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ABSTRACT

The current study was under taken to determine the
role of standing vegetation in urban forestry of Gwali-
or city with special reference to educational institutes.
The results revealed that educational institutes play
a prominent role not only in mitigating atmospheric
carbon dioxide but also in its regulation. The study
area was assessed quantitatively with Simpson’s Di-
versity Index, Shannon- Wiener Index, Menhinick’s
Richness, Evenness and Sorensen coefficient which
revealed that the study sites are rich in vegetation
and can prove helpful in long-term sequestration of
carbon. Qualitative analysis revealed that Azadirachta
indica dominated at Site-1 for frequency, relative
frequency, relative dominance and basal area while
Tectona grandis showed highest density relative
density, abundance and Importance Value Index. At
Site-II frequency was shown highest by Phyllanthus
emblica and Azadirachta indica. Density, relative
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density, basal area and Importance Value Index
was also observed highest by Phyllanthus emblica.
Highest abundance was shown by Tecfona grandis
and highest relative dominance by Zerminalia arjuna.
The total carbon stock was observed highest at Site-1
(94.44 ton/ha) as compared to Site-II campus (89.83
ton/ha). The diversity of standing vegetation depicts
that different plants of ornamental, sacred as well as
medicinal plants contribute towards the mitigation
of atmospheric carbon dioxide. The conclusion from
the study revealed that different green patches of
educational institutes play great role in sustainability
of urban environment and also contribute towards
aesthetic value of city.

Keywords Educational institutes, Phyto-sociological
parameters, Standing vegetation, Urban area.

INTRODUCTION

The atmospheric carbon dioxide level continues to
escalate with rapid industrialization and has now
increased by approximately 30% which could only be
due to the increased emission (Mgbemene 2011, Lal
2007) and leads to climate change (Bierwirth 2019).
About half of the anthropogenic CO, emissions (be-
tween 1750 and 2011) have occurred in the last 40
years (Pachauri et al. 2014). Temperature of cities is
elevated as compared to rural areas and this phenom-
enon is known as the urban heat island which can
enhance the risk of heat related mortality (Chapman
et al. 2017) . The patches of forest vegetation arecas
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have been recorded to contribute in sequestrating
of atmospheric carbon dioxide. The United Nations
Framework is to alleviate the atmospheric green
house gas concentration up to normal level and which
has least interference with the climate system (UN-
FCC 1992). In order to reduce the concentration of
carbon dioxide we either reduce carbon source or can
increase carbon sink. Carbon sequestration is actually
the mitigation potential of atmospheric carbon dioxide
emitted by various industries, factories, automobiles
as well as burning of fossil fuels (Arya et al. 2017).
Natural vegetation especially forests play a prominent
role in storing carbon dioxide and also its importance
with respect to sequestration potential (FSI 2009,
Tiwari and Singh 1987) has been well documented
but the same has not been addressed in urban areas
which reflects the importance for assessing the role
as well as potential of green forest patches in urban
areas. Analysis of carbon sequestration potential in
urban areas provide scientific basis for tackling cli-
mate change,management of forests, planning and
long-term development of established forest patches
which can construct and maintain healthy urban en-
vironment (Yu et al. 2017). Urban forests comprises
of all vegetation ranging from individual trees to com-
munity of different species located in urban area and
peri-urban areas (Salbitano et al. 2016). Vegetation of
urban forests play vital role in ecosystem services like
supporting, regulating, recreational as well as cultural
which directly controls the fluctuation of atmospheric
carbon dioxide by acting as sink (Nowak and Crane
2002). The ecosystem services in urban areas are due
to individual as well as group of trees, litter and herb
vegetation that not only maintains the diurnal tem-
perature but also reduces green house gases (Oviantari
etal. 2018). Size of tree than its density is function of
carbon storage so ancestral as well as heritage trees
can play an important role in carbon fixation besides
the small sized ones (Nero et al. 2018). Thrashing or
scratching of ecosystems reduces the ability to fix and
stock up atmospheric carbon therefore, maintaining
and preserving natural vegetation makes a notable
involvement in mitigating the climate change (Daba
and Dejene 2018). Biodiversity plays an important
role in sustaining and balancing the environment of
urban areas (Kumari et al. 2018). Conservation of
biological diversity especially plantation of urban
forestry plays a great role in mitigating the climate

change (Nero et al. 2018). Since Gwalior city is
developing as an educational hub, so there is a need
to assess the role of these educational institutes in
mitigating and sustaining the environment of the city.

MATERIALS AND METHODS
Study area

The study was conducted at Central India of Gwalior
city during the year 2019 at two different sites i.e.,
Laxshmi Bai National Institute of Physical Education
(N 26°13'17.2" and E 078°11'54.39" and Jiwaji Uni-
versity Campus (N 26°12'11.02" and E 078°11'44.71")
designated as Site-I and Site-II respectively. Both the
sites are prmier educational institutions of the area
having good vegetation. Total geographical area of
the district is 303 km? possessing the population of
about 12.7 lakh with dynamic climatic conditions
changing during different seasons, summer being
very hot and dry ranging temperature up to 48°C and
chill winter with temperature up to -2°C with elevation
of 197 m above Msl.

Sampling approach

The Random Quadrat sampling method was em-
ployed for above ground vegetation with 4 permanent
quadrats of 20 m x 20 m for trees and 1 m x 1 m size
for the herbs at both the sites. Trees with GBH > 10
cm were taken into consideration for estimation of
biomass using Allometric equation of (Anderson and
Ingram 1989) which was subsequently converted
into carbon. Herb carbon estimation was done on dry
weight basis using equation of (Hairiah et al. 2001)
50% of biomass was considered as above ground car-
bon (Brown 1997) and 15% of above ground carbon
(AGC) was taken as below ground carbon (BGC)
(Mack Dicken 1997).

Data analysis

The information collected from the study sites was
subjected to various phyto-sociological parameters
and analysis was done both quantitatively (Density,
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Table 1. Phyto-sociological parameters of tree vegetation at Site-I. D- Density, F-Frequency, A-Abundance, B-Basal Area (sq cm),
RD-Relative Density, RF- Relative Frequency, RD-Relative Dominance, [VI-Importance Value Index.

Scientific name Family D F A BA RF RD RD? VI
Zizypus sp. Rhamnaceae 0.5 25 2 1510.82 7.14 2.46 3.22 12.82
Caesalpinia Fabaceae 1.75 25 7 4228.26 7.14 8.64 9.01 24.79
Pongomia pinnata Fabaceae 2.5 50 5 9508.20 14.28 12.34 20.27 46.89
Azadirachta indica Meliaceae 4.25 100 4.25 14839.64 28.57 20.98 31.64 81.19
Albizia lebbeck Fabaceae 0.25 25 1 249434 7.14 1.23 5.31 13.68
Tectona grandis Lamiaceae 10.25 50 20.5 10755.73 14.28 50.61 22.93 87.82
Dalbergia sissoo Fabaceae 0.25 25 1 2167.59 7.14 1.23 4.62 12.99
Polyalthia longifolia Annonaceae 0.25 25 1 522.37 7.14 1.23 1.11 9.48
Acacia sp. Fabaceae 0.25 25 1 861.14 7.14 1.23 1.83 10.20
Relative Density, Frequency, Relative Frequency, = RESULTS

Abundance, Relative Dominance, Basal Area) and
qualitatively (Simpson’s Diversity Index, Shan-
non-Wiener Index, Menhinick’s Richness and So-
rensen coefficient) by using standard expressions.
The Importance Value Index (IVI) was done by sum
of relative frequency, relative density and relative
dominance (Shannon and Weaver 1949, Menhinick
1964, Sorensen 1948).

Atotal of 9 species were found across all of the survey
plots at Site-I (Table 1) and 25 species at Site-11 (Table
2). At Site-I highest density was showed by Tectona
grandis with 10.25 while lowest by Albizia lebbeck,
Dalbergia sisso, Acacia sp. and Polyalthia longifolia
with 0.25. Frequency and relative frequency was
shown highest by Azadirachta indica with 100% and

Table 2. Phyto-sociological parameters of tree vegetation at Site-II. D-Density, F-Frequency, A-Abundance, B- Basal Area (sq cm),
RD.- Relative Density, RF-Relative Frequency, RD-Relative Dominance, IVI-Importance Value Index.

Scientific name Family D F A BA RF RD RD? VI
Delonix regia Fabaceae 1.75 25 7 3737.18 3.33 3.93 8.25 15.51
Tectona grandis Lamiaceae 5.75 25 23 4186.54 3.33 12.92 9.25 25.5
Citrus lemon Rutaceae 0.75 50 1.5 141.87 6.66 1.68 0.31 8.65
Azadirachta indica Meliaceae 2.75 75 3.67 62143 10 6.17 13.73 29.3
Terminalia arjuna Combretaceae 0.5 25 2 842.75 3.33 1.12 18.62 23.07
Nerium indicum Apocynaceae 0.25 25 1 23.00 3.33 0.56 0.05 3.94
Dolichandrone spathacea Bignoniaceae 1.25 25 5 3172.77 33 2.81 7.01 13.15
Mimusops elengi Sapotaceae 0.75 25 3 239.88 3.33 1.68 0.53 5.54
Albizia lebbeck Fabaceae 2.5 25 10 4026.91 3.33 5.61 8.89 17.83
Ziziphus sp. Rhamnaceae 0.75 25 3 2234.71 3.33 1.68 4.93 9.94
Caesal pinia Fabaceae 0.75 25 3 597.61 3.33 1.68 1.32 6.33
Pongamia pinnata Fabaceae 2.5 25 10 4026.91 3.33 5.61 8.89 17.83
Callistemon lanceolatus ~ Myrtaceae 0.25 25 1 575.23 3.33 0.56 1.27 5.16
Murrya koenigii Rutaceae 0.5 25 2 49.12 3.33 1.12 0.108 4.55
Syzygium cumini Myrtaceae 0.5 25 2 43.12 3.33 1.12 0.096 4.54
Phyllanthus emblica Phyllanthaceae 20.25 75 7 8115.5 10 45.5 17.93 73.43
Aegle marmelos Rhamnaceae 1 25 4 1111.94 3.33 2.24 2.45 8.02
Polyalthia longifolia Annonaceae 0.5 25 2 905.17 3.33 1.12 2.00 6.45
Psidium guajava Myrtaceae 1.25 25 5 196.89 3.33 2.80 0.43 6.56
Dalbergia sissoo Fabaceae 0.75 25 3 5266.71 3.33 1.68 11.63 16.64
Annona squamosa Annonaceae 0.25 25 1 45.85 3.33 0.56 0.10 3.99
Ficus hispida Moraceae 0.25 25 1 1888.21 3.33 0.56 4.17 8.06
Butea monosperma Fabaceae 0.25 25 1 11.46 3.33 0.56 0.02 3.91
Mangifera indica Anacardiaceae 0.5 25 2 19.42 3.33 1.12 0.04 4.49
Artocarpus heterophyllus Moraceae 0.25 25 1 23.00 3.33 0.56 0.05 3.94
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28.57 respectively and lowest by Ziziphus sp., Caesal-
pinia, Albizia lebbeck, Dalbergia sissoo, Acacia sp.
and Polyalthia longifolia with 25% and 7.14 respec-
tively. Tectona grandis showed highest abundance
with (20.5) and lowest by Albizia lebbeck, Dalbergia
sissoo, Polyalthia longifolia and Acacia (1). Basal
area was shown highest by Azadirachta indica with
(14839.64 sq cm) and lowest by Polyalthia longifolia
(522.37 sq cm). Highest relative density and relative
dominance was recorded by Tectona grandis (50.61)
and Azadirachta indica (31.64) respectively while
lowest relative dominance was recorded by Polyal-
thia longifolia (1.11) and relative density by A/bizia
lebbeck, Dalbergia sissoo, Polyalthia longifolia and
Acacia sp. with 1.23. Importance Value Index was
shown highest by Tectona grandis (87.82) and lowest
by Polyalthia longifolia (9.48) (Table 1).

The results of Site-1I revealed that Phyllanthus
emblica showed highest density (20.25) and lowest
by Nerium indicum, Callistemon lanceolatus, Annona
squamosa, Ficus hispida, Butea monosperma and Ar-
tocarpus heterophyllus (0.25). Frequency was shown
highest by Phyllanthus emblica and Azadirachta
indica (75%) followed by Citrus lemon\(50%) and
rest of the species showed frequency of 25% each.
Tectona grandis showed highest abundance with 23
and Nerium indicum, Callistemon lanceolatus, Anno-
na squamosa, Ficus hispida, Butea monosperma and
Atrocarpus heterophyllus lowest (1). Basal area was
recorded highest by Phyllanthus emblica (8115.5 sq
cm) and lowest by Butea monosperma (11.46 sq cm).
Relative frequency was shown highest by Phyllan-
thus emblica and Azadirachta indica with value 10
followed by Citrus lemon with (6.6) and rest of the
species (3.33). Relative density was shown highest
by Phyllanthus emblica with (45.5) and lowest by
Nerium indicum, Callistemon lanceolatus, Annona
squamosa. Ficus hispida, Butea monosperma and
Atrocarpus heterophyllus (0.56). Terminalia arjuna
showed highest relative dominance (18.62) and Butea
monosperma lowest (0.02). Importance Value Index
(IVI) was recorded highest in Phyllanthus emblica
(73.43) and lowest by Butea monosperma (3.91).

All the Phyto-sociological parameters were
calculated and compared site wise which revealed
that Tectona grandis showed highest density (10.25)

Table 3. Above ground, below ground and total carbon of trees.

Site AGC (ton/ha) BGC (ton/ha)  TC (ton/ha)
Site-1 82.12 12.31 94.44
Site-2 78.5 11.68 89.83

at Site-1 and Phyllanthus emblica (20.25) at Site-I1.
Highest relative density (50.61) was achieved by
Tectona grandis at Site-1 and by Phyllanthus emblica
(45.5) at Site-11. Azadirachta indica showed highest
frequency as well as relative frequency at both the
sites (Tables 1 and 2). Abundance was shown high-
est by Tectona grandis at both the sites with 20.5 at
Site-I and 23 at Site-1l. Azadirachta indica showed
highest basal area (14839.64 sq cm) at Site-I and
Phylanthus emblica (8115.6 sq cm) at Site-1I Rela-
tive dominance was shown highest by Azadirachta
indica with (31.64) at Site-1 and 18.62 by Terminalia
arjuna at Site-11. Importance Value Index (IVI) was
estimated highest by Tectona grandis with (87.82) at
Site-1 and Phyllanthus emblica with (73.43) at Site-II
respectively (Tables 1 and 2).

The carbon stock of standing vegetation was
estimated at both the sites and results revealed total
carbon was found highest at Site-1 (94.44 ton/ha) with
AGC (82.12 ton/ha) and BGC (12.31ton/ha) while
lowest at Site-1I (89.83 ton/ha) with AGC (78.5 ton/
ha) and BGC (11.68 ton/ha) (Table 3). Carbon con-
tent of herb vegetation was found highest as Site-II
with TC (1.62 ton/ha), AGC (1.41 ton/ha) and BGC
(0.21 ton/ha) and lowest at Site-1 with TC (0.85
ton/ha), AGC (0.74 ton/ha) and BGC (0.11 ton/ha)
respectively (Table 4).

Biodiversity indices were assessed to study the
current scenario of the area through different param-
eters were in Simpson Diversity Index was recorded
0.31 and 0.22 for Site-I and Site-II respectively.
Shannon-Weiner Index (H) recorded 1.45 for Site-I
and 2.16 for Site-II. Menhinick’s Richness Index had
values of 1 and 1.94 for Site-I and Site-II respectively.

Table 4. Above ground, below ground and total carbon of herbs.

Site AGC (ton/ha) BGC (ton/ha) TC (ton/ha)
Site-I 0.74 0.11 0.85
Site- 2 1.41 0.21 1.62
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Simpson Shannon- Menhinick’s Sorensen Dissimilarity
Diversity Weiner Richness coefficient coefficient
Site Index Index Index Evenness (Ss) (Ds)
Site-1 0.31 1.45 0.75
0.34 0.66
Site-IT 0.22 2.16 1.94 0.95

Sorensen coefficient (Ss) was recorded 0.34 between
the two sites and the dissimilarity coefficient (DS)
0.66 (Table 5).

DISCUSSION

Different workers have studied phytodiversity of
different regions in Central India and revealed results
more or less similar to the current findings (Sharma
et al. 2019, Kumari et al. 2018, Sheikh et al. 2017).
The study revealed that Azadirachta indica showed
highest frequency as well as relative frequency
which are in accordance with Bhat et al. (2016).
Tectona grandis showed the highest density at Site-1
which are justified by Kumari et al. (2018) who also
worked in the same area and revealed similar results.
Azadirachta indica, Phyllanthus emblica, Tectona
grandis were the most predominant species at both
the sites and possess the maximun basal area as native
species are more widespread than the exotic species
as reported by Bhat et al. (2018). The reason may
be that the native species are adapted to the hot and
humid climate conditions of the region while the same
climatic conditions hampers the acclimatization of
exotic species. Shannon Diversity Index is usually
associated with species diversity of an areca which
accounts for abundance as well as evenness of the
species present (Sheikh et al. 2017) and was found
to be less than (Kumari et al. 2018) Simpson Index
was revealed highest than (Sheikh et al. 2017) but
lowest than (Kumari et al. 2018, Sheikh et al. 2017,
Sharma et al. 2019) which may be due to edaphic
factors, structure of vegetation (Hubbell et al. 1999),
influence of anthropogenic as well as environmental
factors on different regions of the area (Kharkwal
et al. 2005). Species evenness reveals closeness of
different species in an area which had great impact
on diversity and was recorded highest than Sharma
et al. (2019). Different species were closely associ-

ated in the study area and gives idea about richness
of species which refers to the presence of different
species in a particular area and was found highest
than (Sheikh et al. 2017) and lowest than (Kumari et
al. 2018, Sharma et al. 2019).

The study revealed that trees with large diameter
produce maximum biomass with majority of'tall trees
and trees with a larger diameter (Day et al. 2014)
holding largest stocks of carbon within biomass
(Gibbs et al. 2007). The observations of current study
are in accordance with Thompson et al. (2009) who
suggested mature forests to be long-term persistent
of carbon as shown by our study.

The estimation showed remarkable results with
total carbon 94.44 ton/ha which are in accordance
with Sharma et al. (2019) who worked in the same
region on sacred groves. At Site-II the total carbon
was 89.83 ton/ha which is more than (Kumari et al.
2018) the reason for increment in total carbon is
growing in nature of the standing vegetation which
depicted that institute plays an important role in pro-
viding regulating ecosystem service hence, mitigating
carbon dioxide from the atmosphere. Diversity of
species in the area play a prominent role in carbon
sequestration (Catovasky et al. 2002, Kirby and
Potvin 2007) and are positively correlated with tree
diversity and biomass formation (Tilman et al. 1997,
Midgley et al. 2010). Relation between plant diversity
and carbon stock has been studied extensively and
showed impact of diversity in carbon dynamics (For-
nara and Tilman 2008, Ruiz-Jaen and Potvin 2010)
which shows relevance in terms of growth, density
and storage of carbon.

The study revealed that sustainability and man-
agement of these forest patches of institutes can lead
a major role in biodiversity conservation as well as
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carbon mitigation because anthropogenic disturbance
can change structure of these patches hence species
composition (Malik et al. 2016) which can lead to
decrease in tree species richness and diversity. Sta-
bility of an ecosystem is directly proportional to the
diversity of that area (Shafi and Yarranton 1973).

CONCLUSION

Floristic biodiversity plays an important role in main-
taining the climate of a region by utilizing the carbon
dioxide thereby decreasing the global warming.
Different green patches of vegetation present within
locations of educational institutions plays prominent
role a lowering the atmospheric temperature as well
as sequestration of atmospheric carbon dioxide thus
initiatives must be taken to enrich as well as conserve
these valuable patches of floral vegetation. Moreover
different approaches must be followed to pay absolute
attention towards the conservation of biodiversity
in urban forestry of Gwalior city which can help in
mitigation of carbon dioxide as well as sustains the
environment of the area for long time.

ACKNOWLEDGEMENT

The authors would like to thank Head, Department
of Botany, Jiwaji University, Gwalior for encourage-
ment and providing necessary facilities to carry out
the research work. The management of Laxshmi Bai
National Institute of Physical Education is also ac-
knowledged for permission to carry out the sampling
in the institute.

REFERENCES

Anderson JM, Ingram JSI (1989) A Handbook of Methods.
Tropical Soil Biology and Fertility. CAB International,
Wallingford, UK.

Arya A, Negi SS, Kathota JC, Patel AN, Kalubarme MH, Garg JK
(2017) Carbon sequestration analysis of dominant tree species
using geo-informatics technology in Gujarat State, India.
Int J Environ and Geoinform 4 (2) : 79—93.

Bhat AA, Sharma BK, Jain AK (2016) Diversity and composition
of road side tree species at a Metropolitan city of India.
Imperial J Interdiscip Res 2 (6) : 66—73.

Bierwirth PN (2019) Carbon dioxide toxicity and climate change:
A major unapprehended risk for human healthWeb Pub-
lished : Research gate DO1:10.13140/RG.2.2.16787.48168

Brown S (1997) Estimating biomass and biomass change of tropical
forests : A Primer. FAO Forestry Paper 134 Rome, Italy.

Catovasky S, Kobe RK, Bazzaz FA (2002) Nitrogen-induced
changes in seedling regeneration and dynamics of mixed
conifer-broad-leaved forests. Ecol Appl 12 (6) : 1611—1625.

Chapman S, Watson JE, Salazar A, Thatcher M, McAlplie CA
(2017) The impact of urbanization and climate change on
urban temperatures : A systematic review. Landscape Ecol
32(10): 1921—1935.

Daba MH, Dejene SW (2018) The role of biodiversity and
lcosystem services in carbon sequestration and its impli-
cation for climate change mitigation. Int J Environ Sci and
Natural Res 11 (2) : 1—9.

Day M, Baldauf C, Rutishauser E, Sunderland TC (2014) Relation-
ships between tree species diversity and above-ground bio-
mass in Central African rainforests: Implications for REDD.
Environm Conserv 41 (1) : 64—72.

Formara DA, Tilman D (2008) Plant functional composition
influences rates of soil carbon and nitrogen accumulation.
J Ecol 96 (2) : 314—322.

FSI(2009) State of Forest Report. Forest Survey of India, Ministry
of Environment and Forests, Dehradun.

Gibbs HK, Brown S, Niles JO, Foley JA (2007) Monitoring and
estimating tropical forest carbon stocks: Making REDD a
reality. Environm Res Letters 2 (4) : In press.

Hairiah K, Sitompul SMV, Noordwijk M, Palm C (2001)
Methods for sampling carbon stocks above and below
ground. ASB lecture Serie Note 4B. Int Center for Research
in Agroforestry, Bogor, Indonesis, pp 23.

Hubbell SP, Foster RB, O’ Brien ST, Harms KE, Condit R,
Wechsler B, De Lao SL (1999) Light-gap disturbances,
recruitment limitation and tree diversity in a neotropical
forest. Science 283 (5401) : 554—557.

Kharkwal G, Mehrotra P, Rawat YS, Pangtey YPS (2005) Phyto-
diversity and growth form in relation to altitudinal gradient
in the Central Himalayan (Kumaun) region of India. Curr
Sci, pp 873—878.

Kirby KR, Potvin C (2007) Variation in carbon storage among tree
species: Implications for the management of a small-scale
carbon sink project. For Ecol and Manag 246 (2-3) : 208—
221.

Kumari B, Sheikh MA, Tiwari A, Sharma S (2018) Tree diversity
and carbon fraction variation in urban forests of Central
Indian with reference to Gwalior division, India. Int Res J
Environm Sci 7 (2) : 33—41.

LalR (2007) Carbon sequestration. Phil. Trans of Royal, Soc (2007):
815—830.doi: 10.1098/rstb.2007.2185.

Mack Dicken KG (1997) A guide to monitoring carbon storage
in forestry and agroforestry projects. Arlington VA (US) :
Winrock International Institute for Agricultural Development.
For Carbon Monitoring Program, pp 1—87.

Malik Z, Hussain A, Igbal K, Bhat BA (2016) Species richness
and diversity along the disturbance gradient in Kedarnath
Wildlife Sanctuary and its adjoining areas in Garhwal Hima-
laya, India. Int J Curr Res 12 (6) : 10918—10926.

Menhinick EF (1964) A comparison of some species individuals
diversity indices applied to samples of field insects. Ecology
45 (4) : 859—861.

Mgbemene CA (2011) The effects of industrialization on climate
change. A Fulbright Alumni Association of Nigeria 10" anni-



versary conference development, environment and climate
change : Challenges for Nigeria University of Ibadan, 12—
15 September Department of Mechanical Engineering,
University of Nigeria, Nsukka, pp 49—61.

Midgley GF, Bond WJ, Kapos V, Ravilious C, Scharlemann JP,
Woodward FI (2010) Terrestrial carbon stocks and biodiver-
sity: Key knowledge gaps and some policy implications.
Curr Opinion in Environm Sustain 2 (4) : 264—270.

Nero B, Callo-Concha D, Denich M (2018) Structure, diversity
and carbon stocks of the tree community of Kumasi, Ghana.
Forests 9 (9) : 1—17.

Nowak DJ, Crane DE (2002) Carbon storage and sequestration
by urban trees in the USA. Environm Poll 116 (3) : 381—389.

Oviantari MV, Gunamantha IM, Ristiati NP, Santiasa IMPA,
Astariani PPY (2018) Carbon sequestration by above
ground biomass in urban green spaces in Singaraja city.
InIOP Conference Series : Earth and Environmental Science
IOP Publishing, pp 1—6.

Pachauri RK, Allen MR, Barros VR, Broome J, Cramer W, Christ
R, Dubash NK (2014) Climate change 2014: Synthesis report.
Contribution of Working Groups I, II and III to the fifth
Assessment Report of the Intergovernment Panel on Climate
Change IPCC.

Ruiz-Jaen MC, Potvin C (2010) Tree diversity explains variation
in ecosystem function in a neotropical forest in Panama.
Biotropica 42 (6) : 638—646.

Salbitano F, Borelli S, Conigliaro M, Yujuan C (2016) Guidelines
on urban and peri-urban forestry. FAO.

Shafi MI, Yarranton GA (1973) Diversity, floristic richness and

189

species evenness during a secondary (post-fire) succession.
Ecology 54 (4) : 897—902.

Shannon CE, Weaver W (1949) The mathematical theory of
communication. Urbanna : Univ. Illinois Press 29 : 117.

Sharma S, Tiwari A, Sheikh MA, Kumar B (2019) Carbon stock
in Kaner Jhir sacred grove and non-sacred grove of Gwalior,
MP. J] Emerging Technol and Innov Res 6 (3) : 598—605.

Sheikh MA, Sharma S, Tiwari A (2017) Phyto-sociological
characters and biodiversity of sacred grove a preliminary
study. Int Res J Environm Sci 6 (1) : 67—69.

Sorensen T (1948) A method of establishing groups of equal ampli-
tude in plant sociology based on similarity of species content.
Det Kong Danske Videnak Selk Biol Skr (Copenhagen)
5:1—34.

Thompson I, Mackey B, McNulty S, Mosseler A (2009) Forest
resilience, biodiversity, and climate change. In Secretariat
of the Convention on Biol Diver Montreal Tech 43 : 1—67.

Tilman D, Knops J, Wedin D, Reich P, Ritchie M, Siemann E
(1997) The influence of functional diversity and composition
on ecosystem processes. Science 277 (5330) : 1300—1302.

Tiwari AK, Singh JS (1987) Analysis of forest land use and
vegetation in a part of Central Himalaya, Using Aerial
photographs. Environm Conserv 14 : 233—244.

United Nations (1992) United Nations Framework Convention
on Climate Change (UNFCC).

Yu X, Wang H, Cai W, Han Y (2017) Analysis of urban forest
carbon sequestration capacity: A case study of Zengdu,
Suizhou. Int Arch the Photogrammetry, Rem Sens and Spatial
Inform Sci, pp 42.



