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ABSTRACT: Industrial and population growth has resultant mining and mineral excavation. This further altered the
land use and ultimately resultant air, water and land pollution. Due to industrialization and human inference carbon
emission in the atmosphere has increased tremendously resultant green gas damaging ozone layer of the earth which is
matter of concern. Forest is very much effective sink of carbon which absorb substantial amount of carbon dioxide
converts into fruitful bio-product like timber, food, fibre and fruits for human consumption. In the present article the
teak future scope and potentiality for carbon sequestration and importance in climate change mitigation has been
discussed in brief. In Balaghat district of Madhya Pradesh forest cover have majority of teak (Tectona grandis)
plantation which has significant contribution in carbon sequestration and have more potentiality to help in climate
change mitigation has been briefly discussed. Some issues of major interest like agronomical practices for sustainable
growth, intercultural operation issues, soil amendments, use of agro-forestry techniques, mixing of other tree species
for teak plantation has prime benefit to carbon sequestration and climate change management were covered.
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. INTRODUCTION

Dhanbad is famous for coal mining in India, surrounded by major power plants and coal washeries supported power
generation with major industrialization in this eastern zone. Due to underground and opencast coal mining the land use
changes the original topography with land degradation taken place in greater ways. Cumulative effects of mining and
old quarries resultant air, noise, surface and ground water with land pollution reduced the vegetation and agriculture in
this area. The utilization of coal in power plant generates flyash as waste product resultant air water and land pollution.
This can be accessed through environmental impact assessment and environmental management plan with
environmental monitoring will help the industries to evaluate the extent of environmental damage and improvement
matrix. Overall this has resultant in the major changes in socio-economic. But the quality of life has been affected in
this area with all other developments (1, 2, 3, 4,5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26, 27, 28, 29, 30, 45, 66, 69, 78, 86, 87, 88, 100, 102, 105, 106, 107, 108, 109, 110, 122, 123, 124, 129, 131, 132, 140,
142 and 146).

The effect of mining through modeling and simulation were assessed for effective environmental management to
achieve sustainable development (43, 47, 49, 71, 72, 73, 74 and 75). The mining generates dust which affects on the
growth and development of the plant species (134, 136, 137, 138 and 146). The most effective method to control green
house gas through carbon sequestration and mitigation measures (148, 152).

Flora and fauna drastically affected due to many environmental pressure. This leads to changes in the availability of
terrestrial and aquatic flora and fauna with avian species. In this connection a study has been undertaken to investigate
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the availability of different algal biodiversity which is a very good indicator of different type of environment. Algae
have different potentiality for the sustainable development of this disturbed area (111, 113, 114, 115, 116, 118, 119,
120, 127, 133, 134, 141 145 and 147).

Water environment is most concern in the mining areas. For the reclamation of wastewater with land, bio-approach is
effective one to restore many things.

Through this approach solve the food and environmental problems in this area (31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,
42,44, 46, 48, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 65, 67, 79, 80, 81, 82, 83, 84, 85, 90, 91, 92, 93, 94, 96, 104,
135).

The bio-treatment of polluted water vis-a-vis socioeconomic development had found effective in this area. Bio-
purification also include using algae (62, 63, 64, 68, 70, 76, 77, 89, 95, 97, 98, 99, 101, 103, 112, 117, 121, 125, 126,
128, 130, 136, 137, 138 and 1309).

The task of finding, developing and maintaining suitable water supplies has not been limited to modern times. It has
had to be faced wherever large numbers of people have crowded together in small spaces; and therefore the popular
indifference towards safe, clean water has prevailed. Other means of pollution abatement in industrial areas may be
through roof top garden which are more affective (153, 154, 156 ).

Planning for the maximum development of our water resources for long time benefit of all our people when properly
conceived, can bind together individual and the community, farmer and urbanate as few other conservation activities
can do (143). Ponds are valuable water systems and intensively used for production of drinking water, for fisheries and
bathing with washing of clothes. The ecological nature of many ponds, however have desecrated, mainly as a
consequence of eutrophication (144). Algal diversity in ponds plays an important role in their conservation (149, 150,
151, 155).

Carbon management in forest plantations will probably be the single most important agenda of the first half of the 21st
century in India in the context of the greenhouse effect and mitigation of global climatic changes. Today teak (Tectona
grandis) is widely planted in most of the district of Madhya Pradesh and having forest as an exotic species. This teak
based global sink would certainly increase because during the past 20 years most supplies of teak wood from natural
forests have dwindled and increased interest has developed in the establishment of teak forest plantations (Fig.1).

.

Figre no.1: Teaknt on area.
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Teak has the highest capacity for carbon sequestration among trees in India (157). Carbon dioxide traps heat and is the
main villain insofar as global warming is concerned. Carbon sequestration is the process by which carbon dioxide is
captured from the atmosphere by trees for long-term storage and in its lifetime, a teak tree absorb 3.70 lakh tonnes of
carbon dioxide from the atmosphere (158). This paper described the teak plantation botanical features, agronomical
details for its sustainable existence in district Balagahat, Madhaya Pradesh. The agro-climatic suitability for teak
plantations has been shown in Fig.2:

AGROCLIMATIC ZONES OF
MADHYA PRADESH

Figure no. 2. Showing different Agro-climatic zones of Madhya Pradesh.

The present paper stresses the teak plantation and forest in Madhya Pradesh agro-climatic zone chhatisgarh plain,
Balaghat (Fig.3). Balaghat District is located in the southern part of Jabalpur Division. It occupies the south eastern
portion of the Satpura Range and the upper valley of the Wainganga River. The district extends from 21°19' to 22°24'
north latitude and 79°31' to 81°3' east longitude. The total area of the district is 9,245 km2 (Fig.4).
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Figure no.3: District Balaghat, Madhya Pradesh at a glance
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Figure no.4: Type of forest in Madhya Pradesh

1. BOTANICAL FEATURES

Teak is a tropical hardwood tree of species Tectona grandis. The species is placed in the family Lamiaceae. Tectona
grandis is a large, deciduous tree that is dominant in mixed hardwood forests. It has small, fragrant white flowers and
papery leaves that are often hairy on the lower surface. It is sometimes known as the "Burmese Teak". Teak wood has a
leather-like smell when it is freshly milled. Teak timber is particularly valued for its durability and water resistance,
and is used for boat building, exterior construction, veneer, furniture, carving, turnings, and other small wood projects
[159].
Tectona grandis is native to south and south east Asia, mainly India, Indonesia, Malaysia, Thailand and Burma, but is
naturalized and cultivated in many countries in Africa and the Caribbean Burma accounts for nearly one third of the
world's total teak production.
Teak is a large, deciduous tree up to 40 m (131 ft) tall with gray to grayish brown branches. Leaves are ovate-elliptic to
ovate, 15-45 cm (5.9-17.7 in) long by 8-23 ¢cm (3.1-9.1 in) wide, and are held on robust petioles that are 2—-4 cm (0.8-
1.6 in) long. Leaf margins are entire [160].
Fragrant white flowers are borne on 25-40 cm (10-16 in) long by 30 cm (12 in) wide panicles from June to August.
The corolla tube is 2.5-3 mm long with 2 mm wide obtuse lobes. Tectona grandis sets fruit from September to
December; fruits are globose and 1.2-1.8cm in diameter [160]. Flowers are weakly protandrousin that
the anthersprecede the stigma in maturity and pollen is shed within a few hours of the flower opening [161]. The
flowers are primarily entomophilous (insect-pollinated), but can occasionally be anemophilous (wind-pollinated)
[162]. A 1996 study found that in its native range in Thailand, the major pollinator were species in the Ceratina genus
of bees [161].

o heartwood is brownish red in color. It becomes darker with getting older. Sometimes there are dark patches on

it. There is a strange scent in newly cut wood.

o sapwood is whitish to pale yellowish brown in color. It can easily separate from heartwood.

¢ wood texture is hard and ring porous.

o density is 720 kg/meter cube.
Tectona grandis is one of  three species in the genus Tectona. The other two
species, T. hamiltoniana and T. philippinensis, are endemics with relatively small native distributions in Myanmar and
the Philippines, respectively [163]. Tectona grandis is native to India, Indonesia, Myanmar, northern Thailand, and
northwestern Laos [160, 161].
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Tectona grandis is found in a variety of habitats and climatic conditions from arid areas with only 500 mm of rain per
year to very moist forests with up to 5,000 mm of rain per year. Typically, though, the annual rainfall in areas where
teak grows averages 1,250-1,650 mm with a 3-5 month dry season [164].

Tectona grandis was first formally described by Carl Linnaeus the Younger in his 1782 work Supplementum Plantarum
[165]. In 1975, Harold Norman Moldenke published new descriptions of four forms of this species in the
journal Phytologia. Moldenke  described each form as  varying  slightly  from the type
specimen: T. grandis f. canescens is distinguished from the type material by being densely canescent, or covered in
hairs, on the underside of the leaf, T. grandis f. pilosula is distinct from the type material in the varying morphology of
the leaf weins, T. grandis f. punctatais only hairy on the larger wveins on the underside of the leaf,
and T. grandis f. tomentella is noted for its dense yellowish tomentose hairs on the lower surface of the leaf [166, 167].
Teak also holds the medicinal value. The bark is bitter tonic and is considered useful in fever. It is also useful in
headache and stomach problems. Digestion may be enhanced by the teak wood or bark. It is used in the furniture
making, boat decks and for indoor flooring. It is widely used to make the doors and house windows. It is resistant to the
attack of termites. Its wood contains scented oil which is the repellent to insects. The leaves yield the dye which is used
to colour the clothes and edible. Teak is probably the best protected commercial species in the world [168].

1l. AGRONOMICAL FEATURES

Sagwan (Teak) is tropical hardwood species and belong to family of Lamiaceae. It is most valuable and high price
timber crop of India. It is deciduous tall tree upto 40m tall with gray to grayish brown branches. In india, sagwan
plantation take place in 1842 and Chatu Menon from Kerala state is known as Father of Indian Teak plantation. It is
most important hardwood and use for making of furniture, playwoods, all types of construction pole, ship building etc.
The most suitable temperature required is 10-45 0C for sowing, harvesting and its growth period. For good growth, it
required well drained, deep and fertile soil. pH of soil should be 6.5 or above. Growth of plant get affected when pH is
less 6.5. Konni Teak, West African teak, Godhavari Teak, South and Central American Teak, Nilambur or Malabar
Teak.

Land is ploughed for two three times and soil is brought to fine tilth and also level soil to avoid water stagnation in
field. For seedling transplantation, digging pits of 45cm x 45cm x 45¢cm and application of mixed well decomposed
cowdung along with insecticides in each pit. Seeds are sown in nursery beds and seedlings of 12-15months are used for
stumps preparation for planting with clonal propagation done through grafting, rooted stem cutting and micro
propagation. Plantation by using pre sprouted stumps and monsoon is best season for teak plantation.

For plantation, spacing of 2m x 2m or 2.5m x 2.5m or 3m x 3m, whereas, intercrop is taken spacing of 4m x 4m or 5m
X 5m can be used. For planting sagwan pre sprouted stumps, pits of size digged 45cm x 45cm x 45cm and filled pit
with soil and well decomposed cow dung. Sowing is done by Line Sowing, Broadcasting or Transplanting method
approximately 1500-1800 clones required for planting in one acre area. Fruits of teak plant cover with thick and hard
meso-carp therefore before sowing in nursery various pre-treatments are done on seeds of sagwan to increased
germination percentage. Traditional simple method of pre-treatment is alternate soaking and drying of fruits. In this
method seeds are soaked in water for 12 hours then dry in sun for 12 hour. This process of wetting and drying is
repeated for 10-14days. Acid method and pit methods are other methods of pre-treatment. In August and September
month of every year apply N:P:K (15:15:15) @50gm per plant for first three years.

During first three years establishment, intense weeding is necessary to keep weed free. Weeding operations is carried
out on regular basis followed by first year, three weeding operation and in second year two weeding operations and one
weeding operation in third year of plantation. In monsoon month no irrigations are required and application of
irrigation in hot or summer month or during stress periods. Irrigation during stress period improve yield to great extent.
Excess irrigation would leads to development of water blisters and spread fungi. Teak defoliator, skeletonize are
serious pest of teak and they damaged tree to greater extent. For controlling the pest, spraying of quinalphos@300ml/
150 Itr of water is done. Pink disease, powdery mildew and root rot are major disease of teak plant. This is being
controlled by spraying of M-45@400gm per acre. When trees are approaches to harvesting stage, marking and
submission of report to chief regional Forestry officer. After getting permission harvesting is planned. Teak farming is
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highly profitable farming as it hand have greater demand in India as well as abroad. In 14years each teak tree yield
about 10-15 cubic feet wood [169, 170]

IV. CARBON SEQUESTRATION

Teak has the highest capacity for carbon sequestration among trees in India. This is the finding of a study conducted by
the Gujarat Ecological Education and Research (GEER) to prepare a hierarchy of local trees in India that can reduce the
carbon dioxide content of the atmosphere. Carbon dioxide traps heat and is the main villain insofar as global warming
is concerned. Carbon sequestration is the process by which carbon dioxide is captured from the atmosphere by trees for
long-term storage. In its lifetime, a teak tree with a girth of 10-30 cm can absorb 3.70 lakh tonnes of carbon dioxide
from the atmosphere. Teak's is common name in India is sagwaan while its botanical name is Tectona Grandis. It is
followed by Neelgiri tree which absorbs 2.46 lakh tonnes of carbon dioxide and the Neem tree with a carbon
sequestration capacity of 1.45 lakh tonnes in its lifetime. A total of 33.66 million tonnes of carbon dioxide had been
sequestered by trees in non-forest areas of Gujarat. There are over 30 crore trees in non-forest areas in the state [157]
Carbon storage potential of teak plantation was estimated by studying plantations in Nilambur undergoing prescribed
thinning schedules. Nilambur in Kerala State has the reputation of establishing the first teak plantation in India. The
area has a humid tropical climate with around 300 cm annual rainfall received from the two monsoons. The soil is well
drained coarse textured oxisol with high content of sesquioxides. An average teak tree at Nilambur was found to attain
a height of 6.93 m and dbh of 6.3 cm at 5 year which was seen to increase to 22.83 m and 45.85 cm, respectively at the
final felling stage of 50 years. Biomass was found to increase from 65.38 kg tree-1 at the first stage to 1085.70 kg tree-
1 at the final stage of felling. Significant increase in growth and biomass production was noted after 30th year of
plantation.Carbon sequestration in various compartments of teak followed the pattern bole > branch > root > bark in the
initial stages and bole > root > branch > bark in the latter stages. Carbon sequestration increased with age and at 50
years 332.88 kg tree- 1 carbon was found to be stored in bole, 60.63 in branch, 80.06 in root and 26.57 kg tree-1 in bark
compartment giving a total of 508.14 kg tree-1 of carbon [158].

V. CLIMATE CHANGE MITIGATIONS

Trees are the dominant structural element in natural forests and other artificial forest like plantation, agro-forests,
woodlands, botanical gardens which intercepting much of the radiant sunlight, dominating photosynthesis processes
and carbon flows and comprising a large proportion of the biomass [171, 172]. Trees and forests have an essential and
central role to limit rises in atmospheric carbon and slow down the climatic change through sequestration and storage
of atmospheric carbon. Mature, new and planted forests can sequester substantial amounts of carbon. Moreover, fast
growing planted forests sequester vast amounts of carbon. Therefore, the forest carbon sink is considered as a useful
option for mitigating climate change [173].

The United Nations Climate Change Conference (UFCCC) made seven decisions relating to forests in 2013 and
confirmed the important role played by forests in offsetting industrial emission of green house gases. Terrestrial
ecosystem carbon sequestration can reduce the rate of build up of greenhouse gases in the atmosphere and therefore can
contributes to a better human adaption to current and future environmental changes. Forest ecosystem plays a
significant role in the climate change system. Trees store carbon throughout their life and release it through
decomposition. Since forests are important carbon sinks and source, assessing forest carbon budgets has received much
attention in recent years [174, 175 and 176].

VI. CONCLUSION

Teak plantation have very good carbon sequestration potentiality depends upon the species, plantation techniques,
agronomical practices followed for the maintenance with after care. Moreover, teak plants also help in climate change
mitigation measures through absorbing many green gaseous converting them and fixing in biomass and giving back
oxygen to atmosphere. Apart from this have great potentiality in enriching forest floor to support the growth and
biomass.
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