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EFFECT OF AIR POLLUTION ON THREE PLANT SPECIES GROWING
AROUND CHAVARA INDUSTRIAL AREA, KOLLAM, KERALA
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Effect of air pollution from KMML industry, Chavara on three plant species viz. Nerium odorum
Soland, Thespesia populnea Cav. and Samanea saman (Japq.) Merr.has been studied with special
referance to their histo-morphological and biochemical characteristics. Average single leaf area showed
a significant increase in the polluted samples of T. populnea and S.saman where as no significant
variation was observed in N. odorum. Trichome density, fibre length and vesgel diameter decreased
to significant levels in all the polluted samples . A significant increase in stomatal density was noticed
in all the polluted samples. Reduction in biochemical parameters viz.total chlorophyII (24.9 - 35.3%),
protein(6.6 - 11.1%) and leaf extract pH(1.3 - 3.8%) was observed in all the polluted samples where
as an increase in ascorbic acid (5-13%) and relative water content (3.7 - 8.7%) was observed in all
polluted samples. Among the three species S.saman was found to be the most pollution tolerant taxa

based on the APTI value.
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The plants growing in polluted environment often show
symptoms of various injuries, general debility and
premature ageing. The extent of plant injury due to
pollution may vary from species to species depending on
‘their tolerance to pollution. Evaluation of plant species
for histo-morphological and biochemical changes in
response to air pollution and for their tolerance is important
to assess the impact of air pollution on vegetation and to
findout efficient species for cleaning up of atmospheric
pollutants. The effect of air pollution on different
anatomical traits have been studided by several workers
in India and aborad'¢. Biochemical and physiological
impacts of major pollutants have also been studied”'°. As
such studies are scanty in Kerala, the present work was
carried out to investigate the effects of air pollutants,
emanating from Kerata Minerals and Metals Ltd. industrial
complex, on histo-morphological and biochemical
characteristics of Nerium odorum, Thespesia populnea
and Samanea saman.

Kerala Minerals and Metals Ltd (KMML)
industrial complex is situated at Chavara, Kollam District.
It is one of the biggest industries in Kerala. It has two
-plants, the mineral separation plant and the Titanium
dioxide pigment plant. The coastal belt of Kerala,
stretching from Neendakara to Kayamkulam is enriched
with'valuable mineral, ilmenite. Ilmenite is separated and
purified at the mineral separation plant. The purified
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ilmenite is converted into TiO, at the pigment plant.The
hazardous and particulate matters coming out of the
industry pose serios threat to the near by inhabitants and
vegetation.

Three plant species namely Nerium odorum
Soland, Thespesia populnea Cav. and Samanea saman
(Japg.) Merr. were selected for the present study. Twig
samples in three replicates of each selected plant species,
growing around chavara industrial area, were collected
randomly as polluted samples. Twigs of the same size and
age of selected species growing in unpolluted area near
S.N. College Junction served as control. Average single
leaf area, trichome density and stomatal density were
recorded from the fresh samples. Woods were macerated
to obtain fibre and vessel elements. These elements were
measured and analysed statistically. Samples were
sectioned ( 15 - 20 um thickness) and stained with safranin
for microscopic examination. Relative water content, leaf
extract pH, total chlorophyll, protein and ascorbic acid
were estimated from the leaves. Total chlorophyll was
analysed fgllowing the method byArnon”, protein by
Bradford s and ascorbic acid by Sadasivam and
Manickam . Air pollution tolerance index (APTI) was
calculateisl by following the formula proposed by Singh
and Rao .

The results obtained from the study are
summarised in Tables 1-2. The observations recorded on
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Table 1. Leaf area, epidermal traits and xylary elements in three plants species growing in the polluted and control sites.

‘Plant species . Parameters Control site Polluted site

Mean S D Mean £SD
Nerium odorum Leaf area (cm?) 16+1.8 15+1 5"

Trichome density 24.3242.6 19.2:1.8"
Stomatal density 38+7.14 492425

Fibre length (um) 494+28.6 426.13+£2.3 !

Vessel length (um) 128+18.3 124£13.8"
‘ Vessel diameter (pm) 44+4.1 35+6. 12**
fl;gs“nesia populnea Leaf area (sz) 83+14.3 96&:17.5**
Trichome density 12.45£1.3 10:t0.98**
Stomatal density 48+8.14 607.02"
. Fibre length (um) 638.7£34.6 5924286
Vessel length (um) 186.5+37.2 170.3+30.1"
Vessel diameter (um) 53+£8.9 60:1:9.02**

s;Sd:;é;lnea saman Leaf area (cmz) 528+36.6 609:t29.4**
. Trichome density 16.7£1.41 14,1208
Stomatal density 46+7.29 58£0.18

Fibre length (1m) 672428.69 647£13.1"

Vessel length (um) 23424253 . 2369£18.7°
Vessel diameter (um) 52429 40i3.01**

© %= Gjgnificant at 1% level; * = Significant at 5% level; NS = Non-significant.

itheiextent of average single leaf area, trichome density,
';stomatal density, fibre length, vessel diameter, total
‘cklorophyll, protein, ascorbic acid and relative water
.content have clearly indicated that pollutants emitted from
the KMML industry exercised a decisive influence on these
parameters. There was a marked increase in average single
leaf area in the polluted samples of T. populnea and
S.s‘cgman as recorded by Srivastava et al.'* and Dhir et
al."®. However, no significant difference in leaf area was
observed in the polluted and control samples of N. odorum.
. The trichome density showed a significant increase in the
polluted samples of all species. A significant reduction in
‘vessel.diameter was recorded in the polluted samples of

Chenopodium', Polygonuml7 and Lagerstroemia and
Alstonia". Similar observation was made in N.odorum and
S.saman. In case of T.populnea, the vessel diameter
increased significantly lcgompared to control samples as
noticed by Khan e al. . A significant decrease in fibre
length under the infuencg of air pollution was reported
earlier in certain weeds ~. The present data substantiate
these reports. A reduction in stomatal density was record%i
as an influence of air pollutants in Callistemon citrinus .
In contrary a two fold increase in stomatazl] frequency was
recorded in polluted samples by Pal etal. . In the present
study the stomatal density also increased significantly in
all polluted samples. Possibly this may be one of the
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Table 2. Biochemical parameters in the leaves of three species growing in control and polluted:sites.

~ S.No.

Parameters Plant species Control Polluted % Variation
1. Total chlorophyll N.odorum 1.5 0.97 - 35.3
(mg/g fresh wt.) T. populnea 2.15 1.48 312
S. saman 2.09 1.57 24.9
i Protein , N.odorum 15.38 1436 e
' (mg/g fresh wt.) T. populnea 13.42 12,15 ) 9.5
. saman 16.2 14.4 11.1
3. Ascorbic acid N.odorum 7.8 8.2 S -5.1
(mg/g fresh wt.) T.populnea 8.0 8.35 -4.3
S. saman 8.2 9.34 -13.9
4. Relative water content N.odorum 81.0 84.0 3.7
(%) T. populnea 71.0 74.0 4.2
© S saman 80.0 87.0 <87
5 Leaf extract pH Ig.odorum 1.9 7.6 3.8
T.populnea 7.8 7.7 1.3
S. saman 8.3 8 3.6

adgf)tive features to reduce. the damage caused by
pollution.

Chlorophyll content decreased in all the samples
collected from polluted sites. N.odorum exhibited the
maximum reduction of 35.3%, followed by T.populnea
(31 2%) and S.saman (24.9%). Air pollutants like SPM,
SO  and NO, entered the tissue through the stomata and
caused pamal denaturation of chloroplast and decreased
pigment content in the cells of polluted samples as stated
by Rao and Leblanc™ and Tripathi and Gautam'®.

’ The amount of protein decreased in all the
polluted samples. The reduction in protein.content could
be attributed to denaturation of the ex1st1ng proteins as
well as to a reduced protein synthesxs %

All species showed increased ascorbic acid
content under pollution stress. Ascorbic acid being a strong
reductant, protects chloroplast against SO, induced H,0,,

-

O, and OH accumulation and thus, protects the enzymes
of the CO, fixation cycle and chlorophyll from
mactlvatlonz“ The present data also support this statement.
The ascorbic acid was maximum in S.saman (13.9mg/g
fresh wt.) which showed least per cent variation of total
chlorophyll (24.9%). Thus, plants maintaining high
ascorbic acid level under pollution stress can be considered
as tolerant to air pollution. The leaf extract pH was
maximum (8.0) in S.saman and minimum (7.6) in
N.odorum growing in the polluted site. Leaf extract pH
on the h; her side gives tolerance to plants against
pollution ". The relative water content was maximum in
S.saman (87%) and minimum in 7. populnea (74%). Low
relative water content causes loss of water and dissolved
nutrients, resulting in early scenescense of leaf”. Itis likely,
therefore, that plants with high relative water content under
polluted condition may be tolerant to pollutants.
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APTI value was maximum for S.saman (17.6)

followed by N.odorum (15.43) and T. populnea (14.86).
The plants with high APTI value can serve as tolerant
species, sug?zplams can effectively be used as pollution

scavengers ' .

The results from the study reveal that

S.saman is the most pollution tolerant taxa and can serve
as sink to air pollution.
. References

1.

Ghouse A K M, Khan F A and Pasha M L J 1984,
Effect of air pollution on wood formation in
Dalbergia sissoo, a timber tree of gangetic plain.
J.Tree Sci. 3 140 — 142.

Ghouse A K M, Khan F A, Khair S and Usmani N R
1986, Micromorphological variations in Croton
bonplandianum L. Baill, as induced by pollutants
resulting from fossil fuel firing. Res.J.Plt.Environ. 3
93-96.

Wang D and Weiger S 1998, Air Pollution impact on

. lands. Atlas Sci. Plant Sci. 133 = 39.

Kocon J 1990, Influence of NO, and SO, as well as
acid rains in the structure of needles and wood quality
of Abies alba Mill stands. Forest Abs. 54 8762.

Kulshreshtha K, Srivastava K and Ahmad K J 1994,
Effect of automobile exhaust pollution of leaf surface
structure of Calotropis procera L. and Nerium Indium

" L. Feddes Repertorium 105 185 —189.
- Fuksman I L, Poikolaine J, Sheeders S M, Kanyuch

" Kova B N and ChineovaL T 1997, Physiological and
“" biological indicators of the status<of switch pine

10.

11

12.

* exposed to industrial pollutants. Ecologia3213 -217.
“"Godzik S and Linsken H S 1974, Concerntration
““ changes of free aminoacids in primary acids in

primary bean leaves after continuous and interrupted
SO, fumigation. Env. Pollut.7 25-28.

Koziol M J, Whatley F R and Shelvey ] D 1988, An
integrated view of the effects of gaseous air pollutants
on plant carbohydrate metabolism. In: Air Pollution

and plant metabolism (Eds: Schulte-Hosted etal) -

Elsevier, London, 148 — 168.

Bucker J and Ballach H J 1992, Alterations in
@:arbohydrate levels in leaves of Populus due to
gmbient air pollution. Physiol. Plant 86 512 - 517.
Tripathi A K and Gautam M 2007, Biochemical
parameters as indicators of air pollution. J. Env. Biol.
28 127 - 132.

Arnon D I 1949, Copper enzyme in isolated
chloroplast. Plant Physiol. 24 1 — 15.

Bradford M M 1976, A rapid and sensitive method
for the quantification of microgram quantities of
protein using principle of protein- dye binding. Annal

13.

14.

15.

16.

17.

18.

19.

20.

21

22,

23.

24.

25.

26.

21

Biochem. 72 248 — 259.

Sadasivam S and Manickam A 1997, Bio-chemical
Methods. New Age Inter. Publ.pp 256.

Singh S K and Rao D N 1983, Evaluation of plants
for their tolerance to air pollution. Proc.Symp.on Air
Pollution Control 218-224.

Srivastava K, Farooqui A, Kulshrestha K and Ahmed
K J 1993, Effect of fly ash amended soil on growth
of Lactuca sativa Linn. J. Env. Biol. 13 122-126.
Dhir B, Sharma M P, Mahmoodzafar and Igbal M 1999,
Form and function of Achyralanthes asperaLinn. under
air pollution stress. J. Environ. Biol. 2019-23.

Khan F A, Khair M, Usmani N'R and Sulaimani I M
1984, A note on fhe anatomical responses of
Polygonum glabrum to air Rollutants arising out of
coal burning. Indian Botanical Contactor 8 127-128.
Jabeen C and Susan A 1998, Histological changes in
Lagerstroemia reginae and Alstonia scholaris
exposed to air pollutants. J. Environ. Biol. 19 79- 82.
Khan AU, Siddique S and Nag F 1993, Pak. J.
Forestry 43 45-54.

Zaidi S, Salahuddin M and Rasheed M A 1980, Effect
of air pollution on the anatomical characters of
Callistemone citrinus. Ind. J. Bot. 7 84 — 86.

Pal A, Kulsheshta K, Ahmad K I and Yunus M 2000,
Changes in leaf surface structures oftwo avenues tree
species caused by auto-exchaust pollution.J. Env.
Biol. 2115 -21.

Rao D N and Leblanc F 1966, Effect of SO, on the
Lichen algae with special reference to chlorophyll.
Biologist 69 65 —95. :

Malhotra S S and Khan A A 1984, Biochemical and
Physiological impact of major pollutants. In: Air
Pollution and plant life (Ed.M.Treshow), Wiley
Chichester,U.K. 113pp. :

Tanaka K, Otsubo T-and Kondo N 1982, Participation
of H,0, in the inactivation of Calvin cycle-SH
enzymes in SO, fumigated spinach leaves. Plant cell
Psychology 28 1009-1018.

Agrawal A L 1988, Air pollution control studies and
impact assessment of stack and fugitive emission from
CCI Akaltara cement factory, NEERI, Nagpur.
Masuch G H, Kicinski G, Kettrup A and Boss K S
1988, Single and combined effects of continuous and
discontinuous O, and SO, emission in Norway spruce
needles.1-Histological and cytological changes. Inter.
J. Env. Analytical Chem. 32 213 —241.

Agrawal S and Tiwari S L 1997, Susceptibility level
of few plants on basis of air pollution tolerance index.
Indian Forester 123 319 —322.



