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Chapterl
INTRODUCTION

1.1. Sandstone quarry: Basic concept

India is known for natural stones, particularly granite, marble, sandstone, limestone and slate.
The sandstone quarry in India is prevalent in the states namely, Arunachal Pradesh, Assam,
Bihar, Gujarat, Haryana, Madhya Pradesh, Meghalaya, Mizoram, Karnataka, Orissa, Punjab,
Rajasthan, Uttar Pradesh, Tamil Nadu and West Bengal.

Once the processes are complete, the stone is ready for shipping to the end user in the
form of slabs, tiles, blocks, cobbles, and bricks. Quarrying activity is a necessity that provides
much of the material used in traditional hard flooring such as granite, limestone, marble,
sandstone, slate and even just clay to make ceramic tiles. These rocks also provide raw materials
for cement and other industrial and agricultural uses.

The sandstone is extracted from underground by a process of digging, blasting or cutting.
This process is known as quarrying and the pit or open excavation from which the stone is
obtained is referred to as quarry. Based on the excavation methods, quarries can be divided into
two broad categories: vertical quarries and horizontal quarries. In the digging process, when the
stone in the form of raw material is obtained, the walls of the quarry are known as vertical
quarry, whilst stone gathered from the bed or floor is known as horizontal quarry. Mining of
sandstone involves both machines and manual work. The drilling and/or channeling are done
using hand chisels and hammers. Many quarries now have mining machinery, such as
compressors, drilling machines for drilling and blasting, cranes for lifting big blocks, and

dampers and trucks for transport (Madhavan, 2005). Once the stone is obtained, it is further



processed for the next stage of production. The typical processes after quarrying involve
following four steps-

1. Dressing

2. Cutting/sawing

3. Surface grinding and polishing, and

4. Edge-cutting-trimming

The rapid advent of industrialization largely depends upon the judicious use of natural

resources. As the demand of stone grew so did the demand of quarrying activities. Sandstone
quarry is very much prevalent in the state of Mizoram. It provides employment opportunities to
the people thereby improving the economy of the state and the quality of life of the people.
However, the negative impacts on the environment produced by quarrying activities cannot be
ignored. As a result, the study was conducted so as to assess the impact of sandstone quarry on
the environment (water, and soil) and vegetation in the Aizawl district of Mizoram (Okafor,

2006).

1.2.Sandstone and its composition:

Sandstone (also known as arenite) is a sedimentary rock composed mainly of sand-sized
minerals of rocks grains. Most of the sandstone is composed of quartz and feldspar because these
are the most common minerals found in the earth’s crust. Sandstone is clastic in origin (as
opposed to either organic like chalk and coal, or chemical like gypsum and jasper. It is made up
of cemented grains that may either be fragments of a pre-existing rock or be mono- minerallic
crystals. The cement binding these grains together are typically calcite, clays and silica (Indian

Minerals Yearbook, 2012).



Normally grain size in sand is ranged from 0.0625 mm to 2mm (0.002- 0.079 inches).
Clays and sediments with smaller grain sizes are not visible with the naked eye, including
siltstones and shales, and are typically called argillaceous sediments, whereas rocks with greater

grain sizes including breccias and conglomerates are termed as rudaceous sediments.

The formation of sandstone involves two principle stages. Firstly, a layer of sand
accumulates as a result of sedimentation, either from water (as in a stream, lake or sea) or from
air (as in desert). Secondly, once it has accumulated, the sand becomes sandstone when it
compacted by pressure of overlying deposits and cemented by the precimentation of minerals

within the pore spaces between the sand grains.

1.3.Production of sandstone:

Carbonate rock is extracted from about 100 underground mines in the United States. Most of
these mines are located in the Mid-continent and produced crushed stone. Worldwide production
of carbonate rocks ranks third in terms of volume and fourth in terms of value for all non-fuel
mineral commodities (Luttig, 1994). Over 70% of the crushed stone produced in the United
states comes from carbonate rock, and three-fourth of that is consumed by the construction
industry. During 1999, over one billion tons of crushed limestone, dolomite, and marble valued
at over $ 5.5 billion were produced from about 2,200 quarries operating in 48 states. The top ten
states (in decreasing order of production) each produced over 45 million tons of crushed
carbonate rocks were Texas,Florida, Illinois, Ohio, Missouri, Pennesylvania, Tenessee,

Kentucky, Indiana, and Alabama (Tepordei,1999).

Global production of natural stone exceeded 100 million tons in 2006. India produced 19

million tons (second only to China). The value of stone, sand and gravel exports from India rose



from US$ 281,615,000 to USD$ 475,661,000 between 2001 and 2005 (International Trade
Centre, 2008). India accounts for around 27% of the total natural stone production of the World.

India is one of the leading producers of dimensional stone granite, marble, sandstone,
slate and quartzite in the world. The country represents for about 27% of the world’s total natural
stone production. The domestic consumption of dimensional stone exceeds Rs. 50,000 million
per annum or $ 1.163 million.

Rajasthan is the largest producer of dimensional stone in the country and accounts for
about 90% of the total natural stone production. Looking at sandstone, the state contributes about
10% of the total production in the world and around 70% of the total production in the country or

6.5 million tons per year.

Table 1. Sandstone production in Rajasthan.

Year In million tons
1995-1996 4,106
1996-1997 4,781
1997-1998 4,915
1998-1999 5,679
1999-2000 8,368

Source: Revenue generation (Madhavan, 2005)



Rajasthan obtains revenue from the sandstone industry in the form of royalties and taxes,
including royalties on excised and dispatched minerals, sales—tax, surcharge on finished
products, road tax, and taxes on machines used by processing units. Also, the state government
and the local administration obtain revenue in the form of dead rent and surface rent.

Rajasthan is a leading exporter of natural stone and has earned Rs.2,324 million
($54million) in 2000-2001 (Rajasthan State Industrial Development & Investment Corporation
Ltd.). Rajasthan’s sandstone conforms to the highest international standards and has been used in
well-known buildings all over the world. The surge in exports in the last two decades has led to
increasing numbers of sandstone quarrying and processing units in Rajasthan. The total quantity
of sandstone exported from Rajasthan in 2003-2004 was 354,298 tons. Rajasthan’s earnings
amounted to around Rs.1,994.13 million or $46.37 million. Sandstone export from Rajasthan to
the Netherlands alone has increased from Rs.24.65 million ($0.57 million) in 1999-2000 to

Rs101.17 million ($2.35 million) in 2003-2004.

Table 2. Export of sandstone from Rajasthan to The Netherlands (value in million Rupees).

SI. No.

Items

1999-2000

2000-2001

2001-2002

2002-2003

2003-2004

1

Sandstone,crude
or roughly
trimmed

9.08

15.71

36.44

22.88

15.74

Sandstone merely
cut by
sawing/otherwise
into blocks/slabs
of rectangular
(inc.sqg.shape)

15.57

6.34

30.87

39.91

85.43

Total export to
the Netherlands

24.65

22.04

67.31

62.79

101.18

Total
International
Export

504.24

538.12

1,108.67

1,604.88

1,994.14

Source: Ibid 8




There was no mineral production (except minor minerals) reported from Mizoram during
2011-12. The total production value of minor minerals was estimated at Rs. 153 lakh for the year
2011-12. Occurrence of minor minerals such as lignite, sandstone and pyrites are reported from

the state (Indian Minerals Yearbook, 2012)

The total sandstone and other aggregate production were still low as compared to other
states in India. Most of the sandstones were hard in nature and are mainly used in construction of
roads and buildings. Very few literatures are available on the production and the export of
sandstone from the state of Mizoram. The table below showed the production of stone at
different districts of Mizoram, recording a total production of 3, 59,812.58 (in cum) and 1,
83,909.75 (in cum) for the year 2008-09 and 2009-10, respectively for Aizawl district in

Mizoram (Statistical Handbook Mizoram, 2010).

Table 3. Permits issued, production of stone with revenue collected.

Sl District No. of Permit issued Production from Quarry Revenue (Rs. In lakh)
No. (in cum)
2008-09 2009-10 2008-09 2009-10 2008-09 2009-10
1 Mamit 13 1 8,863.00 3600.00 1.06 0.43
2 Kolasib 10 5 21,912.41 50,231.33 2.62 6.02
3 Aizawl 31 25 3,59,812.58 | 1,83,909.75 | 43.17 22.06
4 Champhai 3 2 6,350.07 7,034.25 0.76 0.84
5 Sercchip 10 7 8,401.67 6,705.67 1.00 0.80
6 Lunglei 9 3 8,744.67 9,057.33 1.04 1.08
7 Lawngtlai 2 5 290.00 950.00 0.03 0.11
8 Saiha - - - - - -
Total 78 48 4,14,375.00 | 2,61,488.33 49.72 31.37

Source: Statistical Handbook Mizoram (2010).




1.4.Sandstone quarry in India:

In India, there are various sandstone quarries situated in Rajasthan, Madhya Pradesh, few
locations in Gujarat, Orissa, Karnataka, Tamil Nadu, Andaman and Nicobar and many more
places. Mining of sandstone is generally done manually by using hammers and chisels of various
shapes. At the first stage, the overburden is removed which is in the form of soil, rubble or non-
splittable sandstone. The hard non-splittable sandstone is drilled and blasted to expose the
underlying splittable sandstone. But, with the advent of sandstone cutting and polishing
machines, this operation is also executed carefully to obtain Khandas and blocks for further
processing in the form of slabs.

The sandstone quarry has also been operated at different district of Mizoram. Most of the
quarries were based on small scale industries. The main uses of this rock are road construction
purposes and in some cases local people are using for building materials.

Quarrying of sandstone is generally done manually by using hammers and chisels of
various shapes. The hard non-splittable sandstone is drilled and blasted to expose the underlying
splittable sandstone. But with the coming of sandstone cutting and polishing machines, this
operation also executed carefully to obtain block of sandstone. The quarry permit issued in

Mizoram is presented in the Table 4.



Table 4. District- wise number of quarry permit issued in Mizoram.

Sl.no. District No. of quarry permit issued during 2005-10 Total no. of
permit issued
2005-06 2006-07 2007-08 2008-09 2009-10
1 Mamit 20 36 17 13 1 87
2 Kolasib 37 24 6 10 5 82
3 Aizawl 70 99 7 31 25 232
4 Champhai 28 8 1 3 2 42
5 Serchhip 13 19 2 10 7 51
6 Lunglei 23 3 3 9 3 41
7 Lawngtlai 1 5 1 2 5 14
8 Saiha 5 - 1 - - 6
Total 197 194 38 78 48 555

Statistical Handbook Mizoram (2010).

1.5. Environmental and ecological issues:

1.5.1. Impact of sandstone quarry on water quality:

Most of the surface water pollution is caused by human activities. The waste generated from the

mining areas pollutes streams and rivers. The surface water can easily be contaminated by runoff

or dust from the surrounding catchment areas where sandstone quarry is carried out. The removal

of top-soil and aggregates during process may also affect the quality of water recharging of an

aquifer and excavation below the water table which can lead to de-watering of adjacent water

courses and wells. Different substances from wastewater, airborne fallout and rain can alter the

water quality. The risk of contamination of surface water increases with the continuous

exploration of sandstone and other aggregate production. The risk is mainly caused by




transportation traffic and possible fuel leaks. Moreover, the runoff from the quarry areas might

include nutrients and particulate minerals that can deteriorate the surface water quality.

1.5.2. Impact on forest:

Extensive mining for decades to meet the demand has turned large tract of forests into
wastelands. Today uncontrolled sandstone mining is destroying not only the forest but also the
wildlife, apart from the livelihoods of the local tribal communities. Large tract of forest is
cleared so as to make way for easy transportation of trucks and vehicles into the quarrying areas.
This has lead to drastic change in forest cover of the area. Besides these, noise produced from the
vehicles and blasting of stones scared away the wild animals thus disturbing their ecosystem.
Also mass clearing of forest leads to forest fragmentation making the wildlife homeless and loss
of biodiversity. The aggregate extraction process leads to removal of vegetation and top soil

from the site, resulting in the loss of natural habitats and soil productivity.

1.5.3. Impact on soil fertility:

The soil nutrient status is mainly depend upon the nature and extent of vegetation (Mishra and
Laloo, 2006). As mentioned above, the phenomenon of mining and quarrying industry were
associated with the removal of the top-soil and vegetation. As a result, there is less accumulation
of biomass on the forest floor leading to nutrient depletion. Also the quarry process leads to soil
erosion followed by run-off of important nutrients from the surface layer. Not only this, the solid
waste generated from the quarry areas were dumped in any empty land without permission. This
has drastically altered the soil characteristics including the soil microorganisms. Moreover, the

unscientific quarrying activities had directly destroyed the landscape by leaving a big scar on the



earth’s surface. It is quite evident the quarry activities have significantly added to the

degradation of forest land and development of wasteland.

1.5.4.Others impact on Environment:

Waste disposal is one of the common problem in aggregate mining areas. The quarrying
industry particularly the sandstone quarry needs to development management strategies to tackle
the air, water and noise pollution. There is a considerable amount of waste such as broken pieces,
dust, irregular and odd shaped blocks were generated from the quarrying areas. This quarry
waste is dumped in forest areas as well as on any empty areas without permission. This destroys

the natural vegetation and ecology of the area.

The primary source of noise from extraction of aggregate and dimension stone is from
earth-moving equipment, processing equipment, and blasting. The truck traffic that often
accompanies aggregate mining can be a significant noise source. Noise can adversely affect
wildlife by interfering with communication and masking the sounds of predators and prey, and
can also result in temporary or permanent hearing loss (Fletcher and Busnel, 1978).

Likewise, dust if uncontrolled, may spread over the surroundings during dry weather,
leach into the soil during storms, and create harmful conditions for the flora and fauna
(Vermeulen and Whitten, 1999). When dust smothers leaf surfaces, vegetation can be damaged
through the blocking of leaf stomata, thus inhibiting gas exchange and reducing photosynthesis

(Howard and Cameron, 1998).
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Objectives:

In Mizoram, sandstone quarry is very prevalent and most of the people get their livelihood out of
it. Sandstone quarry activities leads to thinning of the forest cover of the area. The soil become
infertile unable to support the plant growth including the vegetable crops along the catchment
areas. Temporary construction of roadways within the forest inhibits the plant growth and the

regeneration of seedlings thereby disturbing the local ecosystem of the area.

River Tlawng is one of the most important and longest river in Mizoram. The river serves
as an important water supply in the state. Today, the water quality of Tlawng is being
deteriorated due to many anthropogenic activities particularly the sandstone quarry. The
unscientific quarry posed great threat to the water quality of the river. Prolong consumption of
such water without proper treatment may cause many diseases to the people leaving in
surroundings. Moreover, sandstone quarry leads to destruction of forest and loss of soil fertility.
In view of the above, the present study has been carried out to assess the impact of sandstone
quarry on water quality of Tlawng river, destruction of vegetation and loss of soil fertility in

Aizawl district.

The major objectives of the study envisage as follow:

e To determine water quality of river Tlawng in un-mined and sandstone mining
affected areas.

e To study plant community attributes, diversity and distribution of species and
population structure of woody species in un-mined and sandstone mining affected

areas.

11



e To assess the impact of sandstone quarry on water quality of Tlawng river and
vegetation in catchment areas.

e To formulate appropriate management strategy.

12



Chapter 2
LITERATURE REVIEW

Disturbance plays an important role in ecological processes. F. Stuart Chapin and co- authors
define disturbance as ““a relatively discrete event in time and space that alters the structure of
populations, communities and ecosystems and causes changes in resources availability or the
physical environment”. With the advent of human civilization, the demand for continuous
exploration of rocks from the earth’s surface increases which causes enormous damage to the

environment.

Mining causes massive damage to the landscape and biological communities and impact
of severity depends on whether the mine is working or abandoned, mining methods, and the

geological conditions (Bell et at.,2001).

The environmental impact of mining and quarrying industry includes erosion, formation
of sinkholes, damage of biodiversity and contamination of soil, groundwater, and surface water
by chemicals from mining processes. Besides creating environmental damage, the contamination
resulting from leakage of chemicals also affects the health of the local population. Some
important relevant researches on the impact of sandstone quarry on the environment are being

reviewed.
2.1. Aggregate quarry operation:

The operation of aggregate mining and quarry industry differ from one to another. Generally,
starting of any large or small scale quarry operation requires many preparations to be made
beforehand. First, the geologist must find a place where there is a large supply of rocks beneath

the earth surface. Then the quarry can be igneous, metamorphic and sedimentary rocks. In order

13



to get the rock beneath the surface of the earth clearing of the land is the first operation step,
followed by drilling and blasting.

To undergo blasting first the hole are drilled in the earth and explosives are placed inside.
The blasting results in setting off free the stone from the quarry wall. The free stone from the
quarry wall is crushed and divided into different size. Now the rocks are out of the ground and
move over to the processing plant to turn big rocks into little rocks. Screening comes after
crushing in which the rocks are separated as larger and smaller stones (Poulin et al., 1994.
Finally, the materials loaded into trucks for transportation to where they are needed for use
(Vulcan Materials Company, 2006)

La-Touche (1891) was the pioneer worker in Mizoram, who took short traverses in the
area (the then Assam-Arakan geological province) and found the area to consists of a great
flysch facies of rocks comprising monotonous sequences of shale and sandstone which are
folded into N-S orientation. Later Munsi (1964), Nandy, Mukherjee and Majumdar (1972), and
Mukherjee and Saxena (1973) conducted a geological survey in Mizoram.

In Mizoram, commercial explosives (ANFO, Powergel) are used in mines for
fragmenting the rocks from the earth’s surface (Directorate of Geology and Mineral Resources,
2012). After rock blasting, the blocks of rocks and the fractured irregular stones are taken out
and again made into smaller pieces with the help of stone crushers. Besides these, many
labourers including women also practiced digging out of stones manually by using hammers and
chisels. Then the stones are being loaded and transported either as blocks or crushed stones

according to the demands.

14



2.2. Economic impacts of mining and quarrying:

The economic impact of Melancthon quarry generates approximately 465 permanent jobs in the
state. In addition, a total of 11.5 % from every tone of aggregate removed from the Quarry would
be divided among the Township of Melancthon (6 cents), County (1.5 cents), Duffer in the
provincial government (3.5 cents) and the fund for the Management of Abandoned Aggregate
Properties (MAAP) program (Ontario Ministry of Natural Resources, 2010). In 2010, the
township recorded revenues of $ 2,513,503, and could expect to expand around 24 % in the near
future (Township of Melancthon, 2010).

Construction aggregates and dimension stone are basic materials for the construction
industry in Irish and contribute about $20 billion to the Irish economy each year. In addition,
Irish dimension stone operators produce approximately 250,000 tonnes of cut stone annually,
about half of which is exported to Europe. It also provides employments opportunities of more
than 10,000 in the concrete industry.

The utilization of quarry rock dust also known as manufactured sand has been accepted
as a building material in the industrially advanced countries of the west for the past three
decades]. As a result of sustained research and developmental works undertaken the level of
utilization of Quarry Rock Dust (QRD) in the industrialized nations like Australia, France,
Germany and UK has been reached more than 60% of its total production. The use of
manufactured sand in India has not been much, when compared to some advanced countries.
(Missouri Department of Natural Resources, 2008).

Rajasthan obtains revenue from the sandstone industry in the form of royalties and taxes,
including royalties on excised and dispatched minerals, sales—tax, surcharge on finished

products, road tax, and taxes on machines used by processing units. According to the available

15



data, sandstone quarrying in Bundi district alone generatedRs.67, 195,242 ($1, 56 million) as
revenue in 003-2004 (4,25). The sales tax received by the Rajasthan Government is fixed at Rs1,
500 ($34.80) per 20 ton truck for slabs, andRsl, 400 ($32.50) per 20 ton truck for blocks.
Rajasthan is a leading exporter of natural stone and has earned Rs.2, 324 million ($54million) in
2000-2001 (8,52). Rajasthan’s sandstone conforms to the highest international standards and has
been used in well-known buildings all over the world.

Major minerals deposits of economic importance have not been reported so far. In
Mizoram there is paucity of literature on mineral exploration in the state. The massive, hard
compact, grey, calcareous and stone of Lower and Upper Bhuban Formation is suitable for use as
road metal and building material in different part of Mizoram (Geological Survey of India,
2011). This material is very extensively available in the state. The production value of minor
minerals was estimated at Rs. 153 lakh for the year 2011-12 (Indian Minerals Yearbook, 2012).

Border Road Task Force is already quarrying this sandstone for use as road metal.

2.3. Impact of quarry operation on environment:

There are wide ranges of significant environmental impact caused by quarry operation. These
impacts are landscape change, change to the visual scene, erosion, habitat loss, loss of flora and
fauna, and instability in the ecosystem, environmental (air, water, soil) pollution, noise,
vibration, dust, security problem, are the common problem in the development of quarry

operation. The detailed description of some of the impacts on environment is as follow.

2.4. Impact on water quality:

Run-off from quarry waste tips or quarry fines stockpiles can cause erosion and contaminate

local watercourses. Suspended solids including acid drainage may harm freshwater ecosystem
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and impacts on other water users. Both surface and ground water impacts are associated with
level of quarry operation. Impacts appear to be significant if the quarry operation lies near the
river bank. More over the geological material being extracted easily deteriorate the adjacent
water quality (Richard et al., 1999). Run off from the quarry yard and dewatering of the pit can
produce pollutant discharge to the surface water such as total dissolved solids, turbidity and total
suspended solids (Richard et al., 1999). These are leading measures to surface water pollution.

The intensity of pollution also depends on the geology of the material extracted.

The surface water can easily be affected by runoff from the surrounding catchment areas.
Different substances from wastewater, airborne fallout and rain can alter the water quality. The
aggregate production can also change the amount and direction of surface water runoff which

mainly include nutrients and particulate matter (Hasari, 2009).

Acidic mine drainage may occur especially if the bedrock is fractured and exposed. This
may flows down into the river making the water acidic unfit for consumption (Bain et al., 2000;
Amenita et al., 2001; Zielinski et al., 2001; Moncur et al., 2006). Contaminated water constitutes
health risk, as this could result into excess accumulation of heavy metals in humans leading to
phototoxic effects. About 11% of the global sulphate flux from the continent to the oceans comes
from mining activities alone (Banwart et al., 1998).

Aggregate extraction has an adverse impact on water quality due to on site contamination
from fuel storage or asphalt plants. While few impacts of aggregate operations on drinking water
supplies have been documented, but concern may arise when former aggregate pits are used for
landfilling or residential development (Blackport Hydrogeology, 2006)).

The geochemistry of acidic mine drainage has been the subject of numerous
investigations. Some documented cases include work of Kimmel (1983), Nordstrom and Alpers
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(1999), Frommichen et al., (2004), Geldenhaus and Ball (1998), Jenkins et al.,(2000), and
Egiebor and Oni (2007).

Quarrying operation has economic significance but the effect they cause to the
environment could be fatal. This happens when the mining activity causes pollution to soil and
nearby water bodies. The main causes of this are used oils, fuels and waste metals due to the
mining and transportation machinery, which get split and are dumped on the soil around the
quarry site without being treated (Kirk and Morgan, 1982).

Unsustainable quarrying for over four decades has created a severe scarcity of drinking
water for humans and livestock in the Budhpura quarrying area. Persistent excavation to a depth
of over 30 meter has disturbed the water regime. Indiscriminate draining of deep quarries after
rains, leads to siphoning of groundwater from adjoining wells. Fast depletion and degradation of
the topsoil due to dumping of quarry waste has hampered water percolation leading to scarcity of
groundwater in the area.

The workers Bullock and Bell, (1997); Jankowski, (2007); Jankowski and Spies, (2007);
Krough, (2007); have extensively studied the deterioration of water quality through the discharge
from the sandstone quarry areas. The effects of mining can have consequences that reach far
from the mine site. Hydrological impacts can include lowering of the water table and pollution of
catchments (Ibarra and de las Heras 2005).

In India, large scale mining operations going on in Jharkhand which have adversely
affected groundwater table of surrounding with the result that yield of water from the wells of
adjoining villages has drastically reduced. Further, effluents discharged from mine site shave
seriously polluted the streams and under groundwater of the area. Acid mine drainage, liquid

effluents from coal handling plants, colliery workshops and mine sites and suspended solids from
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coal washeries have caused serious water pollution problem in the region, adversely affecting
fish and aquatic life (Priyadarshi, 2004).

The sandstone quarry usually generates dust particles containing silica which is not
soluble and able to settle down at the bottom of the water bodies. Most of the mine workers
leaving around the stored water on which mosquitoes breeds are prone to water borne malarial
disease (Sinha and Rajiv,1994).

Dhiman (1990) reported that mining has reduced the annual rainfall which results in
groundwater table fall by 5m in just two years between 1987 and 1989. The communities at
Wagholi suffer for drinking water as there is no alternative water sources nearby except the
water from the stone quarry pit. Water quality tests showed that the water is contaminated and
not fit for drinking based on World Health Organisation drinking water guidelines.

A study revealed that acid mine drainage originating from coal mining area in Meghalaya
had badly affected the water bodies by altering the physico-chemical properties of water (Singh,
2004). The primary cause of degradation of water quality and the declining trend of biodiversity
in the water bodies of the mining area is attributed mainly to the Acid Mine Drainage (AMD),
which makes water highly acidic and rich in heavy metal concentration (Pentreath, 1994) opined.
The impact of coal mining on aquatic life and water quality studied by several workers like
(Weed and Rutschky, 1971; Rosemond et al., 1992; Brown and Sadler, 1989; Potts and

McWilliams, 1989 and Kimmel, 1983).

In Mizoram, the government has permitted some license to the quarry owners (Statistical
Handbook of Mizoram, 2010). Besides, this illegal mining is also practiced in the state. Such
illegal and unscientific quarry may deteriorate the water quality of Tlawng river in Aizawl

District (the longest river in Mizoram). Lalchhingpuii (2011) studied the assessment of the water
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quality in Aizawl district in Mizoram. Few literatures are found on the impact of sandstone

quarry on environment in the state.

2.5. Impact on biodiversity:

There is a range of negative environmental impacts associated with extractive industries. One of
the major impacts is the destruction of the habitat in the quarrying areas. The destruction and
fragmentation of habitat lead to threat to biodiversity and the primary cause of species extinction.

Mining and quarrying are destructive enterprises and involve the complete destruction of
the habitat of the area where they take place. In steeper areas where long wall mining occurs
there is an increased change of unconsolidated surface materials moving down the slopes when
cracking and subsidence occur; increasing localised soil erosion and can result in intensive
sedimentation and loss of vegetation (Total Environment Centre, 2007).

The quarrying activities cause significant adverse impact on the environment (Okafor,
2006; Vitousek et al., 1997) dust can also have physical effects on the surrounding plants, such
as blocking and damaging their internal structures and abrasion of leaves and cuticles, as well as
chemical effects which may affect long-term survival.

Air pollution, especially dust from quarry sites is known to be responsible for vegetation
injury and crop yield loss, and thus become a threat to the survival of plants in quarry areas
(Igbal and Shafig, 2001).

Quarrying carries the potential of destroying habitats and the species they support
(Mabogunje, 1980). Again, like many other man-made activities, quarrying involves the
production of significant amounts of waste that can be a great threat to biodiversity (Wang,

2007).
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Blast-induced vibrations and shock waves can cause cave roofs to crack or collapse, and
karst environmental conditions can be altered by just one new crack. Light may enter an
otherwise dark cave or passage, or streams and ponds may suddenly drain into a new crack in the
floor. Either situation can result in the death or displacement of cave communities (Vermeulen
and Whitten, 1999). In general, environmental impacts associated with habitat loss,
sedimentation and erosion from construction activities can be expected. Hence quarry operation
can lead to Eberhards, 1990 has also reported loss of flora and fauna.

The impacts of mining on vegetation and soil properties have extensively studied by
several workers in different parts of India (Pandey et al., 1993, Rai 2002, Sarma et al., 2004,
Sarma 2005, Barik et al., 1996).

In the Bijolia region of Rajasthan sandstone quarrying leads to change in forest area and
botanical composition, resulting into loss of species with time (Sinha and Rajiv, 1994). One of
the major negative impacts of quarrying on the environment was the damage to biodiversity
(Anand, 2006).

The mining activity directly ruins the vegetation cover. The areas where boring and
blasting have taken place, there was no plant species as the top-soil layer has been totally
removed (Kumar, 2013).

Mining activities in the Western Ghats of Maharashtra has lead to loss of habit and
habitat. Plant diversity, especially of Pteridophytic species reduced to a great extent (Shaikh and
Dongare, 2010). Bauxite mining in the Western Ghats of south Maharashtra has caused
environmental degradation due to various factors such as dust pollution, noise pollution, loss of

biodiversity, vegetation loss and pressure on local resources (Lad and Samant, 2014).
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The abandoned mine areas in the Meghalaya are making the fragile ecosystems more
vulnerable to environmental degradation hence leading to large scale land cover/ land use
changes (Tiwari 1996; Swer and Singh, 2003, 2004).

Several workers have studied the population behavior and regeneration pattern of woody
plants in sub-tropical forests of Meghalaya (Barik et al., 1996; Jamir, 2000; Tripathi et al.,
1989a; Mishra et al., 2003; Mishra and Laloo, 2006; Tripathi et al., 2010; Mishra and Jeeva,
2012); Arunachal Pradesh (Bhuyan et al., 2002 and Duchok et al., 2005), Assam (Borah and
Garkoti, 2001); Manipur (Khumbongmayum et al., 2005). The available literature depicts that

there is lack of such type of information with regards to the state of Mizoram.

2.6. Impact on soil nutrients:

The natural condition of the land is changed because of excavation and extraction of the
minerals. This leads to unstable slope and land slide, rock fall, erosion. The slopes deteriorate
and become un-structure which result sliding, plane and wedge mode of failures (OECD, 1998).

In abandoned mine areas, top-soil is totally removed and resulted into loss of soil fertility
(Harris and Birch 1989; Ghose 2004), reduction in viable seed bank (Koch et al., 1996), increase
in soil erosion and runoff (Mcintosh and Barnhisel 1993; Leavitt et al., 2000), reduction in
nitrogen and water retention (Antonopoulos and Wyseure 1998), increase in compaction

(Schwenke et al., 2000) and reduction in mycorrhizal density (Reddell et al., 1992).

Several workers (Alfred et al., 2008; Jung and Thornton, 1997; Kim et al., 1998) opined
that mining deteriorates the soil quality of the area. Rapid degradation of disturbed soil with
substantial macronutrient losses were recorded from karst bauxite mine in Jamaica (Harris and

Samson, 2008).
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The major impact of mining on the nations soil resources is due to open cast mining,
which is having a very high potential for the deterioration of soil quality than underground
operations (Naveen, 2012). In India, Ghose, (2004) reported that every million tone of coal

extracted by surface mining method damages a surface area of about 4 ha.

Mining exploration in Jharkhand has been detrimental to the environment and has caused
great soil erosion leading to several changes in the physical, chemical and microbiological
properties of soil (Priyadarshi, 2004; Sendlein et al., 1983). In the Budhpura quarries
(Rajasthan), considerable amount of quarry waste has been generated that are dumped in the
forest areas that can deteriorate the soil characteristics (Madhavan, 2005).

The mining operation in Garo hills district of Meghalaya is responsible for change in
landscape dynamics (Yadav et al., 2012). In Mizoram, Mishra and Jeeva (2012), has studied the
effect of anthropogenic activities including sandstone quarries on soil characteristics and status

of nutrients in the sub-tropical forest.
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CHAPTER 3
MATERIAL AND METHODS

3.1. Study area and study sites

Mizoram is a mountainous region which became the 23" State of the Indian Union in February,
1987. Earlier it was one of the districts of Assam till 1973 when it became a Union Territory.
Mizoram occupies an area of great strategic importance in the north-eastern corner of India
sandwiched between Myanmar in the east and south and Bangladesh in the west, with722 km
international boundary.

Mizoram is interspersed with numerous rivers such as Tlawng (Dhaleshwari), Tiak,
Chhimtuipui, Khawthlangtuipui, Tuirial and Tuichawng rivers having length of more than 100
km. The river Tlawng is the longest river (185 km) and is situated in the northern parts of state,
flowing northwards like other rivers in this part. Aizawl (21°58°- 21985 N and 90°30’- 90°60°
E), the capital of the state is 1132 meter asl. The altitude in Aizawl district varies from 800 to
1200 m asl. The climate of the area is typically monsoonic. The annual average rainfall is
amounting to about 2350 mm. The area experiences distinct seasons. The ambient air
temperature normally ranges from 20 to 30° C in summer and 11 to 21°C in winter
(Laltlanchhuanga, 2006).

The district stands on a high ridge, fringed in the east by sylvan valley of river Tlawng.
The Tlawng river passes through the Aizawl district and it flanks the eastern side of Aizawl
city. It rises at a general altitude of 800 feet in an area having coordinate and flows towards
north Mizoram and joins the Barak river in Assam. The gradient of river Tlawng is steep at
some places. The catchment area of river is quite vast and is covered with forest where

sandstone quarry is prevalent.
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The present study was conducted in the forest patches of two villages in Aizawl district of
Mizoram namely, Sairang (latitude of 23°80’E-23°58’E and longitude of 92°65°N-92°81°N) and
Shimmuih (latitude of 23°48°E-23°68’E and longitude of 92°37°N-92°52°N). The study sites are

located in the western part of Aizawl district which is about 26 km away from the Aizawl city.

For the present study, a total of four sampling sites were selected along river Tlawng. Of
these, three stations were selected in sandstone quarry affected areas with different ages of
mining. The fourth sampling station was selected in un-mined area representing control/reference
site, and information procured from this site is regarded as a reference for comparison of results
obtained from mine affected sites. The selection of control site was meant for assessment of

impacts of mining on (i) water quality of Tlawng river and (ii) vegetation in catchment areas.

The selected study sites are as follows:

1. Undisturbed (UD): The site without mining activities.

2. Mildly Disturbed (MID): The site with mining activities 10-15 years back.

3. Moderately Disturbed (MD): The site with mining activities 5 years back.

4. Highly Disturbed (HD): The site with mining activities at present.
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Map.3.1. Location map of sampling sites.
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(A)

(B)

Plate 3.1. A glance of Tlawng river at undisturbed site (A) and mildly disturbed site (B)
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(©)

(D)

Plate 3.2. A glance of Tlawng river at moderately disturbed site (C) and highly disturbed site

(D).
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(F)

Plate 3.3. Digging out of stones from the quarry areas.
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3.2. Physiography:

Aizawl has a rugged and steep topography with slopes varying from 300 ft to 450 ft. Among the
two-perennial rivers draining the eastern and western flank of the town, namely Tuirial river and
Tlawng river, the latter is bigger and has a considerable water discharge throughout the year. The
soil formation of Aizawl, in general, is of loose sedimentary type, with high porosity and
permeability. This results in the city being highly susceptible to erosion and rain induced

landslides, leading to severe damages to property and lives every year.
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3.3. Vegetation:

The vegetation of the area can be broadly classified under: Tropical Wet Evergreen Forest,
Tropical Semi Evergreen Forest and Montane Sub-Tropical Forests. The common species of
natural vegetation are Albizzia stipulata, Anogessus accumniata, Bauhinea variegate and
bamboo. The usual cultivation practice is jhumming or shifting cultivation which is primarily
practiced on privately owned farms near and outside the limits of the city. The vegetation cover
loss within the town can be noticed in the developed area.

3.4. Geology:

A systematic geological mapping is done only for the northern and western parts of Mizoram
were covered. In the central and southern part of the state only small portion is covered. The
general geology of the area exhibits repetitive succession of Neogene sedimentary rocks of
Surma Group and Tipam Formation. These sequences are folded into a series of approximately
N-S trending longitudinal plunging anticlines and synclines. The litho units include mostly
sandstone, siltstone and shale. The topographic expression of the area often imparts fairly good
indication of lithology. The arenaceous and argillaceous groups of rocks occupy relatively higher
and lower grounds respectively.

Forming the small proportion of area mapped in the eastern most part of the state,
knowledge of geology of this area is far from complete. Reconnaissance traverse from Aizawl to
Champhai indicated the presence of Barail Group of rocks in and around Champhai subdivision,
Aizawl district and Bhuban Formation exposed in the west. Barail Group comprises a
monotonous sequence of shale inter bedded with siltstone and hard compact, thinly bedded, grey
to khaki, fine grained sandstone. Locally they include minor bands of weathered,

micaceousfelspathic sandstone.
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3.5. Soail:

The soil of Mizoram has been derived from the shales, sandstone, siltstones and mudstones of
Mieocene to recent period. It is dominated by loose sedimentary formations, and is young,
immature and sandy. The soil is acidic in nature and low in potash and phosphorus contents. But
in an eroded soil, nitrogen content is markedly high fostered by accumulation of organic matters.
The soil in the valley is heavier as it is brought down by rain water from the high altitude
(Pachuau, 1994).

Generally, Mizoram soils have been classified into three orders of soil taxonomy, viz, (i)
Entisols, (ii) Inceptisols, (iii) Ultisol. Entisol lacks profile development and occurs on steep,
actively eroding slopes and ridges, or on flood plains that receives new deposits of alluvium at
frequent intervals. It supports good vegetation, if properly managed. Inceptisols is found in sub —
humid region. The soil is fine, loamy in texture with few rocks and best suited for forest space
and have well developed horizon sequence. However, ultisol is commonly found on the foot
slopes and have well developed horizons. It is rich in translocated silicate clays and rich in
humus, if not severely drained.

In fact, the soil of Mizoram is well drained and has the capability to retain soil moisture

and providing substantial oxygen supply for plant growth.
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Soil Survey Map of Mizoram
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3.6. Climate and rainfall:

The area represents three distinct climatic zones- i) Sub-Tropical Hill Zone, ii) Mild- Tropical
Hill Zone and iii) Temperate Sub- Alpine Zone. In the lower altitudes at the foothills and valleys,
a typical tropical climate is seen, whereas the sub-tropical moist climate is observed in the mid
region with large coverage, and in the upper reaches, temperate climate prevails. On the whole,
the climate of the city is cool in summers and not very cold in winters. The temperature in
Aizawl varies between 20° celcius and 30° celcius during summers and between 11°celcius and
21° celcius in winters. The average annual rainfall of Aizawl city is 209 cm. Pre-monsoon rains
are experienced during March-May, while regular southwest monsoon commences from June till
October.

3.7. Analytical methods:

The analysis work was carried out for two successive years i.e. from June 2012 to May 2014.
3.7.1. Water analysis:

The water samples of Tlawng river were collected at monthly intervals (in triplicates) for
analysis of various physico-chemical characteristics such as temperature (Celsius thermometer),
turbidity (Nephalometer) , total dissolved solids (filtration and evaporation method), dissolved
oxygen and biological oxygen demand (Winkler’s modified azide method), pH (total electronic
pH meter), total hardness (EDTA titration method), acidity and alkalinity (potentiometric
titration method), chloride (Mohr’s argentometric method), nitrate (phenol-de sulphonic acid

method), phosphate(stannous chloride method), and sulphate (colorimetric method).

For the above water quality characteristics the methods as described in  “Standard

Methods for the Examination of water and waste water” prescribed by the ‘American Public
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Health Association (APHA, 2005)’were adopted. The specific methods for the analysis of

various physico-chemical characteristics of water are as follows.

a.

Temperature

Temperature of water was measured by using a small centigrade thermometer with the
precision of 0.1° C or by means of Digital thermometer.

Turbidity

Turbidity was measured either by its effect on the transmission of light which is termed
as Turbidity or by its effect on the scattering of light which is termed as Nephalometry.
Nephalometer was used for measuring turbidity.

Total Dissolved solids (filtration and evaporation method)

A Total Dissolved solid (TDS) was measured by using filtration and evaporation method.
Total Dissolved Solids was calculated by using the formula,
TDS (g/1) = (W1-W;) x 1000/V
Where,
W; = Final weight of the crucible
W, = Initial weight of the crucible
V = Volume of water sample evaporated (ml)

Dissolved Oxygen

Dissolved Oxygen (DO) was analysed by Winkler’s Modified Azide Method.

The value was calculated by using the formula,

(0.2 x1000) x Volume of thiosulphate

DO (mgL™) = 100
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e.

Biological Oxygen Demand

Biological Oxygen Demand (BOD) was measured by using Winkler’s Modified Azide
Method. Determination of BOD, DO content of water sample was measured for initial

and after incubation at 20°C for 5days.
Biological Oxygen Demand was calculated by using the formula
BOD (mgL™) = DO; — DO,

Where,
DO;= Dissolved Oxygen taken for initial sample just after collection of sample.
DO, = Dissolved Oxygen after incubation of the sample (at 20°C for 5days
incubation).
pH
The pH value of the natural water is an important index of acidity and alkalinity. pH was
be measured by using the Digital pH meter.

Total hardness

The Hardness was measured using EDTA titration method. Hardness can be calculated

by using the following formulae,

Total hardness

CxD x 1000
Total Hard CaCOymgL™! =
otal Hardness as CaCO;mg Volume of sample taken

Where,
C =Vol, of EDTA required by sample.
D =mg CaCOs equivalent to 1.0 ml EDTA titrant
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h. Acidity

Acidity was measured by using potentiometric titration method.
Acidity can be calculated by using the formula,

(A+B) x 1000

tal Acidity =
Total Acidity Volume of sample taken

where,
A = Acidity due to mineral
B = Acidity due to CO,

i. Total Alkalinity

Alkalinity was measured by potentiometric titration method and value was calculated by
using the formula

(A+B) x 1000

Total Alkalinity (mgL™1CaCO;) = Volume of sample taken

where,
A = Alkalinity due to Phenolphthalein
B = Alkalinity due to Methyl Orange
J. Chloride
Chloride content was measured by using Mohr’s argentiometric method.

It can be calculated by using the formula,

Volume of titrant X 0.0141 X 35.45 x 1000

Chloride content (mgl.™) = Volume of sample taken

k. Nitrate-N
Nitrate-N content was measured by using Spectrophotometric method.

It can be calculated by using the formula,
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Nitrate, N mgL™? = Net mg nitrate, N

ml of sample
NOs; mgL~1= Nitrate, N mg/l x4.4
|. Phosphate-P
Phosphate content was measured by using Stannous Chloride Method.

It can be calculated by using the formula,

mgP from the calibration curve x 1000

Phosphate — P mgL™! =
osphate me ml of sample

m. Sulphate

Sulphate content of water was measured by using Spectrophotometric method.
It can be calculated by using the formula

mg SO, x 1000
ml of sample

Sulphate mgL™! =

3.7.2. Vegetation analysis:

3.7.2.1. Field Sampling and Identification of plant species:

The phytosociological study was conducted during the peak vegetation growth, which occurred
in September. The quadrat method was adopted for field data on vegetation. The size of quadrat
was 10 x 10 m for trees and each 60 quadrats were laid randomly at each selected sites. The plant
species were identified with the help of herbarium of the concerned University Department,
herbarium of the BSI, Eastern Circle, Shillong, and counter checked with the help of flora

(Kanjilal et al., 1934-40; Haridasan and Rao, 1985).
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3.7.2.2. Analysis of phytosociological attributes:

The field data on vegetation was analyzed for frequency, density and abundance as proposed by
Curtis and Mclntosh (1950). The basal area is regarded as the index of the dominant of species
and nature of the community. The circumference/girth at breast height (1.37 m) was taken for
determination of tree basal area. The importance value index (IV1) was calculated as per Phillips
(1959). The ratio of abundance to frequency (A/F) for different species was determined for
eliciting the distribution pattern (Whitford, 1949). Species composition and relative abundance
were calculated following the methods as outlined by Misra (1968) and Mueller-Dombois and
Ellenberg (1974). The population structure of trees in different girth classes was also determined.

Following formulae were used for calculating various attributes.

a. Frequency:
Frequency refers to the number of sampling units in which a particular species

occurs. Thus, the frequency of the species was calculated as follow:

Frequency (%) = Number of quadrats in which the species occurred x 100

Total number of sampling unit studied
b. Density:

Density is used to describe the characteristics of plant communities. Basically, it
is the number of individuals per unit area, and it gives an idea of degree of competition. It was

calculated as follow:

Density (ind ha™) = Total number of individual of a species in all quadrats x 100

Total number of quadrats studied
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¢. Abundance:

Abundance is the number of individuals of a species per sampling unit of

occurrence. It was calculated as follow:

Abundance = Total number of individuals of a species in all quadrats

Number of quadrats in which species occurred
d. Importance Value Index:

The IV is used to determine the overall importance of a species within community.
This is the sum of relative frequency, relative density and relative dominance value of a

species (Phillips, 1959).

IV of a species = Relative frequency + Relative density + Relative dominance.

e. Distribution Pattern:

The distribution pattern of species was calculated by dividing the abundance of a
species by frequency (F) of the species as the method suggested by Curtis and Cottam (1956)

and calculated as follow:

Distribution pattern = Abundance of a species (A)

Frequency of a species (F)

The distribution of a plants is said to be regular, random and contagious when the value of

A/F ratio is <0.025, between 0.025 — 0.05 and >0.05, respectively.

f. Shannon diversity index:

Shannon- Weiner diversity index proposed by Shannon and Weaver (1963) was

calculated by the following formula.

H’ = -Yf-1 pilnp;
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Where,
H’ = Shannon- Weiner index of diversity,
P; = the proportion of important value of the i" species.
g. Simpson dominance index:
The Simpson index of dominance (1949) was calculated as follows:
D = ¥4 ai(g-1)
Q(Q-1)
Where,
gi= Total number of individual of a particular species
Q = Total number of individual of all species
D = Simpson dominance index
h. Margalef’s index of species richness:
The Margalef’s index of species richness (1972) was calculated as follows:
D= 51
In N
where,
D = Margalef’s index
S = Number of species
N = Number of individuals.
i. Evenness index:
The evenness index (Pielou’s index, 1975) was calculated as follows.
E=H
H’ max
Where,
H’ = Shannon’s index value

H max= In S, S= Total number of species.
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J. Similarity index or Sorenson’s index:

The similarity index (Sorenson’s, 1948) was calculated as follows.
i S 2C
Sorenson index of similarityS = B
Where,
C = species common in both the stands

A = species present in stand A

B = species present in stand B

3.7.3. Soil analysis:

Soil samples were collected in triplicate from selected study sites during 2012-2014 for top soil
(0-10 cm) and sub-soil (10-20 cm) on seasonal basis. The soil samples were collected from the
two depth i.e, top — soil (0 — 10 cm depth) sub — soil (10 — 20 cm depth). The soil samples were
brought to the laboratory for analysis and air dried and then powdered with the help of mortar
and pestle. The powdered samples were passed through 2 mm sieve, and used for the analysis of
soil physico- chemical properties namely soil moisture content, soil pH ,soil organic carbon, total
nitrogen, available phosphorus and exchangeable potassium by the methods as outlined in Allen

etal., (1974) and Anderson and Ingram (1963).
a. Soil Moisture Content:

The soil moisture content was calculated as the difference between fresh and dried soil

samples after drying in oven for 24 hours at 105°C.
b. Soil pH:

The pH was measured by a pH meter using glass electrode in the supernatant suspension of

1:2:5 ratio of soil water.
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c. Organic carbon:

Soil organic carbon was determined by rapid titration method as the procedure outlined by
Walkley and Black (1934).Known amount of soil (1.0 g) was added with known volume (10
ml) of 1 N solution of K,Cr,O; and concentrate H,SO, After half an hour of digestion the
remaining amount of K,Cr,O7 by titration with ferrous ammonium sulphate solution using
Diphenylamine as an indicator. Organic carbon concentration in the soil was calculated as

formula given by:

Organic Carbon (%) = 0.003 x 10 (B—T) x 100
BxS

Where,
B = Volume of ferrous ammonium sulphate solution required for blank titration
in ml
T = Volume of ferrous ammonium sulphate solution required for soil sample in

ml

S = Wt. of soil in gram

d. Total Nitrogen:

Total nitrogen in soil was determined by Kjeldahl method. It involves three steps:

1. Digestion
2. Distillation
3. Titration

Total nitrogen in soil can be determined by the following formula:
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% of total N, = 14 x Normality of acid x Titrant value x 100
Sample weight x 100

e. Available Phosphorus:
Available Phosphorus was soil was determined by Oslen’s method. In this method phosphorus
is extracted from soil with 0.5 M NaHCOgat nearly constant pH of 8.5. It can be calculated by
using the following formula:
Oslen’s Phosphorus (kg/ha) =R x V/v x 1/Sx (2.24 x 10°/10°
Or =R x (50/5) x (1/2.5) x 2.24
Or= R x8.96
Where,
V = Total volume of extractant
v = Volume of aliquot taken for analysis (5ml)
S = Wt. of soll
R = W. of P in the aliquot in pg (from standard curve)
f. Exchangeable Potassium:
Exchangeable Potassium in soil was determined by Flame photometer method. The readily
exchangeable plus water soluble potassium is determined neutral normal ammonium acetate
(IN NH4OAC) extract of soil. It can be calculated by using the following formula:

Exchangeable Potassium (kg/ha) = R x V x 224 x 10°
W x 10°
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CHAPTER 4
RESULTS

The analytical investigation for water, vegetation and soil was conducted for two years i.e, from

June 2012 to May 2014, and results are expressed on monthly and/or seasonal basis.

4.1. Water Quality Analysis:

4.1.1. Temperature:

The temperature was highest (27.35 ° C) in the month of July at highly disturbed site. The lowest
value (20.37 °C) was recorded in the month of December at undisturbed site. The rainy season
months normally possessed high temperature. On the contrary, lower values were recorded
during winter months (Fig.1.& Table.1). All the data relating to physico-chemical characteristics
from different month were pooled together site wise and correlated to find the correlation

coefficient between them. (Appendix I-1V).
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Fig.1.Monthly variation in temperature of water along disturbance gradient.
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Table 5.Statistics characteristics for temperature of water.

Sampling site Min Max Mean SD
Undisturbed 20.37 26.83 23.64 2.29
Mildly disturbed 20.50 27.02 23.77 2.14
Moderately disturbed 21.05 27.14 24.08 2.10
Highly disturbed 21.04 27.35 24.24 2.17

SD = Standard deviation

4.1.2.pH:

The water ranged from 6.82 to 8.12. It was highest in the month of May (8.12) at highly
disturbed site and moderately disturbed site. The lowest value (6.82) was found in the month of
January at undisturbed site. Normally, the pH value was higher with increase in degree of
disturbance and it was in alkaline range with few exceptions (Fig.2; Table. 2).All the data

relating to physico-chemical characteristics from different month were pooled together site-wise

and correlated to find the correlation coefficient between them. (Appendix I-1V).
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Fig.2. Monthly variation in pH of water along disturbance gradient.

Table 6.Statistics characteristics for pH of water.

Sampling site Min Max Mean SD SE
Undisturbed 6.82 7.89 7.27 0.27 0.077
Mildly disturbed 7.03 7.99 7.43 0.27 0.079
Moderately disturbed 7.06 8.12 7.52 0.28 0.080
Highly disturbed 7.22 8.12 7.56 0.28 0.080

SD = Standard deviation

4.1.3.Electrical Conductivity:

The EC value was highest (272.24 uS) in the month of December at highly disturbed site. The
lowest value (65.27 uS) was found in the month of July at undisturbed site. There was increase in
value with increase in degree of disturbance, and higher value was recorded during post-

monsoon season months followed by winter months (Fig. 3; Table. 3). All the data relating to
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physico-chemical characteristics from different month were pooled together site wise and

correlated to find the correlation coefficient between them. (Appendix I-1V).
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Fig.3.Monthly variation in EC of water along disturbance gradient.

Table 7.Statistics characteristics for EC of water.

Sampling site Min Max Mean SD SE
Undisturbed 65.27 165.5 106.13 39.73 11.47
Mildly disturbed 72.89 198.5 117.94 50.51 14.58
Moderately disturbed 77.38 231.76 | 128.74 58.15 16.79
Highly disturbed 84.61 272.24 143.45 68.70 19.83

SD= Standard deviation
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4.1.4. Total Dissolved Solids:

The TDS was highest (130.16 mgL™) in the month of June at highly disturbed site. The lowest
value (40.6 mgL™) was found in the month of March at undisturbed site. The values were lower
during post-monsoon season and winter months. With few exceptions, the highly disturbed site
possessed maximum value.(Fig.3; Table.3). All the data relating to physico-chemical
characteristics from different month were pooled together site wise and correlated to find the

correlation coefficient between them. (Appendix I-1V).
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Fig.4.Monthly variation in TDS of water along disturbance gradient.
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Table 8.Statistics characteristics for TDS of water. Turbidity:

Sampling site Min Max Mean SD SE
Undisturbed 40.66 88.89 64.91 18.40 531
Mildly disturbed 40.68 91.25 71.96 20.17 5.82
Moderately disturbed 44.08 97.42 72.78 22.19 6.40
Highly disturbed 4705 | 130.16 | 7891 26.03 7.51

SD= Standard deviation

The turbidity of water was highest (6.11 NTU) in the month of July at highly disturbed
site. The lowest value (0.21 NTU) was found in the month of December at undisturbed site. The
highly disturbed site showed sharp increase in turbidity value as compared to other sites (Fig.5;
Table. 5). All the data relating to physico-chemical characteristics from different month were

pooled together site wise and correlated to find the correlation coefficient between them.

(Appendix I-1V).

Turbidity in NTU
O R N W & U1 O N

\o‘\@ \&\\

X Q
V”\)% (_)Q/Q oé' éo OQS" \’b(\ <<Q\/0

Month

NS
& N\

Ky

muD
m MID

MD
mHD

Fig.5. Monthly variation in Turbidity of water along disturbance gradient.
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Table 9. Statistics characteristics for Turbidity of water.

Sampling site Min Max Mean SD SE
Undisturbed 0.21 1.13 0.58 0.35 0.10
Mildly disturbed 0.33 1.71 0.69 0.46 0.13
Moderately disturbed 0.63 1.81 0.92 0.42 0.12
Highly disturbed 1.20 6.11 3.00 1.69 0.49

SD = Standard deviation
4.1.5. Acidity :

The total acidity was highest (72.33 mgL™) in the month of November at highly disturbed. The
lowest value (14.67 mgL™) was found in the month of April at undisturbed site. The highly
disturbed site showed markedly higher values. Moreover, winter season months had high values
(Fig.6; Table. 6).All the data relating to physico-chemical characteristics from different month
were pooled together site wise and correlated to find the correlation coefficient between them.

(Appendix I-1V).
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Fig.6.Monthly variation inAcidity of water along disturbance gradient.

Table 10.Statistics characteristics for Acidity of water.

Sampling site Min Max Mean SD SE
Undisturbed 14.67 52.00 27.11 13.33 3.85
Mildly disturbed 18.67 52.66 32.61 12.04 3.47
Moderately disturbed 20.66 58.67 33.94 13.05 3.80
Highly disturbed 22.00 72.33 45.38 16.18 4.67

SD = Standard deviation
4.1.6. Total Alkalinity:

The total alkalinity was highest (44.66 mgL™) in the month of February at highly disturbed. The
lowest value (12.00 mgL™) was found in the month of June at mildly disturbed site. The spring

season months normally possessed higher value, and on contrary, rainy season months had lower
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value (Fig.7; Table. 7).All the data relating to physico-chemical characteristics from different
month were pooled together site wise and correlated to find the correlation coefficient between

them. (Appendix I-1V).
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Fig.7.Monthly variation in Total Alkalinity of water along disturbance gradient.

Table 11.Statistics characteristics for Total Alkalinity of water.

Sampling site Min Max Mean SD SE
Undisturbed 14.00 36.67 22.94 751 2.17
Mildly disturbed 12.00 36.66 23.38 7.91 2.28
Moderately disturbed 18.00 38.67 26.66 5.78 1.67
Highly disturbed 18.66 44.66 26.94 8.03 2.31

SD = Standard deviation
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4.1.7. Total Hardness:

The total hardness was highest (162.66 mgL™) in the month of February at highly disturbed. The
lowest value (30.66 mgL™) was found in the month of July at mildly disturbed site. The values
were higher with increase in degree of disturbance, and highly disturbed stand possessed sharp
increase in total hardness in all months (Fig. 8; Table. 8). All the data relating to physico-
chemical characteristics from different month were pooled together site wise and correlated to

find the correlation coefficient between them. (Appendix I-1V).
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Fig.8.Monthly variation in Total Hardness of water along disturbance gradient.
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Table 12.Statistics characteristics for Total Hardness of water.

Sampling site Min Max Mean SD SE
Undisturbed 30.66 66.66 50.88 13.17 9.31
Mildly disturbed 32.00 73.33 53.22 13.45 3.88
Moderately disturbed 30.66 77.33 56.55 16.87 4.87
Highly disturbed 69.33 162.66 128.22 33.68 9.72

SD = Standard deviation

4.1.8.Chloride:

The chloride content was highest (126.66 mgL™) in the month of January at highly disturbed.
The lowest value (28.00 mgL™) was found in the month of July at undisturbed site. The trend in
result for chloride was similar to the total hardness with sharp increase in values at highly
disturbed site (Fig.9; Table. 9).All the data relating to physico-chemical characteristics from

different month were pooled together site wise and correlated to find the correlation coefficient

between them. (Appendix I-1V).
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Fig.9.Monthly variation in Chloride content of water along disturbance gradient.

Table 13. Statistics characteristics for Chloride content of water.

Sampling site Min Max Mean SD SE
Undisturbed 28.00 50.00 34.05 6.83 1.97
Mildly disturbed 30.00 54.66 37.55 7.37 2.13
Moderately disturbed 30.00 57.33 39.77 8.06 2.32
Highly disturbed 62.66 126.66 89.11 21.91 6.32

SD = Standard deviation

4.1.9.Dissolved Oxygen:

The DO content was highest(8.81 mgL™) in the month of December at undisturbed site. The
lowest value (5.51 mgL™) was found in the month of May at highly disturbed site. Normally, DO

content of water decreased from undisturbed to highly disturbed site (Fig.10; Table. 10).
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Fig.10.Monthly variation in DO content of water along disturbance gradient.

Table 14.Statistics characteristics for DO content of water.

Sampling site Min Max Mean SD SE
Undisturbed 7.25 8.81 7.77 0.49 0.14
Mildly disturbed 5.87 6.9 6.33 0.29 0.08
Moderately disturbed 5.63 6.27 5.98 0.21 0.06
Highly disturbed 5.51 6.13 5.82 0.23 0.06

SD = Standard deviation
4.1.10. Biochemical Oxygen Demand:

The BOD content was highest (1.20 mgL™) in the month of June at highly disturbed site. The
lowest value (0.80 mgL™) was found in the month of November at undisturbed site. A reverse
trend in result for BOD was obtained in comparison with DO content of water (Figll; Table.

11).All the data relating to physico-chemical characteristics from different month were pooled
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together site wise and correlated to find the correlation coefficient between them. (Appendix I-

V).
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Fig 11.Monthly variation in BOD content of water along disturbance gradient.

Table 15. Statistics characteristics for BOD content of water.

Sampling site Min Max Mean SD SE
Undisturbed 0.80 1.04 0.92 0.08 0.02
Mildly disturbed 0.81 1.05 0.90 0.09 0.02
Moderately disturbed 0.89 1.21 0.99 0.09 0.03
Highly disturbed 0.88 1.20 1.00 0.11 0.03

SD = Standard deviation
4.1.11. Nitrate-N:

The nitrate — N content of water was highest (0.51 mgL™) in the month of January at highly
disturbed site. The lowest value (0.20 mgL™) was found in the month of May at undisturbed site.

There was increase in value from undisturbed to highly disturbed site. The highly disturbed site
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had very high value in comparison to other sites (Fig.12; Table. 12). All the data relating to
physico-chemical characteristics from different month were pooled together site wise and

correlated to find the correlation coefficient between them. (Appendix I-1V).
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Fig.12.Monthly variation in Nitrate-N content of water along disturbance gradient.

Table 16.Statistics characteristics for Nitrogen-Nitrate Content of water.

Sampling site Min Max Mean SD SE
Undisturbed 0.17 0.31 0.23 0.04 0.014
Mildly disturbed 0.22 0.35 0.28 0.04 0.014
Moderately disturbed 0.25 0.39 0.31 0.04 0.014
Highly disturbed 0.34 0.51 0.42 0.05 0.016

SD = Standard deviation
4.1.12. Sulphate:

The sulphate content was highest (1.33 mgL™) in the month of January at highly disturbed site.
The lowest value (0.16 mgL™) was found in the month of July at undisturbed site. There was

increase in value with increase in degree of disturbance. The highly disturbed possessed marked
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increase in the value (Fig.13; Table. 13). All the data relating to physico-chemical characteristics
from different month were pooled together site wise and correlated to find the correlation

coefficient between them. (Appendix I-1V).
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Fig.13.Monthly variation in Sulphate content of water along disturbance gradient.

Table 17.Statistics characteristics for Sulphate Content of water.

Sampling site Min Max Mean SD SE
Undisturbed 0.16 0.35 0.25 0.05 0.01
Mildly disturbed 0.21 0.38 0.30 0.05 0.01
Moderately disturbed 0.22 0.38 0.31 0.05 0.01
Highly disturbed 1.16 1.33 1.25 0.05 0.01

SD = Standard deviation

4.1.13. Phosphate- P:

The Phosphate-P content was highest (0.52 mgL™) in the month of January at highly disturbed
site. The lowest value (0.014 mgL™) was found in the month of July at undisturbed site. The

winter season months generally possessed higher values. The values were decreased with degree
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of disturbance (Fig.14; Table. 14). All the data relating to physico-chemical characteristics from
different month were pooled together site wise and correlated to find the correlation coefficient

between them. (Appendix I-1V).
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Fig.14.Monthly variation in Phosphate-P content of water along disturbance gradient.

Table 18.Statistics characteristics for Phosphate-P Content of water.

Sampling site Min Max Mean SD SE
Undisturbed 0.014 0.042 0.02 0.009 0.002
Mildly disturbed 0.019 0.047 0.031 0.009 0.002
Moderately disturbed 0.022 0.049 0.034 0.009 0.002
Highly disturbed 0.024 0.052 0.036 0.009 0.002

SD = Standard deviation
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4.2. Vegetation Analysis:

4.2.1. Tree species composition:

Altogether a total of 49 tree species belonging to 41 genera and 25 families of angiosperms were
recorded from all four selected study sites. Of this, 44 species belonging to 39 genera and 22
families, 32 species belonging to 30 genera and 19 families, 21 species belonging to 19 genera
and 11 families and 18 species belonging to 17 genera and 11 families were reported from
undisturbed, mildly disturbed, moderately disturbed and highly disturbed sites respectively.
There was successive decrease in the number of species with increase in the degree of
disturbance. The species namely Acasia concinna, Albizzia chinensis, Artocarpus heterophylla,
Derris robusta., Gmelina arborea,. Phoebe goalparensis, Quercus dilata., Schima wallichii,
Securinega virosa, Tectona grandis and Toona ciliata. However, the species Bombax ceiba,
Buddleja macrostachya, Callicarpa macrophyla, Debregeasia valutina, Ficus oblongifolius,
Maranta arundivaceae, Michelia doltsopa, Myrica esculenta, Parkia roxburghii, Quercus

lanceofolia, Tamarindus indica and Zizyphus incurve were present only at undisturbed site.
4.2.2. Phytosociological attributes:

There was decreased in tree density from undisturbed stand (716 + 17.1 indv. ha™) to the highly
disturbed stand (316 + 5.83 indv. ha™). Likewise tree basal area ranged from 16.51 m? ha™
(undisturbed) to 7.63 m? ha™ (highly disturbed site). Shannon- Weiner diversity index was
maximum (2.43) at the undisturbed site and minimum (0.85) at the highly disturbed site. On the
contrary, Simpson dominance index was found to be maximum of 0.006 at highly disturbed site
and minimum of 0.002 at undisturbed site. The species richness (Margalef’s index) was

maximum as 6.51 at undisturbed site and minimum as 2.27 at highly disturbed site. The

63



Evenness index (Pielou) ranged from 0.616 to 0.22 from undisturbed to highly disturbed site.

(Table .no. 19)

4.2.3. Phytosociological attributes:

The findings reveal that Tectona grandis was the dominant species (IVI — 64.53) possessing
maximum tree density (106.6) and basal area (2.65) in the undisturbed stand. The co- dominant
species were Schima wallichii (IVI —23.53) and Lagerstroemia speciosa (IVI- 21.98). However,
the abundance was maximum for Tectona grandis (2.91) followed by Callicarpa arborea (2.0)

and Schima wallichii (1.58). (Table no. 15)

In mildly disturbed site, Tectona grandis was the dominant species (IVI — 49.74)
possessing maximum tree density (63.33) and basal area (1.44). The co- dominant species were
Schima wallichii (IVI — 26.44) and Lagerstroemia speciosa (IVI- 24.71). However, the
abundance was maximum for Tectona grandis (2.23) followed by Schima wallichii (1.54) and

Acasia concinna (1.50). (Table no. 16)

In moderately disturbed site, Citrus grandis was the dominant species (IVI — 38.99)
possessing maximum tree density (40) and basal area (0.69). The co- dominant species were
Schima wallichii (IVI — 26.20) and Litsea monopetala (IVI- 26.13). However, the abundance was
maximum for Magifera indica (3.75) followed by Callicarpa arborea (2.0) and Citrus grandis

(1.50). (Table no. 17)

In highly disturbed site, Litsea monopetala was the dominant species (IVI — 32.70)
possessing maximum tree density (20) and basal area (0.49). The co- dominant species were

Schima wallichii (IVI1 — 28.89) and Albizzia chinensis (IV1- 28.45). However, the abundance was
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maximum for Castanopsis tribuloides (2.0) followed by Tectona grandis (1.75) and Albizzia

chinensis (1.57). (Table no. 18).

Table 19.Tree community structure, dominance and distribution of species in undisturbed

site.
Tree Species Tree Basal area | Abundance

density VI A/F
Acasia concinna DC 5 0.088495 1.50 3.23 0.45
Albizzia chinensis DC 25 0.600133 1.50 17.75 0.09
Bauhinia purpurea 5 0.114053 1.50 3.49 0.45
Betula alnoides Buch-Ham 1.666667 | 0.028079 1.00 1.26 0.60
Bombax ceiba 3.333333 | 0.041322 2.00 1.78 1.20
Buddleja macrostachya Benth. 3.333333 | 0.072718 1.00 2.69 0.30
Callicarpa arborea 3.333333 | 0.044068 2.00 1.81 1.20
Callicarpa macrophyla Vahl. 1.666667 | 0.022306 1 1.69 0.60
Castanopsis indica Roxb. 5 0.065008 1.50 3.00 0.45
Castanopsis tribuloides DC 3.333333 0.04724 2.00 1.84 1.20
Cinamomum verum Pres| 1.666667 | 0.030573 1.00 1.28 0.60
Citrus grandis 3.333333 0.037858 2.00 1.75 1.20
Clerodrendrum bracteatum Wall 3.333333 | 0.020303 2.00 1.57 1.20
Cucurligo crassifolia 3.333333 | 0.013442 1.00 2.09 0.30
Debregeasia valutina Gaud. 1.666667 0.05268 1 1.51 0.60
Derris robusta Roxb. 3.333333 | 0.009687 2.00 1.46 1.20
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Eleocarpus tectorius Lour 5 0.018763 1.50 2.53 0.45
Fagraea khasiana 1.666667 0.00702 1.00 1.05 0.60
Ficus oblongifolius Roxb. 13.33333 | 0.571258 1.14 12.98 0.10
Ficus racemosa 8.333333 | 0.276659 1.00 7.67 0.12
Gmelina arborea 25 0.590844 1.25 18.83 0.06
Grevillea robusta A. Cunn 3.333333 | 0.039504 1 1.76 0.6
Lagerstroemia speciosa 26.66667 | 0.747505 1.14 21.98 0.05
Litsea monopetala 26.66667 | 0.673917 1.23 20.65 0.06
Macaranga deticulata Roxb. 3.333333 | 0.023156 2.00 1.60 1.20
Macaranga indica W. 3.333333 | 0.095648 2.00 1.88 1.20
Maygifera indica 3.333333 0.05077 2.00 1.88 1.20
Maranta arundivaceae 3.333333 | 0.030387 2.00 1.67 1.20
Michelia doltsopa 3.333333 | 0.070329 2 2.07 1.20
Murraya paniculata 8.333333 | 0.166162 1.00 6.56 0.12
Myrica esculenta Ham. 3.333333 | 0.023421 1.00 2.19 0.30
Parkia roxburghii 6.666667 0.169573 2.00 4.44 0.60
Phoebe goalparensis Hutch 13.33333 | 0.242633 1.14 9.67 0.10
Phyllanthus coroneria Lour 3.333333 | 0.073912 1.00 2.70 0.30
Quercus dialata 16.66667 0.372452 1.25 12.34 0.09
Quercus lanceofolia 3.333333 0.05495 1 2.51 0.30
Schima wallichii 31.66667 0.902017 1.58 23.53 0.08
Securinega virosa 23.33333 | 0.575743 1.40 17.12 0.08
Syzygium cumini (L) Skeels 1.666667 0.02569 1.00 1.24 0.60
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Tarmarindus indica 3.333333 | 0.029007 1.00 2.24 0.30
Tectona grandis 106.6667 2.654079 2.91 64.53 0.08
Toona ciliate 3.333333 0.076659 1.00 2.73 0.30
Ulmus lancifolia Roxb. 3.333333 | 0.034528 1.00 2.30 0.30
Zizyphus incurveRoxb. 1.666667 0.02569 1.00 1.24 0.60

Table 20.Tree community structure, dominance and distribution of species in mildly

disturbed site.

Tree Species Tree Basal | Abundance

density area VI A/F
Acasia concinna DC 5 0.107444 1.5 4.30 0.45
Albizzia chinensis DC 25 0.617503 1.5 22.51 0.09
Artocapus heterophylla 15 0.615897 1.125 18.01 0.08
Bauhinia purpurea 5 0.131131 15 4.60 0.45
Betula alnoides Buch-Ham 1.666667 | 0.040141 1 1.72 0.60
Callicarpa arborea 1.666667 | 0.017197 1 1.42 0.60
Castanopsis indica Roxb. 3.333333 | 0.05905 1 3.16 0.30
Castanopsis tribuloides DC 1.666667 | 0.049376 1 1.83 0.60
Cinamomum verum Presl 1.666667 | 0.054352 1 1.90 0.60
Clerodrendrum bracteatum Wall 1.666667 | 0.026871 1 1.55 0.60
Curculigo crassifolia 3.333333 | 0.019175 1 2.65 0.30
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Derris robusta Roxb. 1.666667 | 0.02569 1 1.53 0.60
Eleocarpus tectorius Lour 3.333333 | 0.021497 1 2.68 0.30
Fagraea khasiana 1.666667 | 0.016255 1 1.41 0.60
Ficus racemosa 8.333333 | 0.211306 1 8.71 0.12
Gmelina arborea 21.66667 | 0.541189 1.3 20.50 0.08
Grevillea robusta A. Cunn 3.333333 | 0.075212 1 3.37 0.30
Lagerstroemia speciosa 23.33333 | 0.670077 | 1.07692308 | 24.71 0.05
Litsea monopetala 20 0.541419 1.2 19.98 0.07
Macaranga deticulata Roxb. 3.333333 | 0.066945 1.00 3.26 0.30
Macaranga indica W. 1.666667 | 0.074642 1 2.16 0.60
Murraya paniculata 6.666667 | 0.170475 0.8 7.67 0.10
Phoebe goalparensis Hutch 13.33333 | 0.235534 | 1.14285714 11.95 0.10
Phyllanthus coroneria Lour 3.333333 | 0.064676 1 3.23 0.30
Quercus dialata 16.66667 | 0.368949 1.25 15.37 0.09
Schima wallichii 28.33333 | 0.791083 | 1.54545455 | 26.44 0.08
Securinega virosa 20 0.504751 1.2 19.51 0.07
Syzygium cumini (L) Skeels 1.666667 | 0.02569 1 1.53 0.60
Tectona grandis 63.33333 | 1.441298 | 2.23529412 49.74 0.08
Tetrameles nudiflora 5 0.058028 1.5 3.67 0.45
Toona ciliate 3.333333 | 0.066945 1 3.26 0.30
Ulmus lancifolia Roxb. 6.666667 | 0.121802 1.33 5.68 0.27
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Table 21.Tree community structure, dominance and distribution of species in moderately

disturbed site.

Tree Species Tree Basal Abundance

density area VI A/F
Acasia concinna DC 5 0.098899 1.50 5.07 0.45
Albizzia chinensis DC 21.66667 | 0.535987 1.44 24.00 0.10
Artocarpus heterophylla 13.33333 | 0.552468 1.14 19.63 0.10
Callicarpa arborea 3.333333 | 0.061385 2.00 3.03 1.20
Castanopsis indica Roxb. 10 0.139384 0.86 5.53 0.45
Castanopsis tribuloides DC 5 0.127322 1.50 19.38 0.56
Clerodrendrum bracteatum Wall 3.333333 | 0.036757 2.00 2.62 1.20
Citrus grandis 40 0.698013 1.50 20.58 0.10
Derris robusta Roxb. 1.666667 | 0.003835 1.00 1.48 0.60
Macaranga indica 4.07 4.22 2.15 10.43 0.17
Gmelina arborea 18.33333 | 0.463336 1.00 23.22 0.05
Grevillea robusta A. Cunn 3.333333 | 0.075212 1.00 4.07 0.30
Litsea monopetala 21.66667 | 0.566618 1.18 26.13 0.06
Macaranga deticulata Roxb. 3.333333 | 0.07151 1.00 4.01 0.30
Magnifera indica 25 0.429538 3.75 19.38 0.56
Phoebe goalparensis Hutch 11.66667 | 0.208119 1.17 12.53 0.12
Quercus dialata Lindl. 16.66667 | 0.353649 1.25 18.37 0.09
Schima wallichii 21.66667 | 0.620395 1.30 38.99 0.06
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Securinega virosa 18.33333 0.451075 1.38 26.20 0.08
Tectona grandis 18.33333 | 0.341046 1.38 18.76 0.10
Toona ciliata 3.333333 | 0.093047 1.00 4.37 0.30

Table 22.Tree community structure, dominance and distribution of species in highly

disturbed site.

Tree Species Tree Basal | Abundance

density area VI AlF
Acasia concinna DC 5 0.087314 1.5 6.81 0.45
Albizzia chinensis (DC) 18.33333 | 0.49728 | 1.571428571 28.45 0.13
Artocarpus heterophylla 13.33333 | 0.543272 | 1.142857143 | 26.83 0.10
Castanopsis indica Roxb. 3.333333 | 0.070714 1.00 5.57 0.3
Castanopsis tribuloides DC 3.333333 | 0.118007 2.00 5.47 1.2
Cinamomum verum Presl. 1.666667 | 0.007643 1 2.18 0.60
Citrus grandis 16.66667 | 0.29313 1.25 24.26 0.09
Emblica officinalis 5 0.071106 15 6.46 0.45
Gmelina arborea Roxb. 13.33333 | 0.391136 | 1.142857143 | 2351 0.10
Grevillea robusta A.Cunn. 5 0.111093 1.00 8.46 0.2
Litsea monopetala 20 0.495559 1.2 32.70 0.07
Magnifera indica 18.33333 | 0.309952 | 1.571428571 24.37 0.13
Phoebe goalparensis Hutch 10 0.170207 1.2 14.66 0.14
Quercus dialata Lindl. 11.66667 | 0.250292 | 1.166666667 | 18.42 0.12
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Schima wallichii 16.66667 | 0.505613 1.25 28.89 0.09

Securinega virosa 13.33333 | 0.353079 | 1.333333333 21.54 0.13
Tectona grandis 11.66667 | 0.227707 1.75 15.65 0.26
Toona ciliate 3.333333 | 0.080308 1 5.78 0.30

Table.23. Phytosociological attributes of tree species.

Parameter ubD MID MOD HD
No. of Family 26 19 12 11
No. of Genera 39 30 19 17
No. of Species 44 32 21 18
Tree Density(Indv.ha™ 716+17.1 | 536+13.2 | 461+9.83 | 316+5.83
Tree basal area(m*h™ 16.51 13.05 10.09 7.63
Shannon-Weiner index 2.43 1.7 1.19 0.85
Simpson dominance index 0.002 0.003 0.004 0.006
Margalef index (Species Richness) 6.51 4.54 3.17 2.27
Pielou index (Eveness index) 0.616 0.43 0.30 0.22

4.2.4. Girth class distribution:

The results reveal most of the tree species were confined to medium girth classes i.e. 41 to 50 cm
and 51 to 60 cm at undisturbed site. Similarly most of the individuals stands were confined to the

girth class 61 to 70 cm at mildly, moderately and highly disturbed stand. It was found that there
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was marked decrease in the number of individuals in the higher girth classes (91 to 100 cm) with

increase in degree of disturbance (Fig. no. 15).
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Fig.15. Girth class distribution of trees along disturbance gradient.
4.2.5.Similarity index (Sorenson’s index):

The species common to all the sites were Acasia concinna DC, Albizzia chinensis (Osb) Mer,
Artocarpus heterophylla, Derris robusta Roxb., Gmelina arborea Roxb., Litsea monopetala,
Phoebe goalparensis Hutch, Quercus dilata Lindl., Schima wallichii, Securinega virosa, Tectona
grandis and Toona ciliate. The similarity index was computed as 0.71 between UD and MID
sites, 0.67 between MID and MD sites, 0.82 between MD and HD and 0.52 between UD and HD
sites. Majority of the species common to all sites belonging to families Verbenaceae,

Mimosaceae and Lauraceae.
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4.2.6. Diversity and dominance of families:

Table presents diversity and dominance of families. A total number of 24 families were recorded
from all the study sites. Of these, 22 families were reported from undisturbed site followed by 19
families from mildly disturbed site, 11 families each from moderately and highly disturbed sites.
In undisturbed site Euphorbiaceae was the dominant family with 5 species and it was followed
by Verbenaceae (with 4 species each), Fagaceae, Lauraceae, Mimosaceae, Moraceae (with 3
species each), Caesalpinaceae and Rutaceae (with 2 species each). And the remaining 13 families

were represented by mono species.

Similarly in the mildly disturbed site, Verbenaceae was the dominating family with 4
species and it was followed by Euphorbiaceae, Fagaceae , Lauraceae (with 3 species each),
Mimosaceae and Moraceae (with 2 species each). The remaining 13 species were represented by

single species.

In moderately disturbed site, Verbenaceae was the dominant family with 4 species, and it
was followed by Euphorbiaceae, Lauraceae, Moraceae (with 3 species each). The remaining 7

species were represented by single species.

In highly disturbed site, Lauraceae was the dominant family with 3 species, and it was
followed by Euphorbiaceae, Mimosaceae, and Verbenaceae (with 2 species each). The remaining

7 species were represented by single species.
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Table 24.Family-wise distribution of tree species along disturbance gradient.

SI.No. | Family uD MID MD HD
1 Amarylidaceae 1 1 - -
2 Anacardiaceae 1 - 1 1
3 Betulaceae 1 1 - -
4 Bombaceae 1 - - -
5 Caesalpinaceae 2 1 - -
6 Datiscaceae - 1 - -
7 Euphorbiaceae 5 3 3 2
8 Fagaceae 3 3 1 1
9 Lauraceae 3 3 3 3
10 | Longaniaceae 1 1 - -
11 | Lythraceae 1 1 - -
12 | Marantaceae 1 - - -
13 | Meliaceae 1 1 - 1
14 | Mimosaceae 3 2 3 2
15 | Moraceae 3 2 1 1
16 | Myricaceae 1 - - -
17 | Myrtaceae 1 1 - -
18 | Papilionaceae 1 1 1 -
19 | Proteaceae - 1 1 -
20 | Rutaceae 2 1 1 1
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21 | Theaceae 1 1 1 1
22 | Tiliaceae 1 1 - -
23 | Ulmaceae 1 - - -
24 | Verbenaceae 4 4 4 2
Total 38 30 20 15
(-) Absent.

Euphorbiaceae, Fagaceae, Lauraceae, Mimosaceae, Rutaceae and Theaceae were the
familiespresent in all the study sites. The families Bombaceae, Marantaceae, Myricaceae and

Ulmaceae were restricted to the undisturbed site.

4.3. Soil Analysis:

The soil samples of top-soil (0-10 cm depth) and sub-soil (10-20 cm) were analyzed for various

soil characteristics and presented as below:

4.3.1. Soil Moisture Content:
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Fig.16. Seasonal variation in soil moisture content along disturbance gradient.
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The soil moisture content in top soil varied from 27.6 % (UD) to 17.9 (HD) during pre-
monsoon season, 25.4 % (HD) to 31.4 % (UD) during monsoon season and 20.67 % (HD) to
30.6 % (UD) during post-monsoon season. The sub-soil showed lower values than top soil.
There was a decreasing trend in values from undisturbed to the highly disturbed site with respect
to the both season and soil depth. All the data relating to physico-chemical characteristics from
different seasons were pooled together site wise and correlated to find the relationship between

them. The site and depth-wise correlation of the data generated is given in (Appendix V-XII).

4.3.2. Soil pH:
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Fig.17. Seasonal variation in soil pH along disturbance gradient.

The pH of top-soil varied from 5.34 (UD) to 6.7 (HD) during pre-monsoon season, 5.57
(UD) to 6.3 (HD) during monsoon season and from 5.87 (UD) to 6.83 (HD) during post-
monsoon season. The sub-soil showed lower values than top-soil. There was a increasing trend in
values from undisturbed to the disturbed site with respect to the both season and soil depth with

few exception. All the data relating to physico-chemical characteristics from different seasons
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were pooled together site wise and correlated to find the relationship between them. The site and

depth-wise correlation of the data generated is given in (Appendix V-XII).

4.3.3. Soil Organic Carbon:
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Fig.18. Seasonal variation in soil organic carbon along disturbance gradient.

The soil organic carbon of top-soil varied from 3.35 % (UD) to 2.17 % (HD) during pre-
monsoon season, 2.4 % (HD) to 3.64 % (UD) during monsoon season and 2.08 % (HD) to 3.27
% (UD) during post-monsoon season. The sub-soil showed lower values than top soil. There was
a decreasing trend in values from undisturbed to the disturbed site with respect to both the season
and soil depth. All the data relating to physico-chemical characteristics from different seasons
were pooled together site wise and correlated to find the relationship between them. The site and

depth-wise correlation of the data generated is given in (Appendix V-XII).
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4.3.4. Total Nitrogen:
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Fig.19. Seasonal variation in soil nitrogen content along disturbance gradient.

The total nitrogen content of top-soil varied from 0.26 % (UD) to 0.08 % (HD) during
pre-monsoon season, 0.12 % (HD) to 0.31 % (UD) during monsoon season and 0.12 % (HD) to
0.29 % (UD) during post-monsoon season. The sub-soil showed lower values than top-soil.
There was a sharp decrease in the values from undisturbed to the disturbed stand with respect to
both the season and soil depth. All the data relating to physico-chemical characteristics from
different seasons were pooled together site wise and correlated to find the relationship between

them. The site and depth-wise correlation of the data generated is given in (Appendix V-XII).
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4.3.5. Auvailable Phosphorus:
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Fig.20. Seasonal variation in soil available phosphorus along disturbance gradient.

The findings reveal that soil available phosphorus of top-soil varied from 0.28 ppm (UD)
t0 0.17 % (HD) during pre-monsoon season,0.15 ppm (HD) to 0.19 ppm (UD) during monsoon
season and 0.22 ppm (HD) to 0.32 ppm (UD) during post-monsoon season. The sub-soil showed
lower values than top-soil. There was a decreasing trend in values from undisturbed to the
disturbed stand with respect to both the season and soil depth. The monsoon season possessed
lower values than other two seasons. All the data relating to physico-chemical characteristics
from different seasons were pooled together site wise and correlated to find the relationship
between them. The site and depth-wise correlation of the data generated is given in (Appendix

V-XII).
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4.3.6. Exchangeable Potassium:
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Fig.21. Seasonal variation in exchangeable Potassium along disturbance gradient.

The exchangeable potassium of top-soil varied from 185 pg g (UD) to 51 pg g™ (HD)
during pre-monsoon season, 87 pg g™ (HD) to 205 pg ¢ (UD) during post-monsoon season and
56 ug gt (HD) to 168 pg g™ (UD) during monsoon season. The sub-soil showed lower values
than top-soil. There was a decreasing trend in values from undisturbed to the disturbed stand
with respect to both the season and soil depth. All the data relating to physico-chemical
characteristics from different seasons were pooled together site wise and correlated to find the
relationship between them. The site and depth-wise correlation of the data generated is given in

(Appendix V-XII).
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4.3.7. Carbon-Nitrogen Ratio:
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Fig.22. Seasonal variation in soil C:N ratio along disturbance gradient.

The C:N ratio of top-soil varied from 12.88 (UD) to 27.13 (HD), 11.74 (UD) to 20.00
(HD) during monsoon season and 11.28 (UD) to 17.33 (HD) during post-monsoon season. The
sub-soil showed higher values than top-soil unlike other parameters. There was a decreasing

trend in values from disturbed to the undisturbed stand with respect to both the season and soil

depth.
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CHAPTER 5
DISCUSSION

The findings of the present study reveal that the sandstone quarry operation in has badly affected
the water quality of Tlawng river in Mizoram. The runoff from quarry site leads to discharge of
huge amount of waste into river Tlawng, making the river water unfit for human use. The sand

stone quarry also leads to destruction of vegetation and deterioration of soil at quarry site.

5.1. Water Quality Characteristics:
5.1.1. Temperature:

The water temperature is an important water quality parameter as most of the physical, chemical
and biological characteristics of water are directly affected by it (Raney and Menzel, 1969).
Water temperature has profound effects on dissolved oxygen and biochemical oxygen demand
contents of water (Hasan et al., 2008). The present study depicts that there was not much
fluctuation in water temperature either with respect to the study site. The monthly fluctuation in
temperature may be due to ambient temperature and other climatic factors (Das et al., 2003;
Bharali et al., 2008). There was direct influence of seasonal variation on water temperature.
Thus, the temperature was highest during summer months and lower during winter season
months. There was an increase in temperature with degree of disturbance with some exception.
The discharge of pollutants from surroundings quarry area through run-off may be attributed to
high temperature during rainy months, as energy is released during decomposition of waste
present in water. The runoff from the surface carrying quarry waste had more suspended solids,
dissolved solids and other pollutants that may also be one of the reasons for increase in
temperature from undisturbed to highly disturbed site. The values are within the prescribed limits

given by various scientific agencies (Appendix V). Similar trend of results were also reported by
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Mishra and Tripathi (2000, 2001, 2003), Abel-Satar (2005), Zafar and Sultana (2008), Singh and

Gupta (2010), Umavati and Logankumar (2010).

A positive and significant correlation was obtained between pH with temperature, total
dissolved solids and BOD in all the study sites except in mildly disturbed site. On the contrary, a
negative and significant correlation was procured between pH with EC, chloride and DO in all

the study sites except in mildly disturbed site. Appendix I-1V.

5.1.2. pH:

The pH of a solution is measured as a negative logarithm of hydrogen ion concentration.
Measurement of pH in one of the most important and frequently used tests, as every phase of
water and wastewater treatment and waste quality management is pH dependent. The pH of
natural water usually lies in the range of 4 to 9 and mostly it is slightly basic because of the
presence of bicarbonates and carbonates of alkali and alkaline earth metals (ref). pH value is
largely governed by the carbon dioxide/ bicarbonate/ carbonate equilibrium. It may be affected
by humic substances by changes in the carbonate equilibriums due to the bioactivity of plants
and in some cases by hydrolysable salts. The pH of most raw water sources lies within the range
of 6.5 to 8.5 (Webber, 1963; Bulushu, 1987). Toxicity in water increases with increase in acidic
content in water (Singh et al., 1989).

The present study reveals that there was gradual increase in pH of water from undisturbed
to highly disturbed sites. The findings indicate the river water was slightly alkaline at all the four
sites and basicity was increased with intensity of pollutants. It may be due to the high content of
carbonates, bicarbonates and carbon dioxide equilibrium that attributes to regular discharge of

sandstone quarry waste and uptake of sand from the river basin. The higher values during rainy

83



season could be attributed to leaching of rock materials. The values are within the prescribed
limit given by various scientific agencies (Appendix V). A similar trend of results was also
recorded by Puttiah and Somashekar (1985), Unni et al., (1992), Singh (1995), Sivasubramani
(1999) and Fakayode (2005).

A positive and significant correlation was obtained between temperature with total dissolved
solids, turbidity and BOD in all the study sites. On the contrary, a negative and significant
correlation was procured between temperature with EC, chloride and DO in all the study sites.

Appendix I-1V.

5.1.3. Electrical Conductance:

EC is the numerical expression of the ability of water sample to carry an electric current. Most
dissolved inorganic substances in water are in the ionized form and hence contribute to
conductance. Conductivity measurement gives rapid and practical estimate of the variations in
the dissolved mineral contents of an aquatic environment. Increased level of conductivity and
cations are the products of decomposition and mineralization of organic materials (Abida, 2008).
Higher the value of dissolved solids, greater is the amount of ions in water (Bhatt et al., 2009).
Electrical conductance values of water higher than the permissible limits may cause reduced
yield in agricultural crops (Jothivenkatachalam et al., 2010).

The present study depicts that the increase in EC values from undisturbed to highly
disturbed site may be attributed to the discharge of quarry waste. Higher values during winter
season months may be due to low flow rate of water contributing to the subsequent increase in
dissolved solids. On the contrary low values during rainy season months may be due to high

volume of water. The values are within the permissible limit set by various scientific agencies
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(Appendix V).The findings of the present study are in conformity with the works of Marshall and

Winterbourn (1979), Patka and Azadi (1987).

A positive and significant correlation was obtained between EC with total acidity, total
alkalinity, total hardness, chloride, nitrate, sulphate and phosphate in all the study sites. On the
contrary, a negative and significant correlation was procured between EC with TDS and DO in

all the study sites. Appendix I-1V.
5.1.4. Total Dissolved Solids:

In natural water, total dissolved solids are mainly composed of carbonates, bicarbonates,
chlorides, phosphates and nitrates of calcium, magnesium and other particles. It is the measure of
impurities of water in a dissolved state. In areas having Precambrian rocks, TDS concentration
in water is generally less than 65 mgL™. The level is normally higher in the regions of Palaeozoic
and Mesozoic sedimentary rock, and ranging from 195-1100 mgL™ because of the presence of
carbonates, chlorides, calcium, magnesium and sulphate (Rainwater et al., 1960; Durfor et al.,
1972). The Indian average for TDS is 159 mgL™ (Subramanian, 1983) and global average value
is 115 mgL™ for aquatic ecosystem (Sarin and Krishnaswamy, 1984). Higher value of TDS
makes the water more turbid due to presence of silt and organic matter. The water having high

TDS value cannot be used for drinking purpose.

The present study reveals that the higher values of TDS were recorded at highly disturbed
sites which may be due to discharge of solids and other suspended particles from the quarry
areas. The values were markedly higher values of TDS were recorded during rainy season
months which may be due to heavy surface runoff and accumulation of nutrients and also

evaporative loss of consequent increases in the concentration of salt present in water. The
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findings are in conformity with the work of Bajpal et al., (1993), Patka and Rao (1997), Tiwari
(2005), Bharali et al., (2008), Banerjee and Gupta (2010). All the TDS values recorded were

within the permissible limit as given by various scientific agencies (Appendix V).

A positive and significant correlation was obtained between TDS with BOD, temperature
and turbidity in all study sites. On the contrary, a negative and significant correlation was

procured between TDS with DO, chloride and nitrate in all the study sites. Appendix I-1V.

5.1.5. Turbidity:

Turbidity of water is an expression of the optical property that causes light to be scattered and
absorbed rather than transmitted in straight lines through the sample. Turbidity can be measured
by its effect on the scattering light, which is termed as Nephelometry. Turbidimeter can be used
for sample with moderate turbidity and nephelometer for sample with low turbidity. Higher the
intensity of scattered lights, higher the turbidity value.

The present study reveals that higher turbidity values were obtained during rainy season
months. This could be attributed to discharge of pollution load into the river through surface

runoff from the quarry affected areas that makes the water more turbid.

A positive and significant correlation was established between turbidity with BOD,
temperature and total hardness in all study sites. On the contrary, a negative and significant
correlation was procured between turbidity with DO content, nitrate, sulphate and phosphate in

all the study sites. Appendix I-1V.
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5.1.6. Acidity:

It is an important chemical parameter of water quality and higher concentration may affect the
aquatic species. Acidic water is less buffered and less productive because sufficient amount of
bicarbonates are not dissolved to give CO, for a high rate of photosynthesis. Acid contributes to
corrosiveness and influence the rate of chemical reactions, chemical speciation and biological
activities. Warren (1971) argued that lowering of pH in water is result of decomposition of

organic matters and finally release of CO..

The present study reveals that higher values of total acidity values were recorded during
post-monsoon season months which may be due to high organic load received from quarry waste
during monsoon months, supporting decomposition during post-monsoon season months. Similar
trend of results were reported by Srivastava and Kulshreshta (1990), Dublin - Green (1990),
Pahwa and Mehrotra (1996), Narain and Chauhan (2000), Ekeh and Sikota (2003), Mishra and
Tripathi (2000,2001,2003), Banerjee and Gupta (2010), Shrivastava et al., (2010), Singh et al.,

(2010) and Venkatesharaju et al., (2010).

A positive and significant correlation was obtained between total acidity with DO, nitrate,
sulphate and phosphate in all study sites. On the contrary, a negative and significant correlation

was procured between total acidity with BOD and turbidity in all the study sites. Appendix I-1V.

5.1.7. Total Alkalinity:

It is a total measure of the substances in water that have "acid-neutralizing™ ability. Major
portion of alkalinity in natural water is caused by hydroxide, carbonate and bicarbarbonate. The
present study revealed that lower value of alkalinity was observed during rainy season months

which may be due to influx of fresh water which causes dilution of water. In the contrary higher
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values during winter season months could be attributed to liberation of carbon dioxide during
decomposition which reacts with water to form bicarbonate which is limited to low volume of
water. The values recorded during present investigation were within the permissible limit as
suggested by various scientific agencies (Appendix V). Similar results have also been reported
by Mishra and Tripathi (2000, 2001, 2003), Zafar and Sultana (2008) and Singh and Gupta

(2010), Venkatesharaju et al., (2010).

A positive and significant correlation was obtained between total alkalinity with total
hardness, nitrate, sulphate and phosphate in all study sites. On the contrary, a negative and
significant correlation was procured between total alkalinity with turbidity in all the study sites.

Appendix I-1V.

5.1.8. Total Hardness:

Water hardness is a traditional measure of the capacity of water to precipitate soap. Hardness of
water is not a specific constituent but is a variable and complex mixture of cations and anions. It
is caused by dissolved polyvalent metallic ions. In fresh water, the principal hardness causing
ions are calcium and magnesium which precipitate soap. Other polyvalent cations also may
precipitate soap, but often are in complex form, frequently with organic constituents, and their
role in water hardness may be minimal and difficult to define. Total hardness is defined as the
sum of the calcium and magnesium concentration, both expressed as CaCOs, in mgL™. The
degree of hardness of drinking water has been classified in terms of the equivalent CaCOs3

concentration as follows:
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Water Quality Total hardness value (mgL™ C.CO5)

Soft 0to <75
Moderately Hard 75 to <150
Hard 150 to <300
Very hard 300 and above

During present investigation, higher values of total hardness were obtained at disturbed
sites as compared to control site which may be due to discharged of pollutants from the quarry
areas and other anthropogenic activities such as washing of clothes, vehicles and bathing. Low
water volume during winter months may be the reason for higher values of hardness at all the
sites. A similar trend of results was observed by Saxena et al., (1966), Mishra and Tripathi
(2000, 2001, 2003), Zafar and Sultana (2008) and Singh and Gupta (2010). The total hardness

values were within the permissible limit given by various scientific agencies (Appendix V).

A positive and significant correlation was obtained between total hardness with chloride,
nitrate, sulphate and phosphate in all study the sites. On the contrary, a negative and significant
correlation was procured between total hardness with BOD and turbidity in all the study sites.

Appendix I-1V.
5.1.9. Chloride:

Chloride is one of the most stable components in water, being unaffected by most physico-
chemical and/or biological processes. The major sources of chloride include natural mineral
deposits, sea water intrusion, agricultural and surface runoff. Chloride content above 250 mgL™

in water imparts a peculiar taste and causes corrosion in iron and plumbing metals. Average
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chloride concentration in Indian fresh water bodies is uptol5 mgL™ (Subramanian, 1983) and

World’s chloride concentration is amounting to 4 mgL™ (Sarin and Krishnawany, 1984).

Present investigation reveals that higher values at highly disturbed site indicating
presence of human excreta and organic waste from the nearby settlements. Low values in rainy
months and high during winter months may be due to dilution of water with rain and discharge
of municipal and agricultural waste respectively. Chloride values recorded were within the
permissible limit given by various scientific agencies (Appendix V). Jana (1973), Palharya et al.,
(1993), Kumar (2000), Mishra and Tripathi (2000, 2001, 2003), Zafar and Sultana (2008) and

Singh and Gupta (2010) also reported a similar trend of results.

A positive and significant correlation was obtained between chloride with, nitrate,
sulphate and phosphate in all study the sites. On the contrary, a negative and significant
correlation was procured between chloride with BOD and turbidity in all the study sites.

Appendix I-1V.
5.1.10. Dissolved Oxygen:

All living organisms are dependent upon oxygen in one form or the other to maintain the
metabolic processes that produce energy for growth and reproduction. The DO content is of
utmost importance for the survival of aquatic organisms and maintenance of water bodies
(Mishra and Tripathi 2001). DO level in natural waters and wastewaters depend on physical,
chemical and biological activities in water bodies. The solubility of atmospheric oxygen in fresh
water ranges from 14.6mgL™at 0°C to about 7.0mgL™ at 35°C under normal atmospheric

pressure. Since it is poorly soluble gas, its solubility directly varies with the atmospheric pressure
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at any given temperature. Analysis of DO is a key test in water pollution control and wastewater
treatment processes.

The present study reveals that there is a marked decrease in DO content with increase in
degree of disturbance. Lowest DO content value at highly disturbed site may be due to arrested
photosynthesis by aquatic plants as turbid water shows low photosynthetic activity. High
temperature also plays an important role for decrease in DO content of water. Several workers
such as Sexana et al., (1996), Mishra and Tripathi (2001, 2003), Rajkumar et al., (2004), Singh
et al., (2010), Umavati and Longankumar (2010) and Venkatesharaju et al., (2010); Bohra,
(1977): also observed a similar trend in results. The values were within the prescribed limits as

given by various scientific agencies.

A positive and significant correlation was obtained between DO with, nitrate, sulphate
and phosphate in all study the sites. On the contrary, a negative and significant correlation was

procured between DO with BOD and temperature in all the study sites. Appendix I-1V.

5.1.11. Biochemical Oxygen Demand:

The BOD can be used as a measure of the amount of organic materials present in an aquatic
solution which support the growth of microorganisms. The BOD determines the strength of
pollution in natural waters. The test is applied for fresh water sources (rivers, lakes), wastewater
(domestic, industrial), marine water (estuaries, coastal water)

The present investigation reveals that BOD values were higher at highly disturbed site
during rainy season months. This may be due to high concentration of organic waste discharged
into water leading to high rate of decomposition and resulting into more consumption of oxygen

by the microorganisms. All the recorded values were within the prescribed limit given by various
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scientific agencies (Appendix V). A similar trend in results has been reported by Mishra (1992),
Mishra and Tripathi (2000, 2001), Hacioglu and Dulger (2009), Lalchingpuii et al., (2012), and

Mishra (2005).

A positive and significant correlation was obtained between BOD with temperature, BOD
and total hardness in all study the sites. On the contrary, a negative and significant correlation
was procured between BOD with DO, nitrate, phosphate and sulphate in all the study sites.

Appendix I-1V.

5.1.12. Nitrate — N:

Nitrate — N is the stable form of oxidized nitrogen but can be reduced by microbial action to
nitrite. In the process of nitrification, nitrogen changes to nitrate ion. Therefore, all sources of
nitrogen (including organic nitrogen, ammonia and fertilizers) should be considered as potential
source of nitrates. The maximum limit of nitrate in drinking water is 45 mgL™ for human and
100 mgL for livestock (Hasan, 2008).

The present study reveals that nitrate — N values were higher at highly disturbed site, and
this could be attributed to discharge of organic waste. Higher values during winter months may
be due to low water volume and high rate of decomposition. Singh et al., (1980), Badge and
Verma (1985), Bhowmik (1987), Rao (1987), Bajpal (1994), Mishra and Tripathi (2000, 2001,
2003), Banerjee and Gupta (2010), Deepti et al., (2010) and Shrivastava et al., (2010) also
reported a similar trend of results. All the recorded values were within the permissible limit

given by scientific agencies (Appendix V).
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A positive and significant correlation was obtained between nitrate with phosphate,
sulphate and DO in all study the sites. On the contrary, a negative and significant correlation was

procured between nitrate with BOD and turbidity in all the study sites. Appendix I-1V.

5.1.13. Phosphate — P:

Phosphate — P is usually derived from leaching of phosphorus rich bedrock and additionally from
human wastes, synthetic detergents, industrial and agriculture waste. It is an important micro-
nutrient for plants and plays an important role in plant’s growth including phytoplankton. The
Phosphate — P with nitrate — N may cause eutrophication in water bodies.

During present study, higher values were obtained during rainy and winter season
months, this may be due to anthropogenic sources (Sand stone quarry) and sediments during
rainy season months and low water table during winter months. All the recorded values were
within the permissible limit given by scientific agencies (Appendix V). Similar trend of results

has been reported by Shrivastava et al., (2010) and Singh et al., (2010).

A positive and significant correlation was obtained between phosphate with sulphate,
nitrate and DO in all study the sites. On the contrary, a negative and significant correlation was

procured between phosphate with BOD and turbidity in all the study sites. Appendix I-1V.

5.1.14. Sulphate:

Sulphate is one of the major anions occur in natural water. It occur naturally in combination with
numerous minerals including Barite (BaSO,), Epsomite (MgSO,7 H;0) and Gypsum
(CaS0,4.2H,0). In excess dose of 1000 to 2000 mgL™ it produces certain disease in human being

including catharsis, dehydration and gastrointestinal irritation (McKee and Wolf, 1963).
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During the present study, sulphate values were higher during winter season months at all
the study sites which may be due to low flow of water and increased biological activity. Similar
trend of results have been reported by Mishra and Tripathi (2000, 2001, 2003), Bharali et al.,
(2008), Banerjee and Gupta (2010) and Umavathi and Longankumar (2010). All the recorded
values were within the permissible limit given by scientific agencies (Appendix V).

A positive and significant correlation was obtained between sulphate with phosphate,
nitrate and DO in all study the sites. On the contrary, a negative and significant correlation was

procured between sulphate with BOD and turbidity in all the study sites. Appendix I-1V.

5.2. Vegetation Characteristics:
The findings on tree community attributes reveal that there was shift in position of dominant and
co-dominant species along disturbance gradient. This indicates that the dominant species at
disturbed site were tolerant to stress and able to survive under such harsh condition. A similar
trend in results was observed with respect to families. This shifting in position of species and
family could be attributed to level of anthropogenic activities including sandstone extraction
(followed by clearing of forest). The species were common to all sites having high ecological
amplitude. As a result of this, the number of species as well as families reduced from undisturbed
to highly disturbed site. On the contrary, the species that are sensitive to the disturbance usually
show poor growth or totally eliminated with increase in degree of disturbance. A similar trend in
results was also reported by Thorington et al., (1982), Visalakshi, (1995), Parthasarathy and
Karthikeyan, (1997), Kandavul and Parthasarathy, (1999), Mishra et al., (2003, 2004, 2005) and
Mishra and Laloo, (2006).

The control and sandstone quarry affected areas have more or less similar topography and

climatic condition. But altered edaphic condition may result in variation in species response and

%94



survival of the species. Species diversity measurement is one of the limiting factor of a natural
community that influences functioning of an ecosystem. Higher numbers of species were
recorded in the undisturbed and mildly disturbed sites as compare to moderately and highly
disturbed sites. This could be attributed to the presence of favourable edapho—climatic condition
such as high and prolonged rainfall, moderate temperature, high relative humidity and nutrient
enriched soil that allow more species to occupy the habitat or niche (Connell and Orias,1964).

Moreover, disturbance adversely affected the girth size. The girth size was reduced from
undisturbed to highly disturbed stand. As a result of this, tree density, species number and basal
area were sharply reduced with increase in degree of disturbance. The results were in conformity
with the works of Lyngdoh, (1995), Dasgupta, (1999), Sarma, (2002), Banerjee et al., (2005) and
Mishra et al., (2003, 2004, 2005).

The nutrient deficient condition at disturbed sites also responsible for reduced basal area.
Similar trend of results have been reported by Murphy and Lugo, (1986), Singh et al., (1991),
Ravan,(1994), Verghese and Menon, (1998), Chowdhury et al., (2000), Fox et al., (1997), Khera
et al., (2004), Ayypan and Parthasarathy, (1999), Fralish et al., (1993) and Parthasarathy and
Karthikeyam, (1997).

Girth class distribution of trees reveals that most of the individual in the highly disturbed
sites were confined to lower girth class. This could be linked with lack of proper nutrient status
of soil resulting from extensive mining operation and ultimately give rise to retarded growth
(Mishra et al., 2004). But at undisturbed site most of the tree stands were confined to medium
girth class (50-60 cm) representing that the forest is well growing and continue to exist. It also
adds to high basal area contribution which may be due to fast growth during adult stage. The

findings are in conformity with the work of Mishra et al., (2004, 2005).
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The findings on diversity index of show decrease in value with increase in degree of
disturbance which is in conformity with the reports for tropical forest of Kodayar in the Western
Ghats of Southern Indian and sub — tropical forests in Garhwal Himalaya. On the contrary,
dominant index was increased with increase in degree of disturbance. This results is in
conformity with the work of Knight, (1975), Tripathi et al., (1989 a) and Visalakshi, (1995).

Odum (1971) stated that clumped (contagious) distribution is very common in nature
where the biotic and abiotic variations exist, and the species aggregate in cluster to exploit the
resources in favourable conditions. Whereas, the random occurs in very uniform environment
and regular distribution found where individuals are more evenly spaced than would occur by
chance to avoid intraspecific competiton between the individuals. From the present study it has
been recorded that most of the species showed contagious distribution pattern and few random
distribution. Similar trends of findings were also reported (Greig-Smith, 1957; Singh and Yadav,
1974; Mehta et al., 1997).

Sorenson’s index of similarity is the variation of plant species across the different study
sites in the study area. The mildly disturbed site was more similar with highly disturbed site,
followed by mildly disturbed site and moderately disturbed site, and undisturbed site and highly
disturbed site. The high value indicates more similar stands in terms of species composition. It
may be due to the transitional position of species from lower altitude to higher altitude (Jiang et
al., 2007). Kumar et al., (2006) also evaluated the similarity of tree species between mildly

disturbed site and highly disturbed site in the sub-tropical forest of Grahwal Himalayas.

5.3. Soil Characteristics:
Soil is one of the most important renewable natural resource. It forms the basis of all life on the

earth. With advent of industrialization, the society had neglected the environment that adversely
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impacting soil. Abandoned mine area leads to loss of soil fertility due to continuous
accumulation of small stones and fine particles without preserving the soil. During present
investigation, the change in soil physico — chemical characteristics due to quarry operation is as
discussed below.

The findings of the present study depict low retention of moisture content under disturbed
condition could be linked with removal of vegetation and destruction of top-soil. The findings on
soil moisture content were in conformity with the work of Tiwari et al., (1992).

The soil was slightly acidic at all the sites. This could be due to high rate of litter
decomposition. Lowervalues at undisturbed site may be due to deposit of huge litter on forest
floor, and subsequently more accumulation of organic matter on the soil surface. Arunachalam
and Pandey (2003), Mishra (2011) and Elango et al., 1(992) supports the findings of the present
study.

Soil organic carbon decreased from undisturbed to highly disturbed stand with respect to
both the seasons and soil depth. This may be due to destruction of top-soil during mining
operation. High soil organic carbon content in the undisturbed stand indicates sufficient litter
accumulation on top-soil and subsequently high rate of litter decomposition. High amount of soil
organic carbon in the soil is known to develop soil fertility which encourages plant growth in the
long run. More organic carbon content in top-soil at undisturbed site signifies high microbial
biomass which may be due to increased moisture content (Arunachalam et al., 1996;
Arunachalam and Pandey, 2003; Mishra and Laloo, 2006; Mishra, 2011). Greater accumulation
of organic carbon in the top-soil could be attributed to the accumulation of litter fall. On the

contrary, low values at degraded sites may be due to the influence of sandstone extraction. It may
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also be attributed to the insignificant canopy cover at disturbed sites that minimizes surface
runoff and resulting in loss of soil nutrients.

The anthropogenic disturbance adversely affected soil fertility as a result, a decreasing
trend in values of total nitrogen from undisturbed to highly disturbed site was established with
respect to both the seasons and soil depth. High nitrogen content in the soil at undisturbed site
indicates greater accumulation of leaf litter and its decomposition at faster rate (Vitousek et al.,
1997).

The decreasing trend in values of available phosphorus from undisturbed to the disturbed
site with respect to both the seasons and soil depth could be linked with degree of disturbance.
The findings of the present study are in conformity with the works of (Henrot and Robertson,
1994; Soave, 2003).

The C:N ratio increased from undisturbed site to highly disturbed site with respect to both
the season and soil depth. The sub-soil showed higher values than top-soil unlike other
parameters. Higher the C:N ratio, lower the soil fertility as this signifies the poor nutrient status
of the soil at disturbed sites. A similar trend of results were also reported by Arunachalam and
Pandey, (2003); Mishra and Laloo, (2006) and Mishra, (2011).

Plants directly absorbed potassium from soil solution where it is found in the most readily
available form for plant absorption (Brady and Weil, 2002). The results on Exchangeable
potassium reveal that potassium indicates marked reduction with increase in degree of
disturbance.

The statistical analysis reveals a positive and significant correlation between nitrogen and
phosphorus; nitrogen and pH; phosphorus and soil moisture content; pH and soil organic carbon.

The nitrogen showed a positive and significant correlation with soil organic carbon at both the
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disturbed and undisturbed sites which could be attributed since organic carbon acts as main
natural source for nitrogen (Brady and Weil, 2002). On the contrary, nitrogen and phosphorus
were negatively correlated during post-monsoon at highly disturbed site. Likewise, other
parameters such as nitrogen, pH, phosphorus, soil organic carbon showed negative and

significant correlation in pre-monsoon, monsoon and post-monsoon seasons. (Appendix VI-XIV)
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CHAPTER 6
MANAGEMENT STRATEGIES

Water is one among important natural resources that forms the basis of life and constitutes about
80% of the body weight. It covers about three fourth area of the earth’s surface. It is evident that
fresh water is only 0.9% of the total water reserves and found in the form of atmospheric water
vapour, river, lakes, ponds, ground water and soil moisture (Dugan, 1972; Behura, 1984; Mishra,

1992).

Several workers (Gasim et al., 2007; O’Neal and Hollrah, 2007; Yillia et al., 2008) have
carried out researches on assessment of the quality of fresh water for different aquatic
environment in India and abroad. The available literature depicts that there is paucity of
information on water quality assessment in N.E. India in general and in Mizoram in particular.
Lalchingpuii et al., (2012) have studied the impact of anthropogenic activities on water quality of
Tlawng river in vicinity of Aizawl, Mizoram. In Mizoram, scarcity of potable water is very
common especially during post-monsoon season as rain water is the main source of drinking
water. Many rivers and streamlets drain the hill ranges which are the main source of water in the
state. The river Tlawng is the longest and important river in the state having 185 km length
flowing in northward direction. It is navigable by small boats upto Sairang and is regarded as the

most important channel of water transport in Mizoram (Pachuau, 2009).

In the recent past, expanding human population and sandstone quarry practices have
resulted into deterioration of water quality at a large. This could be attributed mainly due to
discharge of waste from sandstone quarry through run off. Moreover, during quarry operation

mass clearing of forest was done to make roadways to the quarry sites for easy loading and
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transportation of stone. This leads to the damage of vegetation and thinning of forest canopy.
The contitinous extraction of sandstone results in loss of soil fertility of the sub-tropical forest of
Mizoram, North East India. In fact, the disturbance is one of the major factors, which determines
plant communities in natural ecosystems and status of soil nutrients (Armesto and Pickett, 1985).
Destruction of forest is responsible for alteration in vegetation composition in terms of habits

(Mishra et al., 2004).

The water pollution problem has now become very prominent and global concern as most
of the surface water bodies are getting polluted. Since water scarcity is very common in
Mizoram, it is very important to conserve water resources from being polluted. Moreover, it has
come into light that the people living in vicinity of the river Tlawng are directly consuming water
for various purposes, as there is lack of water treatment facility in the rural areas. Prolonged
consumption of such untreated water may cause many health related problems and other

ophthalmic diseases in near future.

In light of the findings of the present investigation, following recommendations were

made for proper management strategies:

e Scientific method for quarry should be taken up into consideration to minimize the
damage on the environment (water, vegetation and soil). It is suggested that phase-wise
clearing of forest and tilling of abandoned mine areas following plantation with suitable
species should be adopted. Soil binding plants may be more effective to minimize

deterioration of the environment.
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Reclamation of degraded land by planting the selected species that is resistant to
sandstone quarry should be an effective tool for safe guard of water, vegetation and land

in such areas.

The top-soil of mining area can be transferred to the abandoned mine areas so as to

increase the soil fertility.

Proper sanitation and hygiene should be maintained by the people living nearby.

The sandstone quarry operation should be strictly regulated to avoid further damage.

The supply water needs proper treatment before supplying to public for drinking purpose.

Mixed cropping of vegetables with leguminous plant to increase the soil fertility along

the catchment area of the river.

Quarry waste should not be dumped in safely.

To educate the people for environment awareness, campaign on quarrying activities and

its impacts on environment should be launched.

For proper management of degraded areas, integrated approach involving local people,

NGOs and Government organizations should be adopted.
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CHAPTER 7

SUMMARY AND CONCLUSIONS

The sandstone quarry is very common in the state of Mizoram. It provides employment
opportunities to the people thereby improving the economy of the state and the quality of life on
one hand. However, the negative impacts on the environment (water, air, soil, vegetation) cannot
be ignored. Thus, the present investigation has been carried out with following objectives.
e To determine water quality of river Tlawng in un-mined and sandstone mining
affected areas.

e To study plant community attributes, diversity and distribution of species and
population structure of woody species in un-mined and sandstone mining affected
areas.

e To assess the impact of sandstone quarry on water quality of Tlawng river and
vegetation in catchment areas.

e To formulate appropriate management strategy.

A total of four sampling study sites were selected along Tlawng river, to study water
quality of river, and plant community attributes in catchment area and soil characteristics. Of
these, three stations were selected in mining areas with different age of mining. The fourth
station was selected in un-mined area representing control (reference) as an undisturbed site. The
information procured for mine affected sites of the river and catchment areas (for vegetation and
soil) was compared with the information from un-mined site to compare impact of mining on

water of river Tlawng and vegetation and soil of the catchment areas. The selection of control
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site was meant for assessment of impacts of mining on (i) water quality of Tlawng river and (ii)

vegetation and soil characteristics of the catchment area.

The description of the study sites is as follow:

1. Undisturbed : The site without mining activities.

2. Highly Disturbed : The site with mining activities at present.

3. Moderately Disturbed: The site with mining activities 5 years back.

4. Mildly Disturbed . The site with mining activities 10-15 years back.
The major findings of the present study can be summarized as below:
A. Water quality analysis

1. The temperature was highest (27.35 ° C) in the month of July at highly disturbed site. The
lowest value (20.37 °C) was recorded in the month of December at undisturbed site.

2. The pH was highest (8.12) in the month of May at highly disturbed and moderately
disturbed sites. The lowest value (6.82) was found in the month of January at undisturbed
site.

3. The EC was highest (272.24 uS) in the month of December at highly disturbed site. The
lowest value (65.27 uS) was found in the month of July at undisturbed site.

4. The TDS was highest (130.16 mgL™) in the month of June at highly disturbed site. The
lowest value (40.6 mgL™) was found in the month of March at undisturbed site.

5. The total acidity was highest (72.33 mgL™) in the month of November at highly disturbed

site. The lowest value (14.67 mgL™) was found in the month of April at undisturbed site.
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10.

11.

12.

13.

The total alkalinity was highest (44.66 mgL™) in the month of February at highly
disturbed site. The lowest value (12.00 mgL™) was found in the month of June at mildly
disturbed site.

The total hardness was highest (162.66 mgL™) in the month of February at highly
disturbed site. The lowest value (30.66 mgL™) was found in the month of July at mildly
disturbed site.

The chloride content was highest (126.66 mgL™) in the month of January at highly
disturbed site. The lowest value (28.00 mgL™) was found in the month of July at
undisturbed site.

The DO content was highest (8.81 mgL™) in the month of December at undisturbed site.
The lowest value (5.51 mgL™) was found in the month of May at highly disturbed site.
The BOD content was highest (1.20 mgL™) in the month of June at highly disturbed site.
The lowest value (0.80 mgL™) was found in the month of November at undisturbed site.
The turbidity was highest (6.11 NTU) in the month of July at highly disturbed site. The
lowest value (0.21 NTU) was found in the month of December at undisturbed site.

The nitrate-N content was highest (0.51 mgL™) in the month of January at highly
disturbed site. The lowest value (0.20 mgL™) was found in the month of May at
undisturbed site.

The sulphate content was highest (1.33 mgL™) in the month of January at highly
disturbed site. The lowest value (0.16 mgL™) was found in the month of July at

undisturbed site.
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14. The phosphate-P content was highest (0.52 mgL™) in the month of January at highly
disturbed site. The lowest value (0.014 mgL™) was found in the month of July at

undisturbed site.
B. Vegetation analysis:

1. Altogether, a total of 49 tree species belonging to 41 genera and 25 families of
angiosperms were recorded from undisturbed, mildly disturbed, moderately disturbed and
highly disturbed sites. Out of these, 44 species belonging to 39 genera and 22 families; 32
species belonging to 30 genera and 19 families; 21 species belonging to 19 genera and 11
families; 18 species belonging to 17 genera and 11 families were reported from
undisturbed, mildly disturbed, moderately disturbed and highly disturbed sites,
respectively.

2. There was a sharp decrease in tree density from undisturbed stand (716 + 17.1 indv. ha™)
to the highly disturbed stand (316 + 5.83indv. ha™®). Likewise tree basal area ranged from
(16.51 m?ha™*) undisturbed site to (7.63 m?ha™) highly disturbed site.

3. Shannon-Weiner diversity index for tree species was maximum (2.43) at the undisturbed
site and minimum (0.85) at the highly disturbed site.

4. The Simpson dominance index was found to be maximum of 0.006 at highly disturbed
site and minimum of 0.002 at undisturbed site. The diversity index was inversely
proportional to the dominance index.

5. The species richness (Margalef’s) index for tree species was maximum as 6.51 at
undisturbed site, followed by 4.54 at mildly disturbed site, 3.17 at moderately disturbed

site and 2.27 at highly disturbed site.
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6.

10.

The Eveness (Pielou’s) index ranged from 0.616 to 0.22 from undisturbed to highly
disturbed site.

The findings reveal that Tectona grandis was the dominant species (IVI — 64.53)
possessing maximum tree density (106.6) and basal area (2.65) in the undisturbed stand.
The co- dominant species were Schima wallichii (IVI — 23.53) and Lagerstroemia
speciosa (IVI1- 21.98). However, the abundance was maximum for Tectona grandis (2.91)
followed by Callicarpa arborea (2.0) and Schima wallichii (1.58).

In mildly disturbed site Tectona grandis was the dominant species (IVI — 49.74)
possessing maximum tree density (63.33) and basal area (1.44). The co- dominant species
were Schima wallichii (IVI — 26.44) and Lagerstroemia speciosa (IV1- 24.71). However,
the abundance was maximum for Tectona grandis (2.23) followed by Schima wallichii
(1.54) and Acasia concinna (1.50).

In moderately disturbed site Citrus grandis was the dominant species (IVI — 38.99)
possessing maximum tree density (40) and basal area (0.69). The co- dominant species
were Schima wallichii( VI — 26.20) and Litsea monopetala (IVI- 26.13). However, the
abundance was maximum for Magifera indica (3.75) followed by Callicarpa arborea
(2.0) and Citrus grandis (1.50).

In highly disturbed site Litsea monopetala was the dominant species (IVI — 32.70)
possessing maximum tree density (20) and basal area ( 0.49). The co- dominant species
were Schima wallichii( IVl — 28.89) and Albizzia chinensis(1VI- 28.45). However, the
abundance was maximum for Castanopsis tribuloides (2.0) followed by Tectona grandis

(1.75) and Albizzia chinensis (1.57).
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11.

12.

The results reveal that in undisturbed site most of the trees fall under adult stage and
confined to girth class 41 -50 cm and 51 — 60 cmin undisturbed site.

Overall, a total number of 24 families were recorded from all the study sites. Of these, 22
families were reported from undisturbed site, followed by 19 families from mildly

disturbed site, 11 families each from moderately and highly disturbed sites.

C. Soil analysis

The soil moisture content of top-soil varied from 25.4 % (HD) to 31.4 % (UD) during
monsoon season, and 20.67 % (HD) to 30.6 % (UD) during post-monsoon season. The
sub-soil showed lower values than top-soil. There was decreasing trend in values from
undisturbed to highly disturbed site with respect to the both seasons and soil depth.

The pH of top-soil varied from 5.57 (UD) to 6.3 (HD) during monsoon season and 5.87
(UD) to 6.83 (HD) during post-monsoon season. The sub-soil showed lower values than
top soil. There was a decreasing trend in values from undisturbed to highly disturbed
stand with respect to the both seasons and soil depth.

The findings reveal that soil organic carbon of top-soil varied from 2.4 % (HD) to 3.64 %
(UD) during monsoon season and 2.08 % (HD) to 3.27 % (UD) during post-monsoon
season. The sub-soil showed lower values than top-soil. There was a decreasing trend in
values from undisturbed to highly disturbed site with respect to both the seasons and soil
depth.

The total nitrogen of to- soil varied from 0.12 % (HD) to 0.31 % (UD) during monsoon
season and 0.12 % (HD) to 0.29 % (UD) during post-monsoon season. The sub-soil
showed lower values than top-soil. There is a decreasing trend in values from undisturbed

to highly disturbed stand with respect to both the seasons and soil depth.
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5. The soil available phosphorus of top-soil varied from 0.15 ppm (HD) to 0.19 ppm (UD)
during monsoon Season and 0.22 ppm (HD) to 0.32 ppm (UD) during post-monsoon
season. The sub-soil showed lower values than top-soil. There was a decreasing trend in
values from undisturbed to highly disturbed stand with respect to both the seasons and
soil depth.

6. The exchangeable potassium of top-soil varied from 87 pug g™ (HD) to 205 pug g™ (UD)
during post-monsoon season and 56 pug g (HD) to 168 pg g (UD) during monsoon
season. The sub-soil showed lower values than top-soil. There is a decreasing trend in
values from undisturbed to the disturbed stand with respect to both the season and soil
depth.

7. The C:N ratio of top-soil varied from 11.74 (UD) to 20.00 (HD) during monsoon season
and 11.28 (UD) to 17.33 (HD) during post-monsoon season. The sub-soil showed higher
values than top soil unlike other parameters. There was a increasing trend in values from
undisturbed to highly disturbed site with respect to both the seasons increasing and soil

depth.

The findings of the present study may be a potential tool for formulation of
appropriate strategy for proper management of water of Tlawng river. The generated on
vegetation and soil may be helpful in suggesting suitable species for plantation at
degraded/ abandoned mining sites, resulting into increase of biodiversity and reclamation
of soil. Litsea monopetala, the dominant species followed by Schima wallichii and
Albizzia chinensis at highly disturbed site should be included in reclamation programme

of the Mizoram Government to promote the recovery of the degraded landscape.

109



Undoubtedly, the information on soil analysis may be useful in eco-restoration of

degraded areas of the sandstone quarry affected areas.
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Appendix I. Correlation coefficient within different water physic-chemical characteristics at undisturbed site.

pH Temp | EC TDS | Total Total Total Chloride | DO BOD | NTU Nitrate | Sulphate | Phosph
Acidity | Alkalinit | Hardness ate
y
pH
TEMP
0.70
EC
-0.60 -0.87
TDS
0.57 0.84 -0.88
Total Acidity
-0.45 | -0.75 0.67 -0.74
Total
Alkalinity
-0.23 | -0.55 0.53 -0.55 0.02
Total
Hardness
-0.27 | -0.76 0.78 -0.72 0.43 0.81
Chloride
-0.61 | -0.78 0.77 -0.73 0.89 0.19 0.56
DO
-0.20 | -0.39 0.34 -0.42 0.73 -0.30 0.01 0.47
BOD
0.55 0.86 -0.63 0.78 -0.80 -0.37 -0.57 -0.71 -0.64
NTU
0.57 0.91 -0.80 0.87 -0.65 -0.61 -0.79 -0.64 -0.40 0.86
Nitrate
-0.56 | -0.93 0.95 -0.86 0.66 0.66 0.91 0.77 0.27 -0.74 | -0.88
Sulphate
-0.47 | -0.89 0.88 -0.82 0.72 0.58 0.91 0.82 0.31 -0.75 | -0.88 0.96
Phosphate
-0.51 | -0.90 0.95 -0.90 0.70 0.66 0.90 0.80 0.29 -0.73 | -0.85 098 | 0.96
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Appendix I1.Correlation coefficient within different water physic-chemical characteristics at mildly disturbed site.

pH Temp | EC TDS Total Total Total Chloride | DO BOD NTU Nitrate Sulphate Phosph
Acidity | Alkalinity | Hardness ate

pH
TEMP 0.14

-0.28 -0.84
EC

0.15 0.82 -0.83
TDS
Total Acidity -0.09 0.81 0.82 -0.88
Total Alkalinity | -0.11 0.78 0.64 -0.45 0.39
Total Hardness | 0.04 0.74 0.73 -0.63 0.48 0.86
Chloride -0.23 0.72 0.81 -0.83 0.82 0.45 0.63
DO 0.04 0.81 0.51 -0.63 0.81 0.18 0.23 0.60
BOD 0.11 0.84 -0.79 0.79 -0.82 -0.78 -0.74 -0.77 -0.64
NTU -0.14 0.81 -0.57 0.59 -0.60 -0.70 -0.77 -0.56 -0.53 0.84
Nitrate -0.11 -0.69 0.94 -0.82 0.80 0.78 0.85 0.83 0.51 -0.91 -0.74
Sulphate 0.05 -0.96 0.86 -0.84 0.82 0.71 0.85 0.86 0.59 -0.91 -0.84 0.96
Phosphate -0.10 -0.79 0.93 -0.85 0.85 0.75 0.83 0.87 0.56 -0.91 -0.73 0.98

0.96
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Appendix I11.Correlation coefficient within different water physic-chemical characteristics at moderately disturbed site.

pH Temp | EC TDS Total Total Total Chloride | DO BOD NTU Nitrate Sulphate Phosph
Acidity | Alkalinity | Hardness ate
pH
TEMP
0.80
EC -0.70 -0.85
TDS 0.76 0.85 -0.74
Total Acidity
-0.56 -0.78 0.81 -0.80
Total Alkalinity
-0.29 -0.54 0.63 -0.44 0.24
Total Hardness
-0.33 -0.70 0.78 -0.48 0.54 0.86
Chloride
-0.49 -0.78 0.80 -0.68 0.90 0.38 0.70
DO
-0.83 -0.95 0.78 -0.81 0.78 0.38 0.58 0.72
BOD
0.43 0.81 -0.62 0.64 -0.64 -0.57 -0.79 -0.69 -0.80
NTU
0.28 0.65 -0.57 0.53 -0.56 -0.64 -0.81 -0.61 -0.64 0.83
Nitrate
-0.60 -0.89 0.93 -0.71 0.76 0.73 0.91 0.80 0.81 -0.82 -0.75
Sulphate
-0.54 -0.87 0.87 -0.78 0.88 0.61 0.85 0.87 0.83 -0.88 -0.82 0.95
Phosphate
0.95
-0.58 -0.88 0.94 -0.73 0.80 0.75 0.90 0.85 0.78 -0.78 -0.74 | 0.98
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Appendix IV.Correlation coefficient within different water physic-chemical characteristics at moderately disturbed site.

pH Temp | EC TDS Total Total Total Chloride | DO BOD NTU Nitrate | Sulphate | Phosph
Acidity | Alkalinity | Hardness ate
pH
TEMP
0.68
EC -0.62 -0.85
TDS 0.67 082 | -0.71
Total
Acidity
-0.47 -0.81 0.61| -0.69
Total
Alkalinity
-0.60 -0.75 0.75| -0.61 0.56
Total
Hardness
-0.21 -0.72 0.73 | -0.66 0.62 0.68
Chloride
-0.55 -0.87 094 | -0.72 0.68 0.74 0.80
DO
-0.61 -0.82 069 | -0.78 0.89 0.66 0.59 0.65
BOD
0.45 0.82 | -0.73 0.70 -0.70 -0.74 -0.85 -0.72 | -0.68
NTU
0.37 0.78 | -0.75 0.71 -0.67 -0.74 -0.93 -0.77 | -0.64 0.92
Nitrate
-0.36 -0.80 090 | -0.61 0.60 0.76 0.92 0.88 0.61 -0.88 -0.91
Sulphate
-0.38 -0.84 087 | -0.73 0.72 0.65 0.94 0.91 0.68 -0.85 -0.91 0.94
Phosphate
-0.44 -0.86 094 | -0.71 0.73 0.76 0.90 0.95 0.73 -0.85 -0.87 0.96 | 0.96
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Appendix V. Water quality standard given by various scientific agencies.

Parameter Standards
USPH 1SI WHO ICMR
Temperature (°C) - 40 - -
pH (nano mole L™) 6 - 85 6 -9 7 - 85 7 -85
EC (pS) 300 750 - -
TDS (mgL ™) - - 500 500 - 1500
Tabjﬁ?éwgg%f)quality st3hdard givén by various scientific 3¥encies.
DO (mgL™) >4 >5 - -
BOD (mgL™) - <3 - -
Chloride 250 600 200 250
(mgL ™' CaCO3)
Total Alkalinity (mgL - 200 - -
“1CaCO3)
Nitrate (mgL™) 10 50 - 20
Phosphate (mgL™) 0.1 - - -
Sulphate (mgL™) 250 - 200 200

(-) Absent
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Appendix VI

Correlation coefficient within different soil physic-chemical characteristics for 0-10 cm dept at
undisturbed site.

SMC (%) | pH SOC (%) | TN (%) | Available Exchangeable
Phosphorous | Potassium
(ppm) (Mg g™)
SMC (%)
pH
0.20
SOC (%)
0.49 -0.75
TN (%)
0.98 -0.01 0.66
Available
Phosphorous
(ppm)
-0.41 0.81 -1.00 -0.59
Exchangeable
Potassium
(Mg g™)
-0.15 0.94 -0.93 -0.35 0.97
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Appendix VII

Correlation coefficient within different soil physic-chemical characteristics for 0-10 cm dept at
mildly disturbed site.

SMC (%) | pH SOC (%) | TN (%) Available Exchangeable
Phosphorous | Potassium
(ppm) (Mg g™)
SMC (%)
pH
-0.19
SOC (%)
0.36 -0.98
TN (%)
0.95 -0.49 0.64
Available
Phosphorous
(ppm)
-0.74 0.80 -0.89 -0.92
Exchangeable
Potassium 0.87
(Mo g™)
-0.32 0.99 -1.00 -0.60

140




Appendix VI

Correlation coefficient within different soil physic-chemical characteristics for 0-10 cm dept at
moderately disturbed site.

SMC (%) | pH SOC (%) | TN (%) | Available Exchangeable
Phosphorous | Potassium
(ppm) (Mgg™)
SMC (%)
pH
-0.89
SOC (%)
0.90 -1.00
TN (%)
0.97 -0.75 0.76
Available
Phosphorous
(ppm)
-0.90 1.00 -1.00 -0.76
Exchangeable
Potassium
(Mgg™)
-0.82 -0.82 0.76 -0.94 0.50
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Appendix IX

Correlation coefficient within different soil physic-chemical characteristics for 0-10 cm dept at
highly disturbed site.

SMC (%) |pH SOC (%) | TN (%) Available Exchangeable
Phosphorous | Potassium
(ppm) (Mg g™)
SMC (%)
pH
-0.93
SOC (%)
0.90 -1.00
TN (%)
0.89 -0.66 0.60
Available
Phosphorous
(ppm)
-0.74 0.93 -0.96 -0.35
Exchangeable
Potassium
(Mo g™)
-0.60 0.85 -0.89 -0.17 0.98
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Appendix X

Correlation coefficient within different soil physic-chemical characteristics for 10-20 cm dept at
undisturbed site.

SMC (%) |pH SOC (%) | TN (%) Available Exchangeable
Phosphorous | Potassium
(ppm) (Mg g™)
SMC (%)
pH
-0.64
SOC (%)
0.99 -0.71
TN (%)
0.67 0.14 0.59
Available
Phosphorous
(ppm)
-0.96 0.82 -0.99 -0.45
Exchangeable
Potassium
(Mo g™)
-0.95 0.84 -0.98 -0.42 1.00
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Appendix XI

Correlation coefficient within different soil physic-chemical characteristics for 10-20 cm dept at
mildly disturbed site.

SMC (%) |pH SOC (%) | TN (%) Available Exchangeable
Phosphorous | Potassium
(ppm) (Mgg™)
SMC (%)
pH
-0.50
SOC (%)
0.59 -0.99
TN (%)
0.81 0.10 0.01
Available
Phosphorous
(ppm)
-0.91 0.81 -0.87 -0.50
Exchangeable
Potassium
(Mg g?)
-0.63 0.99 -1.00 -0.05 0.89
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Appendix XII

Correlation coefficient within different soil physic-chemical characteristics for 10-20 cm dept at
moderately disturbed site.

SMC (%) |pH SOC (%) | TN (%) | Available Exchangeable
Phosphorous | Potassium
(ppm) (Mgg™)
SMC (%)
pH
-0.80
SOC (%)
0.86 -0.99
TN (%)
0.94 -0.54 0.63
Available
Phosphorous
(ppm)
-0.71 0.99 -0.97 -0.43
Exchangeable
Potassium
(Mgg™)
-0.81 -0.81 0.63 -0.56 0.99
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Appendix XI

Correlation coefficient within different soil physic-chemical characteristics for 10-20 cm dept at
highly disturbed site.

SMC (%) | pH SOC (%) | TN (%) | Available Exchangeable
Phosphorous | Potassium
(ppm) (Mg g™)
SMC (%)
pH
-0.89
SOC (%)
0.92 -1.00
TN (%)
0.61 -0.19 0.24
Available
Phosphorous
(ppm)
-0.93 1.00 -1.00 -0.28
Exchangeable
Potassium
(Mo g™)
-0.65 0.93 -0.90 0.20 0.89
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