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Abstract : The study aimed to know the effect of cement industry pollutant viz. SPM, RSPM on morphological
as well as yield characteristics of groundnut plants grown at different distance from the cement industry at
Kodinar, Gujrat, India. The groundnut plant near the industry showed significant deterioration in
morphological characteristics. The study indicated that parameters reductions in groundnut correlated directly
with particulate pollutant which led to lower yield at more polluted site. Increased concentration of cement dust
pollutant causes in visible injuries like progressive decline in photosynthetic ability and closure of leaf stomata
and this affect the growth and productivity of the plant.
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l. Introduction

The Study area was Kodinar in the Shaurashtra region of Gujrat state forms a part of a bay in the
Arabian Sea. It is located approximately 30 km. from famous temple Somnath (Veraval) on the Veraval-Una
National Highway no NH-8E. The area has co-ordinates with latitude, N 20° 54' 45" and longitude 70° 30' 41”.
In this area there are total 04 cement plant units namely Ambuja Cement, Gajambuja-1, Gajambuja-2 and Siddhi
Cement Ltd with capacity 2-2.5 MTPA. It is a most important industrial place.

The pollutants of the cement industry produced the adverse impact on vegetations. Cement industry is
the one of the 17 most pollutant industries listed by central pollution control board. In comparison with gaseous
air pollutant many of which are readily recognized as being the cause of injury to various type of vegetation.
Increase concentration of cement dust pollutant causes invisible injuries like progressive decline in
physiological process such as photosynthetic ability and respiration rate of leaves. Similarly visible injury such
as reduction in growth and productivity were observed due to cement dust [12].The cement dust decreased the
productivity and concentration of chlorophyll in number of crops [7]. Cement dust are potentially harmful to the
environment. The direct effects of the cement dust pollution are alkalization of the ecosystem and the changing
of the chemical composition of the soil. The pollutant particles can enter the soil as dry, humid or occult
deposits and can undermine the physico-chemical property. Hence contaminated soil can adversely affect plant
survival and growth [1].

The typical gaseous emissions to air from cement manufacturing plants include nitrogen oxide (NOX),
sulphur dioxide (SO,), carbon oxide (CO & CO,) and dust [11], [4]. The dust escaping from cement factories is
often transported by wind and deposited in areas close and far away from the factory. These include agricultural
lands; natural vegetation, towns and villages, such depositions of particulate matter and other pollutants interfere
with normal metabolic activities of plants, causing direct injury and impairment of growth and quality and may
ultimately lead to decrease in plant yield.

1.1 Groundnut

Groundnut is sown with the onset of monsoon in the area. The black cotton soil makes it suitable to
grow groundnuts in the area. Being a cash crop is grown all over the area. However the yield depends mostly on
the conditions of monsoon. The yield of this crop has a range of 200 kg to 800 kg per acre. The lower yield
indicates lack of availability of sweet water and in general saline conditions, which are more pronounced near
the coastal areas on the south and bordering Arabian Sea.

1. Material And Method
The study area was confined around the cement factory i.e. Ambuja cement. Groundnut plant was
selected for field studies. The plant samples were collected from various sampling stations (0.5, 1.0 and 2.0 km
distance from industry) and were compared with control sites Pransli near Gir forest. At control site the cement
dust deposition on the plant was almost negligible. After properly cleaning the plant, root, stem and leaves are
separated and average length of root and shoot of plants were measured. Also, average numbers of leaves,
branches, flowers, and seeds were counted. The fresh underground and above ground plant parts were dried in
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oven at 80°C for 24 hrs. and then weighted to estimate the biomass (gm/plant) for 100 days at 20 days intervals.
Concentration of chlorophyll was determined using the formula given in [6].

For measuring transpiration rate, a simple photometer was devised following the standard
physiological technique. For this purpose, the lower end of 25ml burette was attached with rubber tubing to a
glass tube of 0.5 cm diameter and 12cm length. The test plant was inserted into the open mouth of the glass tube
which was then sealed with wax. The set was fixed to a stand and filled with tap water. The exposed water
surface in the burette was covered with oil to check evaporation. The airtight set up was kept in sunlight for one
hour and the amount of water transpired was recorded to compute the transpiration rate as ml water
transpired/100g fresh plant weight/hour.

1. Result & Discussion

3.1 Morphological characteristics

The dust escaping from cement industries is often transported by wind and deposited in areas closed
and far away from the factory. These include agricultural lands, natural vegetation, towns, and villages. Such
deposition of particulate matter and other pollutants interfere with normal metabolic activities of plants, causing
direct injury impairment of growth and quality and may ultimately lead to decrease in plant yield.

In terrestrial plant species, the enormous foliar area acts as a natural sink for pollutants especially the
gaseous ones. The harmful effects of air pollution on vegetation have already been well documented. Plant
growing in polluted environment often responded and showed significant changes in their morphology [15], [5],

[2].
The different morphological parameter values of control and plants at various distances from industry
were observed for Arachis hypogaea and the results are given in Table-1.

Table 1: Morphological parameter of Arachis hypogaea at various distances from industry in 2011-12.

S. Morphological Distance
No. | Parameter from Age in Days
Industry Avg.
(km) 20 40 60 80 100

Shoot Length Control 4.20 7.30 10.40 12.70 15.20 9.96
(cm) 0.5 2.30 3.40 6.50 8.20 9.80 6.04
1 3.30 4.70 7.40 9.40 11.40 7.24
2 3.50 6.30 7.70 11.30 12.60 8.28
2. No. of Branches | Control 3.00 5.00 7.00 9.00 11.00 7.00
0.5 2.00 2.00 3.00 5.00 7.00 4.00
1 2.00 3.00 4.00 6.00 7.00 4.00
2 2.00 3.00 5.00 7.00 8.00 5.00
3. No. of Leaf Control 10.00 23.00 34.00 36.00 38.00 28.00
0.5 5.00 14.00 22.00 24.00 26.00 18.00
1 7.00 17.00 27.00 28.00 31.00 22.00
2 8.00 19.00 30.00 33.00 35.00 25.00
4. Root Length Control 4.60 6.30 8.40 10.60 14.40 8.86
(cm) 0.5 2.80 3.20 5.60 7.40 9.50 5.70
1 3.40 4.20 6.40 8.30 10.70 6.60
2 4.10 5.30 7.60 8.80 12.30 7.62
5. No. of Flowers | Control - - 40.00 60.00 66.00 55.00
0.5 - - 28.00 42.00 48.00 39.00
1 - - 30.00 46.00 52.00 43.00
2 - - 35.00 48.00 55.00 46.00
6. No. of Pods Control - - 47.00 68.00 72.00 62.00
0.5 - - 36.00 48.00 52.00 45.00
1 - - 47.00 58.00 64.00 56.00
2 - - 53.00 63.00 67.00 61.00

7. Wt. of 1000 Control - - - - 42320 | 423.20
grains (gm) 0.5 - - - - 343.40 343.40
1 - - - - 367.50 367.50
2 - - - - 402.20 402.20

3.1.1 Shoot length- From the Table-1 it is evident that the shoot length was found higher 9.96 cm in control
plant. The plant growing at 0.5 km distance from industry have lesser growth and as the distance
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increases from the industry the shoot length also increases at 2 km distance shoot length was found
higher than the plants growing at 0.5 km distance [3].

3.1.2 Numbers of branches- Number of branches have no significant difference in control and polluted site
plant. The plants growing at 0.5 km distance from industry have minimum branches 4 but at 1 km no
increases in branch and number of branches increased 5 at 2.0 km distance.

3.1.3 Number of leaves- Number of leaves increases as the plant goes old the maximum leaf was founding
100 days of age. At control site the average number of leaf was found 28. The numbers of leaf were
significantly low 18, in plants nearest to the industry as the distance from industry increases the number
of leaves also increases.

3.1.4 Root length- From the Table- 1 it is evident that the average root length was found higher 8.86 cm in
control plant. The plant growing at 0.5 km distance from industry have lesser growth 5.70 cm and as the
distance increases from the industry the root length also increases at 2 km distance root length was found
higher 7.62 cm in average [3].

3.1.5 Number of flowers- Till the age of 40 days no flowers were observed after 40 days maximum (55)
numbers of flowers was observed in control plant. The plants growing at 0.5 km distance were having
minimum number of flowers 39. The number of flowers increases as the distance of plant from industry
increases.

3.1.6 Number of pods- Maximum number of pods was observed 62 at control site. The plants growing at 0.5
km distance were having minimum number of flowers 45 Table-1.

3.1.7 Weight of grain — 1000 oven dried seeds were weight in physical balance to determine the grain weight
maximum weight of 1000 seeds was observed in control plant 423.20 gm. The significant reduction in
grain weight (363.40gm) was observed in the plant growing at 0.5 km distance from the industry [8].
Grain weight also increases (402.20 gm respectively) as the distance increases from industry. Such
reduction may occur because of the reduced photosynthetic potential of dusted plant as affected by
decrease absorption of light [9]. The reduction in numbers was explained due to failures of pollen grains
germination on dust laden stigma and failure of fertilization [3]. Reduction in seed weight under cement
dust pollution when compared with control crop the highest yield was recorded in control crop and
lowest in the plants nearer to the industry [12]. The reduction of yield may be due to the low rate of
transpiration and photosynthesis.

3.2 Dry bio-mass
3.21  Dry biomass of Arachis hypogaea root

In the present study Arachis hypogaea was selected in study area. These pollutants affected the
morphology and histological changes of plants. Various parameters of studied at three different sites clearly
indicated the deleterious effect of cement industry pollution on plant health, such as root length, shoot length,
no. of leaf, weight of seeds, no. of seeds and dry weight of root and shoot. The morphological studies of both
polluted and control plants revealed the control site plants were healthier than the industrial site. Table- 2 shows
that, Fig-1 the average dry weight of Archis hypogaea root in control site were higher 0.20 gm and the plants
growing near the industry having minimum dry weight 0.13 gm the dry weight of root increases as the distance
from industry. The reduction in dry biomass of ground nut due to cement dust was reported by [10].

3.2.2  Dry biomass of Arachis hypogaea shoots

Dry biomass of shoot of Arachis hypogaea was observed in control and at various distances from industry
in various age groups of plants. The data are in given in Table-2. The average dry biomass of shoot in control
plant was observed higher 1.73 gm. The dry biomass of shoot increases as the age of plant increases and the
distance from industry increases. The average dry weight of Archis hypogaea shoots shown in Fig-2.

Table-2: Dry biomass (gm/plant) of Arachis hypogaea (Groundnut) plant in control and industrial
area (2011-12).

Dry biomass on root Dry biomass on shoot
Control Industrial area Control Industrial area
0.5 km 1.0 km 2.0 km 0.5 km 1.0 km 2.0 km
0.17 0.06 0.08 0.09 0.32 0.27 0.24 0.30
0.18 0.10 0.12 0.15 0.52 0.36 0.33 0.38
0.19 0.13 0.15 0.17 0.91 0.84 0.81 0.88
0.20 0.14 0.17 0.19 3.10 1.32 1.28 1.43
0.25 0.21 0.21 0.24 3.80 2.72 2.67 2.87
0.20 0.13 0.15 0.17 1.73 1.10 1.07 1.17
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Fig-1: Average dry Biomass of Groundnut root in 2011-12  Fig-2: Average dry Biomass of Groundnut

shoots in 2011-12.

3.3 Transpiration
Table-3: Transpiration rate (ml. water 1oss/100 g fresh wt./hour) of Arachis hypogaea (Groundnut) plant in
control and industrial area in 2011-12.

S. No. Plant age Control Distance
in days 0.5Km 1.00 Km 2.00 Km

1. 20 14.60 6.80 7.40 7.90
2. 40 15.70 8.70 9.10 9.60
3. 60 18.70 9.20 9.60 10.20
4, 80 19.60 9.80 10.10 11.60
5. 100 20.50 10.30 10.70 11.20
Avg. 17.82 8.96 9.38 10.10
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Fig-3: Transpiration rate in Groundnut in 2011-12.
Loss of water through stomata from areal part of plant is known as transpiration. In present study the
transpiration rate in Arachis hypogaea plant was observed higher in average 17.64 ml in control plant Table-3,
Fig-3. The rate of transpiration increases as the age of plant increases and the distance from industry increases
at 0.5 km distance transpiration rate was observed in average 8.96 which increase 9.38 at 1 km distance and
further increases 10.10 ml at 2 km distance from industry.

3.4 Total Chlorophyll
The total chlorophyll concentration in unit weight of control and plants from various distances from
industry was observed for Arachis hypogaea the results are given in Table-4, Fig-4.
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Table-4: Total chlorophyll content of Arachis hypogaea (mg/g drywt. of leaves) in control and industrial area

2011-12).
Plant age in Distance
days
Control 0.5 Km 1.00 Km 2.00 Km
20 2.44 1.65 1.86 1.94
40 3.20 2.46 2.72 2.70
60 3.95 2.53 2.60 2.78
80 4.35 2.50 2.55 3.10
100 3.92 2.10 2.20 2.32
Avg. 3.57 2.25 2.39 2.57
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Fig-4: Chloropyll in Groundnut leaves in 2011-12.
Changes associated with chlorophyll content in a cement polluted environment, were associated with a
decrease in the levels of stomatal and cuticular transpiration of encrusted leaf surfaces. Destruction was
observed in foliar necrosis in coal-dust effect on mango and lemon plants[14]. However, on cement dusted

leaves chlorophyll content was always lower at all distance with respect to control plant.
The maximum chlorophyll average concentration was observed in control plant 3.57 mg/gm dry
weight Table-4. The chlorophyll concentration increases as the age of plant increases and the distance from
industry increases. At 0.5 km distance chlorophyll average concentration was observed 2.25 mg/gm. which

increase 2.39 at 1 km distance and further increases 2.57 at 2 km distance from industry. Chlorophyll
concentration increases as the distance from industry increases [13].

V. Conclusion

Morphological characters of Arachis hypogaea was studied at different distance from the industry and
compared with the control plant. The data obtained at different stage of development indicate that shoot length,
root length, number of branches, number of leaves, number of flower, number of seed and weight of seeds were
affected by cement industry pollution. The plant growing in control site were healthy than the plant growing
near the cement industry. As the distance from the industry increases the plant also improves in all the three
selected plant species. The yield in term of seed weight regarding unpolluted plant may be attributed to the
photosynthetic potential as against the dusted plant and assimilate supplies to support reproductive development
and seed growth. Yield reduction was observed along the gradient of air pollution. A loss in total chlorophyll in
the leaves of plants exposed in severe air pollution supports the argument that the chloroplast is the primary site
of attack by air pollutants and decreases pigment content in the cells of polluted leaves. The transpiration rate,
dry weight, chlorophyll content also shows the similar pattern.
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