF by the suspension cultureBunct. Plant Biol 34, 449-456.
scholarship granted to the second and thiréoncalves, J.F.C., Marenco, R.A. Vieira, G. (2001),
authors; to Dr. Denise Klein by the invaluable help €oncentration —of photosynthetic pigments — and
with Transmission Electron Microscopy and chlorophyll fluorescence of mahogany and tonka bean

o - ; under two light environmentfkev. Bras. Fisiol. Ve
Arizolli Anténio Rosa for the analysis of metals. 13 149_157_9 g

Gratdo. P.L., Polle, A., Lea, P.J., Azevedo, R.A. (3005
Making the life of heavy metal-stresses plantstieli

REFERENCES easier Funct. Plant Biol, 32, 481-494.
Gratdo, P.L., Monteiro C.C., Antunes, A.M., Peres,

Arruda, M.A.Z., Azevedo, R.A. (2009), Metallomics and --E-P-, Azevedo, R.A. (2008), Acquired tolerance of
chemical speciation: towards a better understanding ~ tomato {ycopersicon esculentumcv. Micro-Tom)
metal-induced stress in plantann. Appl. Biol. 155, plants to cadmium-induced stresgn. Appl. Biol. 153
301-307. 321-333.

Azevedo, D.A., Gerchon, E. Reis, E.O. (2004),Gratdo, P.L., MonteirdC.C., Rossi, M.L., MartinelJiA.P.,

Monitoring of Pesticides and polycyclic Aromatic Feres, L.E.P., Médici, L.O, Lea, P.J., Azevedo, R.A.
Hydrocarbons in Water from Paraiba do Sul river, (2009), Differential ultrastructural changes in tdma

Brazil. J. Braz. Chem. Sad.5, 292-299. hormonal mutants exposed to cadmiuemviron. EXxp.
Baker, N.R. (1991), A possible role for photosystérmn| Botany 67, 387-394. . _

environmental perturbations of photosyntheBisysiol.  Hendry, G.A.F., Price, AH. (1993), Stress indicators:

Plant, 81, 563-570. chlorophylls and carotenoids. In: Hendry, G.A.F.,

Bernal, M., Ramiro, M.V., Cases, R., Picorel, R.,u&fla, Grime, J.P. (Eds), Methods in Comparative Plant
l. (2006), Excess copper effect on growth, chlorspla Ecology. Chapman and Hall (London) pp. 148-152.
ultrastructure, oxygen-evolution activity and cljphyll ~ Hernandez, J.A., Rubio, M., Olmos, E., Ros-Barcelo, A.
fluorescence in Glycine max cell suspensidpisysiol. Martinez-Gomez, P. (2004), Oxidative stress induged b
Plant, 127, 312-325. long-term plum pox virus infection in peacRrgnus

Bolhar-Nordenkampf, H.R., Long, S.P., Baker, N.R. Persica.Physiol. Plant 122, 486-495.

(1989), Chlorophyll fluorescence as probe of theHU, C. Zhang, L., Hamilton, D., Zhou, W., Yang, T.uzh
photosynthetic competence of leaves in the field: a D- (2007), Physiological responses induced by copper
review of current instrumenfEunct. Ecol, 3, 497-514. bioaccumulation in Eichhornia ~ crassipes (Mart.).

Britvec, M., Reichenauer, T., Soja, G., Ljubesic, Eid, Hydrobiologia 579 211-218. _ _

M., Pecina, M. (2001), Ultrastructure changes inHU,J- Zheng, A, Pei, D, Shi, G. (2010), Bioaccurioie.
grapevine chloroplasts caused by increased tropoigph ~ @1d Chemical Forms of Cadmium, Copper and Lead in
ozone concentrationBiologia (Bratisl.) 56, 417—424. Aquatic PlantsBraz. Arch. Biol. Techngl53 (1), 235-

Burns, J., Fraser, P.D., Bramley, P.M. (2003), 240. )

Identification and quantification of carotenoids, Krause, G.H., Weis, E. (1991), Chlorophyll fluoreseenc
tocopherols and chlorophyll in commonly consumed and photosy_nthe3|s: the basics. ARev. Plant Physiol.
fruits and vegetable®hytochemistry62, 939-947.90. Plant Mol. Biol, 42, 313-349. .

Bytnerowicz, A., Percy, K, Riechers, G., Padgett, p.Krause, P., Erbsloh, B, Niedergesab, R., Pepelnik, R
Krywult, M. (1998), Nitric acid vapor effects on fotes ~ ~range, A., (1995), Comparative study of different
trees - deposition and cuticular changgkemosphere digestion procedgres using sup_plementary analytical
36, 697-702. methods for multielement-screening of more than 50

Campaneli, L.B., Souza, C.M.M., Ribeiro, T.S., Rete, elements in sediments of the river Eld@esenius J.
C.E., Azevedo, R.A., Almeida, M.G., Vitéria, A. p. Anal. Chem 353 3-11.

(2010), Variagdo espaco-temporal de metais em aguap@de-Pinto, F., Oliveira, J.G., Da Cunha, M. Souza,
[Eichhornia crassipes (Mart.) Solms)] material ~ C-M-M., Rezende, C.E, Azevedo, R.A. Vitdria, A.P.

particulado aderido as raizes de aguapé e no seime (2008), Chlorophylla fluorescence and ultrastructural

em dois rios do sudeste brasileiBiotemas,23 (4), changes in chloroplast of water hyacinth as indicabf
119-128. environmental stres&nviron. Exp. Bot.64, 307-313.

Eleftheriou, P.E., Tsekos, I. (1991), Fluoride efseon LU, Z. (2006), Leaf Epidermal Cells: A Trap for
leaf cell ultrastructure of olive trees growing ihet Lipophilic  Xenobiotics. J. Integ. Plant Bial 48,

vicinity of the Aluminium Factory of Greecelrees- 1063-1068. i
Struc. Funct.5, 83-89. Lu, X., Kruatrachue, M., Pokethitiyook, P., Homyok, K

Genty, B., Briantais, J-M., Baker, N.R. (1989), The (2004), Removal of cadmium and Zinc by Water
relationship between the quantum vyield of Hyacinth Eichhorrnia crassipesSci. Asia 30, 93-103.

Braz. Arch. Biol. Technol. v.54 n. 5: pp. 1059-106&pt/Oct 2011



1068 Vitoria, A. P. et al.

Mahmood, Q., Zheng, P., Siddigi, M., Islam, E., Azvh, Sallas, L., Luomala, E.M., Utriainen, J., Kainulainé.,
Hayat, Y. (2005), Anatomical studies on water hyacinth Holopainen, J.K. (2003), Contrasting effects of ated
(Eichhornia crassipes (Mart.) Solms) under the  carbon dioxide concentration and temperature on
influence of textile wastewated. Zhejiang University Rubisco activity, chlorophyll fluorescence, needle
Sci, 6, 991-998. ultrastructure and secondary metabolites in conifer

Mangabeira, P.A.O., Labejof, L., Lamperti, A., De seedlingsTree Physial 23, 97-108.

Almeida, A.A.F., Oliveira, A.H., Escaig, F., Severo, Sayed, O.H. (2003), Chlorophyll fluorescence as &itoo
M.L.G., Silva, D.C., Saloes, M., Mielke, M.S., Lucena cereal crop researcRhotosynthetica41, 321-330.

E.R., Martins, M.C., Santana, K.B., Gavrilov, K.L., Siqueira, A., Godinho, M.J.L., Kolm, H.E., MachadoCE.
Galle, P., Levi-Setti, R. (2004), Accumulation of (2009), Evaluation of the Water Quality of Tidal €ks

chromium in root tissues @ichhornia crassipegMart) of Pontal do Parana, Parana, BraBitaz. Arch. Biol.
Solms. In Cachoeira River - Brazfppl. Surf. Scj 231, Technol, 52 (2),483-492.
497-501. Soltan, M.E., Rashed, M.N. (2003), Laboratory stody

Merzlyak, M.N., Solovchenko, A.E. (2002), Photostiapil the survival of water hyacinth under several condgi
of pigments in ripening apple fruitt a possible of heavy metal concentrationddv. Env. Res7, 321-
photoprotective role of carotenoids during plant 334.

senescencé®lant Sci, 163 881-888. Souza, W. P., Carvalho, C.E.V., Carvalho, C.C.V.,uBuz

Mishra, K.K., Rai, U.N., Prakash, O. (2007), M.S. (2004), Mercury and organic carbon distribatin
Bioconcentration and Phytotoxicity of Cd ltichhornia six lakes from the North of Rio de Janeiro St&eaz.
crassipesEnviron. Monit. Assessl30, 237-243. Arch. Biol. Tech.47, 139-145.

Molas, J. (2002), Changes of chloroplast ultrastmecand Van Kooten, O., Snel, J.F.H. (1990), The use of
total chlorophyll concentration in cabbage leavassed chlorophyll fluorescence nomenclature in plant ssre
by excess of organic Ni(ll) complexeBnviron. Exp. physiology.Photosynth. Res25, 147-150.

Bot, 47, 115-126. Vassilev, A. (2002), Use of chlorophyll fluorescence i

Monteiro, C.C., Carvalho, R.F., Gratao, P.L., CamealG., phytotoxicity testing: Il. Use of parameters at diea

Tezotto, T., Medici, L.O., Peres, L.E.P., AzeveddA.R. state photosynthesis. Environ. Protec. Ecql 3, 907-
(2011), Biochemical responses of the ethylene- 912.
insensitive Never ripe tomato mutant subjected to Verkleij, J.A.C., Prast, J.E. (1989), Cadmium tolemn

cadmium and sodium stress&viron. Exp. Bot.71, and co-tolerance iBilene vulgarigMoench.) Garcke [=

306-320. S. cucubalugL.) wilb.]. New Phytal, 111, 637-645.
Olivares—Rieumont, S., Lima, S., De la Rosa, D., Gramyesk, P.A., Nockolds, C.E., Allaway, W.G. (1999), Metal

D.W., Columbie, I., Santana, J.L., Sanchez, M.JO720 localization in water hyacinth root from an urban

Water hyacinthsEichhornia crassip@sas indicators of rainyland.Plant Cell Environ,22, 149-158.

heavy metal impact of a large landfill on the Almares  Vitoria, A.P., Lea, P.J., Azevedo, R.A. (2001), Anticaid
River near Havana, CubaBull. Environ. Contam. enzymes responses to cadmium in radish tissues.
Toxicol 79, 583-587. Phytochemistry57, 701-710.

Oliveira, J.G., Alves, P.L.C.A., Magalhaes, A.C.N. (2Q02) Vitoria, A.P., Rodrigues, A.P.M., Da Cunha, M., Leal.P.
The effect of chilling on the photosynthetic adtvin Azevedo, R.A. (2003), Structural change in radish
coffee Coffea arabical.) seedlings: The protective seedlings exposed to cadmiuBiol. Plant, 47(4), 561-
action of chloroplastid pigmentBraz.J. Plant Physial 568.

14, 95-104. Vitéria, A.P., Da Cunha, M., Azevedo, R.A., (2006),

Oliveira, J.G., Alves, P.L.A.C., Vitéria, A.P. (2009), Ultrastructural changes of radish leaf exposed to
Alterations in chlorophyll a fluorescence, pigment  cadmium.Environ. Exp. Bot 58, 47-52.
concentrations and lipid peroxidetion to chilling Vitéria, A.P., Lage-Pinto, F., Campaneli, L.B., Almajd
temperature in coffee seedlindgviron. Exp. Bot 67, M.G., Souza, C.M.M., Rezende, C.E., Azevedo, R.A.,
71-76. Oliveira, J.G. (2010), Ecophysiological adaptatior an

Paiva, L.B., Oliveira, J.G., Azevedo, R.A., Ribeiro, D.R  metal accumulation in water hyacinth from two tropica
Silva, M.G., Vitéria, A.P. (2009), Ecophysiological rivers.Braz J. Plant Physial 22(1): 49-59.
responses of water hyacinth exposed té°@r Cf®.  Wellburn, A.R. (1994), The spectral determination of

Environ. Exp. Bot 65, 403-409. chlorophyllsa andb, as well as total carotenoids, using
Ralph, P.J. (2000), Herbicide tocicity Bfalophila ovalis various solvents with spectrophotometers of differen

assessed by chlorophylfluorescenceAquat. Bot, 66, resolutionJ. Plant Physial 144, 307-313.

141-152. Zhu, Y.L., Zayed, A.M., Qian, J.H. De Souza, M., Terry,

Ralph, P.J., Burchett, M.D. (1998), Photosynthetic N. (1999), Phytoaccumulation of trace elements by
response ofHalophila ovalisto heavy metal stress. wetland plants: Il. Water Hyacinthl. Env. Qual 28,
Environ. Pollut, 103, 91-101. 339-344.

Rodrigues, R.P.; Knoppers, B.A.; Souza, W.F.L.;t&&n
E.S. (2009), Suspended Matter and Nutrient Gradients
of a Small-Scale River Plume in Sepetiba Bay, SE- Received: July 27, 2010;

Brazil, Braz. Arch. Biol. Technql52 (2),503-512. Revised: March 24, 2011;
Accepted: August 09, 2011.

Braz. Arch. Biol. Technol. v.54 n. 5: pp. 1059-106&pt/Oct 2011



