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Abstract: The tree species growing in the green belt area are subjected to stress conditions and this impacts their basic physiology.
Among tree species the major impact of suspended particulate matter is on the photosynthetic pigments particularly the chlorophyll
content. This study is an attempt to understand the impact of marble slurry on some tree species growing on the embankment of the
marble-slurry dump-yard at Kishangarh, Ajmer. The seasonal trend in Chl a/b ratio relative to the total chlorophyll a and b were
studied. This ratio can be applied for rapid detection of plant stress. For the present study three dominant tree species of the region i.e.,
Azadirachta indica, Callistemon lanceolata and Albizia lebbeck have been chosen. The prevalent stress conditions, in general, led to
reductions in the chlorophyll a+h content and to an increase in the chlorophyll a/b ratio.
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1. Introduction

Plants being an important component of an ecosystem are
affected by environmental pollution, particularly the air
pollution. Trees are planted for mitigating the air pollution
by filtering, intercepting and absorbing pollutants in a
sustainable manner (Gareth et al., 1992; Andy, 1991; Ruth
and William, 1994; Sharma and Roy, 1997). Particulate
Matter produced during the marble crushing is usually of
relatively large size. The chemical composition of the dust
tends to be homogenous mixture of oxides of calcium,
potassium, aluminum, silica and sodium, which settles into a
head mass when it comes in contact with water (Raina et al.,
2008).

At the marble-city, Kishangarh, Ajmer, the slurry is
transported to the dump-yard on whose embankment,
plantation has been done. The vegetation is exposed to the
fine dust of marble which deposits on the leaves. The
survival of the tree species is supposed to be altered under
the impact of pollutants including suspended particulate
matter. The suspended particulate matter is trapped by the
phyllo-plane, which in turn alters the various physiological
processes, particularly photosynthesis. Chlorophyll, the
green pigment present in the leaves, is one of the chief
internal factors affecting the process of photosynthesis.

Photosynthesis is the most important process in biological
system defining the limits of biomass production (Sofi et al.,
2006), and is the main physiological parameter in stress
process that is affected (Arabzadeh, 2009; Satisha et al.,
2007; Misra et al., 2002). Chlorophyll is the basic catalyst of
photosynthesis that as green pigments exists in all plant
tissues that do photosynthesis (Masinovsky et al., 1992).
Composition of chlorophyll is relatively unstable, that, at the
time of extraction should be prevented from its
decomposition (Masinovsky et al., 1992). It is well
established that PS Il play a key role in photosynthetic

response to unfavorable environmental conditions (Misra et
al., 2011, 2012).

The Chl a/b ratio, is an indicator of the functional pigment —
system and light adaptation of the photosynthetic apparatus
(Lichtenthaler et al., 1981). Chlorophyll b is present
exclusively in the antenna system, whereas Chlorophyll a is
present in the reaction centers of photosystems | and Il and
in the pigment antenna. The light-harvesting pigment protein
LHC-I of the photosynthetic pigment system PS I has a/b
ratio of ~3, that of LHC-II of PS Il exhibits a/b ratio of 1.1
to 1.3. The level of LHC-II of PS Il is variable and exhibits
an adaptation response.

Stress due to air pollution can cause chronic photo-inhibition
through impairment of photosystem Il (PSII) reaction
centers in leaves of plants (Mulkey and Pearcy 1992; Araus
and Hogan 1994; Lovelock, Jebb and Osmond 1994). LHCII
contains the majority of Chl b, and consequently it has a
lower Chl a/b ratio (1.3-1.4) than other Chlorophyll binding
proteins associated with PSII (Evans 1989; Green and
Durnford 1996). Under stress conditions the damage to the
plant is reflected in the constitution of the components of the
photosynthetic apparatus, which is expressed by a faster
breakdown of Chlorophyll. Chlorophyll (Chl) a/b ratio has
been predicted to increase with the increase in irradiance.

2. Material and Method

Leaves were collected from the lowest branches of the
selected trees on a regular monthly basis.

The chlorophyll a and b content were determined by
following Yoshida’s method which is a modification of the
Arnon’s method.

The following formula was made use of to calculate
chlorophyll a and b content and the results are expressed in
mg/g fresh weight:
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Chl a (mg g-1) = [(12.7 x A663) - (2.6 x A645)] x ml
acetone / mg leaf tissue

Chl b (mg g-1) = [(22.9 x A645) - (4.68 x A663)] x ml
acetone / mg leaf tissue

Total chlorophyll = Chla + Chl b

3. Results and Discussion
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Figure 1: Chlorophyll a+b content in control (c) and
Pollution effected (p) selected tree species
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Figure 2: Chlorophyll a/b ratio in control (c) and Pollution
effected (p) selected tree species

In control samples the maximum chl a/b ratio is found to be
in Azadirachta indica, followed by that in Callistemon
lanceolata and then Albizia lebbeck. Under the impact of
marble slurry this ratio was found to be the maximum in
Callistemon lanceolata, which due to the micro-morphology
of its phylloplane entraps the maximum suspended slurry.
However, during the month of July, i.e., at the onset of rains
when the deposited slurry is washed off from the leaves, the
ratio again was found to be maximum, for Azadirachta
indica. In Azadirachta indica and Albizia lebbeck the ratio
was more in case of the polluted samples in general.
However, in case of Callistemon lanceolata a reduction in
the ratio was observed in the polluted samples except during
the month of July.

The total chlorophyll was recorded to be more in polluted
samples of Callistemon lanceolata during the months of
May, June, July and October. In Albizia lebbeck total
chlorophyll was less in polluted samples during the months
of July and October, while in Azadirachta indica the total
chlorophyll content decreased in the polluted samples during
the months of April, July, August and October. In general
the total chlorophyll in control samples was found to be the
maximum in case of Azadirachta indica except during the
rainy months and during November. In polluted samples
Albizia lebbeck had the maximum total chlorophyll content,
in general.

Bhatnagar et al., (1985) concluded that less chlorophyll in
leaves of plants growing in polluted area was due to toxic
effect of industrial dust and other gaseous pollutants on leaf.
The reduction in chlorophyll concentration in the polluted
areas may be due to chloroplast damage (Pandey et al.,
1991), inhibition of chlorophyll biosynthesis (Esmat 1993)
or enhanced chlorophyll degradation. Prusty et al., (2005)
had also described that photosynthetic pigments are most
likely to be damaged by air pollution. Chlorophyll a is
assumed to be degraded to phaeophytin, whereas chlorophyll
b molecule loses its phytol group (Rao and Le Blanc 1966).
The reduced exposure to direct sun light, due to deposition
of suspended particulate matter on the leaf surface may be
the reason for this decrease in the concentration of
chlorophyll in tree species.

Air pollution-induced degradation in photosynthetic
pigments was also observed by a number of workers
(Agarwal and Sharma 1984, Bansal 1988; Singh et al.,
1990; Sandelius et al., 1995). Chlorophyll pigments exist in
highly organized state, and under air pollution stress they
may undergo several photochemical reactions such as
oxidation, reduction, pheophytinisation and reversible
bleaching (Puckett et al., 1973).

Deposition of slurry-dust on the leaves of the trees reduces
the irradiance and results in an enhancement of Chlorophyll
(Chl) a/b ratio and a decrease in total chlorophyll content.
The results revealed that Chla/b ratio increased with the
progression in seasonal courses while chlorophyll
concentration [Chl] decreased. Greater values of the
chlorophyll a/b content in case of Callistemon lanceolata
may be attributed to its greater dust holding capacity of the
leaf surface.

The Chl a/b ratio increased while Chlorophyll content
decreased in response to the exposure of the leaves to marble
slurry in the selected tree species. Adjustment of the Chl a/b
ratio was apparently an integral feature of acclimation to
high slurry deposition on the phyllo-plane.

The relationship between the Chl a/b ratio and total
Chlorophyll for the study species exhibited uniformity. On
average, leaves with greater dust holding capacity had
higher total Chlorophyll and correspondingly lower Chl a/b
ratios than did leaves having lesser affinity for the
suspended slurry particles. The result is a uniformly low Chl
a/b in Callistemon lanceolata.
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An increase in the Chl a/b ratio for leaves from the control
plants may be viewed as a response to higher intracellular
light intensity, (Terashima and Hikosaka 1995). Excess light
per PSIlI core must be dissipated in order to avoid
photodamage. Stress significantly reduced chlorophyll
content but increased the Chl a/b ratio. This is because the
reduction velocity of total chlorophyll rate increased with
increasing stress.

The phenomena of chlorophyll loss in stress conditions have
been reported in many plants (Balaguer et al., 2002;
Steinberg et al., 1990). Reduction of leaf chlorophyll content
which is under stress reduces photosynthetic efficiency in
the plants. The plants that are able to maintain their
chlorophylls can also have higher photosynthesis
(Arabzadeh, 2009). According to survey results (this study)
and studies of other researchers (Balaguer et al., 2002;
Steinberg et al., 1990), it can be admitted that increase in
stress is a major factor in the breakdown of chlorophyll, and
is an essential obstacle in the process of making new
chlorophylls. Chlorophyll fluorescence is considered as a
strong indicator of photosynthesis and as a decisive factor in
stress physiology (Misra et al., 2001, 2006, 2012).

Some of researchers believed that one of typical symptoms
of oxidative stress is decreasing of chlorophyll content
which may be the result of chlorophyll degradation or be due
to chlorophyll synthesis deficiency or changes of thylakoid
membrane structure (Bussis, 1998; Smirnoff, 1993). Indeed,
stress due to suspended air particles can cause an oxidative
stress due to the inhibition of the photosynthetic activity and
imbalance between the light capture and its utilization
(Foyer and Noctor, 2000). Therefore, we can suggest that an
important approach for evaluating the photosynthetic
process under stress caused by marble slurry is
determination of chlorophyll content and chlorophyll a/b
parameters and this method can be a rapid technique for
detecting plants tolerance to such environmental conditions.
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