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ABSTRACT

Afforestation of contaminated areas is considered as a possible strategy for reduction of contaminations. In
the present study, the effects of lead (Pb) and cadmium (Cd) were investigated on chlorophyll fluorescence
parameters (Fy/Fm, Fo, and Fn), photosynthetic pigments (chlorophyll a, b, and total chlorophyll), and
proline in one-year-old seedlings of Celtis caucasica and Robinia pseudoacacia. The seedlings were treated 2
times during 10 days, with different concentrations of Pb and Cd (0, 250, 500, 1000 and 2000 mg L-1). Saline
solutions containing Pb and Cd were sprayed on the leaves. Chlorophyll fluorescence was measured every
other day. Chlorophyll and proline were also measured at the end of experiment period. The results
indicated that chlorophyll fluorescence of C. caucasica and R. pseaudoacacia was affected by Pb on the last
days and by Cd on the first days. The chlorophyll a content of C. caucasica at 250 mg L-! of Pb and the
chlorophyll a of R. pseudoacacia at 1000 and 2000 mg L of Cd increased. With increasing Cd and Pb
concentrations, proline of C. caucasica increased significantly while proline of R. pseudoacacia was not
affected by Cd and Pb. Our results suggested fairly similar photosynthetic responses of C. caucasica and R.
pseudoacacia to Cd and Pb concentrations. We concluded that physiological sensitivity of the both species
to Pb and Cd were weak and can be used for afforestation in semi-arid areas contaminated by Pb and Cd.
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INTRODUCTION combustion, and fugitive particulate

Photosynthesis is one of the most important
physiological —parameters and it is
measurable on the plant ecological studies.
Chlorophyll absorbs light energy and
drives photosynthesis process that is the
basis of animals and human life (Mallick &
Mohn, 2003). Hence, the control of
damaging effects of the photosynthesis
apparatus should be one of the main goals
in environmental sciences (Mallick &
Mohn, 2003). Photosynthesis can be
affected by contamination of water and soil
sources and atmosphere expanding in the
world.

Heavy metals diffuse in the atmosphere as
aerosols, gases and particulates (Bradl,
2005). Sources of heavy metals emitting in
the atmosphere are sea salt particles, mineral
dusts, extraterrestrial matter, forest fire,
volcanic aerosols and industrial sources such
as emissions from transportation, coal
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emissions (Colbeck, 1995). The amounts of
estimated emission of cadmium (Cd) and
lead (Pb), as heavy metals, in natural are
0.29x10% and 4x10 tons year’,
respectively, that increase up to 5.5%10=3 and
400x103 tons year! by anthropogenic
activities (Nriagu, 1979). Rahbar Hashemi et
al.  (2013)  reported the  seasonal
concentrations of heavy metals in the Anzali
International wetland by anthropogenic
activities about 0.016 mg ml? for cadmium,
and 0.02 mg ml?! for copper (Cu) and lead
(Pb). Cadmium (Cd), a non-essential
element for most of living beings, can be
highly phytotoxic (Ralph & Burchett, 1998).
Photosystem 1I (PSII) and photosystem I
(PSI) are light harvesting systems which act
in light reaction of photosynthesis. Light
harvesting complex II (LHCII) in PSII excite
upon encountering with light and lose
electron. This electron transfers to Qa
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(primary acceptor electron) and then to Qs
(secondary acceptor electron) and flows in
the electron transport chain. Reaction center
of PSI excites with receiving electron from
PSII. These electrons are used to produce
ATP and NADPH. PSII function is severely
sensitive to Cd, and affects more than PSI
(Chugh & Sawhney, 1999; Mallick & Mohn,
2003).

Lead (Pb), a non-essential element, can be
toxic in the low concentrations for sensitive
species (Ralph & Burchett, 1998). The effect
of Pb, on the phytochemistry of Tithonia
diversifolin exposed to roadside automotive
pollution was investigated by Olivares
(2003). The author found higher Pb and Ni
contents in the leaves from a polluted site
(120.79 and 10.20 mg kg1, respectively) and
these concentrations decreased chlorophyll
from 9.32 to 9.11 mg g'. Giilriz et al. (2006)
clarified that chlorophyll content is related
to tree species, seasonal factors, site
conditions, and pollution.

Fluorescence chlorophyll a is used to
calculate stress rate at the first days or even
at the first hours exposure to stress (Ralph
& Burchett, 1998). The first toxic symptom
in Halophila ovalis was detected using
plasmolysis after 8 days exposure to Cu
(10—* mol L) (Malea et al., 1995a). Whereas
chlorophyll fluorescence measurements
revealed Cu (5x10—3 mol L) toxicity within
first hours (Ralph & Burchett, 1998). Pulse-
Amplitude-Modulation (PAM) fluorometry
is carefully connected with the availability
of strong, compact light sources for rapid
pulse-modulated excitation with sensitive
detector systems (Schreiber et al., 1993). It
indicates the effects of stress on plant and
algae by F,/Fn (The photosystem II
photochemical efficiency) parameter (Jones
et al., 1999; Frankart et al., 2003; Lewis et al.,
2001; Nielson et al., 2003a). F,/F,; value is a
measure of light energy transfer in dark
adapted samples or the photochemical
quantum yield of open PSII centers (DeEll
& Toivonen, 2003; Hanelt & Nultsch, 1995).
The other indicators for assessment of stress
in plants are the proline and chlorophyll
contents. Proline is an amino acid and unique
compound in the protein structure. Since it
was first noted to accumulate in wilted
ryegrass, accumulation of this amino acid has
been observed in a large number of plant
species grown under stress conditions.
Consequently proline has been used as an
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indicator of response to the plant stress
(Aspinall & Paleg, 1981; Heuer, 1994). Also, it
accumulates under a wide range of stress
conditions such as high salinity, water
shortage, extreme temperatures, nutrient
deficiencies, high light intensity, low pH of
the growth medium, high level of heavy
metals, air pollution, and diseases created by
pathogens (Aspinall & Paleg, 1981; Delauney
& Verna, 1993; Hare & Cress, 1997).
Chlorophyll content including chlorophyll
a, b, and totall chlorophyll is an important
index to evaluate the effects of air
pollutantion and heavy metals stress on
plants (Joshi & Swami, 2009).

Black locust (Robinia pseudoacacia L.) and
Hackberry (Celtis caucasica L.) are currently
being used for green-belt and parks in the
big cities, exposing to pollutions of Cd and
Pb. Therefore, it is necessary to study the
physiological sensitivity of R. pseudoacacia
and C. caucasica to heavy metals stress.

The aim of this work was to find out the
physiological responses, i.e., photosynthesis,
proline, and chlorophyll content alterations,
of R. pseudoacacia and C. caucasica seedlings
to high concentrations of Pb and Cd.

MATERIALS AND METHODS

Plant material and growing condition
One-year-old seedlings of R. pseudoacacia
and C. caucasica were grown in Alborz
Research Station in southwest slope of
Alborz mountains in Iran (35°48°N, 50° 54°E
and 1300 m a.s.l) with a semi-arid climate.
Means annual temperature and rainfall are
13.7 °C and 230 mm, respectively. The seeds
were planted in pots (15 cm x 40 cm,
diameter and depth) filled with clay, sand
and farmyard manure in 2:1:1 proportion,
under the same condition in the field, and
irrigated daily. The pots were kept under
natural photoradiation. The seedlings were
successively transferred to the site of
experiment after rhizogenesis. After 15
days of acclimation to the new condition, 90
homogeneous plants each species were
selected and randomly assigned to five
groups. The seedlings were treated with
saline solutions containing lead and
cadmium. The solution were lead nitrate
(Pb(NO3);) and  cadmium  chloride
(CdCl2.H20O) in  concentrations of 0
(control), 250, 500, 1000, and 2000 mg L.
Saline solutions containing Pb and Cd were
sprayed on the leaves.
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Heavy metal experiments

Heavy metal solutions with 250, 500, 1000
and 2000 mg L1 concentrations were
produced by dissolving CdClL.H>O and
Pb(NOs)2 salts. 10 ml of solution were
sprayed to each seedling. The seedlings
were treated with different Cd and Pb
concentrations during 10 days. There were
nine replicates in each treatment.

Measurements of
Parameters

Photosynthetic

Chlorophyll fluorescence was determined
using a PAM_2500 fluorometer (Walz,
Germany). Plants were dark-adapted for 30
min to estimate the effect of treatments on
photosystem 1I (PSII) efficiency. The
following fluorescence parameters were
measured: F, (the minimum chlorophyll a
fluorescence after the dark-adaptation), F.
(the maximum chlorophyll a fluorescence
after the pulse of red light) and F,/Fn.
(Kitajima & Butler, 1975; Genty ef al., 1989).

Determination of chlorophyll and proline
contents

100 mg of fresh plant material was
homogenized with 10 ml aceton (80%), then
homogenized leaves were centrifuged at 6000
rpm (15 °C) for 10 min. Amounts of
supernatants were then supplied to 20 ml
The absorbance at 663 nm and 645 nm
extracts ~was  determined wusing a
spectrophotometer (CAIHONG 722 UV/
Spectrophotometer). Chlorophyll a, b, and
total chlorophyll contents were calculated on
a fresh weight basis (mg g fw) (Arnon, 1949).
Proline content (pg g' fw) of the collected
leaves was determined spectrophoto-
metrically after Bates et al. (1973).

Statistics

The data was statistically analyzed using an
independent T-test and one way variance
analysis by SPSS 17.0 to compare paired
means between different treatments of Pb
and Cd and exposure periods at 5% level of
probability.
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RESULTS

Photosynthesis

Lead

F/Fn value of C. caucasica reduced
significantly on days 7 and 9 in 500 and
1000 mg L treatments by Pb (Fig. la).
However, Fy/F, value of R. pseudoacacia
reduced significantly in 500 mg L1
treatment of Pb on day 7 (Fig. 1b). F, of C.
caucasica increased in 500 mg L treatment
on days 7 and 9 significantly (Fig. 2a). The
results showed a significant increase in 250
mg L1 treatment of R. pseudoacacia on days
7 and 9 (Fig. 2b). F, was affected by
exposure to some concentrations of Pb.
There was a significant decrease in Fy, of C.
caucasica in 1000, and 2000 mg L7
treatments and a significant increase in 250
mg L7 treatment on day 7 (Fig. 3a). F,, of R.
pseudoacacia was increased significantly in
all treatments on the first day. Also, Fu
showed a significant increase in 500 and
2000 mg L1 treatments on day 3, in 250 and
500 mg L treatments on day 5 and 250 mg
L1 treatment of Pb on day 9 (Fig. 3b).

Cadmium

Photosynthesis of C. caucasica was affected
by exposure to some Cd concentrations on
the first day. F./F, value in 1000 and 2000
mg L1 treatments reduced significantly on
the first day compared to the control (Fig.
4a). R. pseudoacacia showed a significant
decrease in F,/F, value in 1000 mg L?
treatment on the first day and a significant
increase in 250 mg L treatment on day 9
(Fig. 4b). F, of C. caucasica was not affected
by exposure to all concentrations of Cd (Fig.
5a). Also, the Cd treatment of 1000 mg L1
caused a significant increase in F, of R.
pseudoacacia on the first day with respect to
other treatments and showed a significant
decrease in 500 mg L treatment (Fig. 5b). Fy,
of C. caucasica showed a significant increase
in 250 and 500 mg L treatments of Cd on
the first and third days (Fig. 6a). F of R.
pseudoacacia was affected by 250 mg L1
treatment of Cd on the first, third and fifth
days and showed a significant increase
compared to other treatments. Furthermore,
F,. decreased significantly on day 7 in 250
mg L7 treatment compared to the control

(Fig. 6b).
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Fig 1. Time course of the F,/F,, (a) C. caucasica and (b) R. pseudoacacia leaves up to 9 day spray to different
concentrations of Pb (0, 250, 500, 1000 and 2000 mg L-1). Data expressed as mean + SD; n=9.

1642 C. caucasica , O control
a
1.4 . » - 8250 mg/ litre
. bab abTa a a b _
z 12 A 0500 mg/ litre
3 a a
E 14 ¢ ¢ a 1000 my!/ litre
Y b ¢
[
0.8 4 b W 2000 mg/litre
06 -
04 -
02
1 9
16 P O control
14 4 B 250 mg/ litre
a
g 124 a 500 mg/ litre
S - b
£
= ] £ 1000 mg/ litre
2 4 a
W 2000 mg/litre
1 3 5 7 9
Day

Fig 2. Time course of the F, (a) C. caucasica and (b) R. pseudoacacia leaves up to 9 day spray to different
concentrations of Pb (0, 250, 500, 1000 and 2000 mg L-1). Data expressed as mean + SD; n=9.
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Fig 3. Time course of the F,, (a) C. caucasica and (b) R. pseudoacacia leaves up to 9 day spray to different
concentrations of Pb (0, 250, 500, 1000 and 2000 mg L-1). Data expressed as mean + SD; n=9.
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Fig 4. Time course of the F,/F,, (a) C. caucasica and (b) R. pseudoacacia leaves up to 9 day spray to different
concentrations of Cd (0, 250, 500, 1000 and 2000 mg L-1). Data expressed as mean * SD; n=9.
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Fig 5. Time course of the F, (a) C. caucasica and (b) R. pseudoacacia leaves up to 9 day spray to different
concentrations of Cd (0, 250, 500, 1000 and 2000 mg L-1). Data expressed as mean * SD; n=9.
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Fig 6. Time course of the F; (a) C. caucasica and (b) R. pseudoacacia leaves up to 9 day spray to different
concentrations of Cd (0, 250, 500, 1000 and 2000 mg L-1). Data expressed as mean * SD; n=9.
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Chlorophyll content

Lead

C. caucasica showed a significant increase
in chlorophyll a and total chlorophyll
contents in 250 mg L7 treatment of Pb
compared to the control and other
treatments. While, chlorophyll a4, b, and
total chlorophyll contents of R. pseudoacacia
were not affected by exposing to all
concentrations of Pb (Fig. 7).

Chlorophyll a (mg /g fw)

V1 p
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Cadmium

C. caucasica showed no significant
difference in chlorophyll contents in
responses to Cd treatments. However,
chlorophyll a and total chlorophyll in R.
pseudoacacia increased significantly in 1000
and 2000 mg L7 treatments of Cd
compared to the control (Fig. 8).
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Fig 7. Effects of different concentrations of Pb on (a) chlorophyll 4, (b) chlorophyll b, and (c) total
chlorophyll of C. caucasica and R. pseudoacacia leaves. Values are mean + SD and bars indicate standard
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Proline content

Lead

Proline content of C. caucasica increased
with increasing Pb concentrations and
showed significant differences in 1000 and
2000 mg L1 treatments compared to the
control. Proline content of R. pseudoacacia
showed no significant difference in Pb
concentrations of (Fig. 9a).

errors.

Cadmium

C. caucasica was affected by exposure of Cd
concentrations . Proline content increased
significantly in all of the treatment
compared to the control. Also, R
pseudoacacia showed a significant decrease
in 2000 mg L treatment (Fig. 9b).
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Fig 9. Effects of different concentrations of (a) Pb, and (b) Cd on proline of C. caucasica and R. pseudoacacia
leaves. Value is mean = SD and bars indicate standard errors.

DISCUSSION

The F,/F, value is an indicator of the
photosynthetic efficiency of plants. This
variable can be a good indicator of the
performance of the photosynthetic
apparatus and shows the ability of the
plants to tolerate environmental stresses
(Maxwell & Johnson, 2000). In our study,
F./F,, value for the control treatment and
for 250, 500, 1000 and 2000 mg L1
treatments of Cd and Pb for both C.
caucasica and R. pseudoacacia was slightly
lower than the optimal value, ie,
Fy/Fy=0.83 (Bjorkman & Demmig, 1987;
Johnson et al., 1999) (Figs. 1a, b and 4a, b).
Both Pb and Cd revealed degrees of
toxicity, as indicated by the decline in F./F,
value of C. caucasica and R. pseudoacacia.
The higher concentrations of Pb and Cd
(1000 and 2000 mg L) had greater
apparent stress response in C. caucasica in
terms of F/F., value (Figs. la and 4a).
Chlorophyll fluorescence parameters were
affected by Pb on last days (7 and 9) and
by Cd on first days (1 and 3). Previous
studies = showed  that  chlorophyll
fluorescence was reduced by exposure of
Cd. For example chlorophyll fluorescence

was reduced significantly at 10 pmol ml!
in Focus wvesiculosu, Cladophora rupestris,
Palmaria palmate and Polysiphonia lanosa
(Baumann et al., 2009) and F./F,, value was
reduced at 93 uM CdCl, in Scenedesmus
armatus (Tukaj et al., 2003). Domongues et
al. (2008) reported that F,/F. value
decreased in 200 mg L treatment of Cd in
Holm oak (Quercus ilex) seedlings.

F, values increased by increasing Cd
concentration in Zea mays L. (Yasemin et
al., 2008). It agrees with our results that F,
increased in R. pseudoacacia by exposure to
1000 mg Lt Cd (Fig. 5b). In this study, Fu
of C. caucasica in 250 and 500 mg L1 of Cd
and R. pseudoacacia in 250 and 500 mg L of
Pb and Cd increased significantly (Figs. 3b
and 6a, b). F. of Halophila ovalis was
increased slightly after 72 hours by
exposure to Pb concentrations (1 to 10 mg
L1) (Ralph & Burchet, 1998). It has been
reported also that F, was decreased by
metals (Mallick & Mohn, 2003; Ralph &
Burchet, 1998; Tukaj et al., 2003).

F, is an emission from the excited
chlorophylls in PSII antenna competing to
excitation energy transfer to RCII
(Photosystem II reaction centers), which
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takes place before the excitations energy
reach the reaction center (Mallick & Mohn,
2003). Also, F, fluorescence derives from
chlorophyll 2 antennae attached with the
PSII light-harvesting complex (Karukstis,
1991), therefore it was obvious that the
efficiency of energy transfer from this
complex to the PSII reaction center was
affected by Cd and Pb stress.

F.. as the maximal fluorescence yield was
increased by Cd and Pb toxicity on day 7.
F, emission indicates the state of PSII
when all Qa molecules are in a reduced
state in RCII (Schreiber et al., 1993). F,
increased in 250 and 500 mg L1 of Cd and
Pb in R. pseudoacacia and in contrary, in
500, 1000 and 2000 mg L1 of Cd
concentrations in C. caucasica F, was
decreased. The increase of F, was higher
than F,.

Under normal conditions, Qa is kept
oxidized by transferring electrons to
NADP and finally to CO, via Qs, the
plastoquinone pool and PSI, thus F,/Fu
value remains fairly high. If reoxidation of
Qa is restricted by decrease or slight block
of electron transport from PSII to PSI by
any of the stress factors, F,/F, value may
decrease (Mallick & Mohn, 2003).

Catronia et al. (2004) has reported that total
chlorophyll concentration decreased under
Cu and herbicide stresses. In the other
studies chlorophyll content were reduced
under Cd toxicity in Atriplex halimus
(Nedjimi & Daoud, 2006). Cd occupies
position of Mg in chlorophylls structure,
leading to chlorophyll destruction (Ktipper
et al., 1998, 2002) against with what we
detected. We observed that chlorophyll a
and total chlorophyll increased
significantly in C. caucasica in 250 mg L of
Pb (Figs. 7a and c) and had significant
increase in 1000 and 2000 mg L of Cd in
R. pseudoacacia (Fig. 8a,c). Our result were
in agreement with several research
revealed that increase in chlorophyll
contents under air pollution. Tripathi and
Gautam (2007) reported the increase
(12.8%) in chlorophyll content of Mangifera
indica leaves subjected to air pollution.
Seyyednejad et al. (2009a) have reported
increases in chlorophyll a, b, and total
chlorophyll in  Albizia  lebbeck and
Callistemon citrinus under air pollution. Cd
toxicity causes leaf chlorosis that is one of
the most commonly observed
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consequences (Skérzynska & Baszynski,
1997). It has been proved that the first
indicator of flour effects on plant is
chlorosis (Kendrickk et al, 1956). By
increase in the content of chlorophyll, C.
caucasica and R. pseudoacacia exposed to the
concentrations of Cd and Pb can tolerate
heavy metal stress not suffering from
damages of physiological and biochemical
changes.

Increase of free proline content in response
to various environmental stresses in plant
has been frequently reported (Levitt, 1972).
Environmental stress for example, high
and low temperatures, drought, air and
soil pollutions causes excess Reactive
Oxygen Species (ROS) in plant cell,
reacting extremely and produces cytotoxic
to all organisms (Pukacka & Pukacki,
2000). It has been reported that proline is
one of the most universal polyfunctional
substance to protect plants under various
stresses (Ashraf & Foolad, 2007). In the
present  study, proline  increased
significantly in leaves of C. caucasica in Cd
and Pb concentrations compared to the
control (Figs. 9a and b). Dinakar et al.
(2008) reported that proline levels
increased in Arachis hypogaea seedlings
tissue (leaves and roots) during 25 days
with  increasing Cd  concentrations.
Accumulation of free proline in response
to heavy metal stress is an usual reaction
among plants (Costa & Morel, 1994). Schat
et al. (1997) suggested that proline
accumulation in plant tissues under Cd
stress is due to decrease of the plant water
potential and this accumulation can be
related to the water equilibrium. However,
the resistance of trees to environmental
stress in the field should be considered in
afforestation efforts. The weak physiolo-
gical responses of C. caucasica and R.
pseudoacacia to Pb and Cd contamination
showed the suitability of both species for
afforestation in contaminated areas by Pb
and Cd.

CONCLUSION

In conclusion, our study showed
physiological responses of C. caucasica and
R. pseudoacacia were weakly affected by Pb
and Cd contaminations. Chlorophyll
fluorescence responses of C. caucasica and
R. pseudoacacia to Pb and Cd were similar.
Both species were affected by 250 and 500
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mg L1 of Pb and 1000 and 2000 mg L of
Cd, respectively. The effects of different
functions of heavy metals on plant
organisms were found to be attributed to
the differences among concentrations as
well as time of affection by Pb and Cd.
Detection of weak physiological responses
of C. caucasica and R. pseudoacacia
confirmed the possibility of afforestation
programs in polluted areas by using Pb
and Cd. The resistance to the other
environmental stresses, however, should
be considered.

Acknowledgements

We thank the Iran Research Institute of
Forests and Rangelands as well as the
Laboratory of Horticultural Sciences of the
University of Tehran, for their financial
and technical supports. Suggestions
offered by anonymous referees are highly
appreciated.

REFERENCES

Arnon, D. L. (1949) Copper enzymes in
isolated chloroplast polyphenol oxidase
in Beta vulgaris. Plant Physiology. 24: 1-15.

Aspinall, D. & Paleg, L.G. (1981) Proline
accumulation: Physiological aspects In
The Physiology and Biochemistry of
Drought Resistance in Plants. pp 205-
241. Academic Press, San Francisco,
USA.

Ashraf, M. & Foolad, M.R. (2007) Roles of
glycine betaine and proline in
improving  plant abiotic  stress
resistance. Environmental and
Experimental Botany. 59: 206-216.

Bates, L.S. Waldron, R.P. & Teare, 1.D.
(1973) Rapid determination of free
proline for water stress studies. Plant
and Soil. 39: 205-207.

Bjorkman, O. & Demmig, B. (1987) Photon
yield of Oz evolution and chlorophyll
fluorescence characteristics at 77 K
among vascular plants of diverse
origins. Planta. 170: 489-504.

Bradl, H.B. (2005) Sources and Origins of
Heavy Metals. Elsevier Ltd. A
Department of Environmental
Engineering, University of Applied
Sciences Trier, Umwelt-Campus
Birkenfeld, P.O. Box 301380, 55761
Birkenfeld, Germany.

Baumann, H.A. Morrison, L. & Stengel,
D.B. (2009) Metal accumulation and

263

toxicity measured by PAM Chlorophyll
fluorescence in seven species of marine
macroalgae. Ecotoxicology and
Environmental Safety. 72: 1063-1075.

Catriona, M.O. Macinnis, N.G. & Ralph,
P.J. (2004) In situ impact of multiple
pulses of metal and herbicide on the
seagrass, Zostera capricorni. Aquatic
Toxicology. 67: 227-237.

Chugh, LK. & Sawhney, S.K. (1999)
Photosynthetic ~ activities of Pisum
sativum seedlings grown in presence of
cadmium.  Plant  Physiology  and
Biochemistry. 37: 297-303.

Colbeck, 1. (1995) in "Airbome Particulate
Matter" (T. Kouimtzis and C. Samara,
eds.), p-1-33, Springer, Berlin,
Heidelberg, New York.

Costa, G. & Morel, J.L. (1994) Water
relation, gas exchange and amino acid
content in Cd treated lettuce. Plant
Physiology and Biochemistry. 32: 561-570.

DeEll, J.R. & Toivonen, P.M.A. (2003)
Practical Applications of Chlorophyll
Fluorescence in Plant Biology. Kluwer
Academic Publishers, London.

Delauney, A.J. & Verma, D.PS. (1993)
Proline biosynthesis and osmoregulation
in plants. Planta. 4: 215-223.

Dinakar, N. Nagajyothi, P.C. Suresh, S.
Udaykiran, Y. & Damodharam, T.
(2008) Phytotoxicity of cadmium on
protein, proline and antioxidant
enzyme activities in growing Arachis
hypogaea L. seedlings. Environmental
Science. 20: 199-206.

Dominguez, M.T. Marafién, T. Murillo,
J.M. Schulin, R. & Robinson, B.H. (2008)
Trace element accumulation in woody
plants of the Guadiamar valley, SW
Spain: a large scale phytomanagement
case study. Environmental Pollutant. 152:
50-59.

Frankart, C. Eullaffroy, P. & Vernet, G.
(2003) Comparative effects of four
herbicides = on  non-photochemical
fluorescence quenching in Lemna
minor. Environmental and Experimental
Botany. 49: 159-168.

Genty, B. Briantais, ].M. & Baker, N.R.
(1989) The relationship between the
quantum yield of photosynthetic
electron transport and quenching of
chlorophyll fuorescence. Biochemistry
and Biophysics Acta. 99: 87-92.



264

Gilriz, B. Doganay, T. Hakan, O. &
Stireyya, G. (2006) Ecophysiological and
seasonal variations in Cd, Pb, Zn, and
Ni concentrations in the leaves of urban
deciduous trees in Istanbul.
Environmental Pollutant. 143: 545-54.

Hanelt, D. & Nultsch, W. (1995) Field
studies of photoinhibition shown on-
correlations between oxygen and
fluorescence measurements in the
arcticred alga Palmaria palmata. Plant
Physiology. 145: 21-38.

Hare, P.D. & Cress, W.A. (1997) Metabolic
implications of stress induced proline
accumulation in plants. Plant Growth
Regulation. 21: 79-102.

Heuer, B. (1994) Osmoregulatory role of
proline in water and salt stressed plants.
In Handbook of Plant and Crop Stress.
Ed. M Pessarakli. pp 363-381. Marcel
Dekker, New York, Basel, Hong Kong.

Joshi, P.C. & Swami, A. (2009) Air
pollution induced changes in the
photosynthetic pigments of selected
plant species. Environmental Biology. 30:
295-298.

Jones, R]. Kildea, T. & Hoegh-Guldberg,
0. (1999) PAM chlorophyll fluorometry:
a new in situ technique for stress
assessment in Scleractinian corals, used
to examine the effect of cyanide from
cyanide fishing.  Marine  Pollutant
Bulletin. 38: 864-874.

Karukstis, K.XK. (1991) Chlorophyll
fluorescence as a physiological probe of
the photosynthetic apparatus. In:
Schear, H. (Ed.), Chlorophylls. CRC
Press, Boca Raton, FL, pp. 769-795.

Kendrick, ].B. Darly, E.F. Middieton, ].T. &
Paulus, A.O. (1956) Plant response to
polluted air: Specific effects of air
pollutants on plants vary according to
plant species and modifying internal
and external factors. California.
Agricalture. 10: 9-15.

Kitajima, M. & Butler, W.L. (1975)
Quenching of chlorophyll fluorescence
and primary photochemistry in
chloroplasts by dibromothymoquinone.
Biochimistry and Biophysics Acta. 376:
105-115.

Kupper, H. Kiipper, F. & Spiller, M. (1998)
In situ detection of heavy metal sub
stituted chlorophylls in water plants.
Photosynthesis Researches. 58: 123-133.

Physiological responses of Celtis caucasica L. and ...

Kiupper, H. Sétlik, 1. Spiller, M. Kiipper,
F.C. & Prasil, O. (2002) Heavy metal
induced inhibition of photosynthesis:
targets of in vivo heavy metal
chlorophyll formation. Phycology. 38:
429-441.

Levitt, J. (1972) Response of plant to
Environmental  stress. 1st  Edn,
Academic press, New York.

Li, M.H. (2003) Peroxidase and superoxide
dismutase activities in fig leaves in
response to ambient air pollution in a
subtropical city. Environmental
Contamination Toxicology. 45: 168-176.

Lewis, S. Donkin, M.E. & Depledge, M.H.
(2001) Hsp 70 expression in
Enteromorpha in testinalis
(Chlorophyta) exposed to
environmental stress. Aquatic Botany. 51:
277-291.

Liu, D.H. Jiang, W.S. & Gao, X.Z. (2003)
Effects of cadmium on root growth, cell
division and nucleoli in root tip cells of
garlic. Biology of Plant. 47: 79-83.

Malea, P. Haritonidis, S. & Kevrekidis, T.
(1995a) The short-term uptake of copper
by the two parts of seagrass Halophila
stipulacea (Forsk.) Aschers. and leaf cell
viability. Environmental Bulletin. 4: 117-
122.

Mallick, N. & Mohn, F.H. (2003) Use of
chlorophyll fluorescence in metal-stress
research: a case study with the green
microalga  Scenedesmus.  Ecotoxicol
Environmental Safety. 55: 64-69.

Maxwell, K. & Johnson, G.N. (2000)
Chlorophyll fluorescence—a practical
guide. Experimental Botany. 51: 659-668.

Nedjimi, B. Daoud, Y. & Touati, M. (2006)
Growth, water relations, proline and ion
content of in vitro cultured Atriplex
halimus sub sp. schweinfurthii as
affected by CaCl,, Commun. Biom. Crop
Science. 1: 79-89.

Nielsen, H.D. Brownlee, C. Coelho, S.M. &
Brown, M.T. (2003a) Inter population
difference in inherited copper tolerance
involve photosynthetic adaptation and
exclusion mechanisms in Fucus serratus.
New Phytology. 160: 157-165.

Nriagu, J.O. (1979) Global inventory of
natural and anthropogenic emissions of
trace metals to the atmosphere. Nature.
279: 409-411.

Olivares, E. (2003) The effect of lead on the
phytochemistry of Tithonia diversifolia


http://baycu.g.lib.bioinfo.pl/auth:Baycu,G
http://tolunay.d.lib.bioinfo.pl/auth:Tolunay,D
http://ozden.h.lib.bioinfo.pl/auth:Ozden,H
http://g.nebakan.s.lib.bioinfo.pl/auth:G%C3%BCnebakan,S
http://lib.bioinfo.pl/pmid/journal/Environ%20Pollut

Atarod et al.,

exposed to roadside automotive
pollution or grown in pots of Pb-
supplemented soil. Brazilian. Plant
Physiology. 15: 149-158.

Pukacka, S. & Pukaki, P.M. (2000) Seasonal
changes in antioxidant level of Scots
pine (Pinus sylvestris L.) needles
exposed to industrial pollution. L
ascorbate and thiol content. Acta
Physiology and Planta. 22: 451-456.

Rahbar Hashemi, M.M. Ashournia, M.
Rahimipour & M.A. Modaberi, H. (2013)
Survey of heavy metal (Copper, Iron,
Lead, Cadmium, Zinc and Nickel)
concentrations and their effects on the
water quality of Anzali wetland. Caspian
Journal of Environmental Science. 11: 11-18.

Ralph, P.J. & Burchett, M.D. (1998)
Photosynthetic response of Halophila
ovalis  to  heavy metal stress.
Environmental Pollution. 103: 91-101.

Schat, H. Sharma, S.S. & Vooijs, R. (1997)
Heavy metal-induced accumulation of
free proline in metal-tolerant and non
tolerant ecotypes of Silene vulgaris. Plant
Phisyology. 10: 477-482.

Seyyednejad, S.M. Niknejad, M. & Yusefi,
M. (2009) Study of air pollution effects
on some physiology and morphology
factors of Albizia lebbeck in high

265

temperature condition in Khuzestan.
Plant Science. 4: 122-126.

Skorzynska-Polit, E. & Baszyniski, T. (1997)
Differences in sensitivity of the
photosynthetic  apparatus in Cd-
stressed runner bean plants in relation
to their age. Plant Science. 128: 11-21.

Schreiber, U. Bilger, W. & Neubauer, C.
(1993) Chlorophyll fluorescence as a
nonintrusive  indicator for rapid
assessment of in vivo photosynthesis.
In: Schulze, E.D., Caldwell, M.M.
(Eds.), Ecological Studies, Springer
Verlag, Berlin. 100: 49-70.

Tukaj, Z. Matusiak-Mikulin, K.
Lewandowska, ]J. & Szurkowski, ]J.
(2003) Changes in the pigment patterns
and the photosynthetic activity during a
light-induced cell cycle of the green alga
Scenedesmus armatus. Plant Physiology
and Biochemistry. 41: 337-344.

Tripathi, AK. & Gautam, M. (2007)
Biochemical parameters of plants as
indicators of air pollution. Environmental
Biology. 28: 127-132.

Yasemin, E. Deniz, T. & Beycan, A. (2008)
Effects of cadmium on antioxidant
enzyme and photosynthetic activities in
leaves of two maize cultivars. Plant
Physiology. 165: 600-611.



266 Physiological responses of Celtis caucasica L. and ...

(Celtis caucasica L.) ;lelagls 59l gs jud cadlas
pomodls g iy olie i mil cxs’ (RODINIa pseudoacacia L. ) LsG! 4

Yool (ko o olids o Mo llae o Gl s S 5o g

Sl oS el oKl ¢ cameds polie o0ty Sz bzl g s lSix 09,51
Olrl 0l s losel 5 @le el Sligios 55,0 -3

9217120 : o 53y 0,6 - 9212/5:280 50 7 ,b)

oS
g o Sl Gdmg ol 0 0,5 o yl8 aae Sogl pals jelite 4 K 38 4 00gl] Gblie ,o (6, KUK 054 5l
5 (U Jeds)lS 5 @ J3519) (amsis slasilass, « Fmg FoF/Fm) Jdg 157 (il sl (slozal)ly (55, 2 powesls
5 oy it laclE L 4o 93 gy 00 b o bl it aslllae LEGI 5 plelals Sy slales 5o cudsye
o3l Jlacd 39, 023l 50 Gl 9 Sl SalaSs; (slsizme § pls 59 55y S Djppo 4 g IS uiles 5l s (e
poedlS 9S85 8 o 15U Cod (SLL slagg, o LBl plelacls L35S (il 5l a5 sl (i gl waiad (6 15
o 250 Loy po pleladle @ Judg I (ggiome ol 18 5l Coi jled g9, slgg, 50 1y 40T 90 ja Jidg S uiles sl
3eodlS g oy Sl 3 bl I3 pgeedlS 2 gy 05 oo 2000 5 1000 Jlors o L3BI 5 s 1) 505
CBIE o1, g o ime ol LEBI s s e a5 Sl o il il g)lo cine ysb 4 GlElElS o g il
5 sl ol s LEEI 5 20l (o5iimstd glagly a5 ols 5Lt L mlts ol olis pemeols 5 oy cilis slo
S A 005” d.chuc L cunls u.gl.’l_‘i d..:; 90 \)"‘)"L" 9 Sl M ﬁj.ugdlfj S 4.1; 9o ,® ‘i’)ﬁjﬁ“)‘-" ML‘A’

...\3)‘6 ‘) ﬁs.ucbls 9

J G QQ]9A s



